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PRELIMINARY AMENDMENT 

Commissioner for Patents 
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Alexandria, VA 22313-1450 

Sir: 

Introductory Comments 

Please amend the accompanying application as follows: 

Amendments to the Specification are reflected on page 2 of this paper. 

Amendments to the Claims are reflected in the listing of claims, which begins on page 3 of 

this paper. 

Remarks/Arguments begin on page 6 of this paper. 
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Amendments to the Specification 

At page 1, line 2, please insert the following replacement paragraph: 

This application is a divisional of Application No. 11/288,807, filed 29 November 2005, 

which is a divisional of Application No. 10/297,821 filed 05 December 2002, now Patent 

Number 7,053,065, which claims priority under 35 USC 371, for PCT/USOI/14860, filed 15 

June 200 l, which claims the priority of U.S. provisional applications No. 60/215,310, filed 

30 June 2000, No. 60/235,859, filed 27 September 2000, and No. 60/284,448, filed 18 April 

2001. 

Please replace paragraph [0024], at page 6, lines 6-16, with the following 

amended paragraph: 

[0024] The terms "antifolate" and "antifolate drug" refer to a chemical compound which 

inhibits at least one key folate-requiring enzyme of the thymidine or purine biosynthetic 

pathways, preferably thymidylate synthase ("TS"), dihydrofolate reductase ("DHFR"), or 

glycinamide ribonucleotide formyltransferase ("GARFT"), by competing with reduced folates 

for binding sites of these enzymes. Preferred examples of antifolates include 5 fluorouraeil, 

as manufactured by Glaxo; Tomudex®, as manufactured by Zeneca; Methotrexate®, as 

manufactured by Lederle; Lometrexol®, as manufactured by Tularik; pyrido[2,3-

d]pyrimidine derivatives described by Taylor et al in U.S. Pat. Nos. 4,684,653, 4,833,145, 

4,902,796, 4,871,743, and 4,882,334; derivatives described by Akimoto in U.S. Pat. No. 

4,997,838; thymidylate synthase inhibitors as found in EPO application 239,362; and most 

preferred, Pemetrexed Sodium Disodium (ALIMTA), as manufactured by Eli Lilly & Co. 
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Amendments to the Claims 

This listing of claims will replace all prior versions and listings of claims in the application. 

Listing of Claims: 

Claims 1-28. Cancelled 

29. (New) An improved method for administering pemetrexed disodium to a 

patient in need of chemotherapeutic treatment, wherein the improvement comprises: 

a) administration of between 350 µg and 1000 µg of folic acid, daily beginning 

approximately 1 to 3 weeks before treatment with pemetrexed disodium; 

b) administration of a methylmalonic acid lowering agent selected from the 

group consisting of vitamin B12, hydroxocobalamin, cyano-10-chlorocobalamin, 

aquocobalamin perchlorate, aquo-10-chlorocobalamin perchlorate, azidocobalamin, 

chlorocobalamin and cobalamin, wherein the methylmalonic acid lowering agent is 

administered from about 1 to about 3 weeks prior to the first administration of pemetrexed 

disodium; and 

c) administration ofpemetrexed disodium in combination with between 350 µg 

and lOOOµg of folic acid, daily, until administration of pemetrexed dis odium is discontinued, 

and a methylmalonic acid lowering agent selected from the group consisting of vitamin B12, 

hydroxocobalamin, cyano-10-chlorocobalamin, aquocobalamin perchlorate, aquo-10-

chlorocobalamin perchlorate, azidocobalamin, chlorocobalamin and cobalamin, wherein the 

methylmalonic acid lowering agent administration is repeated from about every 6 weeks to 

about every 12 weeks, until administration of pemetrexed disodium is discontinued. 

30. (New) The improved method of Claim 29 wherein the methylmalonic acid 

lowering agent is vitamin B12. 

31. (New) The improved method of Claim 30 wherein about 500µg to about 

1500µg of vitamin B12 is administered. 

32. (New) The improved method of Claim 31 wherein about 1000 µg of vitamin 

B12 is administered. 
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33. (New) The improved method of Claim 29 wherein the methylmalonic acid 

lowering agent is administered by an intramuscular injection, orally, or as a parenteral. 

34. (New) The improved method of Claim 33 wherein the methylmalonic acid 

lowering agent is administered by an intramuscular injection. 

35. (New) The improved method of Claim 34 wherein the methylmalonic acid 

lowering agent administration is repeated about every 9 weeks, until administration of 

pemetrexed disodium is discontinued. 

36. (New) The improved method of Claim 32 wherein vitamin B12 is 

administered by an intramuscular injection, orally, or as a parenteral. 

37. (New) The improved method of Claim 36 wherein vitamin B12 is 

administered by an intramuscular injection. 

38. (New) The improved method of Claim 37 wherein the methylmalonic acid 

lowering agent administration is repeated about every 9 weeks, until administration of 

pemetrexed disodium is discontinued. 

39. (New) An improved method for administering pemetrexed disodium to a 

patient in need of chemotherapeutic treatment, wherein the improvement comprises: 

a) administration of between 350 µg and 1000 µg of folic acid, daily beginning 

approximately 1 to 3 weeks before treatment with pemetrexed disodium; 

b) administration of a methylmalonic acid lowering agent selected from the 

group consisting of vitamin B12, hydroxocobalamin, cyano-10-chlorocobalamin, 

aquocobalamin perchlorate, aquo-10-chlorocobalamin perchlorate, azidocobalamin, 

chlorocobalamin and cobalamin, wherein the methylmalonic acid lowering agent is 

administered from about 1 to about 3 weeks prior to the first administration of pemetrexed 

disodium; and 

c) administration ofpemetrexed disodium in combination with between 350 µg 

and IOOOµg of folic acid, daily, until administration of pemetrexed dis odium is discontinued, 

and a methylmalonic acid lowering agent selected from the group consisting of vitamin B12, 
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hydroxocobalamin, cyano-10-chlorocobalamin, aquocobalamin perchlorate, aquo-10-

chlorocobalamin perchlorate, azidocobalamin, chlorocobalamin and cobalamin, wherein the 

methylmalonic acid lowering agent is administered by an intramuscular injection and wherein 

administration is repeated from about every 24 hours to about every 1680 hours, until 

administration of pemetrexed disodium is discontinued. 

- 5 -
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Remarks 

Applicants submit this paper and request entry of the amendments herein. 

The Specification has been amended to recite specific reference to earlier-filed 

applications from which this application claims priority. The Specification has also been 

amended to correct an obvious error in the name of the compound "Alimta," which is found 

on page 6, line 16. The name has been corrected to read "pemetrexed disodium." Support 

for the correction can be found at least on page 2, lines 6-7, where the correct name of the 

compound is recited. 

Claims 1-28 have been cancelled, and new Claims 29-39 have been introduced. 

Support for new Claim 29-39 is generally found in the specification, at least on page 5, line 

20 to page 6, line 5; page 6, line 19 to page 7, line 4; page 7, lines 5-8, and 18-27; page 12, 

lines 19-29; page 13, line 21 to page 14, line 6; as well as in the claims as originally filed. 

Support for the improved combination can be found at least on page 13, line 21 to page 14, 

line 6; as well as on page 16, lines 3-9, and Table 1. More specifically, support for each 

element of Claims 29-39 is listed in the table below. 

Claim Element Basis at 
29(a) "administration of between 350µg and IOOOµg of folic Page 13, line 21to25. 

acid, daily beginning approximately 1 to 3 weeks 
before treatment with pemetrexed disodium" 

29(b) "administration of a methylmalonic acid lowering Page 7, lines 5-8; 
agent selected from the group consisting of vitamin Originally filed Claim 7. 
B12, hydroxocobalamin, cyano-10-chlorocobalamin, 
aquocobalamin perchlorate, aquo-10-chlorocobalamin 
perchlorate, azidocobalamin, chlorocobalamin and 
cobalamin" 

29(b) "wherein the methylmalonic acid lowering agent is Page 7, lines 25-26. 
administered from about 1 to about 3 weeks prior to the 
first administration of pemetrexed disodium" 

29(c) "administration of pemetrexed disodium in Page 5, lines 20-21; 
combination with" Originally filed Claim 4. 

29(c) "between 350 µg and IOOOµg of folic acid, daily, until Page 13, line 21to25; 
administration of pemetrexed dis odium is Page 14, line 3. 
discontinued" 

29(c) "a methylmalonic acid lowering agent selected from Page 7, lines 5-8; 
the group consisting of vitamin B12, hydroxocobalamin, Originally filed Claim 7. 
cyano-10-chlorocobalamin, aquocobalamin 
perchlorate, aquo-10-chlorocobalamin perchlorate, 
azidocobalamin, chlorocobalamin and cobalamin" 

29(c) "wherein the methylmalonic acid lowering agent Page 7, lines 26-27. 
administration is repeated from about every 6 weeks to 
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about every 12 weeks, until administration of 
pemetrexed disodium is discontinued" 

30 "methylmalonic acid lowering agent is vitamin B12 Page 6, lines 20-21. 
31 "about 500µg to about 1500ug of vitamin B12" Page 7, lines 18-19. 
32 "about 1000 µg of vitamin B12" Page 7, lines 24-25; 

Page 12, lines 21-24; 
Page 13, lines 27-28; 
Page 14, lines 3-4. 

33/36 "administered by an intramuscular injection, orally, or Page 7, lines 9-13. 
as a parenteral" 

34/37 "administered by an intramuscular injection" Page 7, lines 11-13, and 
18-25; 
Page 12, lines 21-24; 
Page 13, lines 27-30; 
Page 14, lines 3-6. 

35/38 "methylmalonic acid lowering agent administration is Page 7, lines 26-27; 
repeated about every 9 weeks, until administration of Page 12, lines 23-24; 
pemetrexed disodium is discontinued" Page 13, lines 29-30; 

Page 14, lines 5-6. 
39 See basis for elements of 

Claim 29; and 
Page 7, lines 18-22. 

Applicants respectfully assert that no new matter has been introduced as a result of 

amendment of the Claims. Applicants request prompt consideration and allowance of the 

claimed subject matter. If a telephone interview would be of assistance in advancing 

prosecution of the subject application, Applicants' undersigned attorney invites the Examiner 

to telephone her at the number provided. 

Eli Lilly and Company 
Patent Division 
P.O. Box 6288 
Indianapolis, Indiana 46206-6288 

July 11, 2007 

Respectfully submitted, 

/Manisha A. Desai/ 
Manisha A. Desai, Ph.D. 
Attorney for Applicant 
Registration No. 43,585 
Phone: (317) 433-5333 
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61ease type a plus sign (+) inside this box [::J PTO/SB/01 (8-96) (MODIFIED) 

DECLARATION FOR 
UTILITY OR DESIGN 

PATENT APPLICATION 

6 Deci•rahoo S"bm'""' w;th tom,; Fm,. 

Declaration Submitted after Initial Filing 

As a below named Inventor, I hereby declare that: 

Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office· U.S DEPARTMENT OF COMMERCE 

Attorney Docket Number X-14173 

First Named Inventor Clet Niyikiza 

COMPLETE IF KNOWN 

Application Number 

Filing Date 

Group Art Unit 

Examiner Name 

My residence, post offi~e _address,_ and citizensh_ip ~re as stated below next to my_ n_a_n:i_e. __ 

I believe I am the original, first and sole Inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed 
below) of the subject matter which is claimed and for which a oaten! is souQht on the Invention entitled: 

NOVEL ANTIFOLATE COMBINATION THERAPIES 

the spec1ficat1on of which 
D is attached hereto 

OR 
(:] was filed on I 15 June 2001 I as United States Application Number or PCT International 

(MM/DD/YYYY) 

Application I PCT/US01/14860 I and was amended on I I (if applicable). 
Number (MM/DD/YYYY) 

JI hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims. as amended by any 
amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37 Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code § 119(a)-(d) or§ 365(b) of any foreign application(s) for patent or 
Inventor's certificate, or§ 365(a) of any PCT international application which designated at least one country other than the United States of 
America, listed below and have also identified below. by checking the box, any foreign application for patent or inventor's certificate, or of any 
PCT international aoolication havinQ a filinQ date before that of the a Jolication on which priority is claimed 
Prior Foreign Application Country Foreign Filing Date Priority Certified Copy Attached 

Number(s) IMM/DD/YYYYI Not Claimed YES NO 

D D D 
D D D 
D D D 
D D D 
D D D 
D D D 

D Additional foreign application numbers are listed on a supplemental priority sheet attached hereto. 

I herebv claim the benefit under Title 35, United States Code Ii 119(e) of any United States Provisional appllcat1ons(s) listed below 
Application Number(s) Filing Date IMM/DD/YYYYl 

D Additional provisional application 60/215,310 30 June 2000 
60/235,859 27 September 2000 numbers are listed on a supplemental 
60/284,448 18 April 2001 priority sheet attached hereto. 
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Approved for use through 9130198. OMB 0651-0032 
Patent and Trademark Office· U S DEPARTMENT OF COMMERCE 

DECLARATION 
I hereby claim the benefit under Title 35, United States Code §120 of any United States application(s), or§ 365(c) of any PCT international 
application designating the United States of America, listed below and, insofar as the subject matter of each of the claims of this appl1cat1on 1s not 
disclosed in the prior United States or PCT international application in the manner provided by the first paragraph of Title 35, United States Code§ 
112, I acknowledge the duty to disclose information which 1s material to patentab11ity as defined 1n Title 37, Code of Federal Regulations § 1 56 
which became available between the filina date of the prior application and the national or PCT international filina date of this aoolicat1on. 

U.S. Parent PCT Parent Parent Filing Date Parent Patent Number 

Application Number Number (MM/DDNYYY) (if aoolicable) 

0 Additional U.S. or PCT international application numbers are listed on a supplemental priority sheet attached hereto. 

As a named inventor, I hereby appoint the following registered pract1t1oner(s) to prosecute this application and to transact all business in the Patent 
and Trademark Office connected therewith: 

Attornev Name Ren. No. Attornev Name Rea. No. 
Arvie J. Anderson 45,263 Paul J. Koivuniem1 31,533 
Lynn D. Apeh:iren 45,341 Thomas LaGrandeur 51,026 
Robert A Armitaae 27,417 Robert E. Lee 27,919 
Brian P. Barrett 39,597 Kirby Lee 47,744 
Michael T. Bates 34,121 James P. Leeds 35,241 
Roaer S. Ben1am1n 27,025 Nelsen L Lentz 38,537 
Garv M. Birch 48,881 Elizabeth A. McGraw 44,646 
William R. Boudreaux 35,796 Doualas K. Norman 33,267 
Steven P. Caltrider 36,467 Arleen Palmbera 40,422 
Paul R. Cantrell 36,470 Thomas G. Plant 35,784 
John Cleveland 50,697 Edward Prein 37,212 
Charles E. Cohen 34,565 Grant E. Reed 41,264 
Donald L. Comeaho 30,741 James J Sales 33,773 
Greaorv A. Cox 47,504 Michael J. Savles 32,295 
Paula K. Davis 47,517 David M. Stemenck 40,187 
John C. Demeter 30,167 Mark J. Stewart 43,936 
Manisha A. Desai 43,585 Robert D. Titus 40,206 
Paul J. Gaylo 36,808 Robert C. Tucker 45,165 
Francis 0. Ginah 44,712 Tina M. Tucker 47,145 
Janet A. Gonaola 48,436 MaCharri Vorndran-Jones 36,711 
Amv E. Hamilton 33,894 Gilbert T. Voy 43,972 
James A. Hoffmann 50,221 Thomas D. Webster 39,872 
Danica Hostettler 51,820 Lawrence T. Welch 29,487 
Frederick D. Hunter 26,915 Alexander Wilson 45,782 
Thomas E. Jackson 33,064 MarvAnn Wiskerchen 45,511 
Soonhee Jana 44,802 Dan L. Wood 48,613 
Charles Joyner 30,466 
Gerald P. Keleher 43,707 
James J. Kelley 41,888 

D Additional registered practitioner(s) named on a supplemental sheet attached hereto. 

Direct all correspondence to I 
Name ELI LILLY AND COMPANY 

Address ATTN: Elizabeth A. McGraw 

Address Patent Division, P.O. Box 6288 
City INDIANAPOLIS I State I INDIANA IZIP I 46206-6288 
Country I Telephone I 1317> 277-7443 I Fax I <317l 276-3861 
I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validitv of the application or any patent issued thereon. 

Name of Sole or First Inventor: I D A Petition has been filed for this unsigned inventor 

Given I Clet ~// I Middle I I Family I Niyikiza l Suffix I 
Name ' N"n'IA - Name e.o. Jr. 

Inventor's Signature I I/ /,'~/A hJ') ~/J?l ,;_./'1 I Date I o2. '7 ;vo //. :lco;<. 
Residence: City 1 lndiana'polrs/ _, ):..:.'_ystate !IN I Country l us j Citizenship I US 

Address I 6802 Antietam Ptace 

Post Office Address I SAME AS ABOVE 
City I Indianapolis I State I IN I Zip 146278 l Country !us 

rXl Additional inventors are being named on supplement sheet(s) attached hereto. 
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Name of Additional Joint Inventor, if any: 

Given 
Name 

Address 8015 Ha ard Drive 

Post Office Address SAME AS ABOVE 

Ci Indianapolis 

Name of Additional Joint Inventor, if any: 

Given 
Name 
Inventor's 
Si nature 

Residence: 

James 

Post Office Address 15 Lovers Lane 

Post Office Address SAME AS ABOVE 

PTO/SB/01 (8-96) (MODIFIED) 

Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 

DECLARATION I 

LJ A Petition has been filed for this unsigned inventor 

Middle 
Name 

IN 

State IN Zi 

Family 
Name 

Country 

46240 

Paoletti 

us 

Count 

Suffix 
e .. Jr. 

Date ~).<!__. '"1, 2.002... 
Citizenship IT 

us 

LJ A Petition has been filed for this unsigned inventor 

Middle Jacob 
Name 

Family Rusthoven 
Name 

Date 

State Ontario Count CA 

Ci An caster state Ontario Zip L9G 1G4 Country CA 

Name of Additional Joint Inventor, if any: CJ A Petition has been filed for this unsigned inventor 

..... 
Given Middle 

I 
I Family 

I 
I Suffix I Name Name Name e.g. 

Jr. 
Inventor's I Date I Signature 

Residence: City I I State I I Countrv I I Citizenship I 
Post Office Address 

Post Office Address SAME AS ABOVE 

City I I State I I Zip I I Country I 

Name of Additional Joint Inventor, if any: c=J A Petition has been filed for this unsigned inventor 

Given Middle I I Family I I Suffix I 
Name Name Name e.Q. Jr. 
Inventor's I Date I Signature 

Residence: City I I State I I Country I J Citizenship I 
Post Office Address 

Post Office Address SAME AS ABOVE 

City I I State I I Zip I I Country I 
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l!.R f'al:er<! ~ml ir<>dema•k G#i<.-.:i; U.S. OSPARiMH!T OF COMMERCE 
Um.1<;1 the Papwworl< RerJuctim1 Act Gf tllSS, no l}effl<J>1s af" mqu<;e<l t<"< 1<>'0lX>f>li it) a ooll<>~~ion cf i>>forma\iti,1 !Imm;~ ii ui~p!ay"-" valid OMS '"~nlml numMr. 

POWER OF ATTORNF5Y TO PRosgclJTE .APPl_,ICATJONS BEFORF~ THE USPTO 

I hereby appoint: 

=1 0 Practitiooors associated with the Gu:stnma Number: I 25885 
OR 

n 
LJ Practitioner(s} nanWd below (If more than ten pal~nt pra<~!iikmers are to tie named, thefl a customer num.ber must be used}: 

Nalne Registmoon Number 

as aiiomoy(s) or agent{s} to represent tlie ur\ders~ before lhe Untted States Patent and Traoo1narn Office {US PTO) in connection with 
any and all patent appHcatlons assigned Q!tl to the unders!gnoo accoming tn the. USPTO assignment records or a$ignmen! documents 
attact~ to this iorm in accordance with :17 CFR 3.13(b). 

Assignee Name and Address: 

Eli Lilly and Company 

Patent Division 

PO Box 6288 
Indianapolis, Indiana 46206-6288 

A copy of this form, together with a statement under 3.7 CFR 3.73(b) (Form PTOJSSl96 or equivalent} Is 
required ta be filed in eaeh app!icat!on in which this form is used. The statement under 37 CFR 3.73(b) 
may be completed by one of the practitioner& appointed io this form if the appointed practitioner is 
authorized to act on behalf of t:he assignee, and must identify the application in which this Power of 
Attornev is to be filed. 

StGNA11JR.E of A:sssi-gnee of Record 
The im!ividilil:l WhQSe signature a.u_d ti Ile lS sup11Hed hel1J1:1r iii ;mthoifr~rl !o ad mi lx::halfofthe a~sign~ 

Name Do._uglas K Norman -Signature 1t·hi •,7,~ ·1 ?~ ( .. 7 it' f\ .. '{i,.,., 
Date 

/ ,., /i ... ' ) ·' •t.i 
I !,· l ti-y ;'.>..;J..( <'·l.<>'I 

1 Oeput/Gene;ai'l:counse!, General Patent Counsel 
r->ri~ Teleplio!'ie 

317A33-1651 
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Approved for use through 9/30/98, OMB 0651-0027 

Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

CERTIFICATE UNDER 37 CFR 3.73(b) 

First Applicant: NIYIKIZA Clet 

Entitled: NOVEL ANTIFOLATE COMBINATION THERAPIES 

Docket No.: X-14173B 

ELI LILLY AND COMP ANY, an Indiana Corporation 
(Name of Assignee) (Type of Assignee, e.g. corporation, partnership, university, goverrnnent agency, etc.) 

certifies that it is the assignee of the entire right, title and interest in the patent application identified above by virtue of 
either: 

A. [ X] An assignment from the inventor(s) of the patent application identified above. 

[X] The assignment was recorded in the Patent and Trademark Office at Reel 014132, Frame 0597. 
[ ] The assignment is being submitted separately for recordation; a copy of this assignment is attached. 

OR 

B. [ ] A chain of title from the inventor(s), of the patent application identified above, to the current assignee as shown 
below: 

1. From: To: ___________ _ 
The document was recorded in the Patent and Trademark Office at 
Reel __ , Frame __ , or for which a copy thereof is attached. 

2. From: To: ___________ _ 
The document was recorded in the Patent and Trademark Office at 
Reel __ , Frame __ , or for which a copy thereof is attached. 

3. From: To: ___________ _ 
The document was recorded in the Patent and Trademark Office at 
Reel __ , Frame __ , or for which a copy thereof is attached. 

[ ] Additional documents in the chain of title are listed on a supplemental sheet. 

] Copies of assignments or other documents in the chain of title are attached. 

The undersigned (whose title is supplied below) is empowered to sign this certificate on behalf of the assignee. 

I hereby declare that all statements made herein of my own knowledge are true, and that all statements made on 
information and belief are believed to be true; and further, that these statements are made with the knowledge that willful 
false statements, and the like so made, are punishable by fine or imprisonment, or both, under Section 1001, Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of the application or any patent 
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NOVEL ANTIFOLATE COMBINATION THERAPIBS 

Potentially, life-threatening toxicity remains a major limitation to the optimal 

admillistration of antifolates. (see, generally, Antifolate Drugs in Cancer Therapy, edited 

by Jackman, Ann L., Humana Press, Totowa, NJ, 1999.) In some cases, a supportive 

intervention is routinely used to permit safe, maximal dosing. For example, steroids, such 

as dexam.ethone, can be used to prevent the fonnation of skin rashes caused by the 

10 antifolate. (Antifolate, pg 197.) 

Antifolates represent one of the most thoroughly studied classes of antineoplastic 

agents, with aminopterin illitially demonstrating clinical activity approximately 50 years 

ago. Methotrexate was developed shortly thereafter, and today is a standard component 

of effective chemotherapeutic regimens for malignancies such as lymphoma, breast cancer, 

15 and head and neck cancer. (Bonnadonna G, Zambetti M, Valagussa P. Sequential or 

alternating doxorubicin and CMF regimens in breast cancer with more than three positive 

nodes: Ten year results. JAMA 1995;273(7):542-547; Bonnadonna G, Valagussa P, 

Moliterni A, Zambetti M, Brambilla C. Adjuvant cyclophosphamide, methotrexate, and 

fluorouracil in node-positive breast cancer: The results of 20 years of follow-up. N Engl J 

20 Med 1995;332(14):901-906; and Hong WK, Schaefer S, Issell B, et al A pro~ective 

randomized trial of methotrexate versus cisplatin in the treatment of recurrent squamous 

cell carcinoma of the head and neck. Cancer 1983;52:206-210.) Antifolates inhibit one or 

several key folate-requiring enzymes of the thymidine and purine biosynthetic pathways, in 

particular, thymidylate synthase (TS), dihydrofolate reductase (DHFR), and glycinamide 

25 ribonucleotide formyltransferase (GARFT), by competing with reduced folates for binding 

sites of these enzymes. (Shih C, Habeck LL, Mendelsohn LG, Chen VJ, Schultz RM. 

Multiple folate enzyme inhibition: Mechanism of a novel pyrrolopyrimidine-based 

antifolate LY231514 (MTA). Advan Enzyme Regul, 1998; 38:135-152 and Shih C, Chen 

VJ, Gossett LS, et al. L Y231514, a pyrrolo[2,3-d]pyrimidine-based antifolate that inb:tbits 

30 multiple folate-requiring enzymes. Cancer Res 1997;57:1116-1123.) Several antifolate 

drugs are currently .in development. Examples of antifolates that have thymidylate 
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synthase inhibiting ('TSI") characteristics include 5-fluorourac:il and Tomudex®. An 

example of an antifolate that has dihydrofolate reductase inhibiting ("DHFRI") 

characteristic is Methotrexate®. An example of an antifolate that has glycinarnide 

nbonucleotide formyltransferase inlnbiting ("GARFTI") characteristics is Lometrexol. 

5 Many of these antifolate drugs :inlnbit more than one biosynthetic pathway. For example 

Lometrexol is also an iDl:nbitor of dihydrofolate reductase and pemetrexed disodium 

(Alim.ta®, Eli Lilly and Company, Indianapolis, IN) has demonstrated thymidylate 

synthase, dihydrofolate reductase, and glycinamide ribonucleotide formyltransferase 

inhibition. 

10 A limitation to the development of these drugs is that the cytotoxic activity and 

subsequent effectiveness of antifolates may be associated with substantial toxicity for some 

patients. Additionally antifolates as a class are associated with sporadic severe 

mylosuppression with gastrointestinal toxicity which, though infrequent, carries a high risk 

of mortality. The inability to control these toxicities led to the abandonment of clinical 

15 development of some antifolates and bas complicated the clinical development of others, 

such as Lometrexol and raltitrexed. (Jackman AL, Calvert AH Folate-Based Tuymidylate 

Synthase Inhibitors as Anticancer Drugs. Ann Oncol 1995;6(9):871-881; Laohavinij S, 

Wedge SR, Lind MJ, et al. A phase I clinical study of the antipurine antifolate Lometrexol 

(DDATIIF) given with oral folic acid. Invest New Drugs 1996;14:325-335; and Maughan 

20 TS, James RD, Kerr D, et al., on behalf of the British MRC Colorectal Cancer Working 

Party. Preliminary results of a multicenter randomized trial comparing 3 chemotherapy 

regimens (deGramont, Lokich, and raltitrexed) in metastatic colorectal cancer. Proc 

ASCO 1999;18:Abst 1007.) 

Initially, folic acid was used as a treatment for toxicities associated with GARFTI 

25 see, e.g. U.S. Pat. No. 5,217 ,974. Folic acid has been shown to lower homocysteine 

levels (see e.g. Homocysteine Lowering Trialist's Collaboration. Lowering blood 

homocysteine with folic acid based supplements: meta-analysis of randomized trials. BMJ 

1998;316:894-898 and Naurath HJ, Joosten E, Riezler R, Stabler SP, Allen RH, 

Lindenbaum}. Effects ofvitamffi B12, folate and vitan1in B6 supplements in elderly 

30 people with normal serum vitamin concentrations. Lancet 1995;346:85-89), and 

homocysteine levels have been shown to be a predictor of cytotoxic events related to the 

Sandoz Inc. 
Exhibit 1002-00027 

Teva – Fresenius 
Exhibit 1002-00027



5 

WO 02/02093 PCT/USOl/14860 

-3-

use ofGARFr inln"bitors, see e.g. U.S. Pat. No. 5,217,974. However, even with this 

treatment, cytotoxic activity of GAR.FT inln"bitors and antifolates as a class remains a 

serious concern in the development of antifolates as pharmaceutical drugs. The ability to 

lower cytotoxic activity would represent an important advance in the use of these agents. 

Surprisingly and rmexpectedly, we have now discovered that certain toxic effects 

such as mortality and nonhematologic events, such as skin rashes and fatigue, caused by 

antifolates, as a class, can be significantly reduced by the presence of a methylmalonic acid 

lowering agent, without adversely affecting therapeutic efficacy. The present invention 

thus provides a method for improving the therapeutic utility of antifolate drugs by 

10 administering to the host undergoing treatment with a methylmalonic acid lowering agent. 

We have discovered that increased levels ofmethylmalonic acid is a predictor of toxic 

events in patients that receive an antifolate drug and that treatment for the increased 

methylmalonic acid, such as treatment with vitamin B 12, reduces mortality and 

nonhematologic events, such as skin rashes and fatigue events previously associated with 

15 the antifolate drugs. 

Additionally, we have discovered that the combination of a methylmalonic acid 

lowering agent and folic acid synergistically reduces the toxic events associated with the 

administration of antifolate drugs. Although, the treatment and prevention of 

cardiovascular disease with fo1ic acid in combination with vitamin B 12 is known, the use 

20 of the combination for the treatment of toxicity associated with the administration of 

antifolate drugs was unlmown heretofore. 

25 

The present invention relates to a method of administering an antifolate to a 

mammal in need thereof, comprising administering an effective amount of said antifolate in 

combination with a methyhnalonic acid lowering agent. 

Furthermore, the present invention relates to a method of reducing the toxicity 

associated with the administration of an antifolate to a mammal comprising administering 

to said mammal an effective amount of said antifolate in combination with a methylmalonic 

acid lowering agent. 

Furthennore, the present invention relates to a method of illln"biting tumor growth 

30 in mammals comprising administering to said :mammals an effective amount of an 

antifolate in combination with a methylrnalonic acid lowering agent. 
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Furthermore, the present invention relates to a method of administering an 

antifolate to a mammal :in need thereof, comprising administering an effective amount of 

said antifolate in combination with a methy1malonic acid lowering agent and a FBP binding 

agent. A preferred FBP binding agent is folic acid. 

Furthermore, the present invention relates to a method of reducing the toxicity 

associated with the administration of an antifolate to a mammal comprising administering 

to said mammal an effective amount of said antifolate in combination with a methyhnalonic 

acid lowering agent and a FBP binding agent. A preferred FBP binding agent is folic acid. 

Furthermore, the present invention relates to a method of inhibiting tum.or growth 

10 in mammals comprising administering to said mammals an effective amount of an 

antifolate in combination with a methylmalonic acid lowering agent and a FBP binding 

agent. A preferred FBP binding agent is folic acid. 

Furthem1ore, the present invention relates to the use of a rnethylrnalonic acid 

lowering agent, alone or in combination with a FBP binding agent, in the preparation of a 

15 medicament useful in lowering the mammalian toxicity of an antifolate. A preferred FBP 

binding agent is folic acid. 

Furthermore, the present invention relates to the use of a rnethylm.alonic acid 

lowering agent in the preparation of a medicament useful in lowering the mammalian 

toxicity associated with an antifolate, and the medicament is administered in combination 

20 with an antifolate. 

25 

Furthermore, the present invention relates to the use of a methylm.alonic acid 

lowering agent in the preparation of a medicament useful in lowering the mammalian 

toxicity associated with an antifolate, and the medicament is administered in combination 

with an antifolate and a FBP binding agent. 

Furthermore, the present invention relates to the use of a rnethylrnalonic acid 

lowering agent in the manufacture of a medicament for use in a method of inhibiting tumor 

growth in mammals, which method comprises administering said methylmalonic acid 

lowering agent m combmation with an antifolate. 

Furthermore, the present invention relates to a product containing a methylmalonic 

30 acid lowering agent, an antifolate and optionally a FBP binding agent as a combined 

preparation for the simultaneous, separate or sequential use in inlnoiting tumour growth. 
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The current invention concerns the discovery that administration of a 

methylmalonic acid lowering agent in combination with an antifolate drug reduces the 

toxicity of the said antifolate drug. 

The term "inlnbit" as it relates to antifolate drugs refers to problbiting, alleviating, 

5 ameliorating, halting, restraining, slowing or reversing the progression of, or reducing 

tumor growth 

As used herein, the term "effective amount" refers to an amount of a compound or 

drug, which is capable of performing the intended result. For example, an effective 

amount of an antifolate drug that is administered in an effort to reduce tumor growth is 

10 that amount which is required to reduce tumor growth. 

As used herein, the term "toxicity" refers to a toxic event associated with the 

administration on an antifolate. Such events include, but are not limited to, neutropenia, 

thrombopenia, toxic death, fatigue, anorexia, nausea, skin rash, infection, diarrhea, 

mucositis, and anemia For further explanation of the types of toxicity experienced by 

15 patients receiving antifolates, see, generally, Antifolate Drugs in Cancer Therapy. 

20 

Preferably, toxicity refers to toxic death, fatigue, neutropenia, thrombopenia, and 

mucositis. 

As used herein, the term "nonhematologic event" refers to the occurrence of skin 

rash or fatigue due to the administration of an antifolate. 

As used herein, the term "in combination with" refers to the administration of the 

methylmalonic acid lowering agent, the antifolate drug, and optionally the folic acid; in any 

order such that sufficient levels of methy1malonic acid lowering agent and optionally folic 

acid are present to reduce the toxicity of an antifolate in a mammal. The adrrrinistration of 

the compounds maybe simultaneous as a single composition or as two separate 

25 compositions or can be administered sequentially as separate compositions such that an 

effective amount of the agent first administered is in the patient's body when the second 

and/or third agent is administered. The antifolate drug may be administered to the 

mammal first, followed by treatment with the methyhnalonic acid lowering agent. 

Alternatively, the mannnal may be administered the antifolate drug simultaneously with the 

30 methyhnalonic acid lowering agent. Preferably, the mammal is pretreated with the 

methyhnalonic acid lowering agent and then treated with the antifolate. H folic acid is to 
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be administered in addition to the methylmalonic acid lowering agent, the folic acid may be 

administered at any time prior, post, or simultaneously to the administration of either the 

methylmalonic acid lowering agent or the antifolate. Preferably, the mammal is pretreated 

with the methy1malonic acid, and then treated with folic acid, followed by treatment with 

5 the antifolate compound. 

The tel1llS "antifolate" and "antifolate drug" refer to a chemical compound which 

:inhibits at least one key folate-requiring enzyme of the thymidine or purine biosynthetic 

pathways, preferably thymidylate synthase ("TS"), dihydrofolate reductase (''DHFR"), or 

glycinamide ribonucleotide formyltransferase ("GAR.Ff"), by competing with reduced 

10 folates for binding sites of these enzymes. Preferred examples of antifolates include 5-

fluorouracil, as manufactured by Glaxo; Tomudex®, as manufactured by Zeneca~ 

Methotrexate®, as manufactured by Lederle; Lometrexol®, as manufactured by Tularik~ 

pyrido[2,3-d]pyrirnidine derivatives described by Taylor et al in U.S. Pat. Nos. 4684653, 

4833145, 4902796, 4871743, and 4882,334; detivatives descnbed by Akimoto in U.S. 

15 Pat. No. 4997838; thymidylate synthase inhibitors as found in EPO application 239,362; 

and most preferred, Pernetrexed Sodium (ALIMTA), as manufactured by Eli Lilly & Co. 

The tel1llS ''m.ethyJmalonic acid" and ''MMA" refer to a structural isomer of 

succinic acid present in minute am.aunts in healthy hwnan urine. 

The term "methylmalonic acid lowering agent" refers to a substrate, which lowers 

20 the concentration of methylrnalonic acid in a mammal. A preferred example of such a 

substrate is vitamin B12. For methods of determining methyhnalonic acid and substrates 

therefore, see, e.g., Matchar DB, Feussner JR, Millington DS, et al. Isotope dilution assay 

for urinary methylmalonic acid in the diagnosis of vitamin B 12 deficiency. A prospective 

clinical evaluation. Ann Intern Med 1987; 106: 707-710; No1man BJ, Monison JA. 

25 Screening elderly populations for cobalamin (vitamin B12) deficiency using the utinary 

methylrnalonic acid assay by gas chromatography mass spectrometry. Am J Med 1993; 94: 

589-594; Norman BJ. Gas Chromatography mass spectrometry screening of urinary 

methylmalonic acid: early detection of vitamin B12 (cobalarnin) deficiency to prevent 

permanent neurologic disability. GC/MS News 1984; 12:120-129; Martin DC, Francis J, 

30 Protetch J, Huff FJ. Time dependency of cognitive recovery with co balamin replacement: 

report of a pilot study. JAGS 1992; 40: 168-172; Norman BJ, Cronin C. Cobalamin 
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deficiency. Neurol)996; 47: 310-311; Rasmussen K, Moelby I, Jensen MK Studies on 

methylmalonic acid in humans; Savage DG, Lindenbaum}, Stabler SP, Allen RH. 

Sensitivity of methyhnalonic acid and total homocysteine determination for diagnosing 

cobalamin and folate deficiency. Am) Med 1994; 96: 239-246. 

5 The term "vitamin B 12" refers to vitamin B12 and its phannaceutical derivatives, 

such as hydroxoco balarnin, cyano-10-chloroco balamin, aquoco balamin perchlorate, aquo-

10-chloroco balamin perchlorate, azidoco balamin., chloroco balamin, and co balamin. 

Preferably the term refers to vitamin B12, cobalarnin, and chlorocobalamin. 

The dosage generally will be provided in the form of a vitamin supplement, namely 

10 as a tablet administered orally, such as a sustained release formulation, as an aqueous 

solution added to drinking water, or as an aqueous parenteral formulation. Preferably the 

metbyhnalonic acid lowering agent is administered as an intramuscular injection 

formulation. Such formulations are known in the art and are commercially available. 

The skilled artisan will appreciate that the methyhnalonic lowering agents are 

15 effective over a wide dosage range. For example, when cobalamin is used·as the 

methyhnalonic lowering agent, the dosage of cobalamin may fall within the range of about 

0.2 µg to about 3000 µg of cobalamin from once daily for a month to once every nine 

weeks for a year. Preferably, cobalamin will be dosed as an intramuscular injection of 

about 500 µg to about 1500 µg administered from about every 24 hours to about every 

20 1680 hours. Preferably, it is an intramuscular injection of about 1000 µg admillistered 

initially from about 1 to about 3 weeks prior to administration of the antifolate and 

repeated from about every 24 hours to about every 1680 hours, regardless of when 

treatment with the antifolate is started and continued until the administration of the 

antifolate is discontinued. Most preferred is an intramuscular injection of about 1000 p,g 

25 administered initially from about 1 to about 3 weeks prior to the first administration of the 

antifolate and repeated every 6 to 12 weeks, preferably about every 9 weeks, and 

continued until the discontinuation of the antifolate administrations. However, it will be 

understood that the amount of the methy1malonic acid lowering agent actually 

administered will be determined by a physician, in the light of the relevant circumstances, 

30 including the condition to be treated, the chosen route of administration, the actual agent 
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administered, the age, weight, and response of the individual patient, and the severity of 

the patient's symptoms, and therefore the above dosage ranges are not intended to limit 

the scope of the invention in any way. In some instances dosage levels below the lower 

limit of the aforesaid range may be more than adequate, while in other cases still larger 

5 doses may be employed without causing any hannful side effect. 

The term ''FBP binding agent" as used herem refers to a folic binding protein 

binding agent which includes folic acid, (6R)-5-methyl-5,6,7,8-tetrahydrofolic acid, and 

(6R)-5-formyl-5,6,7 ,8-tetrahydrofolic acid, or a physiologically-available salt or ester 

thereof. This latter compound is the (6R)-isomer ofleucovorin as disclosed in J. Am. 

10 Chem Soc., 74, 4215 (1952). Both of the tetrahydrofolic acid compounds are in the 

unnatural configuration at the 6-position. They are 10-20 fold more efficient in binding 

the folate bin.ding protein compared with their respective (6S)-isomer, see Ratnam, et. 

al., Folate and Antifolate Transport in Mammalian Cells Symposium. Mar. 21-22, 1991, 

Bethesda, MD. These compounds are ·usually prepared as a mixture with their natural 

15 form (6S) of diastereomers by non-stereo selective reduction from the corresponding 

dehydro precursors followed by separation through chromatographic or enzymatic 

techniques. See e.g. PCT Patent Application Publication WO 880844 (also Derwent 

Abstract 88-368464/51) and Canadian Patent 1093554. See, e.g. Dietary Reference 

Intakes for Tiriamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B 12, Pantothenic 

20 Acid, Biotin, and Choline (2000), 8 Folate, pp. 196-305. 

"Physiologically-available salt" refers to potassium. sodium. lithium, magnesium, 

or preferably a calcium salt of the FBP binding agent. "Physiologically-available ... ester" 

25 refers to esters which are easily hydrolyzed upon administration to a mammal to provide 

the conesponding FBP binding agent free acid, such as C 1-C4 alkyl esters, mixed 

anhydrides, and the like. 

The FBP binding agent to be utilized according to this invention can be in its free 

acid form, or can be in the form of a physiologically-acceptable salt or ester which is 

30 converted to the parent acid in a biological system The dosage generally will be provided 

in the form of a vitamin supplement, namely as a tablet administered orally, preferably as a 
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sustained release formulation, as an aqueous solution added to drinking water, an aqueous 

parenteral formulation, e.g., an intravenous formulation, or the like. 

The FBP binding agent is usually administered to the subject mammal prior to 

treatment with the antifolate. Pretreatment with the suitable amount of FBP binding agent 

5 from about 1 to about 24 hours is usually sufficient to substantially bind to and block the 

folate binding protein prior to administration of the antifolate. Although one single dose 

of the FBP binding agent, preferably an oral administration of folic acid, should be 

sufficient to load the folate binding protein, multiple dosing of the FBP binding agent can 

be employed for periods up to weeks before treatment with the active agent to ensure that 

10 the folate binding protein is sufficiently bound in order to maximize the benefit derived 

from such pretreatment. 

In the especially preferred embodiment of this invention, about 0.1 mg to about 30 

mg, most preferably about 0.3 mg to about 5 mg, of folic acid is administered orally to a 

mammal about 1 to 3 weeks post administration of the methyhnalonic acid lowering agent 

15 and about 1 to about 24 hours prior to the parenteral administration of the amount of an 

antifolate. However, it will be nnderstood that the amount of the methylmalonic acid 

lowering agent actually administered will be determined by a physician, in the light of the 

relevant circumstances, including the condition to be treated, the chosen route of 

administration, the actual agent administered, the age, weight, and response of the 

20 individual patient, and the severity of the patient's symptoms, and therefore the above 

dosage ranges are not intended to limit the scope of the invention in any way. In some 

instances dosage levels below the lower limit of the aforesaid range may be more than 

adequate, while in other cases still larger doses may be employed without causing any 

harmful side effect. 

25 In general, the term "ph8.1n1aceutical" when used as an adjective means 

substantially non-toxic to living organisms. 

Methods 

To assess the effect of a methyhnalonic acid lowering agent, alone or in 

30 combmation with folic acid on the antitumor efficacy of an antifolate ill a human tumor 

xenogra:ft model, female nude mice bearing human MX-1 breast carcinoma were treated 
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withALIMTA alone or along with super-physiologic doses offolic acid or vitamin B12 

(co balamin). 

The animals were maintamed on sterilized standard lab chow ad libitum and 

sterilized water ad hbitum. The human MX-1 tumor cells (5 x 106
) obtained from donor 

5 tumors were implanted subcutaneously in a thigh of female nude mice 8- to 10-weeks old. 

. 10 

Beginning on day 7 post tumor cell implantation, the animals were treated with ALIMTA 

( 100 mg/kg or 150 mg/kg) once daily on days 7 through 11 and 14 through 18 by 

intraperitoneal injection alone or along with folic acid (6 mg/kg or 60 mg/kg) and/or 

vitamin B12 (165 mg/kg) by mtraperitoneal injection on the same schedule . 

TUlllOr response was monitored by tumor volume measurements twice weekly 

over the course of the experiment. Toxicity was monitored by body weight measurements 

made at the same time as the twnor volume measurements. TUillor growth delay was the 

difference in days for the treated and the controls tumors to reach 1000 mm3
• 

The human MX-1 breast carcinoma xenograft was responsive to treatment with 

15 ALIMTA with doses of 100 mg/kg and 150 mg/kg producing tumor growth delays of 17 

days and 21 days, respectively. Folic acid was administered to the animals alone at two 

doses 6 mg/kg and 60 mg/kg on the same schedule as ALIMTA and produced tumor 

growth delays of7 days and 12 days, respectively. Vitamin B12 administered alone at a 

dose of 165 mg/kg resulted in a tumor growth delay of 12 days. 

20 Combinations of ALIMTA at each of the two doses were administered along with 

each of the vitamins as s:imultaneous combination regimens. Administration of folic acid 

( 6 mg/kg) along with ALIMTA did not alter the tumor growth delay produced from that 

obtained with ALIMTA alone. The addition of folic acid at the higher dose (60 mg/kg) 

along with each dose of ALIMTA resulted in small increases in tumor growth delay to 22 

25 days and 23 days at the ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively. The 

tumor growth delays withALIMTA and vitamin B12 (165 mg/kg) treatment were 22 days 

and 24 days at ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively. 

Body weight was used as a general measure of toxicity for each of the treatment 

30 regimens. The body weight loss pattern reflected the treatment regimens with weight 

decrease during the treatment times of days 7 through 11 and 14 through 18 with some 
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weight recovery dwing the intervening two days. The weight loss due to ALI'IMA was 

dose dependent but overall minor (3%). Folic acid alone at either 6 mg/kg or 60 mg/kg 

did n!)t cause weight loss, in fact folic acid treated anirna1s maintained weight and gained 

weight over the course of the experiment better than the control animals. The animals 

5 treated with ALTh1TA (100 mg/kg) and folic acid (60 mg/kg) gained weight (about 20%) 

over the course of the experiment. 

Administration of vitamin B 12 did not prevent weight gain in the animals over the 

time course of the experiment. The animals treated with ALIMTA (100 mg/kg) along 

with vitamin B12 gained weight while those treated withALIMTA (150 mg/kg) along 

10 with vitamin B 12 maintained weight over the course of the experiment. 

15 

In conclusion, administration of super-physiologic but non-toxic doses of the 

vitamins, folic acid and vitamin B 12, did not alter the antitumor activity of ALIMT A in the 

human MX-1 breast carcinoma xenograft tumor in nude mice and did not increase the 

toxicity of ALIMT A as detern.lined by body weight measurements of the anllnals. 

The effect of vitamin Bl2, alone or in combination with folic acid, on antifolates 

can be demonstrated in standard tests commonly utilized to determine the antitumor 

activity and toxic effects of the antifolates themselves. In one such test, mice are 

inoculated with the C3H strain of mammary adenocarcinoma by inserting a 2 mm by 2 mm 

20 section of tumor into the axillary region of the mice by trocar. The timing of administering 

the methylmalonic acid lowering agent, alone or in combination with the folic acid, and the 

antifolate may be varied. Ten animals are used at each dosage level. Antitumor activity is 

assessed on day ten (when day one is first dosage of antifolate) by measuring the length 

and width of the tumor growth using vernier calipers, and the activity is expressed as a 

25 percent :inhibition of tumor growth. 

When the antifolate is administered to infected mice which are maintained on a 

diet totally free of vitamin B 12 and optionally folic acid for two weeks prior to and during 

treatment, it exhibits moderated antitumor activity at very low doses, but also causes 

severe toxicity at a very low dose (measured as death of mice). 

30 A test group of mice are maintained on a vitamin B12 and optionally folic acid free 

diet for two weeks before treatment. Vitamin B12 and optionally folic acid is then 
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administered during the treatment by intramuscular injection of 0.0003% vitamin B12 

(weight/volume) and optionally providing the animals drinking water containing 0.0003% 

folic acid (weight/volume). This concentration translates to about 1.75 mg of vitamin B12 

and optionally folic acid per square meter of body swface per day. As the foregoing 

5 results indicate, addition of the indicated level of vitamin B 12 to the diet of a subject 

receiving an antifolate results in excellent antitum.or activity at low doses, with little or no 

toxic effects. 

The foregoing tests establish that for twnor bearing mice maintained on a vitamin 

B12 and optionally folic acid free diet prior to and during treatment with an antifolate, the 

10 toxicity of the antifolate is very large, with 1 mg/kg/day being lethal to the majority of the 

mice, and lower antitllillor activity is observed at non-toxic drug doses. Very low doses of 

vitamin B 12 partially reverses drug toxicity and improved antitumor activity. Larger 

doses of vitamin B 12 reduce antifolate toxicity even more significantly. Pretreatment of 

the mouse with vitamm B 12 and then administering folic acid prior to administering the 

15 antifolate demonstrates a striking reduction in toxicity, almost eliminating the antifolate 

toxicity completely. Thus, the use of vitamin B12 in combination with an antifolate 

reduces drug toxicity without adversely affecting antitumor activity, and the use of vitamin 

B 12 in conjunction with folic acid synergistically reduces drug toxicity. 

In a typical clinical evaluation involving cancer patients, all of whom have 

20 histologically or cytologically confirmed diagnosis of cancer, an antifolate is administered 

in combination with vitamin Bl2. Vitamin Bl2 is administered as a 1000 µg 

intramuscular injection 1-3 weeks plior to treatment with the antifolate, and 1000 µg 

intramuscular injection of vitamin B12 is made approximately every 9 weeks until the 

patient discontinues from therapy. The antifolate is administered in four doses over a two 

25 week pe1iod by rapid intravenous injection, followed by two weeks of non-therapy. 

Dosing is made on days 1, 4, 8 and 11 of any two week peliod. Patients will have an 

initial course of therapy at a dose of 5 mg/m2/dose, and depending upon the toxic effects 

observed in the initial course, their subsequent courses may be at the same dose, or may be 

escalated to 6 mg/m2, or may be attenuated to 4 rng/m2. 
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In preparation for the forego.ing clinical study, pilot studies .in humans have 

established that vitamin B 12 given to patients receiving Alim.ta has effected reduced side 

effects due to the Alim.ta. One to two weeks prior to administration of ALIMT A urine is 

r• collected and blood is drawn from a human subject; and vitamin metabolite levels, 

• 

5 methylmalonic acid and homocysteine, are determined. Homocysteine levels are 

detenrrined in blood by a fluorescent polarization immunoassay kit manufactured by Abbot 

Laboratories. Methylmalonic acid levels are determined by urine levels using a 24 hour 

urine collection kit available from Bio lab Medical Unit (a United Kingdom company). 

Additionally urine and blood may be collected one week prior to administration of 

10 ALIMTA (after at least 5 days of folic acid supplementation and at least 1 week vitamin 

B12 supplementation), and up to 4 days prior to every cycle. 

Method of administration and dosing procedures: 

15 1. Folic Acid: 

20 

Folic acid will be supplied as one of the following options, with preference in order 

from option #1 to option #3: 

1. 350 - 600 µg folic acid. 

2. A multivitamin containing folic acid in the range of 350 µg to 600 µg is 

acceptable if option #1 is not available. 

3. A dose offolic acid between 350 µg and 1000 µg is acceptable if neither 

option #1 or option # 2 is available. 

For purposes of this study, patients should take oral folic acid daily beginning 

approximately 1 to 3 weeks before treatment with ALIMT A plus cisplatin or cisplatin 

25 alone and continuing daily until discontinuation from study therapy. 

2. Vitamin B12 

Vitamin B12 will be obtained and administered as a 1000 µg intramuscular 

injection. A vitamin B 12 injection must be administered approximately 1 to 3 weeks 

before treatment with ALIMTA and should be repeated approximately every 9 weeks until 

30 the patient discontinues from study therapy. 
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Folic acid supplementation, 350 - 600 µg or equivalent should be taken orally 

daily beginning approximately 1 to 3 weeks prior to the first dose of MT A plus cisplatin 

and continue daily until the patient discontinues from study therapy. A vitamin B 12 

injection, 1000 µg, must be given intramuscularly approximately 1 to 3 weeks prior to the 

5 first dose of ALIMTA and should be repeated approximately every 9 weeks until the 

patient discontinues from study therapy. 

Compare presupplementation homocysteine and methylmalonic acid levels to a) 

the level immediately prior to the initial dose of study drug, and b) to the level immediately 

prior to the second dose of study drug (i.e., after a full cycle of supplementation), and 

10 compare the prevalence of specific toxicities expe1ienced in up to the first seven cycles of 

therapy in patients who have been supplemented from baseline to the prevalence seen in 

the earlier patients (n = 246) who were not supplemented (Farber et al.) 

15 

20 

Toxicity may be compared in specific patients in non-supplemented cycles versus 

supplemented cycles (cross-over patients). 

The data to be compared are: 

1) Patient nmnbers and baseline demographic data for those supplemented from 

baseline. 

2) Homocysteine and methy1malonic acid levels, levels at baseline, prior to first 

dose, prior to second dose, and prior to each therapy cycle depending of the 

type of cancer under study. 

3) Grade 3 and 4 hematologic toxicity in these fully supplemented patients. 

4) Grade 3 and 4 nonhematologic toxicity in these fully supplemented patients. 

The grading of toxicities in chemotherapuetic clinical tlials is well known to a 

25 person of skill in the art. Examples of fatigue and skin rash grading are provided below. 
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Fatigue Grading -­

Nemomotor 

Grade 0 none or no change 

-15-

Grade 1 subjective weakness; no objective findings 

PCT/USOl/14860 

Grade 2 mild objective weakness without significant impairment of function 

Grade 3 objective weakness with impairment of function 

Grade 4 paralysis 

Rash Grading --

10 Skin 

Grade 0 none or no change 

Grade 1 scattered macular or papular eruption or erythema that is asymptomatic 

Grade 2 scattered macular or papular eruption or erythema with pruritus or other 

associated eruption symptoms 

15 Grade 3 generalized symptomatic macular, papular, or vesicular eruption 

Grade 4 exfo liative dermatitis or ulcerating dermatitis 

The vitamins (both folic acid and B12) to be used in the following studies may be 

obtained from Zenith Gold Line, Centrum, Folvite, or in Canada Apo-Folic. 

20 Cyanocobalamin is used as the methylmalonic acid lowering agent in these studies. 

Current and past clinical trials show a 4% drug-related death total, 50% grade 3/4 

neutropenia, 7% grade 4 thrombocytopenia, and 10% grade 3/4 diarrheas and rrrucositis in 

patients administered ALilvlTA and folic acid as described in U.S. Pat. No. 5,217,974. 

Vitamin B 12 supplementation with ALIMTA has a moderate effect on dmg related 

25 toxicity, lowering drug related deaths to 3% and severe toxicities by about 25%. The 

combination of vitamin B 12 and folic acid with ALIM.TA has lowered the drug related 

deaths to <1 % in over 480 so treated. The combination of vitamin B 12 and folic acid has 

lowered the drug related grade 3/4 toxic events, see Table 1. 

Sandoz Inc. 
Exhibit 1002-00040 

Teva – Fresenius 
Exhibit 1002-00040



WO 02/02093 PCT/USOl/14860 

-16-

Table 1 

Percent of occurrences Percent of occurrences post 
prior to Bl2/folic acid B 12/folic acid treatment 

treatment (N=246) (N=78) 
Hematologic Toxicity/Non- 37% 6.4% 

Hematologic Toxicity 
N eutropenia 32% 2.6% 
Mucositis 5% 1.3% 
Diarrhea 6% 2.6% 

Neutropenia and Mucositis 3% 0% 
Neutropenia and Diarrhea 3% 0% 
Neutropenia and Infection 2% 0% 

Additionally, sixty-two chemonaive patients requiring chemotherapeutic treatment 

were divided into two groups. Seventeen of these patients received ALIMTA, but did not 

5 receive vitamin B 12 or folic acid, as described supra. The remalning patients received 

treatment with vitamin Bl2, folic acid, and ALIMTA, as described supra. Of patients 

who received the combination treatment, 8 out of 45 responded to the chemotherapy. Of 

patients who did not receive the combination treatment, but rather, received only 

treatment withALIMTA, only 1 out of 17 patients responded 
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We Claim: 

1. A method of administering an antifolate to a mammal in need thereof, 

comprising administering an effective amoiJnt of said antifolate in combination with a 

5 methylmalonic acid lowering agent. 

10 

15 

2. A method of reducln.g the toxicity associated with the administration of an 

antifolate to a marrnna1 comprising administering to said mammal an effective amount of 

said antifolate in combination with a methylmalonic acid lowering agent. 

3. A method of inhibiting tumor growth in mammals comprising administering 

to said.mammals an effective amount of an antifolate in combination with a methyhnalonic 

acid lowering agent. 

4. A method of administering an antifolate to a mammal in need thereof, . 

comprising administering an effective amount of said antifolate in combination with a 

methylmalonic acid lowering agent and FBP binding agent. 

5. A method of reducing the toxicity associated with the administration of an 

20 antifolate to a mammal comprising administering to said mammal an effective amount of 

said antifolate in combination with a methyhnalonic acid lowering agent and FBP binding 

agent. 

25 

6. A method of inhibiting tumor growth in mammals comprising administering 

to said mammals an effective amount of an antifolate in combination with a methylmalonic 

acid lowering agent and FBP binding agent . 

7. A method of any one of drums 1-6 wherein the methylmalonic acid 

lowering agent is selected from the group consisting of hydroxoco balamin, cyano-10-

30 chlorocobalamin, aquocobalamin perchlorate, aquo-10-cblorocobalamin perchlorate, 

azidoco balamin, cbloroco balarnin, and co balamin. 
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8. A method of any one of claims 4-6 wherein the FBP binding agent is 

selected from the group consisting of folic acid, (6R)-5-methyl-5,6,7,8-tetrahydrofolic 

acid, and (6R)-5-formyl-5,6,7,8-tetrahydrofolic acid, or a physiologically-available salt or 

5 ester thereof. 

9. A method of any one of claims 1-8 wherein the antifolate is ALIMTA. 

10. A method of any one of claims 1-9 wherein the mammal is pretreated with 

10 methylmalonic acid lowering agent. 

15 

20 

25 

30 

11. The use of a methylmalonic acid lowering agent in the preparation of a 

medicament useful in lowering the mammalian toxicity associated with an antifolate, and 

the medicament is administered in combination with an antifolate. 

12. The use of a methylmalonic acid lowering agent in the preparation of a 

medicament useful in lowering the mammalian toxicity associated with an antifolate, and 

the medicament is administered in combination with an antifolate and a FBP binding agent. 

13. The use any one of drums 11-12 wherein the methylmalonic acid lowering 

agent is selected from the group consisting of hydroxoco balamin., cyano-10-

cblorocobalamin, aquocobalamin perchlorate, aquo-10-cblorocobalamin perchlorate, 

azidocobalamin, cblorocobalamin, and cobalanlin. 

14. The use of any one of claims 11-13 wherein the FBP binding agent is 

selected from the group consisting of folic acid, (6R)-5-methyl-5,6,7 ,8-tetrahydrofolic 

acid, and (6R)-5-formyl-5,6,7,8-tetrabydrofolic acid, or a physiologically-available salt or 

ester thereof. 

15. The use of any one of claims 11-14 wherein the antifolate is ALIMTA. 

• 
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16. The use of any one of claims 11-15 wherein the mammaJ is pretreated with 

methyJmalonic acid lowering agent. 

17. Use of a methyhnalonic acid lowering agent in the manufacture of a 

5 medicament for lowering the mammalian toxicity associated with administration of an 

antifolate wherein said methylmalonic acid lowering agent is administered in combination 

with said antifolate. 

18. Use of a metbylmalonic acid lowering agent in the manufactme of a 

10 medicament for use in a method of inhibiting tumor growth in mammals, which method 

comprises administering said methy1malonic acid lowering agent in combination with an 

antifolate. 

19. Use according to claim 17 or 18 wherein a FBP binding agent is also 

15 administered in combination with said methylmalonic acid lowering agent and antifolate. 

20 

25 

30 

20. Use according to any one of claims 17-19 wherein the methylmalonic acid 

lowering agent, antifolate and optionally FBP binding agent is administered 

simultaneously, separately or sequentially of one another. 

21. The use any one of claims 17-20 wherein the methy1malonic acid lowering 

agent is selected from the group consisting ofhydroxocobalamin, cyano-10-

cbloroco balamin, aquoco balamin perchlorate, aquo-10-cbloroco balamin perchlorate, 

azidocobalamin, cblorocobalamin, and cobalamin. 

22. The use of any one of claims 19-21 wherein the FBP binding agent is 

selected from the group consisting of folic acid, (6R)-5-methyl-5,6,7,8-tetrahydrofolic 

acid, and (6R)-5-formyl-5,6,7 ,8-tetrahydrofolic acid, or a physiologically-available salt or 

ester thereof. 

23. The use of any one of claims 17-22 wherein the antifolate is ALIMTA. 
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24. The use of any one of claims 17-23 wherein the mammal is pretreated with 

the methylmalonic acid lowering agent. 

5 25. A product containing a methylmalonic acid lowering agent, an antifolate 

and optionally a FBP binding agent as a combined preparation for the s:imultaneous, 

separate or sequential use in inhibiting turnpur growth 

26. A product according to claim 25 wherein the methylmalonic acid lowering 

10 agent is selected from the group consisting of hydroxocobalamin, cyano-10-

chloroco balarnin, aquocobalamin perchlorate, aquo-10-chloroco balamin perchlorate, 

azidoco balarnin, chloroco balamin, and co balamin. 

15 

20 

27. A product according to claim 25 or 26 wherein the antifolate is ALIMTA. 

28. A product according to anyone of claims 25-27 wherein the FBP binding 

agent is selected from the group consisting of folic acid, (6R)-5-methyl-5,6,7 ,8-

tetrahydrofolic acid, and (6R)-5-formyl-5,6,7 ,8-tetrahydrofolic acid, or a physiologically­

available salt or ester thereof 

.. 
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Foreign Applications 

If Required, Foreign Filing License Granted: 

Projected Publication Date: To Be Determined - pending completion of Corrected Papers 

Non-Publication Request: No 

Early Publication Request: No 

Title 
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NOVEL ANTIFOLATE COMBINATION THERAPIES 

Preliminary Class 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have 
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a 
patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an 
international application under the Patent Cooperation Treaty (PCT). An international (PCT) application 
generally has the same effect as a regular national patent application in each PCT-member country. The 
PCT process simplifies the filing of patent applications on the same invention in member countries, but 
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file 
additional documents and fees in countries where patent protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must 
make an application for patent in that country in accordance with its particular laws. Since the laws of many 
countries differ in various respects from the patent law of the United States, applicants are advised to seek 
guidance from specific foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the 
USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. 
patent application serves as a request for a foreign filing license. The application's filing receipt contains 
further information and guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, 
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for 
filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at 
800-786-9199, or it can be viewed on the USPTO website at 
http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you 
may wish to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of 
Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect 
intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent 
enforcement issues, applicants may call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN 
FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all 
applications where the conditions for issuance of a license have been met, regardless of whether or not a 
license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to 
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier 
license of similar scope has been granted under 37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date 
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under 
37 CFR 1.53(d). This license is not retroactive. 
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The grant of a license does not in any way lessen the responsibility of a licensee for the security of the 
subject matter as imposed by any Government contract or the provisions of existing laws relating to 
espionage and the national security or the export of technical data. Licensees should apprise themselves of 
current regulations especially with respect to certain countries, of other agencies, particularly the Office of 
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22 
CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the 
Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of 
Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN 
FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license 
under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the 
application. If 6 months has lapsed from the filing date of this application and the licensee has not received 
any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant 
to 37 CFR 5.15(b). 
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UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Addmoo COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vuginia 22313-1450 
W\VW.uspto.gov , 

APPLICATION NUMBER FILING OR 371 (c) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER 

11/776,329 

25885 
ELI LILLY & COMPANY 
PATENT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

07/11/2007 Clet Niyikiza Xl4173B 

CONFIRMATION NO. 6568 

FORMALITIES 
LETTER 

Date Mailed: 07/18/2007 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to this application. The application is informal since it 
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from 
the date of this Notice within which to correct the informalities indicated below. Extensions of time may be 
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• A substitute specification excluding claims in compliance with 37 CFR 1.52, 1.121 (b)(3), and 1.125 is 
required. The substitute specification must be submitted with markings and be accompanied by a clean 
version (without markings) as set forth in 37 CFR 1.125(c) and a statement that the substitute specification 
contains no new matter (see 37 CFR 1.125(b)). Since a preliminary amendment was present on the filing 
date of the application and such amendment is part of the original disclosure of the application, the 
substitute specification must include all of the desired changes made in the preliminary amendment. See 
37 CFR 1.115 and 1.215. 

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

Replies should be mailed to: Mail Stop Missing Parts 

Commissioner for Patents 

P.O. Box 1450 

Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 
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If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

571) 272-4000, or 1-800-PT0-9199 
PART 3 - OFFICE COPY 

Sandoz Inc. 
Exhibit 1002-00056 

Teva – Fresenius 
Exhibit 1002-00056



Electronic Acknowledgement Receipt 

EFSID: 2057405 

Application Number: 11776329 

International Application Number: 

Confirmation Number: 6568 

Title of Invention: NOVEL ANTIFOLATE COMBINATION THERAPIES 

First Named Inventor/Applicant Name: Clet Niyikiza 

Customer Number: 25885 

Filer: Manisha Arvind Desai/Lisa Capps 

Filer Authorized By: Manisha Arvind Desai 

Attorney Docket Number: X14173B 

Receipt Date: 07-AUG-2007 

Filing Date: 11-JUL-2007 

Time Stamp: 16:30:00 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment no 

File Listing: 

Document Document Description File Name File Size(Bytes) Multi Pages 
Number /Message Digest Part /.zip (if appl.} 

150572 

1 
Applicant Response to Pre-Exam X14173BResptoRequestforC 

no 3 
Formalities Notice orrectedFiling.pdf 

54fd6d75d68eb420aff1 9840ee863d0c5 
f3aaf09 

Warnings: 
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Information: 

162063 

2 
X14173BAmendedSpecMark 

yes 17 
edupcopy.pdf 

3054d6e3790327768bd692b03327756 
34e562f3c 

Multi part Description/PDF files in .zip description 

Document Description Start End 

Specification 1 16 

Abstract 17 17 

Warnings: 

Information: 

161578 

3 
X14173BAmendedSpecClea 

yes 17 
ncopy.pdf 

419cb785313f9b017f2bb89ace30db3e 
3d20d404 

Multi part Description/PDF files in .zip description 

Document Description Start End 

Specification 1 16 

Abstract 17 17 

Warnings: 

Information: 

266851 

4 Request for Corrected Filing Receipt 
X14173BFinalCorrectedFilin 

5 
gReceipt.pdf 

no 
e1 daad260634970264bef9d76d460219 

781 c02b6 

Warnings: 

Information: 

Total Files Size (in bytes): 741064 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt 
similar to a Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date 
shown on this Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions 
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the 
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, 
in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary 
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the 
International Application Number and of the International Filing Date (Form PCT/R0/105) will be issued in due 
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement 
Receipt will establish the international filing date of the application. 
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PA TENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Applicant: NIYIKIZA Clet 

Serial No.: 11/776,329 

Application Date: 7 /11/2007 ConfNo.: 6568 

For: NOVEL ANTIFOLATE COMBINATION THERAPIES 

Docket No.: X14173B I 

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Commissioner for Patents 
Mail Stop Missing Parts 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This is in response to a "Notice to File Corrected Application Papers," dated 

July 18, 2007, noting the absence of a marked up and clean copy of a substitute specification, 

excluding claims. 

Enclosed herewith are: 1) a copy of the Notice; 2) a marked up copy of the 

specification, excluding claims, in compliance with 37 CFR 1.115 and 37 CFR 1.125; and 3) a 

clean copy of the specification, excluding claims, in compliance with 37 CFR 1.125(c). 

Applicants assert that the substitute specification contains no new matter. 

Eli Lilly and Company 
Patent Division 
P.O. Box 6288 
Indianapolis, Indiana 46206-6288 

August 6, 2007 

Respectfully submitted, 

/Manisha A. Desai/ 
Manisha A. Desai, Ph.D. 
Attorney for Applicant 
Registration No. 43,585 
Phone: (317) 433-5333 
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UNITED STATES PATENT AND TRADEMARK 0FF1GE 
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Ut'\ITED STATES DEPARTMENT OF COMVIERCE 
United St.ates Patent and Trademark Office 
o\Lid1~~s CO:'vl>HSSIONER FOR P.\TF.:'.'~TS 

PO Bo\. 1-150 
Alexar11lna, \'uguua 2'.:J 13-14.'.:0 
\l/WWLlbpt(lgo\ 

APP LI CA T!ON NUMBER FILING OR 371 (c) DATE FlRST NAMED APPLIC·\NT ATTORNEY DOCKET NUMBER 

11/776,329 

25885 
ELI LILLY & COMPANY 
PATENT DIVISION 
P 0. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

07/11/2007 Clet N iyikiza 

·~~ 

Xl4173B 

CONFIRMATION NO. 6568 

FORMALITIES 
LETTER 

I <3 ~{> d-0-V I 
Date Mailed. 07/18/2007 

NOTICE TO FILE CORRECTED APPLICATION PAPERS 

Filing Date Granted 

An application number and filing date have been accorded to this application. The application 1s informal since it 
does not comply with the regulations for the reason(s) indicated below. Applicant 1s given TWO MONTHS from 
the date of this Notice within which to correct the 1nformalit1es indicated below. Extensions of time may be 
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a) 

The required 1tem(s) ident1f1ed below must be timely submitted to avoid abandonment 

• A substitute specification excluding claims in compliance with 37 CFR 1 52, 1 121(b)(3), and 1 125 is 
required The substitute spec1f1cation must be submitted with markings and be accompanied by a clean 
version (without markings) as set forth in 37 CFR 1.125(c) and a statement that the substitute spec1ficat1on 
contains no new matter (see 37 CFR 1.125(b)). Since a preliminary amendment was present on the filing 
date of the appl1cat1on and such amendment is part of the original disclosure of the application, the 
substitute specification must include all of the desired changes made in the preliminary amendment. See 
37 CFR 1115 and 1.215. 

Applicant 1s cautioned that correction of the above items may cause the specification and drawings page count to 
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required 
application size fee. 

Replies should be mailed to: Mail Stop Missing Parts 

Comm1ss1oner for Patents 

P.O Box 1450 

Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web 
https://sportal. uspto. gov/authenticate/ AuthenticateUserLocal E PF. html 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www uspto gov/ebc. 
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If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

Office of Initial Patent E am nation (571) 272-4000, or 1-800-PT0-9199 
PART 1 - ATTORNEY/APPLICANT COPY 
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PA TENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Applicant: NIYIKIZA Clet 

Serial No.: 11/776,329 

Application Date: July 11, 2007 ConfNo.: 6568 

For: NOVEL ANTIFOLATE COMBINATION THERAPIES 

Docket No.: X14173B 

REQUEST FOR CORRECTED FILING RECEIPT 

Commissioner for Patents 
Office of Initial Patent Examination 
Customer Service Center 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Applicant requests correction of the filing receipt for this application. A copy 

of the receipt, with the corrections noted, is enclosed. 

With the transmittal of this application, an Amendment and Petition to 

Correct Inventorship under 3 7 CFR 1.48(b) was also submitted. The filing receipt does not 

reflect the corrected inventorship. 

Applicant believes no fees are due; however, if any fees are due, please charge 

any fees that may be required by this or related papers, or credit any overpayment, to Deposit 

Account No. 05-0840 in the name of Eli Lilly and Company. Applicant therefore requests that 

the filing receipt be corrected. 

Respectfully submitted, 

/Manisha A. Desai/ 
Manisha A. Desai, Ph.D. 
Attorney/Agent for Applicant 
Registration No. 43,585 
Phone: (317) 433-5333 
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Serial No. 11/776329 

Eli Lilly and Company 
Patent Division 
P.O. Box 6288 
Indianapolis, Indiana 46206-6288 
August 7, 2007 

Enclosure: Copy of Filing Receipt with the changes noted thereon. 
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urwrrm S'l'A'l'F.8 DEPAR'l'MF.N'l' OF COM'1ERCE 
United States Patent and Trademark Office 
.>.ddms COYMISSIONER FOR PATF:'ITS 

PO Box 1450 
Alexandna. Vuguua 22313-1450 
www uspto go\ 

APPL NO ART UNIT FIL FEE REC'D ATTY DOCKET NO TOT CLMS IND CLMS 

11/776,329 X14173B 11 2 / 

25885 
ELI LILLY & COMPANY 
PATENT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

CONFIRMATION NO. 6568 . 
FILING RECEIPT 

1111111111111111111111111111111111111111111111111111111111111111111111111111111111mm1111 
*OC000000024887 418* 

Date Mailed: 07/18/2007 

Receipt 1s acknowledged of this :-.:).f1provisional patent application The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. Please verify the accuracy of the data presented on this receipt. If an error is noted on this 
Filing Receipt, please write to the Office of Initial Patent Examination's Filing Receipt Corrections. Please 
provide a copy of this Filing Receipt with the changes noted thereon. If you received a "Notice to File 
Missing Parts" for this application, please submit any corrections to this Filing Receipt with your reply to 
the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another Filing 
Receipt incorporating the requested corrections (if appropriate). 

Applicant(s) 
Clet Niyikiza, Indianapolis, IN; 
Paele F'aolettl, lndia11apolis, IN; 

Power of Attorney: The patent practitioners associated with Customer Number 25885. 

Domestic Priority data as claimed by applicant 

This application is a DIV of 11/288,807 11/29/2005{ J 
which is a DIV of 10/297,821 12/05/2002 PAT 7,053,065 
which is a 371 of PCT/US01/14860 06/15/2001 / 
which claims benefit of 60/215,310 0613012000J 
and claims benefit of 60/235,859 0912712000 ABN ../ 
and claims benefit of 60/284,448 04/18/2001 ../ 

Foreign Applications 

Projected Publication Date: To Be Determined - pending completion of Corrected Papers 

Non-Publication Request: No 

Early Publication Request: No 
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Title 

lovEL ANTIFOLATE COMBINATION THERAPIES 

Preliminary Class 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent in 
a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) appl1cat1on generally has the same 
effect as a regular national patent application in each PCT-member country The PCT process simplifies the 
filing of patent applications on the same invention in member countries, but does not result 1n a grant of "an 
international patent" and does not eliminate the need of applicants to file additional documents and fees in 
countries where patent protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from 
specific foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO 
must issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S patent 
application serves as a request for a foreign filing license. The application's filing receipt contains further 
information and guidance as to the status of applicant's license for foreign filing 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or 1t 
can be viewed on the USPTO website at http://www uspto.gov/web/offices/pac/doc/general/index html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may 
wish to consult the U S Government website, http.//www.stopfakes.gov Part of a Department of Commerce 
initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual 
property 1n spec1f1c countries such as China, Korea and Mexico For questions regarding patent enforcement 
issues, applicants may call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 
Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S C 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and l1mitat1ons of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted 
under 37 CFR 5.13 or 5 14 

This license 1s to be retained by the licensee and may be used at any time on or after the effective date thereof 
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unless it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 
1.53(d). This license is not retroactive. 

The grant of a license does not in any way lessen the respons1bil1ty of a licensee for the security of the subject 
matter as imposed by any Government contract or the provisions of existing laws relating to espionage and the 
national security or the export of technical data Licensees should apprise themselves of current regulations 
especially with respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, 
Department of State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of 
Industry and Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign Assets Control, 
Department of Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 
5 12, 1f a license is desired before the expiration of 6 months from the filing date of the application. If 6 months 
has lapsed from the filing date of this application and the licensee has not received any indication of a secrecy 
order under 35 U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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NOVEL ANTIFOLATE COMBINATION THERAPIES 

This application is a divisional of Application No. 11/288.807, filed 29 November 

2005, which is a divisional of Application No. 10/297,821 filed 12 May 2002, now Patent 

Number 7,053,065, which claims priority under 35 USC 371, for PCT/USOI/14860, filed 

15 June 2001, which claims the priority of U.S. provisional applications No. 60/215.310. 

filed 30 June 2000, No. 60/235,859, filed 27 September 2000, and No. 60/284,448, filed 

10 18 April 2001. 

Potentially, life-threatening toxicity remains a major limitation to the optimal 

administration of antifolates. (see, generally, Antifolate Drugs in Cancer Therapy, edited 

by Jackman, Ann L., Humana Press, Totowa, NJ, 1999.) In some cases, a supportive 

intervention is routinely used to permit safe, maximal dosing. For example, steroids, such 

15 as dexamethone, can be used to prevent the formation of skin rashes caused by the 

antifolate. (Antifolate, pg 197.) 

Antifolates represent one of the most thoroughly studied classes of antineoplastic 

agents, with aminopterin initially demonstrating clinical activity approximately 50 years 

ago. Methotrexate was developed shortly thereafter, and today is a standard component 

20 of effective chemotherapeutic regimens for malignancies such as lymphoma, breast 

cancer, and head and neck cancer. (Bonnadonna G, Zambetti M, Valagussa P. Sequential 

or alternating doxorubicin and CMF regimens in breast cancer with more than three 

positive nodes: Ten year results. JAMA 1995;273(7):542-547; Bonnadonna G, Valagussa 

P, Moliterni A, Zambetti M, Brambilla C. Adjuvant cyclophosphamide, methotrexate, and 

25 fluorouracil in node-positive breast cancer: The results of 20 years of follow-up. N Engl J 

Med 1995;332(14):901-906; and Hong WK, Schaefer S, Issell B, et al. A prospective 

randomized trial of methotrexate versus cisplatin in the treatment of recurrent squamous 

cell carcinoma of the head and neck. Cancer 1983;52:206-210.) Antifolates inhibit one or 

several key folate-requiring enzymes of the thymidine and purine biosynthetic pathways, 

30 in particular, thymidylate synthase (TS), dihydrofolate reductase (DHFR), and 

glycinamide ribonucleotide formyltransferase (GARFT), by competing with reduced 

folates for binding sites of these enzymes. (Shih C, Habeck LL, Mendelsohn LG, Chen 
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VJ, Schultz RM. Multiple folate enzyme inhibition: Mechanism of a novel 

pyrrolopyrimidine-based antifolate L Y231514 (MT A). Ad van Enzyme Regul, 1998; 

38: 135-152 and Shih C, Chen VJ, Gossett LS, et al. LY231514, a pyrrolo[2,3-

d]pyrimidine-based antifolate that inhibits multiple folate-requiring enzymes. Cancer Res 

5 1997;57:1116-1123.) Several antifolate drugs are currently in development. Examples of 

antifolates that have thymidylate synthase inhibiting ("TSI") characteristics include 5-

fluorouracil and Tomudex®. An example of an antifolate that has dihydrofolate 

reductase inhibiting ("DHFRI") characteristic is Methotrexate®. An example of an 

antifolate that has glycinamide ribonucleotide formyltransferase inhibiting ("GARFTI") 

10 characteristics is Lometrexol. Many of these antifolate drugs inhibit more than one 

biosynthetic pathway. For example Lometrexol is also an inhibitor of dihydrofolate 

reductase and pemetrexed disodium (Alimta®, Eli Lilly and Company, Indianapolis, IN) 

has demonstrated thymidylate synthase, dihydrofolate reductase, and glycinamide 

ribonucleotide formyltransferase inhibition. 

15 A limitation to the development of these drugs is that the cytotoxic activity and 

subsequent effectiveness of antifolates may be associated with substantial toxicity for 

some patients. Additionally antifolates as a class are associated with sporadic severe 

mylosuppression with gastrointestinal toxicity which, though infrequent, carries a high 

risk of mortality. The inability to control these toxicities led to the abandonment of 

20 clinical development of some antifolates and has complicated the clinical development of 

others, such as Lometrexol and raltitrexed. (Jackman AL, Calvert AH Folate-Based 

Thymidylate Synthase Inhibitors as Anticancer Drugs. Ann Oncol 1995;6(9):871-881; 

Laohavinij S, Wedge SR, Lind MJ, et al. A phase I clinical study of the antipurine 

antifolate Lometrexol (DDATHF) given with oral folic acid. Invest New Drugs 

25 1996;14:325-335; and Maughan TS, James RD, Kerr D, et al., on behalf of the British 

MRC Colorectal Cancer Working Party. Preliminary results of a multicenter randomized 

trial comparing 3 chemotherapy regimens ( deGramont, Lokich, and raltitrexed) in 

metastatic colorectal cancer. Proc ASCO 1999;18:Abst 1007.) 

Initially, folic acid was used as a treatment for toxicities associated with GARFTI 

30 see, e.g. U.S. Pat. No. 5,217,974. Folic acid has been shown to lower homocysteine 

levels (see e.g. Homocysteine Lowering Trialist's Collaboration. Lowering blood 

homocysteine with folic acid based supplements: meta-analysis of randomized trials. BMJ 
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1998;316:894-898 and Naurath HJ, Joosten E, Riezler R, Stabler SP, Allen RH, 

Lindenbaum J. Effects of vitamin B12, folate and vitamin B6 supplements in elderly 

people with normal serum vitamin concentrations. Lancet 1995;346:85-89), and 

homocysteine levels have been shown to be a predictor of cytotoxic events related to the 

5 use of GARFT inhibitors, see e.g. U.S. Pat. No. 5,217,974. However, even with this 

treatment, cytotoxic activity of GARFT inhibitors and antifolates as a class remains a 

serious concern in the development of antifolates as pharmaceutical drugs. The ability to 

lower cytotoxic activity would represent an important advance in the use of these agents. 

Surprisingly and unexpectedly, we have now discovered that certain toxic effects 

10 such as mortality and nonhematologic events, such as skin rashes and fatigue, caused by 

antifolates, as a class, can be significantly reduced by the presence of a methylmalonic 

acid lowering agent, without adversely affecting therapeutic efficacy. The present 

invention thus provides a method for improving the therapeutic utility of antifolate drugs 

by administering to the host undergoing treatment with a methylmalonic acid lowering 

15 agent. We have discovered that increased levels of methylmalonic acid is a predictor of 

toxic events in patients that receive an antifolate drug and that treatment for the increased 

methylmalonic acid, such as treatment with vitamin B 12, reduces mortality and 

nonhematologic events, such as skin rashes and fatigue events previously associated with 

the antifolate drugs. 

20 Additionally, we have discovered that the combination of a methylmalonic acid 

lowering agent and folic acid synergistically reduces the toxic events associated with the 

administration of antifolate drugs. Although, the treatment and prevention of 

cardiovascular disease with folic acid in combination with vitamin B12 is known, the use 

of the combination for the treatment of toxicity associated with the administration of 

25 antifolate drugs was unknown heretofore. 

The present invention relates to a method of administering an antifolate to a 

mammal in need thereof, comprising administering an effective amount of said antifolate 

in combination with a methylmalonic acid lowering agent. 

Furthermore, the present invention relates to a method of reducing the toxicity 

30 associated with the administration of an antifolate to a mammal comprising administering 

to said mammal an effective amount of said antifolate in combination with a 

methylmalonic acid lowering agent. 
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Furthermore, the present invention relates to a method of inhibiting tumor growth 

in mammals comprising administering to said mammals an effective amount of an 

antifolate in combination with a methylmalonic acid lowering agent. 

Furthermore, the present invention relates to a method of administering an 

5 antifolate to a mammal in need thereof, comprising administering an effective amount of 

said antifolate in combination with a methylmalonic acid lowering agent and a FBP 

binding agent. A preferred FBP binding agent is folic acid. 

Furthermore, the present invention relates to a method of reducing the toxicity 

associated with the administration of an antifolate to a mammal comprising administering 

10 to said mammal an effective amount of said antifolate in combination with a 

methylmalonic acid lowering agent and a FBP binding agent. A preferred FBP binding 

agent is folic acid. 

Furthermore, the present invention relates to a method of inhibiting tumor growth 

in mammals comprising administering to said mammals an effective amount of an 

15 antifolate in combination with a methylmalonic acid lowering agent and a FBP binding 

agent. A preferred FBP binding agent is folic acid. 

Furthermore, the present invention relates to the use of a methylmalonic acid 

lowering agent, alone or in combination with a FBP binding agent, in the preparation of a 

medicament useful in lowering the mammalian toxicity of an antifolate. A preferred FBP 

20 binding agent is folic acid. 

25 

Furthermore, the present invention relates to the use of a methylmalonic acid 

lowering agent in the preparation of a medicament useful in lowering the mammalian 

toxicity associated with an antifolate, and the medicament is administered in combination 

with an antifolate. 

Furthermore, the present invention relates to the use of a methylmalonic acid 

lowering agent in the preparation of a medicament useful in lowering the mammalian 

toxicity associated with an antifolate, and the medicament is administered in combination 

with an antifolate and a FBP binding agent. 

Furthermore, the present invention relates to the use of a methylmalonic acid 

30 lowering agent in the manufacture of a medicament for use in a method of inhibiting 

tumor growth in mammals, which method comprises administering said methylmalonic 

acid lowering agent in combination with an antifolate. 
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Furthermore, the present invention relates to a product containing a 

methylmalonic acid lowering agent, an antifolate and optionally a FBP binding agent as a 

combined preparation for the simultaneous, separate or sequential use in inhibiting 

tumour growth. 

The current invention concerns the discovery that administration of a 

methylmalonic acid lowering agent in combination with an antifolate drug reduces the 

toxicity of the said antifolate drug. 

The term "inhibit" as it relates to antifolate drugs refers to prohibiting, alleviating, 

ameliorating, halting, restraining, slowing or reversing the progression of, or reducing 

10 tumor growth. 

15 

As used herein, the term "effective amount" refers to an amount of a compound or 

drug, which is capable of performing the intended result. For example, an effective 

amount of an antifolate drug that is administered in an effort to reduce tumor growth is 

that amount which is required to reduce tumor growth. 

As used herein, the term "toxicity" refers to a toxic event associated with the 

administration on an antifolate. Such events include, but are not limited to, neutropenia, 

thrombopenia, toxic death, fatigue, anorexia, nausea, skin rash, infection, diarrhea, 

mucositis, and anemia. For further explanation of the types of toxicity experienced by 

patients receiving antifolates, see, generally, Antifolate Drugs in Cancer Therapy. 

20 Preferably, toxicity refers to toxic death, fatigue, neutropenia, thrombopenia, and 

mucositis. 

As used herein, the term "nonhematologic event" refers to the occurrence of skin 

rash or fatigue due to the administration of an antifolate. 

As used herein, the term "in combination with" refers to the administration of the 

25 methylmalonic acid lowering agent, the antifolate drug, and optionally the folic acid; in 

any order such that sufficient levels of methylmalonic acid lowering agent and optionally 

folic acid are present to reduce the toxicity of an antifolate in a mammal. The 

administration of the compounds maybe simultaneous as a single composition or as two 

separate compositions or can be administered sequentially as separate compositions such 

30 that an effective amount of the agent first administered is in the patient's body when the 

second and/or third agent is administered. The antifolate drug may be administered to the 

mammal first, followed by treatment with the methylmalonic acid lowering agent. 
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Alternatively, the mammal may be administered the antifolate drug simultaneously with 

the methylmalonic acid lowering agent. Preferably, the mammal is pretreated with the 

methylmalonic acid lowering agent and then treated with the antifolate. If folic acid is to 

be administered in addition to the methylmalonic acid lowering agent, the folic acid may 

5 be administered at any time prior, post, or simultaneously to the administration of either 

the methylmalonic acid lowering agent or the antifolate. Preferably, the mammal is 

pretreated with the methylmalonic acid, and then treated with folic acid, followed by 

treatment with the antifolate compound. 

The terms "antifolate" and "antifolate drug" refer to a chemical compound which 

10 inhibits at least one key folate-requiring enzyme of the thymidine or purine biosynthetic 

pathways, preferably thymidylate synthase ("TS"), dihydrofolate reductase ("DHFR"), or 

glycinamide ribonucleotide formyltransferase ("GARFT"), by competing with reduced 

folates for binding sites of these enzymes. Preferred examples of antifolates include ~ 

fluorouraeil, as manufactured by Glaxo; Tomudex®, as manufactured by Zeneca; 

15 Methotrexate®, as manufactured by Lederle; Lometrexol®, as manufactured by Tularik; 

pyrido[2,3-d]pyrimidine derivatives described by Taylor et al in U.S. Pat. Nos. 4,684,653, 

4,833,145, 4,902,796, 4,871,743, and 4,882,334; derivatives described by Akimoto in 

U.S. Pat. No. 4,997,838; thymidylate synthase inhibitors as found in EPO application 

239,362; and most preferred, Pemetrexed Sodium Disodium (ALIMTA), as manufactured 

20 by Eli Lilly & Co. 

The terms "methylmalonic acid" and "MMA" refer to a structural isomer of 

succinic acid present in minute amounts in healthy human urine. 

The term "methylmalonic acid lowering agent" refers to a substrate, which lowers 

the concentration of methylmalonic acid in a mammal. A preferred example of such a 

25 substrate is vitamin B 12. For methods of determining methylmalonic acid and substrates 

therefore, see, e.g., Matchar DB, Feussner JR, Millington DS, et al. Isotope dilution assay 

for urinary methylmalonic acid in the diagnosis of vitamin B12 deficiency. A prospective 

clinical evaluation. Ann Intern Med 1987; 106: 707-710; Norman EJ, Morrison JA. 

Screening elderly populations for cobalamin (vitamin B12) deficiency using the urinary 

30 methylmalonic acid assay by gas chromatography mass spectrometry. Am J Med 1993; 

94: 589-594; Norman EJ. Gas Chromatography mass spectrometry screening of urinary 

methylmalonic acid: early detection of vitamin B12 (cobalamin) deficiency to prevent 
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permanent neurologic disability. GC/MS News 1984; 12:120-129; Martin DC, Francis J, 

Protetch J, Huff F J. Time dependency of cognitive recovery with cobalamin replacement: 

report of a pilot study. JAGS 1992; 40: 168-172; Norman EJ, Cronin C. Cobalamin 

deficiency. Neurol 1996; 47: 310-311; Rasmussen K, Moelby I, Jensen MK. Studies on 

5 methylmalonic acid in humans; Savage DG, Lindenbaum J, Stabler SP, Allen RH. 

Sensitivity of methylmalonic acid and total homocysteine determination for diagnosing 

cobalamin and folate deficiency. Am J Med 1994; 96: 239-246. 

The term "vitamin B12" refers to vitamin B12 and its pharmaceutical derivatives, 

such as hydroxocobalamin, cyano-10-chlorocobalamin, aquocobalamin perchlorate, aquo-

10 10-chlorocobalamin perchlorate, azidocobalamin, chlorocobalamin, and cobalamin. 

Preferably the term refers to vitamin B 12, cobalamin, and chlorocobalamin. 

The dosage generally will be provided in the form of a vitamin supplement, 

namely as a tablet administered orally, such as a sustained release formulation, as an 

aqueous solution added to drinking water, or as an aqueous parenteral formulation. 

15 Preferably the methylmalonic acid lowering agent is administered as an intramuscular 

injection formulation. Such formulations are known in the art and are commercially 

available. 

The skilled artisan will appreciate that the methylmalonic lowering agents are 

effective over a wide dosage range. For example, when cobalamin is used as the 

20 methylmalonic lowering agent, the dosage of cobalamin may fall within the range of 

about 0.2 µg to about 3000 µg of cobalamin from once daily for a month to once every 

nine weeks for a year. Preferably, cobalamin will be dosed as an intramuscular injection 

of about 500 µg to about 1500 µg administered from about every 24 hours to about every 

1680 hours. Preferably, it is an intramuscular injection of about 1000 µg administered 

25 initially from about 1 to about 3 weeks prior to administration of the antifolate and 

repeated from about every 24 hours to about every 1680 hours, regardless of when 

treatment with the antifolate is started and continued until the administration of the 

antifolate is discontinued. Most preferred is an intramuscular injection of about 1000 µg 

administered initially from about 1 to about 3 weeks prior to the first administration of the 

30 antifolate and repeated every 6 to 12 weeks, preferably about every 9 weeks, and 

continued until the discontinuation of the antifolate administrations. However, it will be 
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understood that the amount of the methylmalonic acid lowering agent actually 

administered will be determined by a physician, in the light of the relevant circumstances, 

including the condition to be treated, the chosen route of administration, the actual agent 

administered, the age, weight, and response of the individual patient, and the severity of 

5 the patient's symptoms, and therefore the above dosage ranges are not intended to limit 

the scope of the invention in any way. In some instances dosage levels below the lower 

limit of the aforesaid range may be more than adequate, while in other cases still larger 

doses may be employed without causing any harmful side effect. 

The term "FBP binding agent" as used herein refers to a folic binding protein 

10 binding agent which includes folic acid, (6R)-5-methyl-5,6,7,8-tetrahydrofolic acid, and 

(6R)-5-formyl-5,6,7,8-tetrahydrofolic acid, or a physiologically-available salt or ester 

thereof. This latter compound is the (6R)-isomer of leucovorin as disclosed in J. Am. 

Chem. Soc., 74, 4215 (1952). Both of the tetrahydrofolic acid compounds are in the 

unnatural configuration at the 6-position. They are 10-20 fold more efficient in binding 

15 the folate binding protein compared with their respective (6S)-isomer, see Ratnam, et. 

al., Folate and Antifolate Transport in Mammalian Cells Symposium, Mar. 21-22, 1991, 

Bethesda, MD. These compounds are usually prepared as a mixture with their natural 

form (6S) of diastereomers by non-stereoselective reduction from the corresponding 

dehydro precursors followed by separation through chromatographic or enzymatic 

20 techniques. See e.g. PCT Patent Application Publication WO 880844 (also Derwent 

Abstract 88-368464/51) and Canadian Patent 1093554. See, e.g. Dietary Reference 

Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic 

Acid, Biotin, and Choline (2000), 8 Folate, pp. 196-305. 

25 

"Physiologically-available salt" refers to potassium, sodium, lithium, magnesium, 

or preferably a calcium salt of the FBP binding agent. "Physiologically-available ... ester" 

refers to esters which are easily hydrolyzed upon administration to a mammal to provide 

the corresponding FBP binding agent free acid, such as C 1-C4 alkyl esters, mixed 

30 anhydrides, and the like. 

The FBP binding agent to be utilized according to this invention can be in its free 

acid form, or can be in the form of a physiologically-acceptable salt or ester which is 
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converted to the parent acid in a biological system. The dosage generally will be 

provided in the form of a vitamin supplement, namely as a tablet administered orally, 

preferably as a sustained release formulation, as an aqueous solution added to drinking 

water, an aqueous parenteral formulation, e.g., an intravenous formulation, or the like. 

The FBP binding agent is usually administered to the subject mammal prior to 

treatment with the antifolate. Pretreatment with the suitable amount of FBP binding agent 

from about 1 to about 24 hours is usually sufficient to substantially bind to and block the 

folate binding protein prior to administration of the antifolate. Although one single dose 

of the FBP binding agent, preferably an oral administration of folic acid, should be 

10 sufficient to load the folate binding protein, multiple dosing of the FBP binding agent can 

be employed for periods up to weeks before treatment with the active agent to ensure that 

the folate binding protein is sufficiently bound in order to maximize the benefit derived 

from such pretreatment. 

In the especially preferred embodiment of this invention, about 0.1 mg to about 30 

15 mg, most preferably about 0.3 mg to about 5 mg, of folic acid is administered orally to a 

mammal about 1 to 3 weeks post administration of the methylmalonic acid lowering agent 

and about 1 to about 24 hours prior to the parenteral administration of the amount of an 

antifolate. However, it will be understood that the amount of the methylmalonic acid 

lowering agent actually administered will be determined by a physician, in the light of the 

20 relevant circumstances, including the condition to be treated, the chosen route of 

administration, the actual agent administered, the age, weight, and response of the 

individual patient, and the severity of the patient's symptoms, and therefore the above 

dosage ranges are not intended to limit the scope of the invention in any way. In some 

instances dosage levels below the lower limit of the aforesaid range may be more than 

25 adequate, while in other cases still larger doses may be employed without causing any 

harmful side effect. 

In general, the term "pharmaceutical" when used as an adjective means 

substantially non-toxic to living organisms. 

30 Methods 

To assess the effect of a methylmalonic acid lowering agent, alone or in 

combination with folic acid on the antitumor efficacy of an antifolate in a human tumor 
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xenograft model, female nude mice bearing human MX-1 breast carcinoma were treated 

with ALIMTA alone or along with super-physiologic doses of folic acid or vitamin B 12 

( cobalamin ). 

The animals were maintained on sterilized standard lab chow ad libitum and 

5 sterilized water ad libitum. The human MX-1 tumor cells (5 x 106
) obtained from donor 

tumors were implanted subcutaneously in a thigh of female nude mice 8- to IO-weeks old. 

Beginning on day 7 post tumor cell implantation, the animals were treated with ALIMT A 

(100 mg/kg or 150 mg/kg) once daily on days 7 through 11 and 14 through 18 by 

intraperitoneal injection alone or along with folic acid (6 mg/kg or 60 mg/kg) and/or 

10 vitamin B12 (165 mg/kg) by intraperitoneal injection on the same schedule. 

15 

Tumor response was monitored by tumor volume measurements twice weekly 

over the course of the experiment. Toxicity was monitored by body weight 

measurements made at the same time as the tumor volume measurements. Tumor growth 

delay was the difference in days for the treated and the controls tumors to reach 1000 
3 mm. 

The human MX-1 breast carcinoma xenograft was responsive to treatment with 

ALIMTA with doses of 100 mg/kg and 150 mg/kg producing tumor growth delays of 17 

days and 21 days, respectively. Folic acid was administered to the animals alone at two 

doses 6 mg/kg and 60 mg/kg on the same schedule as ALIMT A and produced tumor 

20 growth delays of 7 days and 12 days, respectively. Vitamin B 12 administered alone at a 

dose of 165 mg/kg resulted in a tumor growth delay of 12 days. 

Combinations of ALIMT A at each of the two doses were administered along with 

each of the vitamins as simultaneous combination regimens. Administration of folic acid 

( 6 mg/kg) along with ALIMT A did not alter the tumor growth delay produced from that 

25 obtained with ALIMT A alone. The addition of folic acid at the higher dose ( 60 mg/kg) 

along with each dose of ALIMTA resulted in small increases in tumor growth delay to 22 

days and 23 days at the ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively. The 

tumor growth delays with ALIMTA and vitamin B12 (165 mg/kg) treatment were 22 

days and 24 days at ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively. 

30 

Body weight was used as a general measure of toxicity for each of the treatment 

regimens. The body weight loss pattern reflected the treatment regimens with weight 
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decrease during the treatment times of days 7 through 11 and 14 through 18 with some 

weight recovery during the intervening two days. The weight loss due to ALITMA was 

dose dependent but overall minor (3%). Folic acid alone at either 6 mg/kg or 60 mg/kg 

did not cause weight loss, in fact folic acid treated animals maintained weight and gained 

5 weight over the course of the experiment better than the control animals. The animals 

treated with ALIMTA (100 mg/kg) and folic acid (60 mg/kg) gained weight (about 20%) 

over the course of the experiment. 

Administration of vitamin B12 did not prevent weight gain in the animals over the 

time course of the experiment. The animals treated with ALIMTA (100 mg/kg) along 

10 with vitamin B12 gained weight while those treated with ALIMTA (150 mg/kg) along 

with vitamin B 12 maintained weight over the course of the experiment. 

In conclusion, administration of super-physiologic but non-toxic doses of the 

vitamins, folic acid and vitamin B12, did not alter the antitumor activity of ALIMTA in 

the human MX-1 breast carcinoma xenograft tumor in nude mice and did not increase the 

15 toxicity of ALIMT A as determined by body weight measurements of the animals. 

The effect of vitamin B12, alone or in combination with folic acid, on antifolates 

can be demonstrated in standard tests commonly utilized to determine the antitumor 

activity and toxic effects of the antifolates themselves. In one such test, mice are 

20 inoculated with the C3H strain of mammary adenocarcinoma by inserting a 2 mm by 2 

mm section of tumor into the axillary region of the mice by trocar. The timing of 

administering the methylmalonic acid lowering agent, alone or in combination with the 

folic acid, and the antifolate may be varied. Ten animals are used at each dosage level. 

Antitumor activity is assessed on day ten (when day one is first dosage of antifolate) by 

25 measuring the length and width of the tumor growth using vernier calipers, and the 

activity is expressed as a percent inhibition of tumor growth. 

When the antifolate is administered to infected mice which are maintained on a 

diet totally free of vitamin B 12 and optionally folic acid for two weeks prior to and 

during treatment, it exhibits moderated antitumor activity at very low doses, but also 

30 causes severe toxicity at a very low dose (measured as death of mice). 

A test group of mice are maintained on a vitamin B 12 and optionally folic acid 

free diet for two weeks before treatment. Vitamin B 12 and optionally folic acid is then 
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administered during the treatment by intramuscular injection of0.0003% vitamin B12 

(weight/volume) and optionally providing the animals drinking water containing 0.0003% 

folic acid (weight/volume). This concentration translates to about 1.75 mg of vitamin B12 

and optionally folic acid per square meter of body surface per day. As the foregoing 

5 results indicate, addition of the indicated level of vitamin B12 to the diet of a subject 

receiving an antifolate results in excellent antitumor activity at low doses, with little or no 

toxic effects. 

The foregoing tests establish that for tumor bearing mice maintained on a vitamin 

B12 and optionally folic acid free diet prior to and during treatment with an antifolate, the 

10 toxicity of the antifolate is very large, with 1 mg/kg/day being lethal to the majority of the 

mice, and lower antitumor activity is observed at non-toxic drug doses. Very low doses of 

vitamin B12 partially reverses drug toxicity and improved antitumor activity. Larger 

doses of vitamin B12 reduce antifolate toxicity even more significantly. Pretreatment of 

the mouse with vitamin B12 and then administering folic acid prior to administering the 

15 antifolate demonstrates a striking reduction in toxicity, almost eliminating the antifolate 

toxicity completely. Thus, the use of vitamin B12 in combination with an antifolate 

reduces drug toxicity without adversely affecting antitumor activity, and the use of 

vitamin B12 in conjunction with folic acid synergistically reduces drug toxicity. 

In a typical clinical evaluation involving cancer patients, all of whom have 

20 histologically or cytologically confirmed diagnosis of cancer, an antifolate is 

administered in combination with vitamin B12. Vitamin B12 is administered as a 1000 

µg intramuscular injection 1-3 weeks prior to treatment with the antifolate, and 1000 µg 

intramuscular injection of vitamin B12 is made approximately every 9 weeks until the 

patient discontinues from therapy. The antifolate is administered in four doses over a two 

25 week period by rapid intravenous injection, followed by two weeks of non-therapy. 

30 

Dosing is made on days 1, 4, 8 and 11 of any two week period. Patients will have an 

initial course of therapy at a dose of 5 mg/m2/dose, and depending upon the toxic effects 

observed in the initial course, their subsequent courses may be at the same dose, or may 

be escalated to 6 mg/m2, or may be attenuated to 4 mg!m2. 

In preparation for the foregoing clinical study, pilot studies in humans have 

established that vitamin B12 given to patients receiving Alimta has effected reduced side 
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effects due to the Alimta. One to two weeks prior to administration of ALIMT A urine is 

collected and blood is drawn from a human subject; and vitamin metabolite levels, 

methylmalonic acid and homocysteine, are determined. Homocysteine levels are 

determined in blood by a fluorescent polarization immunoassay kit manufactured by 

5 Abbot Laboratories. Methylmalonic acid levels are determined by urine levels using a 24 

hour urine collection kit available from Biolab Medical Unit (a United Kingdom 

company). Additionally urine and blood may be collected one week prior to 

administration of ALIMT A (after at least 5 days of folic acid supplementation and at least 

1 week vitamin B12 supplementation), and up to 4 days prior to every cycle. 

10 

Method of administration and dosing procedures: 

1. Folic Acid: 

Folic acid will be supplied as one of the following options, with preference in 

15 order from option # 1 to option #3: 

20 

25 

1. 350 - 600 µg folic acid. 

2. A multivitamin containing folic acid in the range of 350 µg to 600 µg is 

acceptable if option # 1 is not available. 

3. A dose of folic acid between 350 µg and 1000 µg is acceptable ifneither 

option # 1 or option # 2 is available. 

For purposes of this study, patients should take oral folic acid daily beginning 

approximately 1 to 3 weeks before treatment with ALIMT A plus cisplatin or cisplatin 

alone and continuing daily until discontinuation from study therapy. 

2. Vitamin B 12 

Vitamin B 12 will be obtained and administered as a 1000 µg intramuscular 

injection. A vitamin B12 injection must be administered approximately 1 to 3 weeks 

before treatment with ALIMT A and should be repeated approximately every 9 weeks 

until the patient discontinues from study therapy. 

Folic acid supplementation, 350 - 600 µg or equivalent should be taken orally 

30 daily beginning approximately 1to3 weeks prior to the first dose of MTA plus cisplatin 

and continue daily until the patient discontinues from study therapy. A vitamin B12 
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injection, 1000 µg, must be given intramuscularly approximately 1 to 3 weeks prior to the 

first dose of ALIMT A and should be repeated approximately every 9 weeks until the 

patient discontinues from study therapy. 

Compare presupplementation homocysteine and methylmalonic acid levels to a) 

5 the level immediately prior to the initial dose of study drug, and b) to the level 

immediately prior to the second dose of study drug (i.e., after a full cycle of 

supplementation), and compare the prevalence of specific toxicities experienced in up to 

the first seven cycles of therapy in patients who have been supplemented from baseline to 

the prevalence seen in the earlier patients (n = 246) who were not supplemented (Farber 

10 et al.) 

15 

20 

Toxicity may be compared in specific patients in non-supplemented cycles versus 

supplemented cycles (cross-over patients). 

The data to be compared are: 

1) Patient numbers and baseline demographic data for those supplemented from 

baseline. 

2) Homocysteine and methylmalonic acid levels, levels at baseline, prior to first 

dose, prior to second dose, and prior to each therapy cycle depending of the 

type of cancer under study. 

3) Grade 3 and 4 hematologic toxicity in these fully supplemented patients. 

4) Grade 3 and 4 nonhematologic toxicity in these fully supplemented patients. 

The grading of toxicities in chemotherapuetic clinical trials is well known to a 

person of skill in the art. Examples of fatigue and skin rash grading are provided below. 

25 Fatigue Grading --

N euromotor 

Grade 0 none or no change 

Grade 1 subjective weakness; no objective findings 

Grade 2 mild objective weakness without significant impairment of function 

30 Grade 3 objective weakness with impairment of function 

Grade 4 paralysis 
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Rash Grading -­

Skin 

Grade 0 none or no change 

-15-

Grade 1 scattered macular or papular eruption or erythema that is asymptomatic 

5 Grade 2 scattered macular or papular eruption or erythema with pruritus or other 

associated eruption symptoms 

10 

Grade 3 generalized symptomatic macular, papular, or vesicular eruption 

Grade 4 exfoliative dermatitis or ulcerating dermatitis 

The vitamins (both folic acid and B12) to be used in the following studies may be 

obtained from Zenith Gold Line, Centrum, Folvite, or in Canada Apo-Folic. 

Cyanocobalamin is used as the methylmalonic acid lowering agent in these studies. 

Current and past clinical trials show a 4% drug-related death total, 50% grade 3/4 

neutropenia, 7% grade 4 thrombocytopenia, and 10% grade 3/4 diarrheas and mucositis in 

15 patients administered ALIMTA and folic acid as described in U.S. Pat. No. 5,217,974. 

Vitamin B12 supplementation with ALIMTA has a moderate effect on drug related 

toxicity, lowering drug related deaths to 3% and severe toxicities by about 25%. The 

combination of vitamin B12 and folic acid with ALIMTA has lowered the drug related 

deaths to < 1 % in over 480 so treated. The combination of vitamin B 12 and folic acid has 

20 lowered the drug related grade 3/4 toxic events, see Table 1. 

Table 1 

Percent of occurrences Percent of occurrences post 
prior to B 12/folic acid B 12/folic acid treatment 

treatment (N=246) (N=78) 
Hematologic Toxicity/Non- 37% 6.4% 

Hematologic Toxicity 
Neutropenia 32% 2.6% 

Mucositis 5% 1.3% 
Diarrhea 6% 2.6% 

Neutropenia and Mucositis 3% 0% 
Neutropenia and Diarrhea 3% 0% 
Neutropenia and Infection 2% 0% 

Additionally, sixty-two chemonaive patients requiring chemotherapeutic treatment 

were divided into two groups. Seventeen of these patients received ALIMT A, but did not 

25 receive vitamin B12 or folic acid, as described supra. The remaining patients received 
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treatment with vitamin B12, folic acid, and ALIMTA, as described supra. Of patients 

who received the combination treatment, 8 out of 45 responded to the chemotherapy. Of 

patients who did not receive the combination treatment, but rather, received only 

treatment with ALIMT A, only 1 out of 17 patients responded. 
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Abstract 

A method of administering an antifolate to a mammal in need thereof, comprising 

5 administering an effective amount of said antifolate in combination with a methylmalonic 

acid lowering agent. 
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Abstract 

A method of administering an antifolate to a mammal in need thereof, comprising 

5 administering an effective amount of said antifolate in combination with a methylmalonic 

acid lowering agent. 
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NOVEL ANTIFOLATE COMBINATION THERAPIES 

5 This application is a divisional of Application No. 11/288,807, filed 29 November 

2005, which is a divisional of Application No. 10/297,821 filed 12 May 2002, now Patent 

Number 7,053,065, which claims priority under 35 USC 371, for PCT/USOI/14860, filed 

15 June 2001, which claims the priority of U.S. provisional applications No. 60/215,310, 

filed 30 June 2000, No. 60/235,859, filed 27 September 2000, and No. 60/284,448, filed 

10 18 April 2001. 

Potentially, life-threatening toxicity remains a major limitation to the optimal 

administration of antifolates. (see, generally, Antifolate Drugs in Cancer Therapy, edited 

by Jackman, Ann L., Humana Press, Totowa, NJ, 1999.) In some cases, a supportive 

intervention is routinely used to permit safe, maximal dosing. For example, steroids, such 

15 as dexamethone, can be used to prevent the formation of skin rashes caused by the 

antifolate. (Antifolate, pg 197.) 

Antifolates represent one of the most thoroughly studied classes of antineoplastic 

agents, with aminopterin initially demonstrating clinical activity approximately 50 years 

ago. Methotrexate was developed shortly thereafter, and today is a standard component 

20 of effective chemotherapeutic regimens for malignancies such as lymphoma, breast 

cancer, and head and neck cancer. (Bonnadonna G, Zambetti M, Valagussa P. Sequential 

or alternating doxorubicin and CMF regimens in breast cancer with more than three 

positive nodes: Ten year results. JAMA 1995;273(7):542-547; Bonnadonna G, Valagussa 

P, Moliterni A, Zambetti M, Brambilla C. Adjuvant cyclophosphamide, methotrexate, and 

25 fluorouracil in node-positive breast cancer: The results of 20 years of follow-up. N Engl J 

Med 1995;332(14):901-906; and Hong WK, Schaefer S, Issell B, et al. A prospective 

randomized trial of methotrexate versus cisplatin in the treatment of recurrent squamous 

cell carcinoma of the head and neck. Cancer 1983;52:206-210.) Antifolates inhibit one or 

several key folate-requiring enzymes of the thymidine and purine biosynthetic pathways, 

30 in particular, thymidylate synthase (TS), dihydrofolate reductase (DHFR), and 

glycinamide ribonucleotide formyltransferase (GARFT), by competing with reduced 

folates for binding sites of these enzymes. (Shih C, Habeck LL, Mendelsohn LG, Chen 
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VJ, Schultz RM. Multiple folate enzyme inhibition: Mechanism of a novel 

pyrrolopyrimidine-based antifolate L Y231514 (MT A). Ad van Enzyme Regul, 1998; 

38: 135-152 and Shih C, Chen VJ, Gossett LS, et al. LY231514, a pyrrolo[2,3-

d]pyrimidine-based antifolate that inhibits multiple folate-requiring enzymes. Cancer Res 

5 1997;57:1116-1123.) Several antifolate drugs are currently in development. Examples of 

antifolates that have thymidylate synthase inhibiting ("TSI") characteristics include 5-

fluorouracil and Tomudex®. An example of an antifolate that has dihydrofolate 

reductase inhibiting ("DHFRI") characteristic is Methotrexate®. An example of an 

antifolate that has glycinamide ribonucleotide formyltransferase inhibiting ("GARFTI") 

10 characteristics is Lometrexol. Many of these antifolate drugs inhibit more than one 

biosynthetic pathway. For example Lometrexol is also an inhibitor of dihydrofolate 

reductase and pemetrexed disodium (Alimta®, Eli Lilly and Company, Indianapolis, IN) 

has demonstrated thymidylate synthase, dihydrofolate reductase, and glycinamide 

ribonucleotide formyltransferase inhibition. 

15 A limitation to the development of these drugs is that the cytotoxic activity and 

subsequent effectiveness of antifolates may be associated with substantial toxicity for 

some patients. Additionally antifolates as a class are associated with sporadic severe 

mylosuppression with gastrointestinal toxicity which, though infrequent, carries a high 

risk of mortality. The inability to control these toxicities led to the abandonment of 

20 clinical development of some antifolates and has complicated the clinical development of 

others, such as Lometrexol and raltitrexed. (Jackman AL, Calvert AH Folate-Based 

Thymidylate Synthase Inhibitors as Anticancer Drugs. Ann Oncol 1995;6(9):871-881; 

Laohavinij S, Wedge SR, Lind MJ, et al. A phase I clinical study of the antipurine 

antifolate Lometrexol (DDATHF) given with oral folic acid. Invest New Drugs 

25 1996;14:325-335; and Maughan TS, James RD, Kerr D, et al., on behalf of the British 

MRC Colorectal Cancer Working Party. Preliminary results of a multicenter randomized 

trial comparing 3 chemotherapy regimens ( deGramont, Lokich, and raltitrexed) in 

metastatic colorectal cancer. Proc ASCO 1999;18:Abst 1007.) 

Initially, folic acid was used as a treatment for toxicities associated with GARFTI 

30 see, e.g. U.S. Pat. No. 5,217,974. Folic acid has been shown to lower homocysteine 

levels (see e.g. Homocysteine Lowering Trialist's Collaboration. Lowering blood 

homocysteine with folic acid based supplements: meta-analysis of randomized trials. BMJ 
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1998;316:894-898 and Naurath HJ, Joosten E, Riezler R, Stabler SP, Allen RH, 

Lindenbaum J. Effects of vitamin B12, folate and vitamin B6 supplements in elderly 

people with normal serum vitamin concentrations. Lancet 1995;346:85-89), and 

homocysteine levels have been shown to be a predictor of cytotoxic events related to the 

5 use of GARFT inhibitors, see e.g. U.S. Pat. No. 5,217,974. However, even with this 

treatment, cytotoxic activity of GARFT inhibitors and antifolates as a class remains a 

serious concern in the development of antifolates as pharmaceutical drugs. The ability to 

lower cytotoxic activity would represent an important advance in the use of these agents. 

Surprisingly and unexpectedly, we have now discovered that certain toxic effects 

10 such as mortality and nonhematologic events, such as skin rashes and fatigue, caused by 

antifolates, as a class, can be significantly reduced by the presence of a methylmalonic 

acid lowering agent, without adversely affecting therapeutic efficacy. The present 

invention thus provides a method for improving the therapeutic utility of antifolate drugs 

by administering to the host undergoing treatment with a methylmalonic acid lowering 

15 agent. We have discovered that increased levels of methylmalonic acid is a predictor of 

toxic events in patients that receive an antifolate drug and that treatment for the increased 

methylmalonic acid, such as treatment with vitamin B 12, reduces mortality and 

nonhematologic events, such as skin rashes and fatigue events previously associated with 

the antifolate drugs. 

20 Additionally, we have discovered that the combination of a methylmalonic acid 

lowering agent and folic acid synergistically reduces the toxic events associated with the 

administration of antifolate drugs. Although, the treatment and prevention of 

cardiovascular disease with folic acid in combination with vitamin B12 is known, the use 

of the combination for the treatment of toxicity associated with the administration of 

25 antifolate drugs was unknown heretofore. 

The present invention relates to a method of administering an antifolate to a 

mammal in need thereof, comprising administering an effective amount of said antifolate 

in combination with a methylmalonic acid lowering agent. 

Furthermore, the present invention relates to a method of reducing the toxicity 

30 associated with the administration of an antifolate to a mammal comprising administering 

to said mammal an effective amount of said antifolate in combination with a 

methylmalonic acid lowering agent. 

Sandoz Inc. 
Exhibit 1002-00088 

Teva – Fresenius 
Exhibit 1002-00088



X14173B 

-4-

Furthermore, the present invention relates to a method of inhibiting tumor growth 

in mammals comprising administering to said mammals an effective amount of an 

antifolate in combination with a methylmalonic acid lowering agent. 

Furthermore, the present invention relates to a method of administering an 

5 antifolate to a mammal in need thereof, comprising administering an effective amount of 

said antifolate in combination with a methylmalonic acid lowering agent and a FBP 

binding agent. A preferred FBP binding agent is folic acid. 

Furthermore, the present invention relates to a method of reducing the toxicity 

associated with the administration of an antifolate to a mammal comprising administering 

10 to said mammal an effective amount of said antifolate in combination with a 

methylmalonic acid lowering agent and a FBP binding agent. A preferred FBP binding 

agent is folic acid. 

Furthermore, the present invention relates to a method of inhibiting tumor growth 

in mammals comprising administering to said mammals an effective amount of an 

15 antifolate in combination with a methylmalonic acid lowering agent and a FBP binding 

agent. A preferred FBP binding agent is folic acid. 

Furthermore, the present invention relates to the use of a methylmalonic acid 

lowering agent, alone or in combination with a FBP binding agent, in the preparation of a 

medicament useful in lowering the mammalian toxicity of an antifolate. A preferred FBP 

20 binding agent is folic acid. 

25 

Furthermore, the present invention relates to the use of a methylmalonic acid 

lowering agent in the preparation of a medicament useful in lowering the mammalian 

toxicity associated with an antifolate, and the medicament is administered in combination 

with an antifolate. 

Furthermore, the present invention relates to the use of a methylmalonic acid 

lowering agent in the preparation of a medicament useful in lowering the mammalian 

toxicity associated with an antifolate, and the medicament is administered in combination 

with an antifolate and a FBP binding agent. 

Furthermore, the present invention relates to the use of a methylmalonic acid 

30 lowering agent in the manufacture of a medicament for use in a method of inhibiting 

tumor growth in mammals, which method comprises administering said methylmalonic 

acid lowering agent in combination with an antifolate. 
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Furthermore, the present invention relates to a product containing a 

methylmalonic acid lowering agent, an antifolate and optionally a FBP binding agent as a 

combined preparation for the simultaneous, separate or sequential use in inhibiting 

tumour growth. 

The current invention concerns the discovery that administration of a 

methylmalonic acid lowering agent in combination with an antifolate drug reduces the 

toxicity of the said antifolate drug. 

The term "inhibit" as it relates to antifolate drugs refers to prohibiting, alleviating, 

ameliorating, halting, restraining, slowing or reversing the progression of, or reducing 

10 tumor growth. 

15 

As used herein, the term "effective amount" refers to an amount of a compound or 

drug, which is capable of performing the intended result. For example, an effective 

amount of an antifolate drug that is administered in an effort to reduce tumor growth is 

that amount which is required to reduce tumor growth. 

As used herein, the term "toxicity" refers to a toxic event associated with the 

administration on an antifolate. Such events include, but are not limited to, neutropenia, 

thrombopenia, toxic death, fatigue, anorexia, nausea, skin rash, infection, diarrhea, 

mucositis, and anemia. For further explanation of the types of toxicity experienced by 

patients receiving antifolates, see, generally, Antifolate Drugs in Cancer Therapy. 

20 Preferably, toxicity refers to toxic death, fatigue, neutropenia, thrombopenia, and 

mucositis. 

As used herein, the term "nonhematologic event" refers to the occurrence of skin 

rash or fatigue due to the administration of an antifolate. 

As used herein, the term "in combination with" refers to the administration of the 

25 methylmalonic acid lowering agent, the antifolate drug, and optionally the folic acid; in 

any order such that sufficient levels of methylmalonic acid lowering agent and optionally 

folic acid are present to reduce the toxicity of an antifolate in a mammal. The 

administration of the compounds maybe simultaneous as a single composition or as two 

separate compositions or can be administered sequentially as separate compositions such 

30 that an effective amount of the agent first administered is in the patient's body when the 

second and/or third agent is administered. The antifolate drug may be administered to the 

mammal first, followed by treatment with the methylmalonic acid lowering agent. 
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Alternatively, the mammal may be administered the antifolate drug simultaneously with 

the methylmalonic acid lowering agent. Preferably, the mammal is pretreated with the 

methylmalonic acid lowering agent and then treated with the antifolate. If folic acid is to 

be administered in addition to the methylmalonic acid lowering agent, the folic acid may 

5 be administered at any time prior, post, or simultaneously to the administration of either 

the methylmalonic acid lowering agent or the antifolate. Preferably, the mammal is 

pretreated with the methylmalonic acid, and then treated with folic acid, followed by 

treatment with the antifolate compound. 

The terms "antifolate" and "antifolate drug" refer to a chemical compound which 

10 inhibits at least one key folate-requiring enzyme of the thymidine or purine biosynthetic 

pathways, preferably thymidylate synthase ("TS"), dihydrofolate reductase ("DHFR"), or 

glycinamide ribonucleotide formyltransferase ("GARFT"), by competing with reduced 

folates for binding sites of these enzymes. Preferred examples of antifolates include 

Tomudex®, as manufactured by Zeneca; Methotrexate®, as manufactured by Lederle; 

15 Lometrexol®, as manufactured by Tularik; pyrido[2,3-d]pyrimidine derivatives described 

by Taylor et al in U.S. Pat. Nos. 4,684,653, 4,833,145, 4,902,796, 4,871,743, and 

4,882,334; derivatives described by Akimoto in U.S. Pat. No. 4,997,838; thymidylate 

synthase inhibitors as found in EPO application 239,362; and most preferred, Pemetrexed 

Disodium (ALIMTA), as manufactured by Eli Lilly & Co. 

20 The terms "methylmalonic acid" and "MMA" refer to a structural isomer of 

succinic acid present in minute amounts in healthy human urine. 

The term "methylmalonic acid lowering agent" refers to a substrate, which lowers 

the concentration of methylmalonic acid in a mammal. A preferred example of such a 

substrate is vitamin B 12. For methods of determining methylmalonic acid and substrates 

25 therefore, see, e.g., Matchar DB, Feussner JR, Millington DS, et al. Isotope dilution assay 

for urinary methylmalonic acid in the diagnosis of vitamin B12 deficiency. A prospective 

clinical evaluation. Ann Intern Med 1987; 106: 707-710; Norman EJ, Morrison JA. 

Screening elderly populations for cobalamin (vitamin B12) deficiency using the urinary 

methylmalonic acid assay by gas chromatography mass spectrometry. Am J Med 1993; 

30 94: 589-594; Norman EJ. Gas Chromatography mass spectrometry screening of urinary 

methylmalonic acid: early detection of vitamin B12 (cobalamin) deficiency to prevent 

permanent neurologic disability. GC/MS News 1984; 12:120-129; Martin DC, Francis J, 
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Protetch J, Huff F J. Time dependency of cognitive recovery with cobalamin replacement: 

report of a pilot study. JAGS 1992; 40: 168-172; Norman EJ, Cronin C. Cobalamin 

deficiency. Neurol 1996; 47: 310-311; Rasmussen K, Moelby I, Jensen MK. Studies on 

methylmalonic acid in humans; Savage DG, Lindenbaum J, Stabler SP, Allen RH. 

5 Sensitivity of methylmalonic acid and total homocysteine determination for diagnosing 

cobalamin and folate deficiency. Am J Med 1994; 96: 239-246. 

The term "vitamin B12" refers to vitamin B12 and its pharmaceutical derivatives, 

such as hydroxocobalamin, cyano-10-chlorocobalamin, aquocobalamin perchlorate, aquo-

10-chlorocobalamin perchlorate, azidocobalamin, chlorocobalamin, and cobalamin. 

10 Preferably the term refers to vitamin B12, cobalamin, and chlorocobalamin. 

The dosage generally will be provided in the form of a vitamin supplement, 

namely as a tablet administered orally, such as a sustained release formulation, as an 

aqueous solution added to drinking water, or as an aqueous parenteral formulation. 

Preferably the methylmalonic acid lowering agent is administered as an intramuscular 

15 injection formulation. Such formulations are known in the art and are commercially 

available. 

The skilled artisan will appreciate that the methylmalonic lowering agents are 

effective over a wide dosage range. For example, when cobalamin is used as the 

methylmalonic lowering agent, the dosage of cobalamin may fall within the range of 

20 about 0.2 µg to about 3000 µg of cobalamin from once daily for a month to once every 

nine weeks for a year. Preferably, cobalamin will be dosed as an intramuscular injection 

of about 500 µg to about 1500 µg administered from about every 24 hours to about every 

1680 hours. Preferably, it is an intramuscular injection of about 1000 µg administered 

initially from about 1 to about 3 weeks prior to administration of the antifolate and 

25 repeated from about every 24 hours to about every 1680 hours, regardless of when 

treatment with the antifolate is started and continued until the administration of the 

antifolate is discontinued. Most preferred is an intramuscular injection of about 1000 µg 

administered initially from about 1 to about 3 weeks prior to the first administration of the 

antifolate and repeated every 6 to 12 weeks, preferably about every 9 weeks, and 

30 continued until the discontinuation of the antifolate administrations. However, it will be 

understood that the amount of the methylmalonic acid lowering agent actually 
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administered will be determined by a physician, in the light of the relevant circumstances, 

including the condition to be treated, the chosen route of administration, the actual agent 

administered, the age, weight, and response of the individual patient, and the severity of 

the patient's symptoms, and therefore the above dosage ranges are not intended to limit 

5 the scope of the invention in any way. In some instances dosage levels below the lower 

limit of the aforesaid range may be more than adequate, while in other cases still larger 

doses may be employed without causing any harmful side effect. 

The term "FBP binding agent" as used herein refers to a folic binding protein 

binding agent which includes folic acid, (6R)-5-methyl-5,6,7,8-tetrahydrofolic acid, and 

10 (6R)-5-formyl-5,6,7,8-tetrahydrofolic acid, or a physiologically-available salt or ester 

thereof. This latter compound is the (6R)-isomer of leucovorin as disclosed in J. Am. 

Chem. Soc., 74, 4215 (1952). Both of the tetrahydrofolic acid compounds are in the 

unnatural configuration at the 6-position. They are 10-20 fold more efficient in binding 

the folate binding protein compared with their respective (6S)-isomer, see Ratnam, et. 

15 al., Folate and Antifolate Transport in Mammalian Cells Symposium, Mar. 21-22, 1991, 

Bethesda, MD. These compounds are usually prepared as a mixture with their natural 

form (6S) of diastereomers by non-stereoselective reduction from the corresponding 

dehydro precursors followed by separation through chromatographic or enzymatic 

techniques. See e.g. PCT Patent Application Publication WO 880844 (also Derwent 

20 Abstract 88-368464/51) and Canadian Patent 1093554. See, e.g. Dietary Reference 

Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic 

Acid, Biotin, and Choline (2000), 8 Folate, pp. 196-305. 

25 

30 

"Physiologically-available salt" refers to potassium, sodium, lithium, magnesium, 

or preferably a calcium salt of the FBP binding agent. "Physiologically-available ... ester" 

refers to esters which are easily hydrolyzed upon administration to a mammal to provide 

the corresponding FBP binding agent free acid, such as C 1-C4 alkyl esters, mixed 

anhydrides, and the like. 

The FBP binding agent to be utilized according to this invention can be in its free 

acid form, or can be in the form of a physiologically-acceptable salt or ester which is 

converted to the parent acid in a biological system. The dosage generally will be 
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provided in the form of a vitamin supplement, namely as a tablet administered orally, 

preferably as a sustained release formulation, as an aqueous solution added to drinking 

water, an aqueous parenteral formulation, e.g., an intravenous formulation, or the like. 

The FBP binding agent is usually administered to the subject mammal prior to 

5 treatment with the antifolate. Pretreatment with the suitable amount of FBP binding agent 

from about 1 to about 24 hours is usually sufficient to substantially bind to and block the 

folate binding protein prior to administration of the antifolate. Although one single dose 

of the FBP binding agent, preferably an oral administration of folic acid, should be 

sufficient to load the folate binding protein, multiple dosing of the FBP binding agent can 

10 be employed for periods up to weeks before treatment with the active agent to ensure that 

the folate binding protein is sufficiently bound in order to maximize the benefit derived 

from such pretreatment. 

In the especially preferred embodiment of this invention, about 0.1 mg to about 30 

mg, most preferably about 0.3 mg to about 5 mg, of folic acid is administered orally to a 

15 mammal about 1 to 3 weeks post administration of the methylmalonic acid lowering agent 

and about 1 to about 24 hours prior to the parenteral administration of the amount of an 

antifolate. However, it will be understood that the amount of the methylmalonic acid 

lowering agent actually administered will be determined by a physician, in the light of the 

relevant circumstances, including the condition to be treated, the chosen route of 

20 administration, the actual agent administered, the age, weight, and response of the 

individual patient, and the severity of the patient's symptoms, and therefore the above 

dosage ranges are not intended to limit the scope of the invention in any way. In some 

instances dosage levels below the lower limit of the aforesaid range may be more than 

adequate, while in other cases still larger doses may be employed without causing any 

25 harmful side effect. 

30 

In general, the term "pharmaceutical" when used as an adjective means 

substantially non-toxic to living organisms. 

Methods 

To assess the effect of a methylmalonic acid lowering agent, alone or in 

combination with folic acid on the antitumor efficacy of an antifolate in a human tumor 

xenograft model, female nude mice bearing human MX-1 breast carcinoma were treated 
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with ALIMTA alone or along with super-physiologic doses of folic acid or vitamin B 12 

( cobalamin ). 

The animals were maintained on sterilized standard lab chow ad libitum and 

sterilized water ad libitum. The human MX-1 tumor cells (5 x 106
) obtained from donor 

5 tumors were implanted subcutaneously in a thigh of female nude mice 8- to IO-weeks old. 

10 

15 

Beginning on day 7 post tumor cell implantation, the animals were treated with ALIMT A 

(100 mg/kg or 150 mg/kg) once daily on days 7 through 11 and 14 through 18 by 

intraperitoneal injection alone or along with folic acid (6 mg/kg or 60 mg/kg) and/or 

vitamin B12 (165 mg/kg) by intraperitoneal injection on the same schedule. 

Tumor response was monitored by tumor volume measurements twice weekly 

over the course of the experiment. Toxicity was monitored by body weight 

measurements made at the same time as the tumor volume measurements. Tumor growth 

delay was the difference in days for the treated and the controls tumors to reach 1000 

mm3. 

The human MX-1 breast carcinoma xenograft was responsive to treatment with 

ALIMTA with doses of 100 mg/kg and 150 mg/kg producing tumor growth delays of 17 

days and 21 days, respectively. Folic acid was administered to the animals alone at two 

doses 6 mg/kg and 60 mg/kg on the same schedule as ALIMT A and produced tumor 

growth delays of 7 days and 12 days, respectively. Vitamin B 12 administered alone at a 

20 dose of 165 mg/kg resulted in a tumor growth delay of 12 days. 

Combinations of ALIMT A at each of the two doses were administered along with 

each of the vitamins as simultaneous combination regimens. Administration of folic acid 

( 6 mg/kg) along with ALIMT A did not alter the tumor growth delay produced from that 

obtained with ALIMT A alone. The addition of folic acid at the higher dose ( 60 mg/kg) 

25 along with each dose of ALIMTA resulted in small increases in tumor growth delay to 22 

days and 23 days at the ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively. The 

tumor growth delays with ALIMTA and vitamin B12 (165 mg/kg) treatment were 22 

days and 24 days at ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively. 

30 Body weight was used as a general measure of toxicity for each of the treatment 

regimens. The body weight loss pattern reflected the treatment regimens with weight 

decrease during the treatment times of days 7 through 11 and 14 through 18 with some 
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weight recovery during the intervening two days. The weight loss due to ALITMA was 

dose dependent but overall minor (3%). Folic acid alone at either 6 mg/kg or 60 mg/kg 

did not cause weight loss, in fact folic acid treated animals maintained weight and gained 

weight over the course of the experiment better than the control animals. The animals 

5 treated with ALIMTA (100 mg/kg) and folic acid (60 mg/kg) gained weight (about 20%) 

over the course of the experiment. 

Administration of vitamin B12 did not prevent weight gain in the animals over the 

time course of the experiment. The animals treated with ALIMTA (100 mg/kg) along 

with vitamin B12 gained weight while those treated with ALIMTA (150 mg/kg) along 

10 with vitamin B 12 maintained weight over the course of the experiment. 

15 

In conclusion, administration of super-physiologic but non-toxic doses of the 

vitamins, folic acid and vitamin B12, did not alter the antitumor activity of ALIMTA in 

the human MX-1 breast carcinoma xenograft tumor in nude mice and did not increase the 

toxicity of ALIMT A as determined by body weight measurements of the animals. 

The effect of vitamin B12, alone or in combination with folic acid, on antifolates 

can be demonstrated in standard tests commonly utilized to determine the antitumor 

activity and toxic effects of the antifolates themselves. In one such test, mice are 

inoculated with the C3 H strain of mammary adenocarcinoma by inserting a 2 mm by 2 

20 mm section of tumor into the axillary region of the mice by trocar. The timing of 

administering the methylmalonic acid lowering agent, alone or in combination with the 

folic acid, and the antifolate may be varied. Ten animals are used at each dosage level. 

Antitumor activity is assessed on day ten (when day one is first dosage of antifolate) by 

measuring the length and width of the tumor growth using vernier calipers, and the 

25 activity is expressed as a percent inhibition of tumor growth. 

30 

When the antifolate is administered to infected mice which are maintained on a 

diet totally free of vitamin B 12 and optionally folic acid for two weeks prior to and 

during treatment, it exhibits moderated antitumor activity at very low doses, but also 

causes severe toxicity at a very low dose (measured as death of mice). 

A test group of mice are maintained on a vitamin B 12 and optionally folic acid 

free diet for two weeks before treatment. Vitamin B12 and optionally folic acid is then 

administered during the treatment by intramuscular injection of0.0003% vitamin B12 
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(weight/volume) and optionally providing the animals drinking water containing 0.0003% 

folic acid (weight/volume). This concentration translates to about 1.75 mg of vitamin B12 

and optionally folic acid per square meter of body surface per day. As the foregoing 

results indicate, addition of the indicated level of vitamin B12 to the diet of a subject 

5 receiving an antifolate results in excellent antitumor activity at low doses, with little or no 

toxic effects. 

The foregoing tests establish that for tumor bearing mice maintained on a vitamin 

B12 and optionally folic acid free diet prior to and during treatment with an antifolate, the 

toxicity of the antifolate is very large, with 1 mg/kg/day being lethal to the majority of the 

10 mice, and lower antitumor activity is observed at non-toxic drug doses. Very low doses of 

vitamin B12 partially reverses drug toxicity and improved antitumor activity. Larger 

doses of vitamin B12 reduce antifolate toxicity even more significantly. Pretreatment of 

the mouse with vitamin B12 and then administering folic acid prior to administering the 

antifolate demonstrates a striking reduction in toxicity, almost eliminating the antifolate 

15 toxicity completely. Thus, the use of vitamin B12 in combination with an antifolate 

reduces drug toxicity without adversely affecting antitumor activity, and the use of 

vitamin B12 in conjunction with folic acid synergistically reduces drug toxicity. 

In a typical clinical evaluation involving cancer patients, all of whom have 

histologically or cytologically confirmed diagnosis of cancer, an antifolate is 

20 administered in combination with vitamin B12. Vitamin B12 is administered as a 1000 

µg intramuscular injection 1-3 weeks prior to treatment with the antifolate, and 1000 µg 

intramuscular injection of vitamin B12 is made approximately every 9 weeks until the 

patient discontinues from therapy. The antifolate is administered in four doses over a two 

week period by rapid intravenous injection, followed by two weeks of non-therapy. 

25 Dosing is made on days 1, 4, 8 and 11 of any two week period. Patients will have an 

initial course of therapy at a dose of 5 mg/m2/dose, and depending upon the toxic effects 

observed in the initial course, their subsequent courses may be at the same dose, or may 

be escalated to 6 mg/m2, or may be attenuated to 4 mg!m2. 

In preparation for the foregoing clinical study, pilot studies in humans have 

30 established that vitamin B12 given to patients receiving Alimta has effected reduced side 

effects due to the Alimta. One to two weeks prior to administration of ALIMT A urine is 
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collected and blood is drawn from a human subject; and vitamin metabolite levels, 

methylmalonic acid and homocysteine, are determined. Homocysteine levels are 

determined in blood by a fluorescent polarization immunoassay kit manufactured by 

Abbot Laboratories. Methylmalonic acid levels are determined by urine levels using a 24 

5 hour urine collection kit available from Biolab Medical Unit (a United Kingdom 

company). Additionally urine and blood may be collected one week prior to 

administration of ALIMT A (after at least 5 days of folic acid supplementation and at least 

1 week vitamin B12 supplementation), and up to 4 days prior to every cycle. 

10 Method of administration and dosing procedures: 

1. Folic Acid: 

Folic acid will be supplied as one of the following options, with preference in 

order from option # 1 to option #3: 

15 1. 350 - 600 µg folic acid. 

20 

2. A multivitamin containing folic acid in the range of 350 µg to 600 µg is 

acceptable if option # 1 is not available. 

3. A dose of folic acid between 350 µg and 1000 µg is acceptable ifneither 

option # 1 or option # 2 is available. 

For purposes of this study, patients should take oral folic acid daily beginning 

approximately 1 to 3 weeks before treatment with ALIMTA plus cisplatin or cisplatin 

alone and continuing daily until discontinuation from study therapy. 

2. Vitamin B 12 

Vitamin B 12 will be obtained and administered as a 1000 µg intramuscular 

25 injection. A vitamin B12 injection must be administered approximately 1 to 3 weeks 

before treatment with ALIMT A and should be repeated approximately every 9 weeks 

until the patient discontinues from study therapy. 

Folic acid supplementation, 350 - 600 µg or equivalent should be taken orally 

daily beginning approximately 1 to 3 weeks prior to the first dose of MTA plus cisplatin 

30 and continue daily until the patient discontinues from study therapy. A vitamin B12 

injection, 1000 µg, must be given intramuscularly approximately 1 to 3 weeks prior to the 
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first dose of ALIMT A and should be repeated approximately every 9 weeks until the 

patient discontinues from study therapy. 

Compare presupplementation homocysteine and methylmalonic acid levels to a) 

the level immediately prior to the initial dose of study drug, and b) to the level 

5 immediately prior to the second dose of study drug (i.e., after a full cycle of 

supplementation), and compare the prevalence of specific toxicities experienced in up to 

the first seven cycles of therapy in patients who have been supplemented from baseline to 

the prevalence seen in the earlier patients (n = 246) who were not supplemented (Farber 

et al.) 

10 

15 

20 

Toxicity may be compared in specific patients in non-supplemented cycles versus 

supplemented cycles (cross-over patients). 

The data to be compared are: 

1) Patient numbers and baseline demographic data for those supplemented from 

baseline. 

2) Homocysteine and methylmalonic acid levels, levels at baseline, prior to first 

dose, prior to second dose, and prior to each therapy cycle depending of the 

type of cancer under study. 

3) Grade 3 and 4 hematologic toxicity in these fully supplemented patients. 

4) Grade 3 and 4 nonhematologic toxicity in these fully supplemented patients. 

The grading of toxicities in chemotherapuetic clinical trials is well known to a 

person of skill in the art. Examples of fatigue and skin rash grading are provided below. 

Fatigue Grading --

25 Neuromotor 

Grade 0 none or no change 

Grade 1 subjective weakness; no objective findings 

Grade 2 mild objective weakness without significant impairment of function 

Grade 3 objective weakness with impairment of function 

30 Grade 4 paralysis 

Rash Grading --
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Skin 

Grade 0 none or no change 

Grade 1 scattered macular or papular eruption or erythema that is asymptomatic 

Grade 2 scattered macular or papular eruption or erythema with pruritus or other 

5 associated eruption symptoms 

Grade 3 generalized symptomatic macular, papular, or vesicular eruption 

Grade 4 exfoliative dermatitis or ulcerating dermatitis 

The vitamins (both folic acid and B12) to be used in the following studies may be 

10 obtained from Zenith Gold Line, Centrum, Folvite, or in Canada Apo-Folic. 

Cyanocobalamin is used as the methylmalonic acid lowering agent in these studies. 

Current and past clinical trials show a 4% drug-related death total, 50% grade 3/4 

neutropenia, 7% grade 4 thrombocytopenia, and 10% grade 3/4 diarrheas and mucositis in 

patients administered ALIMTA and folic acid as described in U.S. Pat. No. 5,217,974. 

15 Vitamin B12 supplementation with ALIMTA has a moderate effect on drug related 

toxicity, lowering drug related deaths to 3% and severe toxicities by about 25%. The 

combination of vitamin B12 and folic acid with ALIMTA has lowered the drug related 

deaths to < 1 % in over 480 so treated. The combination of vitamin B 12 and folic acid has 

lowered the drug related grade 3/4 toxic events, see Table 1. 

20 Table 1 

Percent of occurrences Percent of occurrences post 
prior to B 12/folic acid B 12/folic acid treatment 

treatment (N=246) (N=78) 
Hematologic Toxicity/Non- 37% 6.4% 

Hematologic Toxicity 
Neutropenia 32% 2.6% 

Mucositis 5% 1.3% 
Diarrhea 6% 2.6% 

Neutropenia and Mucositis 3% 0% 
Neutropenia and Diarrhea 3% 0% 
Neutropenia and Infection 2% 0% 

Additionally, sixty-two chemonaive patients requiring chemotherapeutic treatment 

were divided into two groups. Seventeen of these patients received ALIMT A, but did not 

receive vitamin B12 or folic acid, as described supra. The remaining patients received 

25 treatment with vitamin B12, folic acid, and ALIMTA, as described supra. Of patients 
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who received the combination treatment, 8 out of 45 responded to the chemotherapy. Of 

patients who did not receive the combination treatment, but rather, received only 

treatment with ALIMT A, only 1 out of 17 patients responded. 
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PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Applicant: Clet Niyikiza ConfNo.: 6568 

Serial No.: 11/776,329 

Application Date: July 11, 2007 

For: NOVEL ANTIFOLATE COMBINATION THERAPIES 

Docket No.: X-14173B I 

SECOND PRELIMINARY AMENDMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Introductory Comments 

Please amend the accompanying application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this 

paper. 

Remarks/Arguments begin on page 4 of this paper. 
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Listing of Claims: 

Claims 1-39 (Cancelled) 

40. (New) A method for administering pemetrexed disodium to a patient in need thereof 

comprising administering an effective amount of pemetrexed dis odium in combination with a 

methylmalonic acid lowering agent, wherein: 

the methylmalonic lowering agent is selected from the group consisting of vitamin B12, 

hydroxycobolamin, cyano-10-chlorocobolamin, aquocobolamin perchlorate, aquo-10-cobolamin 

perchlorate, azidocobolamin or chlorocobolamin; 

the methylmalonic acid lowering agent is administered from about 1 week to about 3 

weeks prior to the first administration of the pemetrexed dis odium; and 

the methylmalonic acid administration is repeated about every 6 to about every 12 

weeks until administration of the pemetrexed dis odium is discontinued. 

41. (New) The method of claim 40, wherein the methylmalonic lowering agent is vitamin 

42. (New) The method of claim 41, wherein the vitamin B12 is administered as an 

intramuscular injection of about 500 µg to about 1500 µg. 

43. (New) The method of claim 42, wherein the vitamin B12 is administered as an 

intramuscular injection of about 1000 µg. 

44. (New) The method of claim 41, 42 or 43, wherein the vitamin B12 administration is 

repeated about every 9 weeks until the administration of the pemetrexed dis odium is discontinued. 

45. (New) The method of claim 44, further comprising administering a folic-binding­

protein binding agent to the patient. 

46. (New) The method of claim 45 wherein the folic-binding-protein binding agent is folic 

acid and the folic acid is administered prior to the first administration of the pemetrexed 

di sodium. 

-2-
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4 7. (New) The method of claim 46 wherein the folic acid is administered 1 to 3 weeks 

prior to the first administration of the pemetrexed dis odium. 

48. (New) The method of claim 4 7wherein the folic acid is administered from about 1 to 

about 24 hours prior to administration of the pemetrexed disodium. 

49. (New) The method according to any one of claims 46-48, wherein between 0.3 mg to 

about 5 mg of folic acid is administered orally. 

50. (New) The method of claim 49 wherein about 350µg to about 1000 µg of folic acid is 

administered. 

51. (New) The method of claim 50 wherein 3 50 µg to 600 µg of folic acid is administered. 

52. (New) The method of claim 40 or 45 further comprising the administration of 

cisplatin to the patient. 

-3-
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Remarks 

Applicants submit this paper and request entry of the amendments herein. Claims 1-39 are 

hereby cancelled and new Claims 40-52 are introduced. Support for new Claims 40-52 is found 

in the specification, as well as in the claims as originally filed. Applicants respectfully assert that 

no new matter has been introduced as a result of the amendments to the claims. 

Applicants request prompt consideration and allowance of the claimed subject matter. If a 

telephone interview would be of assistance in advancing prosecution of the subject application, 

Applicant's undersigned attorney invites the Examiner to telephone him at the number provided 

below. 

Eli Lilly and Company 
Patent Division 
P.O. Box 6288 
Indianapolis, IN 46206-6288 
December 8, 2008 

-4-

Respectfully submitted, 

/John A. Cleveland, Jr./ 
John A. Cleveland, Jr., Ph.D. 
Attorney for Applicant 
Registration No. 50,697 
Phone: (317) 276-0307 
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Preliminary Amendment 1 1 

Claims 2 3 

Applicant Arguments/Remarks Made in an Amendment 4 4 

Warnings: 

Information: 

30193 

2 Fee Worksheet (PT0-06) fee-info.pdf no 2 

62164f53fae261e03c8ca115834309e1 8a65 
5863 

Warnings: 

Information: 

Total Files Size (in bytes) 116965 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PT0-875 11/776,329 07/11/2007 D To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY D OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

D BASIC FEE N/A N/A N/A N/A 
(37CFR1.16(a), (b), or (c)) 

D SEARCH FEE 
(37CFR1.16(k), (i), or (m)) 

N/A N/A N/A N/A 

D EXAMINATION FEE 
(37CFR1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* x $ = OR x $ = (37 CFR 1.16(i)) minus 20 = 

INDEPENDENT CLAIMS 
* x $ = x $ = (37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 

0APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1)(G) and 37 CFR 1.16(s). 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

12/09/2008 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
I- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR 
w 

Total (37 CFR ~ 1.16(i)) * 16 Minus ** 20 = 0 x $ = OR x $52= 0 
0 Independent z * 1 Minus ***3 = 0 x $ = OR x $220= 0 w 137 CFR 1.161h\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

I-
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = x $ = OR x $ = w 1.16(i\\ 

~ Independent 
* Minus *** = x $ = OR x $ = 

0 (37 CFR 1.16(hll 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /YOLANDA CHADWICK/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information 1s required by 37 CFR 1.16. The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

111776,329 07/11/2007 Clet Niyikiza 

25885 7590 0210212009 

ELI LILLY & COMPANY 
PAIBNT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

Xl4173B 6568 

EXAMINER 

WEDDINGTON, KEVIN E 

ART UNIT PAPER NUMBER 

1614 

NOTIFICATION DATE DELIVERY MODE 

0210212009 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address( es): 

patents@ lilly .com 

PTOL-90A (Rev. 04/07) 
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Application No. 

11/776,329 

Applicant(s) 

NIYIKIZA ET AL. 
Interview Summary 

Examiner Art Unit 

KEVIN WEDDINGTON 1614 

All participants (applicant, applicant's representative, PTO personnel): 

(1) KEVIN WEDDINGTON. (3)MR. WILLIAM McMILLEN. 

(2) OR. JOHN A. CLEVELAND. JR.. (4) __ . 

Date of Interview: 27 January 2009. 

Type: a)D Telephonic b)O Video Conference 
c)[8J Personal [copy given to: 1 )0 applicant 2)[8J applicant's representative] 

Exhibit shown or demonstration conducted: d)[8J Yes e)D No. 
If Yes, brief description: Binder with related applications. 

Claim(s) discussed: The claims in general. 

Identification of prior art discussed: NONE. 

Agreement with respect to the claims f)0 was reached. g)O was not reached. h)[8J N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: The attorney of record. Dr. Cleveland. explained the importance of the present 
application and its related patent application. Upon examination of the present application. the Examiner will inform 
the attorney of any critical problems. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS 
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO 
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 

/Kevin E Weddington/ 
Primary Examiner, Art Unit 

U.S. Patent and Trademark Office 

PTOL-413 (Rev. 04-03) Interview Summary 

I 

PaperNo.20090127 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

11/776,329 NIYIKIZA ET AL. 
Notice of References Cited 

Examiner Art Unit 

Kevin E. Weddington 1614 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number 

Country Code-Number-Kind Code 
Date 

MM-YYYY Name Classification 

* A US-4, 140, 707 02-1979 Cleare et al. 556/137 

B US-

c US-

D US-

E US-

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 

0 

p 

Q 

R 

s 
T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

v 

w 

x 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PT0-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20090211 
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FORM PTO 1449 (modified) Atty. Docket No. I Serial No 
X-14173B 

INFORMATION DISCLOSURE CITATION First Applicant 

IN AN APPLICATION NIYIKIZA Clet 

Filing Date I Group 

U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, 
Initials* No. l Number-Kind Code2 (if known) MM-DD-YYYY Applicant of Cited Document Where Relevant Pages 

or Relevant Figures 
Appear 

/KW/ 

" 
,. ,, 

/KW/ 

Examiner 
Initials* 

/KW/ 

Examiner 
Si ature 

AA us 5,405,839 41 11/1995 Tetsuo, et al. 

AB us 5,431,925 07/00/1995 Ohmori, et al. 

AC us 5,563,126 10/8/1996 Allen, et al. 

AD us 5,736,402 417/1998 Francis, et al. 

AE us 6,207,651 3/27/2001 Allen, et al. 

AF us 6,297,224 10/2/2001 Allen, et al. 

AG us 6,528,496 3/4/2003 Allen, et al. 

AH us 03/0216350 11/20/2003 Allen, et al. 

Al us 03/0225030 12/4/2003 Allen, et al. 

AJ us 2,920,015 01/1960 Thompson, Robert E. 

AK US 2004/0005311 Al 01/2004 Pitman, Bradford D. 

AL us 5,344,932 09/1994 Taylor, Edward C. 

AM us 7,053,065 05/2006 Niyikiza, et al. 

FOREIGN PATENT DOCUMENTS 
Cite Foreign Patent Document Name of Patentee or T6 

No. 1 Applicant of Cited Pages, Columns, Lines, Where 
Country Code3 -Number 4- Publication Date Document Relevant Passages or Relevant 

Kind Code5 (if known) MM-DD-YYYY Figures Appear 

BA EP 0 546 870 6/16/1993 EPO 

/Kevin Weddington/ (02/i i /2009) Date Considered 02/11/2009 
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of 
this form with next communication to applicant 
1Applicant's unique citation designation number (optional). 2 See Kinds Codes ofUSPTO Patent Documents at W»V1v.us11to.i!ov or MPEP 901.04. 3Enter Office that issued the document, by the 

two-letter code (WIPO Standard ST.3). 4For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document 5Kind of 

document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check markhere if English language Translation is attached. 
Burden Hours Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. 
Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC 20231. DO 
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Examiner 
Initials* 

/KW/ 

\ I 
/KW/ 

Examiner 
Si ature 

Sheet 2 of2 

NON PATENT LITERATURE DOCUMENTS 
Cite Include name of the author (iu CAPITAL LETTERS), title of the article (when appropriate), title of the item 

No. l (book, magazine, journal, serial, symposium, catalog, etc.), date, page( s ), volume-issue number( s) publisher, 
citv and/or countrv where published. 

CA Calvert H.: "Folate status and the safety profile of antifolates", Seminars in 
Oncology, 2002, 29/2 Suppl. 5, pp. 3-7, XP008005755 

CB Calvert H.: "Future directions in the development ofpemetrexed", Seminars 
in Oncology, 2002, 29/2 Suppl. 5, pp. 54-61, XP008005744 

cc Westerhof, et al: "Carrier-and receptor-mediated transport of folate 
antagonists targeting folate-dependent enzymes: correlates of molecularstructure 
and biological activity", Mol. Pharmacology, 1995, 48(3), pp. 459-
71, XP008005762 

CD Worzalla, et a]: "Role of folic acid in modulating the toxicity and efficacy of 
the multitargeted antifolate, L Y231514", Anticancer Research (1998), 18(5A), 
pp. 3235-3239,XP008005757 

CE Hanauske, et al: "Pemetrexed disodium: A novel antifolate clinically active 
against multiple solid tumors", Oncologist, Alphamed Press, US, Vol. 4, No. 
6,2001,pp. 363-373,XP008005751 

CF Bunn, et al: "Vitamin B 12 and folate reduce toxicity of Alimta (pemetrexed 
disodium, LY 231514, MTA), a novel antifolate/antimetabolite", 
Program/Proceedings - American Society of Clinical Oncology, the Society, 
US, Vol. 76A, No. 20, 2001, page 300, XP008005885 

CG Dierkes, et al., Supplementation with Vitamin B 12 Decreases Homocystein 
and Methylmalonic Acid but Also Serum Folate in Patients with End-Stage 
Renal Disease. Metabolism. May 1999. Vol. 48, No. 5, pages 631-635. See: 
abstract. 

CH Arsenyan et al. (Abstract: Onkol. Nauchn., (1978) 12(10):49-54 

Cl John, et al. (Cancer 2000, 88: 1807-13) 

CJ Poydock et al., "Growth-inhibiting effect ofhydroxocobaltniin and L-ascorbic acid on 
two solid tumors in mce", IRCS Medical _Science, Vol. 12, No. 9, pp. 813 (1984). 

CK The Cecil Reference, TEXTBOOK of MEDICINE, 21st Edition (2000). Chapter 198. pps. 
1060-1074. 

/Kevin Weddington/ (02/i i/2009) Date Considered 
02/11 /2009 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include copy of 
this form with next communication to applicant 
1Applicant's unique citation designation number (optional). 2 See Kinds Codes ofUSPTO Patent Documents at W»V1v.us11to.i!ov or MPEP 901.04. 3Enter Office that issued the document, by the 

two-letter code (WIPO Standard ST.3). 4For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document 5Kind of 

document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check markhere if English language Translation is attached. 
Burden Hours Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. 
Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC 20231. DO 
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

111776,329 07/11/2007 Clet Niyikiza 

25885 7590 02/18/2009 

ELI LILLY & COMPANY 
PAIBNT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

Xl4173B 6568 

EXAMINER 

WEDDINGTON, KEVIN E 

ART UNIT PAPER NUMBER 

1614 

NOTIFICATION DATE DELIVERY MODE 

02/18/2009 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address( es): 

patents@ lilly .com 

PTOL-90A (Rev. 04/07) 
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Application No. Applicant(s) 

11/776,329 NIYIKIZA ET AL. 

Office Action Summary Examiner Art Unit 

Kevin E. Weddington 1614 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE~ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZ! Responsive to communication(s) filed on 09 December 2008. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 40-52 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 40-52 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [8J Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 7-11-07. 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090211 
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Application/Control Number: 11/776,329 

Art Unit: 1614 

Page 2 

Claim 40-52 are presented for examination. 

Applicants' preliminary amendment filed December 9, 2008; and the information 

disclosure statement filed July 11, 2007 have been received and entered. 

Claim Rejections - 35 USC § 112 

The following is a quotation of the first paragraph of 35 U .S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

Claim 45 is rejected under 35 U.S.C. 112, first paragraph, as failing to comply 

with the written description requirement. The claim(s) contains subject matter which 

was not described in the specification in such a way as to reasonably convey to one 

skilled in the relevant art that the inventor(s), at the time the application was filed, had 

possession of the claimed invention. 

This is a written description rejection. 

A lack of adequate written description issue arises if the knowledge and level of 

skill in the art would not permit one skilled in the art to immediately envisage the product 

claimed from the disclosed process. See, e.g., Fujikawa v. Wattanasin, 93 F.3d 1559, 

1571, 39 USPQ2d 1895, 1905 (Fed. Cir. 1996) (a "laundry list" disclosure of every 

possible moiety does not constitute a written description of every species in a genus 

because it would not "reasonably lead" those skilled in the art to any particular species); 

In re Ruschig, 379 F.2d 990, 995, 154 USPQ 118, 123 (CCPA 1967). 

An applicant may also show that an invention is complete by disclosure of 

sufficiently detailed, relevant identifying characteristics which provide evidence that 
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Application/Control Number: 11/776,329 

Art Unit: 1614 

Page 3 

applicant was in possession of the claimed invention, i.e., complete or partial structure, 

other physical and/or chemical properties, functional characteristics when coupled with 

a known or disclosed correlation between function and structure, or some combination 

of such characteristics. 

In particular, the specification as original filed fails to provide sufficient written bases of 

any of the agents demonstrating wherein possession of use of the broad term: a folic-

binding-protein agent. The mere fact that Applicant may have discovered one type of 

folic-binding-protein agent is combined with the composition comprising pemetrexed 

disodium and a methylmalonic acid lowering agent is not sufficient to claim the entire 

genus. 

The written description requirement for a claimed genus may be satisfied through 

sufficient description of a representative number of species by actual reduction to 

practice, reduction to drawings, or by disclosure of relevant, identifying characteristics, 

i.e., structure or other physical and/or chemical properties, by functional characteristics 

coupled with a known or disclosed correlation between function and structure, or by a 

combination of such identifying characteristics, sufficient to show the applicant was in 

possession of the claimed genus. See Eli Lilly, 119 F.3d at 1568, 43 USPQ2d at 1406. 

A "representative number of species" means that the species which are 

adequately described are representative of the entire genus. Thus, when there is 

substantial variation within the genus, one must describe a sufficient variety of species 

to reflect the variation within the genus. The disclosure of only one species 

encompassed within a genus adequately describes a claim directed to that genus only if 
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Application/Control Number: 11/776,329 

Art Unit: 1614 

Page 4 

the disclosure "indicates that the patentee has invented species sufficient to constitute 

the gen[us]." 

Claim 45 is not allowed. 

Claim Rejections - 35 USC § 112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claims 40-52 are rejected under 35 U .S.C. 112, second paragraph, as being 

indefinite for failing to particularly point out and distinctly claim the subject matter which 

applicant regards as the invention. 

Claim 40 is rendered indefinite because the phrase "methylmalonic acid", located 

in line 9. The Examiner thinks the applicants left out some important words such as 

"lowering agent". The remaining claims 41-52 are rendered indefinite to the extent that 

they incorporate the above terminology. 

Claims 40-52 are not allowed. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 
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Application/Control Number: 11/776,329 

Art Unit: 1614 

Page 5 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 

This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

Claims 40-52 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Taylor (5,344,932) of PT0-1449 in view of Poydock et al., IRCS Medical Science, Vol. 

12, No. 9, pp. 813 (1984) of PT0-1449, further in view of Worzalla et al., Anticancer 

Research, Vol. 18, No. 5, pp. 3235-3239 of PT0-1449, and further in view of Cleare et 

al. (4, 149,707). 

Taylor teaches N-(pyrrolo(2,3-D)pyrimidin-3-ylacyl)-glutamic acid derivatives 

which includes LY 2315 (pemetrexe) and LY 231514-disodium, (pemetrexed disodium) 

are effective as antineoplastic agents to inhibit the growth of tumors (see column 8, 

lines 57-63). Note particularly column 8, lines 64-68 states that other antineoplastic 

agents can be combined with LY 231514. Note particularly column 9, line 1 shows the 

various modes of administration such as parenteral routes (intramuscular) and oral. 
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The instant invention differs from the cited reference in that the cited reference 

does not teach the addition of a methylmalonic acid lowering agent. However, the 

secondary reference, Poydock et al., teaches a methylmalonic acid lowering agent such 

as hydroxocobalamin is effective by inhibiting tumors implanted in mice (see the 

abstract). 

The instant invention differs from the cited references in that the cited references 

do not teach the addition of a folic-binding-protein agent. However, the tertiary 

reference, Worzalla et al., teaches the supplementation of folic acid with LY 231514 to 

enhance LY 231514 antitumor activity. 

The instant invention differs from the cited references in that the cited references 

do not teach the addition of cisplatin. However, the quaternary reference, Cleare et al., 

teaches malonato platinum anti-tumor compounds such as cisplatin to treat malignant 

tumors (see the abstract). 

Clearly, one skilled in the art would have assumed the combination of three 

antineoplastic agents into a single composition would give an additive effect in the 

absence of evidence to the contrary. 

The instant invention differs from the cited references in that the cited references 

do not teach the applicants' preferred dosage range for the methylmalonic acid lowering 

agent. However, those skilled in the art would have been readily optimized effective 

dosages and concurrent administration dosage forms as determined by good medical 

practice and the clinical condition of the individual patient. Regardless of the manner of 

administration, the specific dose may be calculated according to body weight, body 
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surface area or organ size. Further refinement of the calculations necessary to 

determine the appropriate dosage for treatment involving each of the above mentioned 

formulations is routinely made by those skilled in the art and is within the ability of tasks 

routinely performed by them without undue experimentation. 

Claims 40-52 are not allowed. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to Kevin E. Weddington whose telephone number is 

(571 )272-0587. The examiner can normally be reached on 12:30 pm-9:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ardin Marschel can be reached on (571 )272-0718. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Kevin E. Weddington 
Primary Examiner 
Art Un it 1 614 
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STN Columbus 

* * * * * * * * * * Welcome to STN International * * * * * * * * * * 

NEWS 1 
NEWS 2 

NEWS 3 
NEWS 4 
NEWS 5 

NEWS 6 
NEWS 7 

NEWS 8 
NEWS 9 

NEWS 10 

NEWS 11 

NEWS 12 
NEWS 13 
NEWS 14 
NEWS 15 

NOV 21 

NOV 26 
NOV 26 
NOV 26 

DEC 01 
DEC 12 

DEC 17 
JAN 06 

JAN 07 

FEB 02 

FEB 02 
FEB 06 
FEB 10 
FEB 11 

Web Page for STN Seminar Schedule - N. America 
CAS patent coverage to include exemplified prophetic 
substances identified in English-, French-, German-, 
and Japanese-language basic patents from 2004-present 
MARPAT enhanced with FSORT command 
CHEMSAFE now available on STN Easy 
Two new SET commands increase convenience of STN 
searching 
ChemPort single article sales feature unavailable 
GBFULL now offers single source for full-text 
coverage of complete UK patent families 
Fifty-one pharmaceutical ingredients added to PS 
The retention policy for unread STNmail messages 
will change in 2009 for SIN-Columbus and STN-Tokyo 
WPIDS, WPINDEX, and WPIX enhanced Japanese Patent 
Classification Data 
Simultaneous left and right truncation (SLART) added 
for CERAB, COMPUAB, ELCOM, and SOLIDSTATE 
GENBANK enhanced with SET PLURALS and SET SPELLING 
Patent sequence location (PSL) data added to USGENE 
COMPENDEX reloaded and enhanced 
WTEXTILES reloaded and enhanced 

NEWS EXPRESS JUNE 27 08 CURRENT WINDOWS VERSION IS V8.3, 
AND CURRENT DISCOVER FILE IS DATED 23 JUNE 2008. 

STN Operating Hours Plus Help Desk Availability 
Welcome Banner and News Items 

NEWS HOURS 
NEWS LOGIN 
NEWS IPC8 For general information regarding STN implementation of IPC 8 

Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result in loss of user privileges and other penalties. 

* * * * * * * * * * * * * * STN Columbus * * * * * * * * * * * * * * * 

FILE 'HOME' ENTERED AT 18:11:42 ON 11 FEB 2009 

=> file reg 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

SINCE FILE 
ENTRY 

0.44 

FILE 'REGISTRY' ENTERED AT 18:12:43 ON 11 FEB 2009 
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 
PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 
COPYRIGHT (C) 2009 American Chemical Society (ACS) 

TOTAL 
SESSION 

0.44 

Property values tagged with IC are from the ZIC/VINITI data file 
provided by InfoChem. 

STRUCTURE FILE UPDATES: 
DICTIONARY FILE UPDATES: 

10 FEB 2009 
10 FEB 2009 

HIGHEST RN 1104141-78-7 
HIGHEST RN 1104141-78-7 

New CAS Information Use Policies, enter HELP USAGETERMS for details. 

TSCA INFORMATION NOW CURRENT THROUGH July 5, 2008. 

Please note that search-term pricing does apply when 
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conducting SmartSELECT searches. 

REGISTRY includes numerically searchable data for experimental and 
predicted properties as well as tags indicating availability of 
experimental property data in the original document. For information 
on property searching in REGISTRY, refer to: 

http://www.cas.org/sucport/stnaen/stndoc/procerties.html 

=> 
El 
E2 
E3 
E4 
ES 

E6 

E7 

ES 

E9 

ElO 

Ell 

El2 

=> 

e cisplatin/cn 
1 

s e3 

1 
1 --> 
1 
1 

1 

1 

1 

1 

1 

1 

1 

CISPENTACIN/CN 
CISPERMETHRIN/CN 
CISPLATIN/CN 
CISPLATIN ADDUCT EXCISION NUCLEASE/CN 
CISPLATIN RESISTANCE ASSOCIATED (MOUSE STRAIN FVB/N-3 CLONE 
MGC:5900S IMAGE:64S6043)/CN 
CISPLATIN RESISTANCE ASSOCIATED ALPHA PROTEIN (HUMAN CELL LI 
NE CISPLATIN RESISTANT CELL A27SO E(SO) DERIVED FROM A27SO ( 
HUMAN OVARIAN CARCINOMA CELL LINE) GENE HCRA ALPHA)/CN 
CISPLATIN RESISTANCE PROTEIN (HUMAN PRECURSOR SEQUENCE HOMOL 
OG)/CN 
CISPLATIN RESISTANCE RELATED PROTEIN CRR9P (HUMAN CLONE MGC: 
39275 IMAGE:305136S)/CN 
CISPLATIN RESISTANCE RELATED PROTEIN CRR9P (MOUSE STRAIN MIX 

FVB/N, C57BL/6J CLONE MGC:36304 IMAGE:502S264)/CN 
CISPLATIN RESISTANCE-ASSOCIATED OVEREXPRESSED PROTEIN (HUMAN 

CELL LINE ACHN/CDDP GENE CROP/LUC7A)/CN 
CISPLATIN RESISTANCE-ASSOCIATED OVEREXPRESSED PROTEIN (HUMAN 

GENE LUC7A)/CN 
CISPLATIN RESISTANCE-ASSOCIATED OVEREXPRESSED PROTEIN (MOUSE 

STRAIN FVB/N CLONE MGC:7100 IMAGE:3157532)/CN 

Ll 1 CISPLATIN/CN 

=> d 

Ll ANSWER 1 OF 1 REGISTRY COPYRIGHT 2009 ACS on STN 
RN 15663-27-1 REGISTRY 
ED Entered STN: 16 Nov 19S4 
CN Platinum, diamminedichloro-, (SP-4-2)- (CA INDEX NAME) 
OTHER CA INDEX NAMES: 
CN Platinum, diamminedichloro-, cis- (SCI) 
OTHER NAMES: 
CN Abiplatin 
CN Biocisplatinum 
CN Briplatin 
CN CACP 
CN COOP 
CN cis-DDP 
CN cis-Diaminedichloroplatinum(II) 
CN cis-Diaminodichloroplatinum(II) 
CN cis-Diamminedichloroplatinum 
CN cis-Diamminedichloroplatinum(II) 
CN cis-Dichlorodiamineplatinum(II) 
CN cis-Dichlorodiammineplatinum 
CN cis-Dichlorodiammineplatinum(II) 
CN cis-Platin 
CN cis-Platine 
CN cis-Platinous diaminodichloride 
CN cis-Platinum 
CN cis-Platinum diaminodichloride 
CN cis-Platinum II 
CN cis-Platinum(II) diaminodichloride 
CN cis-Platinum(II) diamminedichloride 
CN cis-Platinumdiamine dichloride 
CN cis-Platinumdiammine dichloride 
CN Cismaplat 
CN Cisplatin 
CN Cisplatino 
CN Cisplatinum 
CN Cisplatyl 
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CN Citoplatino 
CN CPDC 
CN CPDD 
CN CPPD 
CN DDP 
CN DDP (antitumor agent) 
CN Fauldiscipla 
CN Lederplatin 
CN Lipoplatin 
CN Neoplatin 
CN NSC 119875 
CN Platamine 
CN Platiblastin 
CN Platidiam 
CN Platinex 
CN Platinol 
CN Platinol AQ 
CN Platinoxan 
CN Platistin 
CN Platosin 
CN Rand 
ADDITIONAL NAMES NOT AVAILABLE IN THIS FORMAT - Use FCN, FIDE, or ALL for 

DISPLAY 
DR 936542-99-3, 96081-74-2 
MF Cl2 H6 N2 Pt 
CI CCS, COM 
LC STN Files: ADISINSIGHT, ADISNEWS, AGRICOLA, ANABSTR, AQUIRE, BIOSIS, 

BIOTECHNO, CA, CAPLUS, CASREACT, CBNB, CHEMCATS, CHEMLIST, CIN, CSCHEM, 
CSNB, DDFU, DRUGU, EMBASE, GMELIN*, HSDB*, IFICDB, IFIPAT, IFIUDB, 
IMSPATENTS, IMSPRODUCT, IMSRESEARCH, IPA, MEDLINE, MRCK*, MSDS-OHS, 
PATDPASPC, PHAR, PIRA, PROMT, PROUSDDR, PS, RTECS*, SYNTHLINE, 
TOXCENTER, USAN, USPAT2, USPATFULL, VETU 

(*File contains numerically searchable property data) 
Other Sources: EINECS**, NDSL**, TSCA**, WHO 

(**Enter CHEMLIST File for up-to-date regulatory information) 

NH 3 
I 2+ 

-c1-Pt-Cl -
I 
NH 3 

**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 

23661 REFERENCES IN FILE CA (1907 TO DATE) 
755 REFERENCES TO NON-SPECIFIC DERIVATIVES IN FILE CA 

23758 REFERENCES IN FILE CAPLUS (1907 TO DATE) 

=> file merck 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

FILE 'MRCK' ENTERED AT 18:13:09 ON 11 FEB 2009 

SINCE FILE 
ENTRY 

7.88 

TOTAL 
SESSION 

8.32 

COPYRIGHT (C) 2009 Merck & Co., Inc., Whitehouse Station, New Jersey, USA. All Rights Reserve 

FILE COVERS FROM LATE 19TH CENTURY TO PRESENT. LAST UPDATE: AUGUST 2008 

THE MERCK INDEX ONLINE is a service mark of Merck & Co., Inc., Whitehouse 
Station, NJ, USA and is registered in the United States Patent and Trademark 
Office. 

=> s 12 
L2 NOT FOUND 
The L-number entered has not been defined in this session, or it 
has been deleted. To see the L-numbers currently defined in this 
session, enter DISPLAY HISTORY at an arrow prompt (=>). 

=> s 11 
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L2 1 Ll 

=> d all 

L2 ANSWER 1 OF 1 MRCK COPYRIGHT (C) 2009 Merck and Co., Inc., 
Whitehouse Station, New Jersey, USA. All rights reserved. on STN 

MERCK Number (MNO): 1402317 
CAS Registry No. (RN) : 15663-27-1 
MERCK Index Name (MIN) : Cisplatin 
CA Index Name (CN): (SP-4-2)-Diamminedichloroplatinum 
Synonym(s) (CN): Cis-diamminedichloroplatinum; Cis-platinum II; Cis-DDP; 

CACP; CPDC; DDP 
Drug Code(s) 
Trade Name(s) 

(CN) : NSC-11987S 
(CN): Blastolem (Lemery); Briplatin (Bristol-Myers Squibb 

Co.; EMS); Cisplatyl (Sanofi-Aventis Group; 
Sanofi-Aventis); Neoplatin (Bristol-Myers Squibb Co.; 
EMS); Platamine (Pfizer, Inc.; Pfizer); Platinex 
(Bristol-Myers Squibb Co.; EMS); Platiblastin (Pfizer, 
Inc.; Pfizer); Platinol (Bristol-Myers Squibb Co.; 
EMS); Platosin (Pharmachemie); Randa (Nippon Kayaku 
Co., Ltd.; Nippon Kayaku) 

File Segment. (FS): Active Monographs 
Molecular Form. (MF): Cl2 H6 N2 Pt 
Wgt Composition (COMP): Cl 23.63%, H 2.02%, N 9.34%, Pt 6S.02%. 
Molecular Weight (MW): 300.0S 
References (RE): Antitumor platinum coordination complex. Originally 

known as Peyrone's salt or Peyrone's chloride; of interest in the 
development of coordination theory. Prepn: M. Peyrone, Ann. Sl, 1 
(184S); G. B. Kauffman, D. 0. Cowan, Inorg. Synth. 7, 239 (1963); S. C. 
Ohara, Indian J. Chem. 8, 193 (1970). Early structural studies: R. 
Werner, Z. Anorg. Chem. 3, 267 (1893); H. D. K. Drew et al., J. Chem. Soc. 
1932, 988. Discovery of anti-tumor activity: B. Rosenberg et al., Nature 
20S, 698 (196S); 222, 38S (1972). Use as neoplasm inhibitor: M. L. Tobe 
et al., DE 2318020 (1972 to Rustenburg Platinum Mines Ltd.), C.A. 80, 
SS897e (1974); M. J. Cleare et al., DE 232948S (1972 to Research Corp.), 
C.A. 81, 21172v (1974). X-ray structure of cisplatin-DNA adduct: S. E. 
Sherman et al., Science 230, 412 (198S). Inhibition of in vitro DNA 
synthesis: A. L. Pinto, S. J. Lippard, Proc. Natl. Acad. Sci. USA 82, 
4616 (198S). Pharmacology: A. Sirica et al., Proc. Am. Assoc. Cancer 
Res. 12, 4 (1971); C. L. Litterst et al., Cancer Res. 36, 2340 (1976); N. 
P. Johnson et al., Chem. Biol. Interact. 23, 267 (1978). Metabolism: R. 
C. Lange et al., J. Nucl. Med. 14, 191 (1973). Clinical studies: J. J. 
Ochs et al., Cancer Treat. Rep. 62, 239 (1978); H. M. Pinedo et al., Eur. 
J. Cancer 14, 1149 (1978). Toxicology: R. L. Dixon, Proc. 7th Int. 
Congr. Chemother. Vol. 2 (University Park Press, Baltimore, 1972) pp 
241-243; R. W. Fleishman et al., Toxicol. Appl. Pharmacol. 33, 320 (197S). 
Review of carcinogenicity studies: IARC Monographs 26, 1S4-161 (1981); of 
neurotoxicity: R. J. Cersosimo, Cancer Treat. Rev. 16, 19S-211 (1989). 
Comprehensive description: C. M. Riley, L. M. Sternson, Anal. Profiles 
Drug Subs. 14, 77-lOS (198S). Book: Cisplatin, Current Status and New 
Developments, A. W. Prestayko et al., Eds. (Academic Press, New York, 
1980) S27 pp. Review of mechanism of action: M. A. Fuertes et al., Curr. 
Med. Chem. 10, 2S7-266 (2003); Z. H. Siddik, Oncogene 22, 726S-7279 
( 2003) . 

Toxicity (TOX): 
LOSO in guinea pigs: 9. 7 mg/kg i.p. (Fleishman). 

Other Properties (OCPP): 
Yellow to orange crystalline powder. Soly in water 0.2S3 g/100 g at 
2S 0

; slowly changes to trans-form in aq soln. Insol in most common 
solvents. Sol in DMF. LOSO in guinea pigs: 9.7 mg/kg i.p. 
(Fleishman) 

Notes (NTE): 
Caution: This substance is reasonably anticipated to be a human 
carcinogen: Report on Carcinogens, Eleventh Edition (PB200S-104914, 2004) 
p III-67. 
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Therapeutic Codes (THER): 
Antineoplastic. 

Therapeutic Codes (Veterinary) (VTHER) : 
Antineoplastic. 

Other Sources (OS): 
CA 80:SS897; CA 81:21172 

Referenced Patent (RPN) : 
DE2318020; DE232948S 

=> file ca 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

FILE 'CA' ENTERED AT 18:1S:10 ON 11 FEB 2009 

SINCE FILE 
ENTRY 

3.62 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 
PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 
COPYRIGHT (C) 2009 AMERICAN CHEMICAL SOCIETY (ACS) 

TOTAL 
SESSION 

11.94 

Copyright of the articles to which records in this database refer is 
held by the publishers listed in the PUBLISHER (PB) field (available 
for records published or updated in Chemical Abstracts after December 
26, 1996), unless otherwise indicated in the original publications. 
The CA Lexicon is the copyrighted intellectual property of the 
American Chemical Society and is provided to assist you in searching 
databases on STN. Any dissemination, distribution, copying, or storing 
of this information, without the prior written consent of CAS, is 
strictly prohibited. 

FILE COVERS 1907 - 8 Feb 2009 VOL lSO ISS 7 
FILE LAST UPDATED: 8 Feb 2009 (20090208/ED) 

CA now includes complete International Patent Classification (IPC) 
reclassification data for the third quarter of 2008. 

CAS Information Use Policies apply and are available at: 

http: I /www. ca:::. orq} leqa.1/ inf OD01 icv. html 

This file contains CAS Registry Numbers for easy and accurate 
substance identification. 

=> s 11 
L3 23661 Ll 

=> s (cancer or tumor?) 
360427 CANCER 
S26372 TUMOR? 

L4 720S67 (CANCER OR TUMOR?) 

=> s 13 and 14 
LS 14478 L3 AND L4 

=> d 14400-14478 

LS ANSWER 14400 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 89:1S7244 CA 
OREF 89:242SSa,242S8a 
TI Platinum complexes as radiosensitizers of hypoxic mammalian cells 
AU Douple, E. B.; Richmond, R. C. 
CS Norris Cotton Cancer Cent., Dartmouth, NH, USA 
SO British Journal of Cancer, Supplement (1978), 37(3), 98-102 

CODEN: BJCSBS; ISSN: 0306-9443 
OT Journal 
LA English 

LS ANSWER 14401 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 89:140347 CA 
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OREF 89:21617a,21620a 
TI Evaluation of single-agent therapy in human colorectal tumor xenografts 
AU Houghton, P. J.; Houghton, J. A. 
CS Dep. Radiopharmacol., Inst. Cancer Res., Sutton, UK 
SO British Journal of Cancer (1978), 37(S), 833-40 

CODEN: BJCAAI; ISSN: 0007-0920 
OT Journal 
LA English 

LS ANSWER 14402 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 
cs 
so 

OT 
LA 

Text 
89:140186 CA 
89:21S8Sa,21S88a 
Distribution of a platinum anti-tumor drug in HeLa cells by analytical 
electron microscopy 
Khan, M. U. A.; Sadler, P. J. 
Chem. Dep., Birkbeck Coll., London, UK 
Chemico-Biological Interactions (1978), 21(2-3), 227-32 
CODEN: CBINA8; ISSN: 0009-2797 
Journal 
English 

LS ANSWER 14403 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 

89:99746 CA 
89:1Sl1Sa,1Sll8a 

AN 
OREF 
TI A general mechanism 

to free radicals 
for microsomal activation of quinone anticancer agents 

AU Bachur, Nicholas R.; Gordon, Sandra L.; Gee, Malcolm V. 
CS Baltimore Cancer Res. Cent., Natl. Cancer Inst., Baltimore, MD, USA 
SO Cancer Research (1978), 38(6), 174S-SO 

CODEN: CNREA8; ISSN: 0008-S472 
OT Journal 
LA English 

LS ANSWER 14404 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 
AN 
OREF 
TI 

AU 
cs 
so 

OT 
LA 

Text 
89:99480 CA 
89:1S047a,lSOSOa 
Variation in response of xenografts of colorectal carcinoma to 
chemotherapy 
Nowak, K.; Peckham, M. J.; Steel, G. G. 
Div. Radiotherap. Biophys., Inst. Cancer Res., Sutton, UK 
British Journal of Cancer (1978), 37(4), S76-84 
CODEN: BJCAAI; ISSN: 0007-0920 
Journal 
English 

LS ANSWER 1440S OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 89:84661 CA 
OREF 89:12869a 
TI Chemotherapy of transplantable mouse tumors with 

cis-dichlorodiammineplatinum(II) alone and in combination with sarcolysin 
AU Presnov, M. A.; Konovalova, A. L.; Romanova, L. F.; Sofina, Z. P.; 

Stetsenko, A. I. 
CS Lab. Exp. Cancer Chemother., Cancer Res. Cent., Moscow, USSR 
SO Cancer Treatment Reports (1978), 62(S), 70S-12 

CODEN: CTRRDO; ISSN: 0361-S960 
OT Journal 
LA English 

LS ANSWER 14406 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 

cs 
so 

Text 
89:70802 CA 
89:10819a,10822a 
Evaluation of single agents and combinations of chemotherapeutic agents 
mouse colon carcinomas 
Corbett, T. H.; Griswold, D. P., Jr.; Roberts, B. J.; Peckham, J. C.; 
Schabel, F. M., Jr. 
Southern Res. Inst., Birmingham, AL, USA 
Cancer (New York, NY, United States) (1977), 40(S, Suppl.), 2660-80 

in 
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CODEN: CANCAR; ISSN: 0008-S43X 
OT Journal 
LA English 

LS ANSWER 14407 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 89:36Sl3 CA 
OREF 89:SS3Sa,SS38a 
TI Differential chemotherapeutic susceptibility of human I-lymphocytes and 

B-lymphocytes in culture 
AU Ohnuma, Takao; Arkin, Hadara; Minowada, Jun; Holland, James F. 
CS Dep. Neoplast. Dis., Mt. Sinai Sch. Med., New York, NY, USA 
SO Journal of the National Cancer Institute (1940-1978) (1978), 60(4), 749-S2 

CODEN: JNCIAM; ISSN: 0027-8874 
OT Journal 
LA English 

LS ANSWER 14408 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 88: S69 CA 
OREF 88:119a,122a 
TI Treating viral infections 
IN Davidson, James P.; Rosenberg, Barnett; Hinz, Ronald W. 
PA Research Corp., USA 
SO U.S., S pp. 

CODEN: USXXAM 
OT Patent 
LA English 
FAN.CNT 1 

PATENT NO. 

PI US 40S3S87 
us 42S80Sl 
us 4440782 

PRAI US 1973-3S0924 
us 1973-3S0929 
us 197S-S40109 
us 1977-773216 

KIND 

A 
A 
A 
Al 
Al 
A3 
A3 

DATE 

19771011 
19810324 
19840403 
19730413 
19730413 
197S0110 
19770301 

APPLICATION NO. 

us 197S-S40109 
us 1977-773216 
us 1980-188343 

LS ANSWER 14409 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87:19367S CA 
OREF 87:30S27a,30S30a 

DATE 

197S0110 
19770301 
19800918 

TI Effects of cytotoxic agents on 3H-thymidine incorporation and growth delay 
in human colonic tumor xenografts 

AU Houghton, P. J.; Houghton, J. A.; Taylor, D. M. 
CS Dep. Radiopharmacol., R. Marsden Hosp., Sutton, UK 
SO British Journal of Cancer (1977), 36(2), 206-14 

CODEN: BJCAAI; ISSN: 0007-0920 
OT Journal 
LA English 

LS ANSWER 14410 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87:1273S7 CA 
OREF 87:2016la,20164a 
TI Intravesical and systemic chemotherapy of murine bladder cancer 
AU Soloway, Mark S. 
CS Dep. Urol., Univ. Tennessee Cent. Health Sci., Memphis, TN, USA 
SO Cancer Research (1977), 37(8, Pt. 2), 2918-29 

CODEN: CNREA8; ISSN: 0008-S472 
OT Journal 
LA English 

LS ANSWER 14411 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 87:1113S4 CA 
OREF 87:17S8Sa,17S88a 
TI Mutagenicity of cancer chemotherapeutic agents in the 

Salmonella/microsome test 
AU Benedict, William F.; Baker, Mary S.; Haroun, Lynne; Choi, Edmund; Ames, 

Bruce N. 
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CS Dep. Med., Child. Hosp., Los Angeles, CA, USA 
SO Cancer Research (1977), 37(7, Pt. 1), 2209-13 

CODEN: CNREA8; ISSN: 0008-S472 
OT Journal 
LA English 

LS ANSWER 14412 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 

cs 
so 

OT 
LA 

Text 
87: 78S71 CA 
87:12437a,12440a 
High dose cis-platinumdiamminedichloride. Amelioration of renal toxicity 
by mannitol diuresis 
Hayes, Daniel M.; Cvitkovic, Esteban; Golbey, Robert B.; Scheiner, Ellen; 
Helson, Lawrence; Krakoff, Irwin H. 
Mem. Sloan-Kettering Cancer Cent., New York, NY, USA 
Cancer (New York, NY, United States) (1977), 39(4), 1372-81 
CODEN: CANCAR; ISSN: 0008-S43X 
Journal 
English 

LS ANSWER 14413 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 
AN 
OREF 
TI 

AU 
cs 
so 

OT 
LA 

Text 
87: 78408 CA 
87:12401a,12404a 
Origin of giant cells in regressing sarcoma-180 after cis-dichlorodiammine 
platinum(II) treatment: a fine structural study 
Sodhi, Ajit 
Dep. Zool., Banaras Hindu Univ., Varanasi, India 
Journal of Clinical Hematology and Oncology (1977), 7(2), S69-79 
CODEN: JCHODP; ISSN: 0162-9360 
Journal 
English 

LS ANSWER 14414 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 

Text 
87: 78193 CA 
87:123S3a,123S6a 
Phase I study of high-dose cis-dichlorodiammineplatinum(II) with forced 
diuresis 
Chary, Kandala K.; Higby, Donald J.; Henderson, Edward S.; Swinerton, 
Kenneth D. 

CS Dep. Med. A, Roswell Park Mem. Inst., Buffalo, NY, USA 
SO Cancer Treatment Reports (1977), 61(3), 367-70 

CODEN: CTRRDO; ISSN: 0361-S960 
OT Journal 
LA English 

LS ANSWER 1441S OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87:68321 CA 
OREF 87:1088Sa,10888a 
TI Phosphorus-nitrogen compounds. 30. Synthesis of platinum derivatives of 

polymeric and cyclic phosphazenes 
AU Allcock, Harry R.; Allen, Robert W.; O'Brien, John P. 
CS Dep. Chem., Pennsylvania State Univ., University Park, PA, USA 
SO Journal of the American Chemical Society (1977), 99(12), 3984-7 

CODEN: JACSAT; ISSN: 0002-7863 
OT Journal 
LA English 

LS ANSWER 14416 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 
cs 
so 

OT 

Text 
87:626SS CA 
87:9887a,9890a 
Therapeutic potentiation in a mouse mammary tumor and an intracerebral 
rat brain tumor by combined treatment with 
cis-dichlorodiammineplatinum(II) and radiation 
Douple, Evan B.; Richmond, Robert C.; Logan, Mark E. 
Dep. Ther. Radiol., Dartmouth-Hitchcock Med. Cent., Hanover, NH, USA 
Journal of Clinical Hematology and Oncology (1977), 7(2), S8S-603 
CODEN: JCHODP; ISSN: 0162-9360 
Journal 
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LA English 

LS ANSWER 14417 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87:62S21 CA 
OREF 87:98SSa,98S8a 
TI Analog comparison, combination chemotherapy, and combined modality studies 

with cis-platinum(II) diamminedichloride (NSC 11987S) using in vivo animal 
tumor models 

AU Merker, P. C.; Wodinsky, I.; Mabel, J.; Branfman, A.; Venditti, J. M. 
CS Life Sci. Div., Arthur D. Little, Inc., Cambridge, MA, USA 
SO Journal of Clinical Hematology and Oncology (1977), 7(1), 301-21 

CODEN: JCHODP; ISSN: 0162-9360 
OT Journal 
LA English 

LS ANSWER 14418 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87:47932 CA 
OREF 87:7S31a,7S34a 
TI Antineoplastic effect of complex platinum(IV) compounds 
AU Konovalova, A. L.; Presnov, M. A.; Zheligovskaya, N. N.; Treshchalina, E. 

M. 
CS Onkol. Nauchn. Tsentr., Moscow, USSR 
SO Doklady Akademii Nauk SSSR (1977), 234(1), 223-6 [Biochem.] 

CODEN: DANKAS; ISSN: 0002-3264 
OT Journal 
LA Russian 

LS ANSWER 14419 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87:33SS8 CA 
OREF 87:S237a,S240a 
TI Spermine-platinum(II) chloride as a potential anti-tumor agent 
AU Tsou, K. C.; Yip, K. F.; Lo, K. W.; Ahmad, S. 
CS Sch. Med., Univ. Pennsylvania, Philadelphia, PA, USA 
SO Journal of Clinical Hematology and Oncology (1977), 7(1), 322-9 

CODEN: JCHODP; ISSN: 0162-9360 
OT Journal 
LA English 

LS ANSWER 14420 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87:33SS7 CA 
OREF 87:S237a,S240a 
TI The enhanced antitumor activity of cis-diamminedichloroplatinum(II) 

against murine tumors when combined with other agents 
AU Page, R. H.; Talley, R. W.; Buhagiar, J. 
CS Div. Oncol., Henry Ford Hosp., Detroit, MI, USA 
SO Journal of Clinical Hematology and Oncology (1977), 7(1), 96-104 

CODEN: JCHODP; ISSN: 0162-9360 
OT Journal 
LA English 

LS ANSWER 14421 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87:1S862 CA 
OREF 87:2433a,2436a 
TI The effect of cis-diamminedichloroplatinum(II) and cyclophosphamide on 

immune response and tumor rejection in BALBc and PL/Jax mice 
AU Page, R. H.; Talley, R. W.; Livermore, D. H. 
CS Div. Oncol., Henry Ford Hosp., Detroit, MI, USA 
SO Journal of Clinical Hematology and Oncology (1977), 7(1), lOS-13 

CODEN: JCHODP; ISSN: 0162-9360 
OT Journal 
LA English 

LS ANSWER 14422 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 87: 299 CA 
OREF 87:SSa,S8a 
TI Sulfato 1,2-diaminocyclohexane platinum(II): a potential new antitumor 
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agent 
AU Speer, Robert J.; Ridgway, Helen; Stewart, David P.; Hall, Larry M.; 

Zapata, Alba; Hill, Joseph M. 
CS Wadley Inst. Mol. Med., Dallas, TX, USA 
SO Journal of Clinical Hematology and Oncology (1977), 7(1), 210-19 

CODEN: JCHODP; ISSN: 0162-9360 
OT Journal 
LA English 

LS ANSWER 14423 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 
cs 
so 

OT 
LA 

Text 
86:183312 CA 
86:2868Sa,28688a 
Response of transferrin bound iron to treatment of rat lymphosarcoma with 
cis-dichlorodiammineplatinum(II) 
Warner, F. W.; Demanuelle, M.; Stjernholm, R.; Cohn, I.; Baddley, W. H. 
Div. Eng. Res., Louisiana State Univ., Baton Rouge, LA, USA 
Journal of Clinical Hematology and Oncology (1977), 7(1), 180-9 
CODEN: JCHODP; ISSN: 0162-9360 
Journal 
English 

LS ANSWER 14424 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 
AU 

cs 
so 

OT 
LA 

Text 
86:16S238 CA 
86:2S889a,2S892a 
Comparative nephrotoxicity of platinum cancer chemotherapeutic agents 
Ward, J. M.; Young, D. M.; Fauvie, K. A.; Wolpert, M. K.; Davis, R.; 
Guarino, A. M. 
Lab. Toxicol., Natl. Cancer Inst., Bethesda, MD, USA 
Cancer Treatment Reports (1976), 60(11), 167S-8 
CODEN: CTRRDO; ISSN: 0361-S960 
Journal 
English 

LS ANSWER 1442S OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 

86:1SOS11 CA 
86:23S71a,23S74a 

AN 
OREF 
TI cis-Dichlorodiammineplatinum(II) chemotherapy in experimental murine 

myeloma MOPC 104E 
AU Ghanta, Vithal K.; Jones, M. Terry; Woodard, Dolores A.; Durant, John R.; 

Hiramoto, Raymond N. 
cs 
so 

OT 
LA 

Comprehensive Cancer Cent., Univ. Alabama, Birmingham, AL, USA 
Cancer Research (1977), 37(3), 771-4 
CODEN: CNREA8; ISSN: 0008-S472 
Journal 
English 

LS ANSWER 14426 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 
AN 
OREF 
TI 
AU 
cs 
so 

OT 

Text 
86:11S133 CA 
86:18129a,18132a 
Antineoplastic activity of cis-diamminedichloroplatinum(II) 
Nikolin, V. P.; Gruntenko, E. V.; Mal'chikov, G. D.; Sysoeva, 
Inst. Tsitol. Genet., Novosibirsk, USSR 
Voprosy Onkologii (1976), 22(12), 73-S 
CODEN: VOONAW; ISSN: 0S07-37S8 
Journal 

LA Russian 

LS ANSWER 14427 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 86:83786 CA 
OREF 86:13189a,13192a 

G. M. 

TI Effects of the cis-dichlorodiamminoplatinum(II)-deoxyribonucleic acid 
complex on normal and cancer cells 

AU Heinen, E.; Desaive, C.; Houssier, C.; Gillet, M. C.; Chevremont, M. 
CS Inst. Histol., Liege, Belg. 
SO Comptes Rendus des Seances de la Societe de Biologie et de Ses Filiales 

(1976), 170(4), 919-21 
CODEN: CRSBAW; ISSN: 0037-9026 
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OT Journal 
LA French 

LS ANSWER 14428 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 86:312 CA 
OREF 86:SSa,S8a 
TI Ultrastructural changes of sarcoma-180 cells after treatment with 

cis-dichlorodiammine platinum(II), in vivo and in vitro 
AU Sodhi, Ajit 
CS Oep. Zool., Banaras Hindu Univ., Banaras, India 
SO Indian Journal of Experimental Biology (1976), 14(4), 383-90 

COOEN: IJEBA6; ISSN: 0019-S189 
OT Journal 
LA English 

LS ANSWER 14429 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 8S:186S84 CA 
OREF 8S:2976Sa,29768a 
TI Mode of action of cis-dichloro-diammine platinum(II) on mouse Ehrlich 

ascites tumor cells 
AU Heinen, Ernst; Bassleer, Roger 
CS Inst. Histol., Univ. Liege, Liege, Belg. 
SO Biochemical Pharmacology (1976), 2S(16), 1871-S 

COOEN: BCPCA6; ISSN: 0006-29S2 
OT Journal 
LA English 

LS ANSWER 14430 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 8S:171668 CA 
OREF 8S:2736Sa,27368a 
TI Effects of dinitrato(l,2-diaminocyclohexane)platinum (NSC 2398Sl) on 

murine myeloma and hemopoietic precursor cells 
AU Ogawa, Makio; Gale, Glen R.; Meischen, Sandra J.; Cooke, Victoria A. 
CS Oep. Med., Med. Univ. South Carolina, Charleston, SC, USA 
SO Cancer Research (1976), 36(9, Pt. 1), 318S-8 

COOEN: CNREA8; ISSN: 0008-S472 
OT Journal 
LA English 

LS ANSWER 14431 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 8S:137309 CA 
OREF 8S:219Sla,219S4a 
TI Synthesis, in vivo and in vitro studies on the antineoplastic effect of 

cis-dichloro-dipeptide ester-platinum(II) complexes 
AU Beck, Wolfgang; Purucker, Bernhard; Girnth, Michael; Schoenenberger, 

Helmut; Seidenberger, Horst; Ruckdeschel, Gotthard 
CS Inst. Anorg. Chem., Univ. Muenchen, Munich, Fed. Rep. Ger. 
SO Zeitschrift fuer Naturforschung, Teil B: Anorganische Chemie, Organische 

Chemie (1976), 318(6), 832-4S 
COOEN: ZNBA02; ISSN: 0340-S087 

OT Journal 
LA German 

LS ANSWER 14432 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 8S:103109 CA 
OREF 8S:164S7a,16460a 
TI Platinum complexes and cancer 
AU Koros, Endre 
CS Budapest, Hung. 
SO Termeszet Vilaga (1976), 107(4), 170-2 

COOEN: TEVIAS; ISSN: 0040-3717 
OT Journal; General Review 
LA Hungarian 

LS ANSWER 14433 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 8S:40874 CA 
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OREF 8S:6S98h,6S99a 
TI Effects of cis-dichlorodiammine platinum(II) on DNA synthesis in kidney 

and other tissues of normal and tumor-bearing rats 
AU Taylor, David M.; Tew, Kenneth D.; Jones, Julie D. 
CS Radiopharmacol. Dep., Inst. Cancer Res., Sutton/Surrey, UK 
SO European Journal of Cancer (196S-1981) (1976), 12(4), 249-S4 

CODEN: EJCAAH; ISSN: 0014-2964 
OT Journal 
LA English 

LS ANSWER 14434 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 84:130173 CA 
OREF 84:21093a 
TI Inhibition by caffeine of post-replication repair in Chinese hamster cells 

treated with cis platinum(II) diamminedichloride: the extent of platinun 
binding to template DNA in relation to the size of low molecular weight 
nascent DNA 

AU Van den Berg, H. W.; Roberts, J. J. 
CS Inst. Cancer Res., R. Cancer Hosp., Chalfont St. Giles/Bucks, UK 
SO Chemico-Biological Interactions (1976), 12(3-4), 37S-90 

CODEN: CBINA8; ISSN: 0009-2797 
OT Journal 
LA English 

LS ANSWER 1443S OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 
AU 
cs 
so 

OT 
LA 

Text 
84:38769 CA 
84:6319a,6322a 
Combined radiotherapy and chemotherapy of P388 leukemia in vivo 
Wodinsky, I.; Kensler, C. J.; Venditti, J. M. 
Arthur D. Little, Inc., Cambridge, MA, USA 
Prog. Chemother. (Antibacterial, Antiviral, Antineoplast.), Proc. Int. 
Congr. Chemother., 8th (1974), Meeting Date 1973, Volume 3, 9S-100. 
Editor(s): Daikos, George K. Publisher: Hell. Soc. Chemother., Athens, 
Greece. 
CODEN: 31TFAO 
Conference 
English 

LS ANSWER 14436 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 
AU 
cs 
so 

OT 
LA 

Text 
83:1726S6 CA 
83:27049a,270S2a 
Single and combination chemotherapy for primary murine bladder cancer 
Soloway, Mark S. 
Dep. Surg., Univ. Hosp., Cleveland, OH, USA 
Cancer (New York, NY, United States) (197S), 36(2), 333-40 
CODEN: CANCAR; ISSN: 0008-S43X 
Journal 
English 

LS ANSWER 14437 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 

cs 
so 

OT 
LA 

Text 
83:108S73 CA 
83:1698Sa,16988a 
Platinum-pyrimidine blues and related complexes. New class of potent 
antitumor agents 
Davidson, James P.; Faber, Paula J.; Fischer, Robert G., Jr.; Mansy, 
Samir; Peresie, Henry J.; Rosenberg, Barnett; Vancamp, Loretta 
Dep. Biophys., Michigan State Univ., East Lansing, MI, USA 
Cancer Chemotherapy Reports, Part 1 (197S), S9(2), 287-300 
CODEN: CCROBU; ISSN: OS76-6SS9 
Journal 
English 

LS ANSWER 14438 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

83:3770 CA 
83:69Sa,698a 
Platinum-19Sm, a new radionuclide. 
cancer chemotherapeutic agents 

Its application to the monitoring of 
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AU Wolf, W.; Berman, J.; Leh, F.; Poggenburg, Ken 
CS Radiopharm. Program, Univ. South California, Los Angeles, CA, USA 
SO Recent Adv. Nucl. Med., Proc. World Congr. Nucl. Med., 1st (1974), 944-S 

Publisher: Jpn. Radioisot. Assoc., Tokyo, Japan. 
CODEN: 30HHAX 

OT Conference 
LA English 

LS ANSWER 14439 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 83:S72 CA 
OREF 83:111a,114a 
TI Inhibition of cytokinesis in mammalian cells by 

cis-dichlorodiammineplatinum (II) 
AU Aggarwal, S. K. 
CS Dep. Zool., Michigan State Univ., East Lansing, MI, USA 
SO Cytobiologie (1974), 8(3), 39S-402 

CODEN: CYTZAM; ISSN: 0070-2463 
OT Journal 
LA English 

LS ANSWER 14440 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 82:132827 CA 
OREF 82:21171a,21174a 
TI Chemical and biological effects of cis-dichlorodiammineplatinum (II), an 

antitumor agent, on DNA 
AU Munchausen, Linda L. 
CS Biol. Div., Oak Ridge Natl. Lab., Oak Ridge, TN, USA 
SO Proceedings of the National Academy of Sciences of the United States of 

America (1974), 71 (11), 4S19-22 
CODEN: PNASA6; ISSN: 0027-8424 

OT Journal 
LA English 

LS ANSWER 14441 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 82:132786 CA 
OREF 82:21163a,21166a 
TI Renaturation effects of cis- and trans-platinum II and IV compounds on 

calf thymus deoxyribonucleic acid 
AU Harder, Harold C. 
CS Sch. Med., Yale Univ., New Haven, CT, USA 
SO Chemico-Biological Interactions (197S), 10(1), 27-39 

CODEN: CBINA8; ISSN: 0009-2797 
OT Journal 
LA English 

LS ANSWER 14442 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 
cs 
so 

OT 
LA 

Text 
81:14S909 CA 
81:22739a,22742a 
Effects of cis-dichlorodiammineplatinum(II) in the regression of Sarcoma 
180. Fine structural study 
Sodhi, Ajit; Aggarwal, Surinder K. 
Dep. Zool., Michigan State Univ., East Lansing, MI, USA 
Journal of the National Cancer Institute (1940-1978) (1974), S3(1), 8S-101 
CODEN: JNCIAM; ISSN: 0027-8874 
Journal 
English 

LS ANSWER 14443 OF 14478 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 81:S8218 CA 
OREF 81:9231a,9234a 
TI Role of host defenses in cis-dichlorodiammineplatinum(II)-mediated 

regressions of Sarcoma 180 in mice 
AU Conran, Philip B. 
CS Michigan State Univ., East Lansing, MI, USA 
SO (1973) 119 pp. Avail.: Univ. Microfilms, Ann Arbor, Mich., Order No. 

74-602S 
From: Diss. Abstr. Int. B 1974, 34(9), 4469 
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OT Dissertation 
LA English 
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PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Applicant: Clet Niyikiza Group Art Unit: 1614 

Serial No.: 11/776,329 Examiner: Weddington, Kevin 

Application Date: July 11, 2007 ConfNo.: 6568 

I 
For: NOVEL ANTIFOLATE COMBINATION THERAPIES 

Docket No.: X14173B 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I 

COMMUNICATION 

In response to the Office Action dated February 18, 2009, Applicants submit the following 

remarks in connection with the above-identified patent application: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of 

this paper. 

Remarks/Arguments begin on page 4 of this paper. 
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Application No.: 11/776329 

Amendments to the Claims 

The following listing of claims will replace all prior versions, and listings, of claims in 

the application: 

Listing of Claims: 

Claims 1-39 (Cancelled) 

40. (Currently amended) A method for administering pemetrexed disodium to a patient in 

need thereof comprising administering an effective amount of pemetrexed disodium in combination 

with a methylmalonic acid lowering agent, wherein: 

the methylmalonic acid lowering agent is selected from the group consisting of vitamin B12, 

hydroxycobolamin, cyano-10-chlorocobolamin, aquocobolamin perchlorate, aquo-10 cobolamin 

perchlorate, azidocobolamin or chlorocobolamin; 

the methylmalonic acid lowering agent is administered from about 1 week to about 3 

weeks prior to the first administration of the pemetrexed disodium; and 

the methylmalonic acid lowering agent administration is repeated about every 6 to about 

every 12 weeks until administration of the pemetrexed dis odium is discontinued. 

41. (previously presented) The method of claim 40, wherein the methylmalonic lowering 

agent is vitaminB12. 

42. (previously presented) The method of claim 41, wherein the vitamin B12 is administered 

as an intramuscular injection of about 500 µg to about 1500 µg. 

43. (previously presented) The method of claim 42, wherein the vitamin B12 is administered 

as an intramuscular injection of about 1000 µg. 

44. (previously presented) The method of claim 41, 42 or 43, wherein the vitamin B12 

administration is repeated about every 9 weeks until the administration of the pemetrexed disodium 

is discontinued. 

45. (currently amended) The method of claim 44, further comprising administering a folic­

binding protein binding agent to the patient, wherein the folic-binding protein binding agent is 

selected from the group consisting offolic acid, (6R)-5-methyl-5,6,7,8-tetrahydrofolic acid or (6R)-

5-formyl-5,6,7,8-tetrahydrofolic acid, or a physiologically available salt or ester therof. 
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46. (previously presented) The method of claim 45 wherein the folic-binding-protein binding 

agent is folic acid and the folic acid is administered prior to the first administration of the pemetrexed 

disodium. 

4 7. (previously presented) The method of claim 46 wherein the folic acid is administered 1 to 

3 weeks prior to the first administration of the pemetrexed disodium. 

48. (previously presented) The method of claim 4 7 wherein the folic acid is administered 

from about 1 to about 24 hours prior to administration of the pemetrexed disodium. 

49. (previously presented) The method according to any one of claims 46-48, wherein 

between 0.3 mg to about 5 mg of folic acid is administered orally. 

50. (previously presented) The method of claim 49 wherein about 350µg to about 1000 µg of 

folic acid is administered. 

51. (previously presented) The method of claim 50 wherein 350 µg to 600 µg of folic acid is 

administered. 

52. (previously presented) The method of claim 40 or 45 further comprising the 

administration of cisplatin to the patient. 
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Remarks 

Claims 40-52 are pending in the application. No Claims are allowed. Claim 45 is rejected 

under 35 U.S.C. § 112, ls1paragraph. Claims 40-52 are rejected under 35 U.S.C. § 112, second 

paragraph and 35 U.S.C. 103(a). 

In view of the present amendment and reasons set forth below, it is submitted that the 

rejections are improper and should be withdrawn. Reconsideration and reexamination of the present 

application is respectfully requested. 

Rejection Under 35 USC §112, first paragraph 

Claim 45 is stands rejected under 35 U.S.C. 112, first paragraph, as failing to comply with 

the written description requirement. The Office Action asserts that the specification as originally 

filed fails to provide sufficient written bases of any of the agents demonstrating wherein possession 

of use of the broad term: "folic-binding-protein binding agents." In response, Claim 45 has been 

amended to disclose specific folic-binding-protein binding agent species recited in the specification. 

In light of this amendment, reconsideration and withdrawal of the rejection is respectfully requested. 

Rejection Under 35 USC §112, second paragraph 

Claims 40-52 stand rejected under 35 U.S.C. 112, second paragraph, as being indefinite. The 

office action points out that the phrase "methylmalonic acid" appears to be missing the phrase 

"lowering agent" in one of the recitations of claim 40. In response, Claim 40 has been amended to 

add the inadvertently omitted phrase "lowering agent." In light of this amendment, reconsideration 

and withdrawal of the rejection is respectfully requested. 

Rejection Under 35 USC §103(a) 

Claims 40-52 stand rejected under 35 U.S.C. 103(a) as being unpatentable over Taylor 

(5,344,932) of PT0-1449 in view of Poydock et al., IRCS Medical Science, Vol. 12, No. 9, pp. 813 

(1984) of PT0-1449, further in view ofWorzalla et al., Anticancer Research, Vol. 18, No. 5, pp. 

3235-3239 of PT0-1449, and further in view of Cleare et al. (4,149,707). 

Specifically, the Office Action asserts that: "[t]he instant invention differs from the cited reference 

in that the cited reference does not teach the addition of a methylmalonic acid lowering agent. 

However, the secondary reference, Poydock et al., teaches a methylmalonic acid lowering agent such 

as hydroxocobalamin is effective by inhibiting tumors implanted in mice (see the abstract)." 

Applicants note at the outset that independent Claim 40 comprises administration of 

pemetrexed disodium with a methylmalonic acid lowering agent (e.g., vitamin B12). Applicants 

assert that since Poydock et al. was discredited prior to the present application's priority date, it 

cannot even be used to support an assertion that methylmalonic acid lowering agent (e.g., 

hydroxocobalamin) is effective at inhibiting tumors implanted in mice. 
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Poydock et al. teaches that mice given a mixture containing L-ascorbic acid, 

hydroxocobalamin (a methylmalonic acid lowering agent), and Na ascorbate is effective at inhibiting 

tumors implanted in mice. Shortly after this abstract was published, however, it was discovered that 

the antitumor activity was not associated with the L-ascorbic acid, the hydroxocobalamin (a 

methylmalonic acid lowering agent), or the Na ascorbate. In fact, the researchers found that the L­

ascorbic acid which they had used had oxidized to dehydroascorbic acid (see, e.g., Toohey, John I., 

Cancer Letters (Shannon, Ireland) (2008), 263(2), 164-169). In subsequent research with authentic 

materials, it was discovered that it was in fact the dehydroascorbic acid which was the active factor 

in the mixture (see Poydock et al., Experimental Cell Biology (1982), 50(2), 88-91; Poydock et al., 

American Journal of Clinical Oncology 8 (1985) 266-269; and particularly Poydock et al., American 

Journal of Clinical Nutrition 54 (1991) 1261S-1265S). 

In addition, Poydock himself demonstrated that "[ i]njections of ascorbic acid or of vitamin 

B12 alone had no effect on mitotic activity ... " (see Poydock et al., American Journal of Clinical 

Nutrition 54 (1991) 1261S-1265S page 1262S 3rd paragraph) Moreover, in addition to reviewing the 

discovery of the antitumor activity of dehydroascorbic acid, Toohey, John I., Cancer Letters 

(Shannon, Ireland) (2008), 263(2), 164-169) also discusses the use of Vitamin B12 (a methylmalonic 

acid lowering agent) in studies by Poydock (see footuote page 164): 

"It should be noted that Poydock continued to add Vitamin B12 to most treatment protocols 
although her own data showed that it was not needed and there was no good rationale for 
adding it. ... To this day there is no rationale for giving B12 and no known reaction between 
B12 and ascorbic acid or dehydroascorbic acid which could explain her result." 

These clarification studies (at least those published prior to Applicant's priority date) 

demonstrate that vitamin B12 does, in fact, not possess anti-tumor activity, contrary to the teaching 

of Poydock et al. Therefore, Poydock et al. cannot be used to support the assertion in the Office 

Action that one skilled in the art would have combined pemetrexed disodium with vitamin B12 

because both are anti-neoplastic agents. For the same reason, since Claims 41-52 depend from Claim 

40, which contains the methylmalonic acid lowering agent limitation, the combination with folic­

binding protein binding agent and/or cisplatin would not be obvious. 
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In view of the foregoing remarks, Applicants respectfully assert that the rejection is improper 

and should be withdrawn. Reconsideration is, therefore, kindly solicited. For at least the reasons set 

forth above, it is respectfully submitted that the above identified application is in condition for 

allowance. Favorable reconsideration and prompt allowance of the claims are respectfully requested. 

Eli Lilly and Company 
Patent Division/JAC 
P.O. Box 6288 
Indianapolis, Indiana 46206-6288 

May4, 2009 

Respectfully submitted, 

/John A. Cleveland, Jr/ 
John A. Cleveland, Jr. 
Attorney for Applicants 
Registration No. 50,697 
Phone: 317-276-0307 
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Mitogenic inhibition and effect on 
survival of mice bearing L 1210 
leukemia using a combination of 
dehydroascorbic acid and 
hydroxycobalamin 

M. E. Poydock, Ph.D. 

S. Harguindey, M.D. 

T. Hart, Ph.D. 

THE PRESENT STUDY w AS DFSICNED to test the effect of 
a combination of dehydroascorbic acid (DHA} and 
hydroxycobalamin (vitamin B12) on the survival of 
mice bearing Ll210 leukemia. Results showed a sig­
nificant increase in survival of treated mice com­
pared with controls (p :5 0.0001) (Student's t-test). 
This positive effect was significantly lost when DHA 
was substituted by ascorbic acid (AA) in the same ex­
perimental conditions. In vitro findings also revealed 
that the DHA-B12 combination specifically inhibited 
mitoses of Ll210 cells while non-neoplastic L929 
cells were not affected. 

From the Cancer Research Unit, Mercyhurst College, 
Erie, Pennsylvania (MEP, DK); Department of Thoracic 
Surgery, Roswell Park Memorial Institute, Buffalo, New 
York (TH, HT); and Department of Oncology, Clinica 
Universitaria, Pamplona, Spain (SH). 

Write for reprints to: Salvador Harguindey, M.D., 
Dpto. Quimioterapia, Clinica Universitaria, Parnplona, 
Spain. 

266 

H. Takita, M.D. 

D. Kelly, B.S. 

Growth suppression of human leukemic 
cells in vitro by L-ascorbic acid (AA) has 

been recently reported. 4 Preliminary in vivo 
and in vitro experiments from our laboratory 
have previously shown that a mixture of L-as­
corbic acid (AA) and hydroxycobalamin inhib­
ited mitoses of several transplanted ascites tu­
mors. 6 Subsequent studies disclosed that the 
survival rate of mice bearing P388 leukemia 
and Ehrlich carcinoma was significantly in­
creased after treatment with L-ascorbic acid 
and hydroxycobalamin buffered with Na+ as­
corbate.7 DHA has been advanced by several 
authors to potentially offer a more potent anti­
tumor activity than AA. CeH uptake of DHA is 
much higher than AA in normal and leukemic 
leucocytes as well as in HeLa cells and eryth­
rocytes.1·2 DHA uptake also seems to be related 
to the concentration of the vitamin in the me­
dium. 2 Previous work from this laboratory has 
shown that DHA completely inhibited mitoses 
in Ehrlich ascites tumor and P388 leukemia in 
mice. 8 The authors thought it advisable, there­
fore, to test the effect of dehydroascorbic acid 
and hydroxycobalamin on the highly resistant 
Ll 210 mouse leukemia. 

Material and methods 

Preparation of vitamin mixture 

Using aseptic technique, the vitamin combi­
nation, in crystaHine form, was prepared by in­
troducing into a small, sterile tube, 0.01 g hy­
droxycobalamin, 0.02 g dehydroascorbic acid 
(or 0.02 g ascorbic acid (AA)) buffered to pH 
5.2 with 0.02 g sodium ascorbate, as previously 
reported. 7 In our hands, this dosage has proven 
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to be the highest tolerated dose which does not 
induce weight loss in the treated mice. A suffi­
cient number of tubes with dry crystals were 
prepared in advance. Immediately before in­
jection 1 ml of sterile normal saline at 60°C was 
added to the tube. To avoid denaturization, 
only the amount needed (1 ml) to treat five 
mice was diluted at one time. Hydroxycoba­
lamin was obtained from Merck Chemical Di­
vision (West Point, PA). Ascorbic acid and so­
dium ascorbate were purchased from Sigma 
Chemical Co. (St. Louis, MO). DHA was ob­
tained from ICN Nutritional Biochemicals 
(Cleveland, OH). 

In vivo experiments 

Ll210 leukemia was supplied in DBA/2 mice 
from Roswell Park Memorial Institute, Buffalo, 
NY. This was the standard line used at the In­
stitute for a number of years and it has been 
largely validated in a multiplicity of chemo­
therapy testing programs. Three experiments 
were tried using a total of 140 mice. In each of 
the two experiments involving DHA 40 female 
DBA/2 mice, 10 weeks old, within a 2-gram 
weight range, were used. Another 60 mice of 
the same characteristics (30 treated and 30 
controls) were used for the AA experiment. All 
mice were fed normal laboratory food ad libi­
tum. The tested mice were injected (i.p.) with 
105 washed Ll210 cells, suspended in 0.1 ml 
Tyrode's solution, producing an ascitic leuke­
mia that later progressed to generalized dis­
ease. Mice were then randomized into equally 
fed groups. Starting 24 hours after implanta­
tion, test mice were injected i.p. with 10 mg/ 
0.2 ml (0.4 g/kg body weight) DHA-B12 or 
AA-B12 mixture for 8 successive days in sterile 
conditions, after passing it through a 0.22 µ 
Millipore system. Two days later they were 
given, on alternate days, two more treatments, 
making a total of 10 treatments. Control mice 
were injected i.p. in the same conditions with 
0.2 ml of a saline solution of the same pH (pH: 
5.2) and osmolarity (305 mosm/liter). 

In vitro experiments 

Cells used in this study were propagated in 
RPMI medium 1640, supplemented with 10% 
calf serum plus 1 % garamycin. Viable Ll210 
was the neoplastic tissue tested; whereas L929 
fibroblasts (Microbiological Associates, suspen­
sion in frozen ampule) were the non-neoplastic 
cells used. For testing the effect of DHA-B12 on 

Ll 210 cells in vitro the ascites exudate was re­
moved from tumor-bearing mice. It was 
washed with Tyrodes' solution, centrifuged at 
500 rpm for 10 minutes, and the pellet resus­
pended in RPM! medium 1640 to yield the ini­
tial inoculum of 1 X 106 cells/ml. Then 0.4 ml 
of the Ll210 cell suspension was introduced 
into each of four Falcon Flasks containing 4 ml 
RPM! medium. After an initial mitotic count 
was made, the flasks were divided into two test 
and two control, and 0.62 mg/0.05 ml of the 
vitamin mixture was added to each of the test 
flasks. They were incubated at 37 .5°C. At 2, 4, 
6, and 24 hours, mitotic counts were made by 
withdrawing a drop of the cell suspension with 
a Pasteur pipette and staining with acetocar­
mine, using the procedure described previ­
ously. 6 For estimating the effect ofDHA-B12 on 
mitoses of L929 Sbroblasts the procedure was 
the same except that counts were made in 10 
fields of the monolayer. An inverted micro­
scope with phase contrast optics at 300 X was 
used. This experiment was repeated, following 
the same procedure mentioned above, and the 
results were totally reproducible. The effect of 
AA-B12 on Ll210 and L929 cells has been re­
ported before.6 

Results 

Figure 1 demonstrates the survival curve for 
40 DBA/2 mice bearing Ll210 leukemia after 
treatment with DHA-B12• Two identical exper­
iments were tried, and the results were identi­
cal. Results revealed a pronounced increase in 
the survival rate of the treated mice compared 
with the control group (p:::; 0.0001). The me­
dian survival time of the treated mice was 
greater than 60 days, and for the control group 
it was just under 12 days. The experiment was 
continued for 60 days after tumor implanta­
tion, then terminated. Postmortem and histo­
logical examination of untreated mice revealed 
disseminated disease to liver, spleen, and 
lungs. Treated mice sacrificed after day 60 re­
vealed no evidence of disease. An incidental 
finding in some of the dead treated mice was 
"cloromization" (formation of solid tumors) of 
Ll210 in the peritoneal cavity. 

Table 1 compares the in vitro results of 
Ll210 neoplastic cells with viable non-neo­
plastic L929 fibroblasts. This table represents 
the average of two experiments, two test and 
two control flasks in each. Results indicated 
that the vitamin mixture inhibited mitoses in 

Sandoz Inc. 
Exhibit 1002-00164 

Teva – Fresenius 
Exhibit 1002-00164



' l 
i 
f 
I 

I 
I 
l 
I 
' 1 

I 
! 

' I 

268 Ll 210 mouse leukemia/ Poydock et al. 

100 
90 

80 
70 

...J 60 
<{ 

~ 50 
> 
gj 40 
I/) 

+---Control 

0 30 
;-

20 
10 

10 15 20 25 30 35 40 45 
SURVIVAL (days) 

Ll210 cells, but mitotic division of the non­
neoplastic L929 fibroblasts was not affected. 

Figure 2 shows the packed cell volume of the 
Ll210 exudate taken from a treated DBA/2 
(TEST) and control (CON) mouse after five 
treatments with DHA-Biz. A microscopic scru­
tiny of the acetocarmine smears, prepared from 
the ascitic fluid taken from the treated mice 
only revealed disintegrating tumor cells. Also, 
an increase in lymphocytes, neutrophils, and 
monocytes (some of which were dividing) was 
noted in the sample treated with DHA-B12• Vi­
ability tests with trypan blue showed that these 
white blood cells were all viable. 

Figure 3 shows the survival curve for 60 (30 
test and 30 treated) mice bearing Ll2.10 leu­
kemia after treatment with AA-B 12• This exper­
iment demonstrates that the substitution of 
DHA by AA in the same experimental condi­
tions abolishes most of the antitumoral effect of 
the vitamin C-B12 combination. 

TABLE 1 

DHA and Vitamin 812 

Mitotic Index 
lncubalion 

Tis.>ue Tested Tune (hr.) Test Control 

L 1210 0 46 46 
2 0 40 
4 0 42 
6 0 46 

24 0 42 

L929 0 52 52 
2 50 48 
4 62 60 
6 64 62 

24 56 56 

Comparison of in vitro inhibitory effect of a mixture of hydroxycobalamin and 
dehydroascorbic acid on rriloses of L 1210 cells and L929 li:Jroblasts. (Dosage 
0.62 mg/0.05 ml). 

50 55 60 

FIGURE 1. Survival of mice bearing leu­
kemia Ll 210 after treatment with a 
mixture of hydroxycohalamin and de­
hydroascorbic acid. I.p. dose~, l 0 mg/ 
0.2 ml on days 1-8, 11, and 13 were 
given. Eighty mice were sampled (40 
tJ·ented and 40 control). 

Discussion 

The results of these investigations show that 
the DHA-B 12 mixture significantly increases 
the survival rate of mice bearing the classic 
Ll210 leukemia. We have previously reported 
that vitamin C (L-a5corbic) and B12 adminis­
tered separately at the same dosage as the 
mixed preparation to tumor bearing mice had 
no apparent effect on mitoses of Ehrlich ascites 

TEST CON 

FICURE 2. Packed cell volume of the LI 210 i.p. exudate 
taken from a treated DBA/2 (TEST) and control (CON) 
mouse after five treatments with DHA-Bi·i· 
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FICURE3. Survival of mice bearing leukemia Ll210 
after treatment with a mixture of hydroxycobalamin and 
ascorbic acid. Dosages and conditions were exactly the 
same as shown in the experiment in Figure 1. Sixty mice 
(30 treated and 30 control) were sampled. 

tumor. 6 We have also demonstrated the effect 
of dehydroascorbic acid alone on mitoses in 
two murine ascites tumors (Ehrlich and P388 
leukemia) and the stained ascitic fluid revealed 
no mitotic figures. 8 The mechanism by which 
the mixture of hydroxycobalamin and dehy­
droascorbic acid seems to act selectively on 
tumor cells and inhibits mitoses has not yet 
been resolved, nor the reason for the apparent 
potentiating effect of B12 on vitamin C deri­
vates. 6·

7 Work done by others in the past has 
shown that high doses of B1;i alone caused a de­
crease in the growth of certain transplanted 
mouse tumors and the results exhibited a selec­
tive action of vitamin B12 for the specific tumor 
studied. 9 Several possible mechanisms may ex­
plain the suppressive effect of ascorbic acid de­
rivatives on tumor cells. s,io- 13 It has been sug­
gested that glutathione may be involved in the 
modulation of mitosis by ascorbic acid deriva­
tives. •1.13 It has also been known for some time 
that the level of cAMP is increased by L-ascor­
bic acid; therefore cell division may indirectly 
be suppressed by a mixture of vitamin C deriv­
atives and B12• 

12 Mitotic inhibition may also be 
mediated by a membrane redox phenomenon, 
an antioxidant effect produced by dehydroas­
corbic acid, 111 an oxidation of SH groups of nu­
cleic acid DNA polymerase,5 or even a combi­
nation of two or more of these mechanisms. 
Although the mechanism of action that halts 
cell division of neoplastic cells is still contro­
versia1 and a direct toxic effect can not be ruled 
out, a mixture of dehydroascorbic acid and hy-

droxycobalamin, given in sustained doses, is 
highly cytotoxic for Ll210 cells, nontoxic for 
L929 non-neoplastic cells, and can reach a cure 
rate of at least 50% of the animals transplanted 
with this resistant leukemia. At the present 
time, a phase I-II human study using this kind 
of DHA-B12 combinations is in progress. dt'; 
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I ntrathecal Methotrexate-1 nduced Megaloblasti c 
Anemia in Patients With Acute Leukemia 

Sabah Sallah, MD; L. Robert Hanrahan, Jr, MD; Debra L. Phillips, PharmD 

• Objective.-lo evaluate the occurrence of megaloblastic 
anemia induced by the infusion of therapeutic or prophy­
lactic methotrexate in patients with acute leukemia. 

Design.-Data on 3 patients with acute leukemia re­
ceiving intrathecal methotrexate were prospectively ana­
lyzed. 

Setting.-Large tertiary-care center. 
Results.-All 3 patients with acute leukemia developed 

megaloblastic anemia confirmed by examination of the 
bone marrow aspirate and biopsy. Two of the 3 patients 
had low folic acid levels, while all patients had normal 
serum 812 levels. All patients responded favorably to a ther­
apeutic trial of folic acid. The median time for recovery of 
the hematologic parameters in these patients was 7 days. 

By binding critical enzymes, folate acts as a cofactor and 
functions to receive a single-carbon fragment from 

selected enzymatic reactions and transfer this carbon unit 
to other molecules important for de novo synthesis of pu­
rines and pyrimidines, precursors of DNA. 1 To form an 
active compound, folate must be reduced to tetrahydro­
folate (FH4). The enzyme dihydrofolate reductase, a critical 
enzyme in intracellular methylation reactions, catalyzes 
the reduction of folic acid to dihydrofolate and FH4 .1-2 

Methotrexate (MTX), an inhibitor of dihydrofolate re­
ductase, is often used in the treatment of hematologic ma­
lignancies, as well as for prophylaxis and treatment of the 
central nervous system in patients with acute leukemia or 
lymphoma. When used intravenously or orally, MTX can 
cause depletion of intracellular tetrahydrofolate, leading to 
megaloblastic anemia. 

In MTX-treated cells, inhibition of dihydrofolate reduc­
tase results in the entrapment of folate as inactive dihy­
drofolate with subsequent suppression of thymidylate 
synthesis, leading to a reduction in the rate of DNA syn­
thesis.3·4 The slowing of DNA synthesis in combination 
with normal cytoplasmic RNA synthesis leads, over sev­
eral cell divisions, to asynchrony between the rates of cy­
toplasmic and nuclear maturation. This unbalanced 
growth affects all proliferating cells, but is most easily ob-
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Conc/usions.-lntrathecally administered methotrexate 
may result in megaloblastic changes in the bone marrow 
of leukemic patients. The morphologic clues suggestive of 
folate deficiency in patients with acute leukemia may be 
masked by coexisting factors, such as the effects of cyto­
toxic treatment, prior transfusions, or persistent changes 
from the leukemic clone itself. Caution should be exercised 
to avoid attributing these changes to the neoplastic pro­
cess, since the prognosis and treatment for the conditions 
involved are totally different. Repeat examination of the 
bone marrow, obtaining folic acid and vitamin 812 levels, 
and a therapeutic trial of folic acid may help identify and 
reverse these changes. 

(Arch Pathol Lab Med. 1999;123:774-777) 

served in bone marrow cells, which morphologically ap­
pear to be megaloblastic. 

REPORT OF CASES 
The following is a critical description of the courses of 3 pa­

tients with acute leukemia and megaloblastic anemia. The Table 
provides a detailed laboratory analysis of each case before and 
after folic acid supplementation and lists each patient's MTX, folic 
acid, and vitamin B12 level at the time megaloblastic anemia was 
diagnosed. 

Case 1 
A 64-year-old woman with acute myelomonocytic leukemia 

(French-American-British grade M4), presented 2 months after 
the end of her consolidation treatment with headache, confusion, 
and increasing fatigue. Cerebrospinal fluid (CSF) cytology re­
vealed numerous blasts consistent with leukemic involvement. 
Bone marrow aspirate and biopsy revealed no evidence of leu­
kemia. Methotrexate at a dose of 15 mg was administered intra­
thecally via lumbar puncture and then through ventricular res­
ervoir for 2 additional doses. Repeat CSF analysis showed normal 
protein and glucose levels and no blasts. Two weeks later, the 
patient presented with increasing fatigue and mild chest discom­
fort. Laboratory analysis at the time demonstrated an absolute 
neutrophil count of 310/ µ.L; platelets, 14 X 10• /L; hemoglobin, 
88 g/L; and mean cell volume, 95.5 fL. Review of the blood film 
revealed nuclear hypersegmentation of neutrophils, as depicted 
in Figure 1. Repeat examination of the bone marrow aspirate and 
biopsy showed megaloblastic erythroid hyperplasia and large 
metamyelocytes (Figure 2). The patient's lactate dehydrogenase 
(LDH) level was 296 U /L (normal, 122-240 U /L}. After obtaining 
folic acid and vitamin B12 levels, the patient was given a thera­
peutic trial of 5 mg folic acid daily; white blood cell and platelet 
counts recovered on day 7, and LDH levels normalized by day 
21. 

Case 2 
A 20-year-old woman with acute lymphoblastic leukemia un­

derwent induction treatment with L-asparaginase, doxorubicin, 
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Characteristics and Laboratory Results of 3 Patients With Acute Leukemia and Megaloblastic Anemia Before and 2 
Weeks After Replacement With Folic Acid* 

Before Replacement 

Folates, 
After Replacement 

Patient Hb, MCV, ANC, Platelets, 8121 Serum/RBC, MTX, Hb, MCV, ANC, Platelets, 
No. Diagnosis g/l fl /µl x 10'/l pmol/l nmol/l µmol/l g/l fl /µl x10•/l 

1 AML 88 96 310 14 494 13.8/543 8 <0.05 98 85 3200 130 
2 ALL 74 112 1210 19 472 2.2/244 7 <0.05 90 92 3900 122 
3 ALL 79 103 940 22 542 2.7/233.3 <0.05 88 89 3600 127 

* AML indicates acute myelo1d leukemia, ALL, acute lymphoid leukemia; Hb, hemoglobin; MCV, mean cell volume; ANC, absolute neutrophil 
count; RBC, red blood cell; and MTX, methotrexate Normal values: Hb, 120-160 g/L, MCV, 80-100 fl; ANC, 2500-4500 neutrophils/ µL; platelets, 
X 109/L; serum fol ate, 11-57 nmol/L; RBC fol ate, 376-1450 nmol/L; serum B,,, 247-911 pmol/L; and MTX, lower limit of detection, 0.05 µmol/L. 

Figure 1. Peripheral blood, 2 weeks after central nervous system relapse. The red blood cell mean cell volume 1s increased from BB fl pretreatment 
with methotrexate to 96 fl (normal, B0-100 fl). Note the large 6-lobed neutrophil and profound thrombocytopenia (Wright-Giemsa, original 
magnification X630). 

vincristine, prednisone, cytosine-arabinoside, and cyclophos­
phamide. Bone marrow aspirate and biopsy following treatment 
showed no evidence of leukemia. Two weeks later, consolidation 
treatment with vincristine and doxorubicin was started, and pro­
phylactic intrathecal MTX was administered at a dose of 12 mg 
via lumbar puncture twice weekly. Repeat complete blood counts 
following the third dose of MTX showed an absolute neutrophil 
count of 1210/µL; platelets, 19 x 109 /L; hemoglobin, 74 g/L; and 
mean cell volume, 112 fL. Few ovalocytes and anisopoikilocytosis 
were present in the peripheral blood smear. This degree of pan­
cytopenia was disproportionate to what was expected from this 
particular chemotherapy regimen. Therefore, we examined the 
bone marrow aspirate and biopsy, which revealed megaloblastic 
erythr01d hyperplasia and giant metamyelocytes. The patient's 
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LDH level at this presentation was 310 U /L. After obtaining folic 
acid and vitamin 8 12 levels, a therapeutic trial of 2-mg daily doses 
of folic acid was started. No complete blood count was available 
on this patient on day 7; however, repeat laboratory analysis 
showed improvement in both the hematologic parameters and 
LDH by day 14 of folio acid replacement. 

Case 3 
The pahent, a 29-year-old man with acute lymphoblastic leu­

kemia in remission, verified by bone marrow examination, was 
started on prophylactic administration of MTX at a dose of 12 
mg through ventricular reservoir. Following the third dose, the 
patient presented with increasing fatigue and shortness of breath. 
Laboratory findings at the time of presentation showed the pa-
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Figure 2. Marrow aspirate at the time of central nervous system relapse. Erythroid hyperplasia with megaloblastic changes is evident. Note the 
large megalob/asts and metamyelocytes, as well as nuclear-cytoplasmic dysynchrony. At this time, the myeloid-erythro1d ratio was 1 :2 and mye­
lob/asts were 4% of the nucleated cells (Wnght-G1emsa, angina/ magnd1catton X630) 

tient's absolute neutrophil count to be 940 I µL; platelets, 22 x HJ" I 
L; hemoglobin, 79 g/L; and mean cell volume, 103 fL. Mild ani­
socytosis, poikilocytosis, and few tear drops were evident in the 
blood film. Examination of the bone marrow aspirate and biopsy 
showed megaloblastic erythroid hyperplasia. The patient's LOH 
level was 276 U /L. After obtaining folic acid and B12 levels, a 
daily replacement with 2 mg folic acid was administered, result­
ing in improvement of the blood counts by day 7 and normal­
ization of LOH by day 14. 

MATERIALS AND METHODS 
Folate and Vitamin 812 

Folate and vitamin B12 were measured on a Technicon Immuno 
1 (Technicon, Tarrytown, NY) system using competitive magnetic 
separation immunoassays. Folate and vitamin B12 were first re­
leased from serum binders with a pretreatment. The released vi­
tamins were reacted with a binding protein reagent (folate bind­
ing protein and intrinsic factor for folate and vitamin B12, re­
spectively) and incubated at 37°C. Folate or B,2 conjugated to an 
alkaline phosphatase enzyme was then added to compete with 
the sample for the binding protein. A monoclonal immunomag­
netic particle was incubated with the reagents, washed, and par­
anitrophenyl phosphate substrate was added. Absorbance at 405 
nm due to the formation of paranitrophenoxide is inversely pro­
portional to the amount of vitamin in the sample. The folate assay 
is linear from 0.7 to 34 nmol/L (0.3-15 ng/mL), with a normal 
range of 5.9 to 39.2 nmol/L (2.6-17.3 ng/mL) for serum folate 
and 362.6 to 1602.1 nmol/L (160-707 ng/mL) for red blood cell 
folate; the vitamin B12 assay is linear from 19 to 1106 pmol/L 
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(26-1500 pg/mL), with a normal range of 182 to 672 pmol/L 
(247-911 pg/mL). These tests were performed after examining 
the bone marrow aspirate and biopsy, and before replacement 
with folic acid. 

Methotrexate 

Methotrexate was measured on a TDX analyzer (Abbott Lab­
oratories USA, Abbott Park, ill) using a fluorescence polarization 
immunoassay. This technique adds a pretreatment reagent to free 
any bound analyte from serum proteins. A specific monoclonal 
antibody is added together with a tracer-labeled MTX that com­
petes for the antibody with the MTX in the sample. The intensity 
of the fluorescent signal varies inversely with the amount of MTX 
in the sample. The assay range is 0 to 1000 µmol/L with a lower 
limit of detection of 0.05 µmol/L. Methotrexate concentrations 
were measured 48 to 72 hours after treatment. 

Bone Marrow Preparation 
Bone marrow biopsies were fixed for 2 hours in 10% buffered 

formalin, decalcified for 30 minutes in Baxter Decal, and pro­
cessed routinely for surgical pathology. Biopsies were evaluated 
for cellularity; cellular composition, including the presence or ab­
sence of clusters of leukemic blasts; and the overall adequacy of 
megakaryocytes. Aspirate particle smears and biopsy touch prep­
arations were stained with Wright-Giemsa stain and were ex­
amined to determine the myeloid-erythroid ratio, evaluate tri­
lineage hematopoiesis, and evaluate the presence or absence of 
leukemic blasts. Storage iron was evaluated with Prussian blue 
stain. Special stains for myeloperoxidase, chloroacetate esterase, 
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and o:-naphthyl butyrate esterase and immunophenotyping by 
flow cytometry were performed as needed to determine leukemic 
lineage. 

Follow-up Studies 
Follow-up complete blood count and LDH values were per­

formed on a weekly basis after the administration of folic acid 
supplements until normalization of these parameters and then as 
dictated by each patient's treatment plan. Laboratory data at 1 
week posttreatment were not available for patient 2, owing to 
noncompliance with our instructions. 

RESULTS 

Intrathecally administered MTX resulted in megalo­
blastic anemia in 3 patients with acute leukemia. None of 
these patients had morphologic evidence of relapsed leu­
kemia in their bone marrow biopsies at the time of as­
sessment. 

Serum folate levels were below normal in patients 2 and 
3, but were normal in patient 1. Serum 812 levels were 
normal in all patients. Methotrexate concentrations were 
below detectable limits in all patients. Replacement with 
folic acid led to improvement of the hematologic param­
eters and LDH in all patients. None of the patients had 
evidence of systemic toxicity or end-organ damage at the 
time of administration. 

COMMENT 
Methotrexate is an antineoplastic agent used in the 

treatment of several malignancies. Through its tight bind­
ing of dihydrofolate reductase, MTX inhibits the produc­
tion of tetrahydrofolates necessary for tumor cell growth. 
Methotrexate exhibits activity in leukemia and lymphoma, 
two malignancies with a propensity for sequestration in 
the central nervous system. 

Owing to its low lipid solubility, diffusion of MTX into 
the CSF in concentrations necessary for tumor cell kill 
(usually 1 µmol/L) are not achievable at "conventional" 
doses in the range of 30 to 100 mg/m2 (CSF-plasma ratio, 
0.03). This obstacle may be overcome by (1) administering 
the agent in higher doses (eg, 2::1 g/m2) or (2) direct ad­
ministration into the CSE The expected corollary is that 
intrathecally administered MTX can slowly diffuse from 
the CSP into the systemic circulation, yielding prolonged 
elevated plasma levels and potential toxicities.5 

Elimination from the central nervous system is primar­
ily by bulk resorption of CSE Jacobs and colleagues6 com­
pared the pharmacokinetics of orally, intravenously, and 
intrathecally administered MTX in 2 patients with acute 
lymphocytic leukemia. Their results suggest that MTX 
given intrathecally slowly diffuses into the plasma, lead­
ing to concentrations greater than 10-s mol/L for twice as 
long as expected for the same dose given orally or intra­
venously. A patient with high-grade lymphoma and cen­
tral nervous system involvement who developed tumor ly­
sis after 1 dose of intrathecal MTX has also been de­
scribed.7 

In this short series, 3 patients received intrathecal MTX 
and subsequently developed megaloblastic bone marrow 
changes and peripheral cytopenias that recovered follow-
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ing replacement with folic acid. The course of improve­
ment of both the peripheral counts (average, 7 days) and 
LDH (average, 14 days) corresponds well with the rever­
sion of the effects of folic acid deficiency following replace­
ment. All the patients had serum MTX levels below the 
limits of detection, suggesting that there was no laboratory 
evidence of systemic toxicity. In support of this finding is 
the absence of clinical symptoms or signs related to MTX 
toxicity, such as nausea, vomiting, and mucositis. 

As was noted, patient 1 had normal folic acid and vi­
tamin B12 values. However, examination of the bone mar­
row and peripheral blood smear in this patient demon­
strated findings consistent with megaloblastic anemia, in­
cluding the multilobated neutrophils depicted in Figure 1. 
In addition, the patient had a well-documented response 
to a therapeutic trial of folic acid. 

It is important to realize that none of the patients had 
renal insufficiency or third space fluid collection, factors 
that may prolong the exposure to MTX and lead to sys­
temic toxicity. Also, none of the patients at the time of their 
evaluation was receiving other medications that might 
have induced folic acid deficiency. 

It appears that intrathecally administered MTX may 
have resulted in megaloblastic bone marrow changes by a 
diffusion mechanism from the central nervous system to 
the systemic circulation in amounts not sufficient to cause 
systemic toxicity. An alternative explanation is that our 3 
previously treated patients had borderline low folic acid 
levels, and that even a small leakage of MTX to the sys­
temic circulation led to megaloblastic anemia. 

Also noteworthy were the extreme neutropenia and 
thrombocytopenia observed in the 3 patients, as well as 
the lack of the typical hypercellular marrow characteristic 
of nutritional megaloblastic anemia. 8 These findings may 
be explained by prior exposure to systemic chemotherapy 
and the persistence of a subclinical leukemic done. 

It is crucial not to assume automatically that pancyto­
penia in the peripheral blood or megaloblastic erythro­
poiesis in the bone marrow of patients receiving intrathe­
cal MIX is due to relapsed leukemia, since these findings 
may also be due to MTX administration and may respond 
favorably to folic acid therapy. 
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The Inhibition and Promotion of Cancers by Folic Acid, 
Vitamin B12, and Their Antagonists 

VICTOR HERBERT 

Hahnemann University, Philadelphia, PA 19!02 

For the past two years, our group has been collaborating with 
that of Dr. Ludwik Gross in the area of these studies, attempting 
to "switch off" the oncogene for guinea pig leukemia/lymphoma 
(1). The concept involved is that DNA methylation, and 
specifically methylation of cytosine in higher eukaryotes can 
directly suppress gene expression. This concept has been 
elaborated in several reviews, of which the most recent is by 
Eick et al. (3_) in Analytical Biochemistry 135:165-171, 1983. 
The first dramatic presentation of possible clinical value of 
being able to demethylate a gene was the study by Heller and his 
associates in Chicago suggesting that they could "switch on" the 
fetal hemoglobin gene using 5-azacytidine, presumably by 
hypomethylating the fetal globin gene. They collaborated with 
Ley et al. in a study strongly suggesting that they could, in 
fact, switch on fetal hemoglobin synthesis with 5-azacytidine 
(3). This was confirmed by Charache and Dover and their 
associates at Johns Hopkins University (4) but Nathan and Lethvin 
and their associates showed that two other S-phase specific 
cytotoxic agents, hydroxyurea and cytosine arabinoside, could 
also increase fetal hemoglobin synthesis, Stanatiannopoulos and 
Poppianopoulou found that cytosine arabinoside can produce 
identical response in baboons to 5-azacytidine, and Nathan was 
quoted as concluding that the three drugs "probably act in the 
same way. Methylation has nothing to do with it" (5). 

However, W. French Anderson and his associates were able to 
show directly in the cell culture system that 5-azacytidine does 
in fact selectively hypomethylate fetal globin genes, but that 
other genes, including an oncogene, are remethylated shortly 
after losing their methyl groups. These superficially divergent 
results can be reconciled by the concept that hypomethylation 
causes the persistent hemoglobin, whereas other mechanisms 
produce the ~ increased production of fetal hemoglobin which 
occurs after 5-azacytidine (or hydroxyurea or cytosine 
arabinoside (5). 

Similarly-;- different acute and persistent effects may explain 
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32 XENOBIOTIC METABOLISM: NUTRITIONAL EFFECTS 

why the same antifolate, methotrexate, which can shut down a 
lympho-proliferative malignancy, may result years later in the 
development of a second malignancy (!)· One can speculate that 
an acute toxic effect kills the tumor but that the same 
methotrexate which acutely toxically kills the tumor, in a long 
period of time will result in demethylation of an oncogene, which 
can then be expressed as second malignancy. 

Other evidence that demethylation can cause the expression of 
malignancies comes from studies by Feinberg and Vogelstein at 
Johns Hopkins (6) at the Institute Pasteur by Bourgeois and her 
associates, who-found that glucocorticoids can cause expression 
of murine mammary tumor virus (MMTV) by glucocorticoid-induced 
methylation of long-terminal repeat sequences (!_). Similarly, 
Proirier and his associates published a number of studies 
delineating the ability of methyl-deficient, amino acid-defined 
diets to produce liver tumors in rats treated both with and 
without initiating doses of diethylnitrosamine (8, 9). Their 
studies indicate that diethylmethyl deficiency markedly promotes 
liver carcinogenesis and exhibits complete carcinogenetic 
activity in this organ in the rat. Rogers and Newberne had shown 
that dietary methyl deficiency enhances the activities of a 
number of hepatocarcinogens, and Shinizuka and Lombardi have 
found that choline deficiency enhanced the hepatocarcinogenic 
activities of several agents. 

The concept that deficiency of folate or vitamin B-12, or any 
other cause of failure to methylate DNA and/or RNA can activate 
malignancy by hypomethylation or oncogenes, and that methylating 
oncogenes can inhibit malignancy by making them dormant, is 
similar to the concept of "relaxed control" of RNA synthesis. In 
the '50s, Mendel and Borek (10) had noted that when an organism 
autotrophic from methionine IS deprived of methionine, it loses 
its ability to suppress synthesis of RNA, which is then 
synthesized more rapidly. It was speculated that deficiency of 
B-12 or folate could produce similar "relaxed control". It is 
possible that some forms of vitamin B-12 and of folic acid may 
act as inhibitors of methylation and other forms as promoters of 
methylation of RNA and DNA (1). Reduced forms of folic acid are 
metabolically active; oxidized forms may be antimetabolites (1). 
Hydroxocobalamin is metabolically -
active; cyanocobalamin can be a B-12 antimetabolite (1). 

Leuchtenberger et al. had reported that inositol inhibited 
animal tumor growth but various B vitamins did not (11, 12). 
This requires reinvestigation to determine whether inositol can 
methylate 
oncogenes. Oxidized folate monoglutamate, which is not a 
metabolically active form of the vitamin, not only did not 
inhibit spontaneous breast cancer in mice but actually produced a 
more rapid growth of the primary tumors and a significant 
increase in lung metastases. This work requires repeating today, 
particularly from the point of view of whether metabolically 
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3. HERBERT Inhibition and Promotion of Cancers 

inactive folate, that is, oxidized folate, can promote tumor 
development but metabolically active folate, particularly the 
very active triglutamates, can promote methylation of oncogenes 
and thereby inhibit their expression. 

For many years, a number of workers have been exploring the 
question of whether one form of a vitamin can be a growth 
promoter by acting as a coenzyme (i.e., a promoter of normal and 
tumor cell 
growth) while another form of the same vitamin can attach to the 
same apoenzyme or other ligand (such as a vitamin transporting 
protein) and then jam the machinery, just as a key with a tooth 
missing can fit into a lock and then not turn. The answer to 
that question is clearly yes. Slight to major differences in the 
same vitamin structure (i.e., analogues and congeners) both exist 
in nature and are synthesizable; some of them are antagonists or 
anti-vitamins which can be created from vitamins by only slightly 
warping their structure (.!_)• 

Farber et al. (13) reported from Harvard giving 
pteroyltriglutamic acid (teropterin) and pteroyldiglutamic acid 
(diopterin), both synthesized by u. SubbaRow and his associates 
at Lederle Laboratories, to 90 patients with various 
malignancies, noting that "in general, adult patients experienced 
improvement in energy, appetite, sense of well being ••• might be 
ascribed to improved morale resulting from frequent visits, more 
medical attention ..... They also reported inconstant temporary 
decreases in size of metastases in some tumors and degeneration 
and necrosis in others. 

The apocryphal story is that Dr. Farber was also giving folic 
acid (the oxidized, stable pharmaceutical form of the vitamin) to 
children with lymphoproliferative malignancies (lymphocytic 
leukemia and lymphoma) until one of his residents collected 
sufficient data to suggest that the children receiving this new 
vitamin were dying faster than those children not receiving it. 
This observation allegedly led Dr. Farber to ask the Lederle 
people to create a warped folic acid molecule which would 
interfere with folate metabolism in the malignant cells, and this 
was done by adding an NH2 group, thereby creating aminopterin. 
A second alteration, metyhylation in the 10-position, created 
methotrexate, still one of our most potent anti-cancer agents, 
particularly effective against childhood lymphoproliferative 
disorders and trophoblastic malignancies. 

There is considerable evidence that rapidly growing 
neoplastic tissue consumes folate at so rapid a rate that folate 
deficiency megaloblastosis can occur in the host cells (14, 15). 
There is also evidence that vitamin B-12 deficiency may ;!ow~ 
tumor growth, whether that deficiency results from inadequate 
absorption or elevated levels in serum of a vitamin B-12 binder 
which does not deliver the vitamin to tumor tissue (16), but will 
deliver it to the liver in a calcium-dependent fashion (14, 
17-20). Interestingly, granulocytes and liver are a major-source 
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of serum binding proteins for both bitamin B-12 and folic acid 
(21), and malignancies of granulocytes and liver may partly 
control themselves by releasing into the serum large amounts of 
binders for vitamin B-12 and folic acid which bind those vitamins 
and thereby prevent delivery to, and nourishment of, the tumor. 

Oxidized folate is not only metabolically dead buyt may even 
be neurotoxic. For example, a patient with epilepsy who has not 
had a convulsion in years because dilantin has produced complete 
control, can be thrown into an immediate convulsion with a 
megadose of folic acid, because folic acid and dilantin compete 
for absorption at the brain cell surface, and too much oxidized 
folic acid will block the ability of the brain cell to take up 
dilantin, similar to the competition between dilantin and f olic 
acid for uptake by the gutcell (22). 

There appear to be one-way transport systems to remove 
oxidized folates from the nervous system (~, ~) and to remove 
vitamin B-12 analogues from the body via the bile (24). Some of 
the B-12 analogues present in multivitamin/mineral preparations 
may block mammalian cell metabolism (2S) and since they block 
normal cell metabolism, possibly may brock malignant cell 
metabolism. For a number of years, Russian workers have been 
feeding analogues of vitamin B-12 to normal and malignant cells 
and showing that these analogues will knock out B-12 metabolism 
(2Sa). 
~-Do the B-12 analogues (which have now been found in human 

serum, liver, bile red cells, and brain) (26) play any role in 
the promotion or inhibition of carcinogenesis in humans? Levels 
of analogue in serum are elevated in some malignancies (1). 
Levels of methylated bases in urine are elevated in some­
hematologic melignancies (1). In the same hematological 
malignancies in which methylated bases are elevated in the urine, 
B-12 analogue is elevated in the blood serum (1). We have 
recently found enormous quantities of analogues in human stool, 
and have been studying whether the analogue in human colon 
bacteria is the source of the analogue in human tissues (27). In 
preliminary studies, we f ?und two large analogue peaks in--iluman 
bile and two similar large analogue peaks in human stool. We are 
now attempting to find out whether these peaks are the same 
analogue (27). If they are, then the analogue in bile would have 
come from the analogue in stool, because the quantity of analogue 
present in food is tiny compared to the quantity present in human 
stool. 

Working with Dr. Ludwik Gross in our first attempts to 
methylate oncogenes, we gave S-methylcytidine (SmC) to guinea 
pigs in whom was transplanted guinea pig leukemia/lymphoma (1). 
The experiments over a six-month period were unsuccessful in­
showing any dramatic inhibition, although there was a 
non-statistically significant inhibition. We subsequently began 
giving S-iodocytidine (SIC) to these guinea pigs, having switched 
from SMC because of the evidence that the methyl group is taken 
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off on passage through the liver, resulting in cytidine alone 
being incorporated into the DNA and RNA of the oncogene. We 
though that perhaps iodine would not be removed from the cytidine 
as easily, and iodocytidine would be incorporated intact into 
RNA, with the iodine perceived ~y the cell as if it were a methyl 
group, as is true for iododeoxyuridine being perceived by cells 
as if it were methyldeoxyuridine (i.e., thymidine) (_!). These 
studies are not yet completed; preliminary results have been 
equivocal but teasing. 

Evidence that methylation can suppress normal and malignant 
gene expression, and demethylation can bring about expression, 
continues to build (28-30), although expression is not always 
related to state of methylation (31, 32). 
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Abstract 

It has been established by several investigators that hepatic 
betaine levels reflect whether or not a lipotrope deficiency state 
exists in the experimental animal. 

Since methotrexate through its antagonism of folate 
metabolism in the organism may in turn interfere with onP. carbon 
metabolism, the possibility exists that methotrexate 
hepatotoxicity may be due to a drug-imposed lipotrope deficiency. 

Several studies are reviewf'd in which the effects of 
methotrexate administration on levels of hepatic betaine were 
measured in rats. It was observed that animals receiving dietary 
vitamin B12 were protected against a IllP.thotrexate-induced lowering 
of hepatic betaine. The livers of those animals on a vitamin B

12 
deficient diet, however, showed a marked reduction in th~s 

important methylating agent when administered methotrexate. Since 
betaine is a rPflection of lipotrope deficiency, the use of 
vi tam in B

12 
as a means of protecting against methotrexate 

hepatotoxic1ty is considered. 

It is well known that methotrexate (MTX), a folate antagonist used 
in cancer chemothPrapy and psoriasis, inhibits the enzyme dihydrofolate 
reductase. This inhibition reduces the amount of tetrahydrofolate coenzymes 
(1) available for purine synthesis, and in turn, reduc.es nucleic acid 
formation in the body hence restricting rapidly growing tissue. A common 

--~-practice in treating neoplastic disease has been to administer 
ci trovorum-factor along with the MIX in order to "rescue" the normal cells 
from the deleterious effects of inhibited folate metabolism. Since tumor 
cells are more vulnerable than normal cells to the lack of nucleic acid 
synthesis, the citrovorum factor furnishes needed folate coenzymes and helps 
rescue normal cells in the wake of the methotrexate effects. 

If the tetrahydrofolate coenzyme pool of the body is depleted by the 
action of MIX, it is entirely feasible that this may impair certain vital 
methyl transfer reactions in the liver. For example, this may inhibit the 

N5_methyltetrahydrofolate-homocystP.ine methyltransferasP involved in the 
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formation of lipotropic subptances such as methionine, S-adenosylmethionine 
(SAM) and choline. Since these substances are the major lipotropic compounds 
in the body, a serious deficiency could lead to fatty metamorphosis in the 
liver and the liver damage seen with the use of MTX. 

several workers have attempted to approach this question by conducting 
"protective" experiments with choline and other lipotropes when administering 
MTX to humans and animals. Weinstein and Frei (2) have suggested that 
concomitant administration of choline with methotrexate may prevent 
MTX-related hepatotoxicity in humans. Freeman-Narrod et al. (3) administered 
MI'X alone and in combination with varying amounts of choline to rats. The 
rats receiving the combined treatment showed significantly lower levels of 
triglyceride in their livers than did those given .MTX alone and the protective 
effect of the choline on the liver appeared to be dose related. 

A past study in this laboratory (4), using the rat as the experimental 
model, has lent support to the findings of the above authors. This work 
tested the effect of MTX on hepatic fatty infiltration ( a measure of liver 
injury) in rats fed a lipotrope-deficient diet and the effect of MTX on 
similarly fed animals when the diet was individually supplemented with the 
lipotropes methionine and choline. It was found that triglyceride and 
cholesterol este'rs- were elevated in the rats fed the basal diet and that this 
accumulation was potentiated in animals receiving MTX. In animals whosP diets 
were supplemented with choline or methionine, however, the drug did not affect 
the hepatic levels of triglyceride and cholesterol esters. These results 
indicated that Ml'X may j_nterfere with the formation of choline and methionine 
but does not interfere with the lipotropic action of preformed choline and 
meth1onine. Since choline and methionine are products of one-carbon 
metabolism beyond the involvment of MrX with folate, these results support the 
case for supplementation with lipotropic agents during MTX administration. 

Both choline and methionine are lipotropic substances by virtue of their 
contribution to phosphatidylcholine synthesis which is involved in proper 
cellular membrane function and structure (5). Methionine makes its 
contribution in this respect by its conversion to SAN which plays a vital role 
in sequential phospholipid methylation to produce essential 
phosphatidylcholine. The contribution of choline takes place in two different 
ways. One, through conversion to phosphatidylcholine in the Kennedy pathway 
(6) and secondly, via the oxidative pathway for choline which forms betaine. 
Betaine is then utilized by betaine-homocysteine methyltransferase to 
methylate homocysteine in an alternate pathway to form methionine and hence 
SAM. 

5 According to Finkelstein and Martin (7), the reaction mediated by 
N -met:hyltetra:hydrofolate-homocysteine rnethyltransferase and the reaction 
utilizing betaine through the medium of betaine-homocysteine methyltransferase 
are of equal importance in methionine synthesis and in promoting methylation 
in the liver. Once thought to fulfill a very minor function in the organism, 
betaine is now felt to play a very active and important role as a methylating 
substance and therapeutic agent (8,9). Some workers feel that the hepatic 
betaine level is a good index of a choline deficiency in the liver. Wong and 
Thompson (10), Barak and Tuma (11), and Hartin and Finkelstein (12) have alJ 
shown a marked reduction in hepatic betaine levels in animals fed dhits 
deficient in choline. 

Since it was felt that hepatic betaine Jevels reflected the choline 
deficiency state of the·animal, several studies (13-15) were conducted in this 
laboratory to determ:i'.rie'- the effect of MTX administration on hepatic betaine 

'/ 
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levels in the rat. In this work, rats were divided into pairs and pair-fed 
with each of three different kinds of widely used control diets. These were 
the control diet of Iseri et al. (16), the control diet of French (17) and 
Purina rat chow, respectively. The experimental animals in each pair were 
injected daily and intraperitoneally with O.lmg MTX/kgm body weight. Control 
animals were injected daily with saline. Rats fed the Iseri control diet 
showed no changes in hepatic betaine when treated with MI'X for 10 days. Rats 
fed the Purina rat chow showed no changes in liver betaine in 30 days on the 
drug. However, rats fed the French control diet demonstrated a highly 
significant lowering of betaine in their livers with MTX treatment for 10 

, days. ,_ 

The results summari,zed above posed the strong question of why MTX should 
produce a choline (betaine) deficiency state (10-12) when rats were fed the 
French control diet but not when fed the I.seri control .diet or the Purina rat 

' chow in the times described. On.close study, it was determined that the major 
~-difference between the three diets used, other than the fat, was the vitamin 

B
12 

content. The French control diet, either as originally described or as 
supplied commercially, is devoid of vitamin B

1
r 

To determine whether the absence of dietary vitamin B
12 

was responsible 
for the lowering of :hepatic betaine in the livers of rats receiving MTX, a 

f further study (18) was conducted in this laboratory. Rats were divided into 
pairs. One group of paired rats was fed on the French choline deficient diet· 

" to which had been added choline at the level of 0.4 g per lOOg of diet and 
vitamin B

12 
at the level of 2.2 J-lg per lOOg of diet. A second group of 

paired rats was fed the same diet from which the B
12 

had been eliminated. 
Control animals of each pair in both groups were pair-fed to the consumption 
of the experimental animals in each group which were treated with Ml'X for 10 
days. On sacrifice, it was shown that hepatic betaine was not reduced by the 
MTX in animals receiving the dietary BJ

2
, however, the hepatic betaine was 

markedly lowered in those animals receivf'ng ~1TX with no s
12

• 

At present the reason for the sparing effect of vitamin B for hepatic 
betaine is not clear. One would expect that hepatic betaine woula be depleted 
by MTX even when dietary B

12 
is furnished. This should occur through the 

inhibition of the folate confribution to methionine biosynthesis with the pool 
size of betaine becoming lowered through the action of betaine-homocysteine 
methyltransferase as a compensatory mechanism to maintain essential 
methionine. This did not happen, however, and only with the lack of s

12
, a 

coenzyme for N-methyltetrahydrofolate-homocysteine methyltransferase, was the 
betaine depleted. 

It is feas~le that the dietary presence of B 2 may maintain or stimulate 
the action of N -methyltetrahydrofolate-homocystelne methyltransferase in the 
face of the MTX to preserve hepatic betaine or act in some unknown manner to 
increase betaine production through choline oxidase. Whatever the function of 
the B12 , the fact that this vitamin prevented a condition of hypomethylation 
from occurring in the experimental animal may prove to have practical 
application in the prevent ion of liver injury during MTX che.motherapy in 
humans. 
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Technical Fje)d 

1 

Description 

RECEPTOR MODULATING AGENTS 
AND METHODS RELATING THERETO 

PCl'/US95/04404 

The present invention is generally directed to receptor modulating agents 

which modulate cell surface receptors and, more specifically, to receptor modulating 

agents which bind to cell surface receptors and affect the receptor trafficking pathway 

10 and methods related thereto. 

Backiuound of the lnyention 

Cell surface receptors constitute a class of proteins which are responsible 

for receptor-mediated endocytosis of specific ligands. Basically, the receptors serve as 

15 escorts for ligand delivery to intracellular destinations. 

Ligand delivery is generally achieved through coated regions on the 

plasma membrane called "coated pits." These pits continually invaginate and pinch off, 

forming "coated vesicles" in the cytoplasm. Coated pits and vesicles provide a pathway 

for receptor mediated endocytosis of specific ligands. The ligands that bind to specific 

20 cell surface receptors are internalized via coated pits, enabling cells to ingest large 

numbers of specific ligands without taking in correspondingly large volume of 

extracellular fluid. The internalized coated vesicles may or may not lose their coats and 

bind with other vesicles to form larger vesicles called "endosomes." In the endosome 

the ligand and the receptor are separated or "sorted." Endosomes which sort ligands 

25 and receptors are known as "compartment of uncoupling of receptor and ligand" or 

"CURL." 
Endosomes may fuse with primary lysosomes, where their contents are 

digested, or they may be delivered to other intracellular destinations. The receptor 

proteins are generally not digested, but are rather recycled to the cell membrane surface 

30 through a process called "exocytosis." or transferred to early or late endosomes via 

multivesicular bodies. The entire pathway is referred to as the "receptor trafficking 

pathway." 

Some receptors deliver their ligand directly to the cytoplasm or other 

specific intracellular locations. Perhaps one of the most studied receptor trafficking 

35 pathways is that of iron transport. In this pathway, a serum carrier protein, transferrin, 

binds iron and transports it to transferrin receptors on the plasma membrane surface. 

' 
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After binding and internali7lltion, via coated pits, the resulting vesicle combines first 

with early ~dosomes and then with late endosomes. This process results in the gradual 

drop in pH in the vesicle. The drop in pH causes the transferrin carrier protein to lose 

its affinity to iron. When this occurs, the iron translocates through the membrane of the 

5 vesicle and joins the intracellular pool of enzymes. The transferrin receptor may then 

recycle to the cell smface where it may repeat the process. 

Other receptors may deliver their ligand directly to the lysosomes for 

digestion. For example, the epidermal growth factor ("EGF") receptor delivers its 

ligand directly to a lysosome for degradation (Proa. Histocbem. Cytochem. 

10 26.:39-48,1992). The EGF receptor may recycle to the cell surface depending on its 

state of phosphorylation (Cancer Treat. Rep. fil.:139-160, 1992; J. Cell. Bjol. 

lli:321-330, 1992). 

A single receptor may utilize more than one receptor trafficking pathway 

within the same cell. For example in polarized cells, such as specialized transport 

15 epithelia cells, membrane trafficking is distinct between apical and basal sides of the 

cell (Sero. Cell Biol. 2:387-396, 1991). Moreover, non-polarized epithelia cells may 

simultaneously follow two separate sorting pathways. 

The control or regulation of cell surface receptors may be achieved by a 

variety of techniques. Regulation of cell surface receptors may be accomplished, at a 

20 very basic level, by the binding of naturally occurring ligands. As discussed above? 

receptor binding of a ligand will generally trigger the internalimtion of the ligand­

receptor complex. Such internalimtion may desensitize the cell to further ligand 

binding. (J. Immunol. llil:3161-9, 1993; Mol. Endocrinol. n:2090-102, 1992; J. Cell. 

Physjol. rn:281-8, 1993; Receptor 1:13-32, 1990-91; Bjocbem. J. 28.8.:55-61, 1992; L. 
25 lmmunol. .li,&:2709-11, 1992; J. Cell. Pbysjol. ill:24-34, 1991). This type of 

regulation, however, is transient in nature and does not result in diminution of biologic 

response. 

Regulation of cell surface receptors may also be aceomplished by 

administration of receptor antagonists or agonists. Receptor antagonists are organic 

30 protein or peptide ligands generally derived through empirical structure-function 

studies, or through the use of detailed knowledge of ligand and receptor interaction. 

Essentially, an antagonist may constitute any molecule with similar binding activity to a 

natural ligand, but incapable of producing the biological response normally induced by 

the natural ligand. Thus, the antagonist competitively blocks receptor activity. With a 

35 competitive antagonist, the regulation of receptor activity is dependent upon both the 

antagonist's affinity for the receptor, as well as its extracellular concentration over time. 
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Receptor agonists are protein or peptide ligands derived in a similar manner as 

antagonists. Essentially, an agonist may constitute any molecule which binds to the 

receptor in a manner superior to that of the natural ligand. 

One receptor of particular interest is the vitamin B12 receptor. M has 

5 been demonstrated in experimental in mm data, pre-clinical animal models, and patient 

studies, vitamin B12 is a co-enzyme necessary in cell division, as well as cellular 
metabolism, in proliferating normal and neoplastic cells. Insufficient vitamin B12 

causes cellular division to be held in abeyance and ultimately may result in apoptosis. 
The nutrient is generally derived from dietary intake and is transported throughout the 

10 body complexed to transport proteins. The complex of transport protein and vitamin 

B 12 is recognized by a cellular receptor which internalizes the complex and releases the 

vitamin intracellularly. The overall process has been reviewed in mrI 31:59, 1991. 

Vitamin B12 is taken in through the diet. Binding proteins in the saliva (R-binder) and 

gut (intrinsic factor-(IF)) complex vitamin B12 after release from endogenous binding 

15 proteins by action of enzymes and low pH in the stomach. Vitamin B12 is transferred 

across the intestinal epithelium in a receptor specific fashion to transcobalamin II 

(Tell). The vitamin B12/transcobalam.in II complex is then transported throughout the 
body and recogniz.ed by receptors present on dividing cells, internali7.ed and released 
within the cell where it is utili7.ed by certain enzymes as a co-factor. 

20 The high affinity receptor in dividing tissues or cells responsible for 

internalization of vitamin B 12 recognizes transcobalam.in II complexed with vitamin 

B12· The vitamin B12ffcII receptor recognizes only the vitamin B12ffcII complex and 
not the serum transport protein or the vitamin alone. The receptor is undetectable on 

non-dividing cells; the mechanism for supplying non-dividing cells with vitamin B12 is 

25 poorly understood. However, it is known that more vitamin B12 is required during cell 

division than during metabolism, and that the vitamin B12trcII receptor is the only high 

affinity means for cellular uptake of vitamin B12 during cell division. When stimulated 

to di~ide, cells demonstrate transient expression of this receptor leading to vitamin B12 
uptake which precedes actual DNA synthesis Q. Lab. Clin, Med. lllJ.:70, 1984). 

30 Vitamin B12 receptor levels may be measured by binding of 57Co-vitamin B12 

complexed to transcobalamin II (present in serum) on replicate cultures grown in 

chemically defined medium without serum. No receptor mediated uptake occurs in the 

absence of carrier protein. 
Dividing cells, induced to differentiate, lose receptor expression and no 

35 longer take up vitamin B12. More importantly, leukemic cells, deprived of vitamin B12, 

will stop dividing and die (Acta Haemat, .81:61, 1989). In a typical experiment, 
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leukemic cell cultures were deprived of serum for 3 days, and then supplemented either 

with serum (a source of vitamin B12) or a non-metaboli7.able analogue of vitamin B12. 

and cultured up to five days. Cell cultures supplemented with vitamin B12 continued to 

grow, whereas those deprived of the active nutrient stopped growing and die. 

Based on these observations, it has been suggested that whole body 

deprivation of vitamin B 12 may be useful in the treatment of cancer or other disorders 

characteri7.ed by uncontrolled growth of cells. Moreover, because of the critical role 

played by vitamin B 1rcontaining enzymes in cell division, it is believed that vitamin 

B12 deprivation may be used in combination with chemotherapeutic drugs which inhibit 

10 cellular replication. For example, when vitamin B12 depletion was combined with 

methotrexate, the two modalities together were more efficient in depleting folate levels 

in leukemic cells than either alone (FASEB J. 4:1450, 1990; Arch. Biocbem. Biophys. 

210:729, 1989; Leukemia Researcb l.S.:165, 1991). Folates are precursors in the 

production of DNA and proteins. In typical experiments, cultures of leukemic cells 

15 were exposed to nitrous oxide for several hours to convert the active fonn of 

endogenous vitamin B12 to an inactive form. Replicate cultures were then left without 

further treatment, or additionally treated with methotrexate. Cellular folate levels were 

measured three dayii Iater. Cells treated with the combination (i.e., both methotrexate 

and inactive vitamin B12) showed a more striking decrease in cellular folate levels than 

20 with either of the two approaches alone. This combination also results in a higher cell 

kill in ldim. When this approach was applied to the treatment of highly aggressive 

leukemia/lymphoma in animal models (Am. J. Haematol. 3!:128,1990; Anticancer Res. 

2:737, 1986; Cancer Chemotber. Phannacol.11:114, 1986; Br. J. Cancer SQ:793, 1984), 

additive or synergy of anti-tumor action was observed, resulting in prolonged 

25 remissions and cures. 

A key finding in the experiments described above was that short-term 

(hours to days), whole body depletion of vitamin B12 can act synergistically with 

chemotherapeutic drugs (such as methotrexate and 5-FU) to inhibit tumor growth and 

treat animals with leukemia/lymphoma Despite synergistic anti-tumor activity, there 

30 was no toxicity attributable to the short-term vitamin B12 depletion for proliferating 

normal cells. This combination therapy was demonstrated in multiple animal models. 

Observations in patients have indicated that long-term (months to years) vitamin B 12 
depletion is required to produce significant normal tissue toxicity. Even in those cases, 

subsequent infusion of vitamin B12 can readily reverse symptomology (Br. J. Cancer 

35 .S.:810, 1989). 
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Because of the promise of this therapeutic approach, various methods 

have been sought to efficiently and controllably perform a temporary depletion of. 

vitamin B12· Such methods, however, affect all of the body's stores of vitamin B12· 

They include dietary restriction, high doses of vitamin B12 analogues (non-

5 metaboliz.able-competitive antagonists which act as enzyme inhibitors), and nitrous 

oxide (transformation of vitamin B12 to inactivate form). These different methods have 

been used in culture systems and in animals to deplete vitamin B12. The most efficient 

and the most utili7.ed method has been the inhalation of nitrous oxide (laughing gas). 

Animals are maintained typically under an atmosphere of 50% to 70% of nitrous oxide 

10 for periods from a few hours to a few days, causing the conversion of endogenous 

vitamin B12 into an inactive form. This methodology has been utilized in combination 

with drugs for therapy of leukemia/lymphoma. A :further method for vitamin B12 

depletion involves infusion of a non-metaboliuble analogue of vitamin B12 which 

essentially dilutes out the active form. This form of therapy is not specific for dividing 
15 cells but affects liver dependent metabolic processes. Another approach ·includes 

restricting the dietary intake of vitamin B12. This method, however, requires very long 

periods of dietary restriction and is offset by hepatic storage of vitamin B12. All of 

these methods suffer from problems of specificity, since they affect both vitamin B12· 

dependent growth as well as basal metabolism, and therefore are not particularly suited 
20 to the development of anti-proliferative pharmaceutical products. 

In view of the biological importance of cell surface receptors, receptor­
controlling agents have emerged as a class of pharmaceutical drugs. Moreover, with the 
advent of genetic engineering for the isolation and amplification of genes for cell 

surface receptors, as well as computer programs to model the interactions between 

25 ligands and receptors (I.e., "rational" drug design), the production of receptor­

controlling drugs has been significantly enhanced. 

To date, many months or even years of scientific research, as well as 

significant financial resources, are required to produce new receptor antagonists or 

agonists. To speed up this process, new screening technologies have been developed 

30 which utilize peptide or antibody recombinant libraries (see, e.g., Ocne.13.:305, 1988; 
Proc. Nat. Acad. Sci. QJSA) 81:6378, 1990; Biocbromatoempby ,S:22, 1990; Protein 

Enaineerio~ 3.:641, 1989). While library screening does not require the same degree of 
knowledge of a specific receptor/ligand system, it does involve an intensive screening 
effort utilizing functional receptor-specific assays. Moreover, the initial compounds 

35 identified by such screening programs are generally only precursors to the development 

of therapeutic products through more typical structure-functional assessments. 
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While antagonists and agonists are generally capable of regulating a 

bi~logical respo~, the surface recept~rs which bind such ligands are continually being 

re-expressed on the cell surface. Thus, effective regulation by antagonists or agonists 

must rely on a relatively high and sustained serum concentration in order to bind the 

5 new surface receptors continually being expressed on the cell surface. 

Accordingly, there is a need in the art for agents which bind cell surface 

receptors and thus regulate biological responses associated therewith, and which further 

effect nonnal cellular trafficking of the bound receptor. There is also a need in the art 

for agents which, when bound by a cell surface receptor and internalized, promote 

10 retention of the receptor within the cell. Moreover, there exists a need for methods 

relating to the administration of such agents to regulate a biological response. The 

present invention :fulfills these needs and provides further related advantages. 

Summazy of the Invention 

15 Briefly stated, the present invention provides receptor modulating agents 

which are capable of affecting a receptor trafficking pathway of the cell. Receptor 

modulating agents of the present invention are comprised of a rerouting moiety coupled 

to a targeting moiety. 

Suitable targeting moieties include, by way of example, a vitamin Bi2 

20 molecule or any one of several proteins and peptides. 

Suitable rerouting moieties include, by way of example, lysosomotropic 

moieties, such as gentamycin, kanamycin, neomycin, and streptomycin; intracellular 

polymerizing moieties, such as dipeptide esters and leucine zippers; peptide sorting 

sequences, such as endoplasmic reticulum retention peptides, golgi retention peptides, 

25 lysosomal retention peptides, organism specific retention peptides and clathrin-binding 

peptides; conditional membrane binding peptides, such as charged glutamate, aspartate, 

and histidine; and bi- or multi-valent receptor cross-linking moieties. 

In a preferred embodiment of the present invention, a receptor 

modulating agent, is comprised of a vitamin B 12 molecule coupled to a rerouting 

30 moiety by a linker. Generally, the linker is at least 4 atoms in length, typically, the 

linker is about 6 to 20 atoms in length and preferably, the linker is 12 atoms in length. 

Suitable linkers include linkers which include an amino group, such as diaminoalkyl, 

diaminoalkylaryl, diaminoheteroalkyl, diaminoheteroalkylaryl and diaminoalkanes. 

Preferably, the linker is -NH(CH2)xNH- wherein x = 2-20 or -NH(CH2)yCO-, wherein 

35 y = 3-12. In one embodiment the linker is a trifunctional linker. 
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In a preferred embodiment of this aspect of the present invention, a B12 

molecule is coupled to a rerouting moiety at a b-, d- or e- coupling site. In a 

particularly preferred embodiment of the present invention, a B12 molecule is coupled 

to a rerouting moiety at a d- or e- coupling site. In another embodiment, the B12 

5 molecule is coupled to a rerouting moiety at a ribose coupling site. In yet another 

embodiment, the receptor modulating agent is bound to transcobalamin. 

Receptor modulating agents of the present invention may act by 

affecting a receptor trafficking pathway in any one of several ways, including, by 

redirecting an agent/receptor complex; by cross-linking one or more cell surface 

10 receptors; by anchoring a cell surface receptor in the membrane; and by retaining a 

receptor in an endosome. 

Another aspect of the present invention includes a vitamin B 12 dimer 

comprising a first and a second vitamin B 12 molecule coupled through a coupling site 

independently selected from the group consisting of coupling sites a-g, coupling sites h, 

15 and coupling sites I. In a preferred embodiment, the B12 molecule coupled through an 
e- or d- coupling site. 

In another embodiment, B12 molecules are coupled by a linker. 

Generally, the linker is at least 4 atoms in length, typically, the linker is about 10 to 55 

atoms in length and preferably, the linker is 35 to 45 atoms in length. In a preferred 

20 embodiment, the linker is a trifunctional linker. Suitable linkers include linkers which 

include an amino group, such as diaminoalkyl, diaminoalkylaryl, diaminoheteroalkyl, 

diaminoheteroalkylaryl and diaminoalkanes. Preferably, the linker is -NH(CHihcNH­

wherein x = 2-20 or -NH(CH2)yCO-, wherein y = 3-12. 

In another aspect of this embodiment, a vitamin B 12 dimer is coupled to 

25 at least one transcobalamin II molecule. In yet another aspect of this embodiment, at 

least one of said first and said second vitamin B 12 molecules of the dimer is a vitamin 

B12 derivative. 

These and other aspects of the present invention will become evident 

upon reference to the following detailed description and attached drawings. In addition, 

30 various references set forth below which describe certain procedures or compositions in 

more detail are incorporated by reference in their entirety. 

Brief Description of the Drawinis 

Figure 1 is a schematic illustrating a mechanism of action of a receptor 

3 5 modulating agent of the present invention. A healthy receptor will internalize when 

bowid by the appropriate ligand, release the ligand within the cell and then recycle to 
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the cell surface. Receptor modulating agents of the present invention impede the 

receptor trafficking pathway by inhibiting the recycling of receptors to the cell surface. 
Essentially, the targeting moiety on receptor modulating agents bind the receptor and 

the rerouting moiety redirects the receptor/receptor modulating agent complex to other 

5 points within the cell, where it may be retained or degraded. (Not shown in this 

schematic are receptors synthesized de Dam). 

Figures 2-5 are formulae representing families of antibiotics which act as 

rerouting moieties. The preferred reactive groups for coupling with a targeting moiety 

are indicated. These rerouting moieties facilitate retention of the receptor/receptor 

10 modulating agent complex through protonation of the complex, eventually delivering it 

to lysosomes for degradation. 

Figure 2 illustrates formulae representing the gentamycin,' sisomicin, and 

netilmicin families of antibiotics. 

Figure 3 illustrates formulae representing the kanomycin, tobramycin, 

15 and arnikacin families of antibiotics. 

20 

Figure 4 illustrates formulae representing the neomycin, paromomycin, 

ribostamycin, and butirosin families of antibiotics. 

Figure 5 illustrates formulae representing the streptomycin family of 

antibiotics. 

Figure 6 illustrates formulae representing substituted aminoquinolines 

(e.g., chloroquine) substituted aminoacridines (e.g., quinacrine), and substituted 

aminonapthalines (e.g., dansyl cadaverine), all of which are representative rerouting 

moieties of the present invention. These rerouting moieties impede the receptor 

trafficking pathway through protonation and intracellular retention. 

25 Figure 7 illustrates formulae representing glycosylation inhibitors, all of 

which are representative rerouting moieties of the present invention. These sugars may 

be conjugated to targeting moieties using linkages typical of oligomeric carbohydrate 

chains. The resulting receptor modulating agent is recogni7.ed by internal glycosyl 

transferases, subject to intracellular retention, and, ultimately, degradation in the 

30 Jysosomes. 

Figure 8 illustrates a formula representing a vitamin B12 

(cyanocobalamin) molecule and identifies a preferred coupling site suitable for use in 

the present invention for derivatiz.ation and conjugation. 

Figure 9 is a schematic depicting a representative reaction scheme for 

35 the synthesis of a vitamin B12-GABA adduct. 
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Figure lOa is a schematic depicting a representative reaction scheme for 

the synthesis of a vitamin B12 derivative comprising a vitamin B 12 molecule with a 

diaminododecane linker arm coupled to any one of coupling sites d-, e-, or b-. 
Figure 1 Ob is a schematic depicting a representative reaction scheme for 

5 coupling a succinic anhydride to a vitamin B12 diaminododecane adduct in preparation 

for coupling the adduct to a rerouting moiety, or other molecule, with an amino reaction 

site. 

Figure 11 is a schematic depicting a representative reaction scheme for 

the synthesis of a vitamin B12 derivative comprising a vitamin B 12 molecule and a 

10 diaminododecane linker arm coupled to a ribose coupling site. 

15 

Figure 12 is a schematic depicting a representative reaction scheme for 

coupling vitamin B12 or a vitamin B 1i-GABA adduct to amikacin. 

Figure 13 is a schematic depicting a representative reaction scheme for 

coupling vitamin B12 or a vitamin B1i-GABA adduct to streptomycin. 

Figure 14 is a schematic depicting a representative reaction scheme for 

coupling a vitamin B12 carboxylate derivative or a vitamin B 12-GABA adduct to 

acridine. 

Figure 15 is a schematic depicting a representative reaction scheme for 

the synthesis of a bivalent receptor modulating agent, a vitamin B12 dimer, using a 

20 trifunctional linker. The trifimctional linker allows for coupling with additional 

compounds (e.g., R-NHi) such as, by way of example, aminoglucosides (Figures 2-5), 

aminoacridines (Figure 6), glycosylation inhibitors (Figure 7), and biotin. 

Figure 16 is a schematic depicting a representative reaction scheme for 

the synthesis of a vitamin B12 dimer using a homobifunctional or homotrifunctional 

25 cross-linking reagent. 

Figure 17 is a schematic depicting a representative reaction scheme for 

the synthesis of a vitamin B12 dimer using a heterobifunctional cross-linker. 

Figures 18-21 are schematics depicting representative reaction schemes 

for the synthesis of various receptor modulating agents generally comprised of a 

30 rerouting moiety, designated by the reactive group and R, selected from those 

represented in Figures 2-7, and a vitamin B12 molecule or derivative thereof as a 

targeting moiety. 

Figure 22 is a graph illustrating the binding curve of Transcobalamin Il 

to the cyanocobalamin monocarboxylic acids produced in Example 1. AD = 
35 Cyanocobalamin (1); AL = Cyanocobalamin b-monocarboxylic acid (2); AM = 
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Cyanocobalamin e-monocarboxylic acid (3); and AN= Cyanocobalamin d­

monocarboxylic acid (4). . 

Figure 23 is a graph illustrating the binding curve of Transcobalamin II 

to the cyanocobalamin diaminododecane adducts produced in Example 3 and 4. AH = 
5 Cyanocobalamin b-monocarboxylic acid conjugate diaminododecane (7); AI = 

Cyanocobalamin e-monocarboxylic acid conjugate diaminododecane (8); AJ = 
Cyanocobalamin d-monocarboxylic acid conjugate diaminododecane (9); AK = 

Cobalamin e-monocarboxylic acid conjugate diaminododecane, and AE = 
Cyanocobalamin ribose-succinate (11). 

10 Figure 24 is a graph illustrating the binding curve of Transcobalamin II 

to a series of vitamin B12 dimers. Dimer X = b-acid dimer with isophthaloyl dichloride 

(36); Dimer Y = e-acid dimer with isophthaloyl dichloride (37); dimer Z = d-acid dimer 

with isophthaloyl dichloride (38); Dimer A= b-acid Dimer with p-iodo benzoyl 

isophthaloyl dichloride (58); Dimer B = e-acid Dimer with p-iodo benzoyl isophthaloyl 

15 dichloride (59); and Dimer C = d-acid Dimer with p-iodo benzoyl isophthaloyl 

dichloride (60). These dimers were prepared as set forth in the Examples below. (see 

Examples 13 and 16.) 

Figure 25 is a graph illustrating the binding curve of Transcobalamin II 

to a series of biotinylated vitamin B12 molecules. AA = Cyanocobalamin b-

20 monocarboxylic acid conjugate diaminododecane and biotin (17); AB = 
Cyanocobalamin e-monocarboxylic acid conjugate diaminododecane and biotin (18); 

AC = Cyanocobalamin d-monocarboxylic acid conjugate diaminododecane and biotin 

(19); AF= Cyanocobalamin ribose-succinate conjugate diaminododecane (13); and AG 

= Cyanocobalamin ribose-succinate conjugate diaminododecane and biotin (20). These 

25 biotinylated molecules were prepared as set forth in Examples below. (see Example 8.) 

Detailed Description of the Inyention 

The present invention is generally directed to a receptor modulating 

agent which is capable of binding to a cell surface receptor to form a receptor 

30 modulating agent/receptor complex ("agent/receptor complex"). The binding of a 

suitable receptor modulating agent to a cell surface receptor generally results in 

invagination of the agent/receptor complex into the cell into the vesicular system in the 

same manner as the natural ligand. However, once internalized, or as part of the 

internalization process, a receptor modulating agent of the present invention affects the 

35 receptor trafficking pathway by effectively impeding, preventing, or delaying the 
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receptor from recycling to the surface, thus depriving the cell of receptors able to 

engage in binding its natural ligand and triggering related biological responses. 

Within the context of the present invention. "affecting the receptor 

trafficking pathway" refers to impeding the receptor trafficking pathway in such a 

5 manner so as to affect biological response. This would include trapping, delaying, 

retaining, re-directing, or degrading the cell surface receptor. A "receptor modulating 

agent" is comprised of at least one targeting moiety covalently attached to at least one 

rerouting moiety. A "targeting moiety," as described in detail below, is a moiety 

capable of specifically binding to a cell surface receptor to yield an agent/receptor 

10 complex and, in a preferred embodiment, has an affinity for the cell surface receptor of 

within 100-fold, and more preferably, within 10-fold, of the affinity of the natural 

ligand for the receptor. A preferred targeting moiety is a vitamin B12 molecule. In 

contrast, a "rerouting moiety" is a moiety which redirects an agent/receptor complex, 

resulting in prolonged retention. degradation. and/or modulation of the receptor within 

15 the interior of a cell or on the cell surface, including, by way of example, retaining the 

receptor in the cell membrane or directing the receptor to a lysosome within the cell. 

Suitable rerouting moieties are described in detail below. 

A targeting moiety is coupled to a rerouting moiety to yield the receptor 

modulating agent by any suitable means known in the art, including direct covalent 

20 linkage of an appropriate chemical linker or through a very tight association in non­

covalent attachment By way of example for the latter, in one embodiment, coupling is 

accomplished through the combination of an avidin or streptavidin conjugate with a 

vitamin B12/biotin conjugate. Coupling of the targeting moiety and the rerouting 

moiety should be of a nature which resists cleavage by the enzymatic and low pH 

25 conditions normally encountered within the internal portion of the cell, including 

endosomes and lysosomes. Suitable linkers are noted below. The ability to resist 

cleavage may be detected by any means known in the art, including exposing the 

receptor modulating agent to enzymes at low pH and measuring release of the targeting 

or rerouting moiety using techniques known in the art. 

30 Coupling of a targeting moiety and a rerouting moiety should not 

significantly hinder the ability of the targeting moiety to specifically bind the cell 

surface receptor. The receptor modulating agent may also include additional moieties, 

so long as they do not interfere with either the targeting or the rerouting moieties. For 

example, such moieties may be coupled to the receptor modulating agent through the 

35 use of a trifunctional linker or they may be coupled to a rerouting or targeting moiety. 

Optimal attachment of the two moieties may be determined by comparing the affinity of 
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binding of the receptor modulating agent with free targeting moiety in assays of 

inhibition <?f binding. 

These, and other suitable techniques, are described in detail in Sambrook 

et al., Molecular Clonina: A I.aboratm:y Manual, Cold Spring Harbor, 1989. 
5 Coupling of a targeting moiety and a rerouting moiety should also not 

significantly affect the ability of the rerouting moiety to retain or delay the 

agent/receptor complex within the cell. This may be empirically determined by any one 

of several methods known in the art, including using labeling techniques to compare 

intracellular retention of the targeting moiety versus that of the receptor modulating 

10 agent as exemplified below. 

As noted above, targeting moieties of a receptor modulating agent 

include any moiety which specifically binds to a cell surface receptor. Suitable 

targeting moieties include proteins and peptides. Representative examples of suitable 

targeting moieties include peptides such as bombesin, gastrin-releasing peptide, cell 

15 adhesion peptides, substance P, neuromedin-B, neuromedin-C and metenkephalin; 

hormones, including EGF, alpha- and beta-TGF, estradiol, neurotensin, melanocyte 

stimulating hormone, follicle stimulating hormone, luteinizing hormone, and human 

growth hormone; proteins corresponding to ligands for known cell surface receptors, 

including low density lipoproteins, transferrin and insulin; fibrinolytic enzymes; and 

20 biological response modifiers, including interleukin, interferon, erythropoietin an~ 

colony stimulating factor also constitute targeting moieties of this invention. Moreover, 

analogs of the above targeting moieties that retain the ability to specifically bind to a 

cell surface receptor are suitable targeting moieties. Essentially, any analog having 

about the same affinity as a targeting moiety, herein specified, could be used in 

25 synthesis of receptor modulating agents. 

In a preferred embodiment, a targeting moiety is a vitamin B12 molecule. 

Vitamin B12 is an essential nutrient for dividing cells. By inhibiting its uptake, the 

growth of dividing cells can be halted. The cell surface receptor for vitamin B 12 is the 

transcobalamin II/vitamin B12 ("TcIIIB12") receptor, which is characterized by a high 

30 affinity for the carrier protein, transcobalamin II (Tell), when complexed with vitamin 

B12 ("TcIIIB 12 complex"). The TcIIIB12 receptor does not recognize vitamin B12 

alone, but does recognize the carrier protein Tell with reduced affinity when not 

complexed with vitamin B12. In many respects, this receptor system is similar to that 

for transferrin/iron in that the goal of the receptor system is to deliver vitamin B12 into 

35 cells such that it can be utilized by enzymes involved in DNA synthesis. Within the 

context of the present invention, the term "vitamin B 12" refers to the class of 
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compounds known as cobalamins and derivatives thereof, incltiding, by way of 

example, ~yanocobalamin. ~e tenn "vitamin B12" is used interchangeably with the 

term cyanocobalamin. 

Suitable vitamin B12 molecules includes any vitamin B12 capable of 

5 coupling to another molecule while maintaining its ability to form a TcIIIB12 complex. 

A preferred vitamin B12 targeting moiety is generally comprised of a vitamin B12 

molecule, such as a cyanocobalamin, and a linker, described in detail below. The linker 

may be coupled to any one of several sites on a vitamin B12 molecule, including 

potential carboxyl coupling sites a- through g-, an alcohol (ribose) coupling site 

10 ("coupling site h") or a benzimidazole coupling site ("coupling site i.") (See structure I 

below.) Preferably, a linker is coupled to coupling sites b-, d- ore- on a vitamin B12 

molecule. Even more preferably, a linker is coupled to coupling site d- ore-. This 

embodiment of the present invention includes compounds represented by the following 

formula: 

15 

wherein at least one of R1, R2, R3, ~.Rs,~. and R1 is a linker. One of ordinary skill 

in the art will appreciate that a number of other coupling sites on the vitamin B 12 
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molecule may be chemically altered without affecting coupling of the molecule with a 

linker or Tell. Coupling sites which are not occupied by a linker may have a variety of 
chemical moieties attached thereto, including an amino, secondary amino, tertiary 
amino, hydroxy, lower alkyl, lower alkoxy, alkoxyalkyl, alkoxyalkoxy, 

S cycloalkylalkoxy, and thioalkyl groups. 

10 

In a preferred embodiment, R1, R2 or Rt is a linker and the remaining R 

groups are -NH2, with the exception of R7, which is preferably -OH. In an especially 

preferred embodiment, R2 is a linker, Ri. R3-~ are -NH2 and R1 is -OH. 
In another preferred embodiment, R7 is a linker and Rr~ are -NH2. 

TABLEl 
HOMOBIFUNCTIONAL LINKERS 

ci-o-t-<~~n 
0 0 

dlsuccinimidyl suberate (DSS)* 

Ji-o-t~~~ 
0 0 

bis(sulfosuccinimidyl) suberate (BS3)• 

ci_J~~ 
0 0 

disuccinimidyl suberate (DSS)• 

]i-J-- -· -· -· -· -· 7_ ~ 
0 0 

bis(sulfosuccinimidyl) suberate (BS3)• 

Q-o-t~lfJ~'.P 
0 0 disuccinimidyl tartarate (DS1)* 

·-·-tr1ii~~~~ ... . 
disulfosuccinimidyl tartarate (Sulfo-DS1)• 0 0 

ci-J~~-~n bis[2-
(succinimidooxycarbonyloxy)ethyl]sulfone 

0 0 
BSOCOES)* 
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Ii_y __ : y -_!_~ bis[2-
& 

-
(sulfosuccinimidooxycarbonyloxy)ethyl)su 

0 0 
lfone (Sulfo-BSOCOES)* 

Q~Cbr-~ 
0 0 

bismaleimidohexane (BMH)* 

~ l ,S-Difluoro-2,4-dinitrobemmle 
(DFDNB)* 

·a~ Nlla'C" 
~c~ dimethyl adipimidate-2 HCI (DMA)* H,co OCH;, 

·a~ ~·a 
'c~ dimethyl pimelimidate-2 HCI (DMP)* HPI oca.. 

·a'tt.J.r ~·a 
'c-<Jl:r-Olr-Oilatz-atr-atr-< dimethyl subevimidate-2 HCI (DMS)* HJCO' OClb 

Cl J - ~ isophthaloyl dichloride•• 
. 'CJ '"' 

*Pierce Chemical, Co., Rockford, Illinois 

••Aldrich Chemical Co., Milwaukee, Wisconsin 

TABLE2 

llETEROBIFUNCTIONAL LINKERS 

~ N-succinimidyl-3-(2-pyridyldithio )propionate 
(SPDP)* 

~~ succinimidyl 6[3(2-pyridyldithio) propionamido] 
hexanoate (LC-SPDP)* 

~p_ sulfosuccinimidyl 6-[3-(2-pyridyldithio) 
propionamido] hexanoate (Sulfo-LC-SPDP)• 
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. succinimidyl 4-(N-malcbnidometbyl)cyclohcxane-l­
carboxylate (SMCC)• 

sulfosuccinimidyl 4-(N­
maleimidometbyl)cyclohexane-I-c:arboxylate (Sulfo.. 
SMCC)• 

m-maleimidobenzoyl-N-hydroxysuccinimide ester 
(MBS)• 

m-maleimidobenzoyl-N-hydroxysulfosuccinimide 
ester (Sulfo-MBS)• 

N-succinimidyl(4-iodoacetyl)aminobenmate (SIAB)• 

sulfosuccinimidyl( 4-iodoacetyl)aminobenmate 
(Sulfo-SIAB)• 

sw:cinimidyl-4-(p-maleimidophenyl)butyrate 
(SMPB)• 

sulfosuccinimidyl-4-(p-maleimidophenyl)butyrate 
(Sulfo-SMPB)• 

*Pierce Chemical. Co •• Rockford, Illinois 
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_TABLE3 

TRIFUNCTIONAL LINKERS 

my1FP Derived from S·amino isophtbalic* acid -
unreported synthesis (D.S. Wilbur, D.K. 

NHlloc Hamlin, University of Washington) 

~-cz: 
Derived from 3,5-diaminovbenzoic acid*· 
unreported synthesis 

~ 
S-(p-iodobenzoyl)amino-1,3-isophtbaloyl 
ditetra-fluorophenyl ester . unreported 
synthesis (D.S. Wilbur, D.K. Hamlin, 
University of Washington) 

9 
~ 

S(p-tri-N-butylisomylbenz.oyl}amino-1,3· 
isophtbaloyl ditchtrafluorophenyl ester • 
unreported synthesis (D.S. Wilbur, D.K. 
Hamlin, University of Washington) 

~ 
,~J-o-t-{::8:: D.S. Wilbur et al., Bjocouiuaate Cbem 

5(3):220-235, 1994 . 

..... ~-l!-QJ-{so,~ D.S. Wilbur et al., Biocon.iuaate Cbem. 

s~ 
5(3):220-235, 1994. 

•Aldrich Chemical Co., Milwaukee, Wisconsin 

Suitable linkers include any one of several linkers, preferably containing 

5 at least two coupling or reactive groups, allowing the linker to bind to both vitamin B12 

and a rerouting moiety. In the context of the present invention, the terms "coupling 

group" and "reactive group" are used interchangeably. By way of example, a linker 

may be homobifunctional, heterobifunctional, homotrifunctional, or heterotrifunctional. 
Homobifunctional agents may facilitate cross-linking, or dimerization of vitamin B 12 
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molecules in a single step, hence a coupling reaction using these agents should be 

perfonned with an excess of homobifunctional agents, unless din:ierimtion is the desired 

result, as in the synthesis of dimers described in detail below. 

Suitable homobifunctional agents include those listed in Table 1, as well 

5 as those described in detail below. Heterobifunctional agents facilitate cross-linking in 

a stepwise method, allowing more than one linker to be incorporated and a variety of 

targeting agents such as vitamin 8 12 molecules to be linked. Suitable 

heterobifunctional agents include those listed in Table 2 as well as those described in 

detail below. Homo- and hetero- trifimctional linkers are coupled to a rerouting moiety 

10 and a vitamin 812 molecule as described above, with the additional advantage of a third 
coupling site on the linker. One of ordinary skill in the art will appreciate that this 

allows for any number of different molecules to couple with the rerouting moiety, 

including, by way of example, markers, such as radiolabeled and fluorescent molecules; 

proteins and peptides, such as antibodies; and conjugating molecules, such as biotin. 

15 Suitable trifunctional linkers are listed in Table 3. Homobifunctional, 

heterobifunctional, homotrifimctional, and heterotrifunctional linkers are commercially 

available. 

Suitable linkers are generally relatively linear molecules greater than 4 

atoms in length, typically between 6 and 30 atoms in length, and preferably are 8 to 20 

20 atoms in length. In a particularly preferred embodiment, the linker is a linear molecule 

of 12 atoms in length. In the context of the present invention, the term "atom" refers to 

a chemical element such as, by way of example, C, N, 0, or S. The ranges provided 

above are based on the relatively linear accounting of the linker. One of ordinary skill 

in the art will appreciate that a linker may be linear, branched, and even contain cyclical 

25 elements. 

Coupling or reactive groups include any functional group capable of 

coupling a linker to a vitamin 8 12 molecule. Suitable coupling groups include, 

nucleophilic and electrophilic functional groups. Suitable nucleophilic groups include 

hydroxy groups, amino groups, and thio groups. Suitable electrophilic groups include 

30 carboxylic acid groups and carboxylic acid derivatives including acid halides, acid 

anhydrides, and active esters such as NHS esters. 

Suitable homobifunctional linkers include, by way of example, 

diaminoalkanes, such as those represented by the formula NH2(CH2)xNH2, wherein x = 
2-20. A preferred linker is a diaminododecane. Suitable heterobiftmctional linkers 

35 include those represented by the fonnula NH2(CHi)yCOOH, wherein y = 3-12. Those 
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of ordinary skill in the art will appreciate that a protecting group may be necessary 

when utilizing a heterobifunctional group. 

A linker may be coupled to the preferred b-, d- or e- coupling sites (see 

Structure I above) by any one of several suitable means, including, by way of example, 

5 activating a vitamin B 12 molecule by hydrolyzing its propionamide groups to produce 

monocarboxylates, purifying the resulting monocarboxylates, and coupling a linker to a 

selected coupling site. Hydrolysis of the coupling sites may be accomplished by 

exposing vitamin 812 to aqueous acid for a period of time and under suitable conditions 

to hydrol}'7.e the desired propionamide groups. Preferably, hydrolysis is performed by 

10 exposure of the amide to dilute aqueous acid for a period of about 6 to 12 days, 

typically about 9 to 11 days, and most preferably about 10 days at room temperature. 

Suitable aqueous acids include, by way of example, 0.1 N hydrochloric acid, 0.5N 

phosphoric acid or O.SN sulfuric acid. 

Purification of b-, d- and e- monocarboxylates can be accomplished by 

15 any one of several means, including column chromatography, such as gel permeation 

chromatography, adsorption chromatography, partition chromatography, ion exchange 

chromatography, and reverse phase chromatography. Preferably, column 

chromatography is preparative reverse phase liquid chromatography. These techniques 

are described in detail in Lim, HPI.C of Small Molecules. IRL Press, Washington, 

20 D.C., 1986. Pmification of monocarboxylates by preparative liquid chromatography 

(LC) should be accomplished at a very slow flow rate. For example, LC purification 

may be conducted at a flow rate of 0.15 mUmin. on a 5 µm, 4.6 X 250 mm 

propylamine column (RAININ microsorb-MV amino column) eluting with 58 µM 

pyridine acetate, pH 4.4 in H20 : THF (96 : 4) solution. Even more preferably, the 

25 coupling reaction is monitored using analytical high pressure liquid chromatography 

(HPLC). Reverse-phase HPLC chromatography is preferably carried out using an 

analytical version of above-noted propylamine column using a gradient solvent system 

at a flow rate of 1 mUmin. Within the context of the present invention, the d- isomer is 

identified as the longest retained peak (third), the e- isomer is identified as the second 

30 retained peak, and the b- isomer is identified as the shortest retained peak (first) eluted 

from the LC column. The d- isomer may also be identified as that vitamin 812 

derivative demonstrating the greatest biological activity as noted below. 

A ribose coupling site (coupling site h, see structure I) may be activated 

by any one of several suitable means including, activating a hydroxyl group at coupling 

35 site h by reaction with a suitable reagent (e.g., succinic anhydride), to yield a ribose 

derivative which bears a reactive group (e.g., a carboxylate group). This technique is 
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described in detail in Toraya, Bioinom. Chem. 4:245-255, 1975. Separation and 

pmification of the activ~ molecule may be accomplished on a Cl8 column as noted 

below. Once coupling site h has been activated, a linker may be coupled to this site in 

the same manner as described below. 

5 After activating the vitamin B12 molecule at a selected coupling site, 

linkers may be coupled to a vitamin B12 molecule to fonn a vitamin B12 linker adduct 
using any one of several means, including, by way of example, an amide forming 

reaction, employing an amine group on the linker and a carboxylate coupling site on a 

vitamin B12 molecule. Alternatively, a linker may be coupled to a vitamin B12 

10 molecule through an amide fanning reaction, employing a carboxylate group on the 

linker and an amino group on a B12 molecule. The amide forming reaction may include 

the use of a coupling agent. Suitable coupling agents include carbodiimide coupling 

agents, such as, by way of example, l-ethyl-3-(3-dimethylaminopropyl) carbodiimide 

hydrochloride (EDC), l-benzyl-3-(3-dimethylaminopropyl). carbodiimide (BDC), 1-

15 cyclohexyl-3-(2-morpholinyl-4-ethyl)carbodiimide (CMC), and 1,3-

dicyclohexylcarbodiimide (DCC). Preferably, the coupling agent is water soluble. 

Even more preferably, the coupling agent is EDC. 

Alternatively, the amide forming reaction coupling the linker to a B12 

molecule may employ a reactive carboxylic acid group and an amine. Suitable reactive 

20 carboxylic acid groups include carboxylic acid derivatives which yield an amide upon 

reaction with an amine. Such reactive groups include, by way of example, any reactive 

carboxylic acid derivative, including, by way of example, carboxylic acid halides, such 

as acid chlorides and bromides; carboxylic acid anhydrides, such as acetic anhydrides 

and trifluoroacetic anhydrides; esters, such as p-nitrophenyl esters and N-

25 hydroxysuccinimide esters. Such techniques are described in detail in Bodanszky, 
Principles of Pe,ptide Svnthesis, Springer Verlag, Berlin, 1984. 

Although coupling of a linker through a cyano coupling site is possible it 

is not preferred, due to the instability of linkers coupled to this site. Dolphin, D., [205] 

Methods Enzymol. ll.C:34-52, 1971. Additionally, a linker may be coupled to a 

30 benzimidazole (coupling site i, see Structure Q using techniques described in detail in 

Jacobsen, Anal. Biocbem. 1U:164-171, 1981. 

Vitamin B12 linker adducts may be separated and purified using any 

suitable means, including column chromatography, such as gel penneation 

chromatography, adsorption chromatography, partition chromatography, ion exchange 

35 chromatography, and reverse phase chromatography. Preferably, column 
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chromatography is preparative LC. These techniques are described in detail in Lim, 
liPLC of Small Molecules •. IRL Press, Washington, D.C., 1986 .. 

As noted above, the vitamin B12 receptor modulating agents of the 

present invention must be capable of binding transcobalamin n. The ability of a 

5 receptor modulating agent to bind Tell may be ascertained using any one of several 

means known in the art, including competitive binding assays with the receptor 
modulating agent competing with native vitamin B12• 

Rerouting moieties of the present invention include any moiety which is 
capable of affecting the receptor trafficking pathway. This characteristic can be 

10 assessed by employing a receptor modulating agent having a radiolabeled targeting 

moiety and following its path through the cell. This is accomplished using techniques 

known in the art, including using radiolabeled, biotinylated, or FITC labeled targeting 

moiety followed by binding assays, ELISA, or flow cytometry. A preferred receptor 

modulating agent is one which results in the removal of the highest percent of receptor 
15 for the longest period of time. 

Suitable rerouting moieties of this invention do not significantly detract 

from the selectivity of the targeting moiety. Whether a rerouting moiety detracts from 

the selectivity of a targeting moiety may be determined by any one of several methods 

known in the art, including comparing binding of the receptor modulating agent on 
20 receptor positive and receptor negative cells, as assessed by ELISA, flow cytometry, or 

other binding assays. 

Rerouting moieties cause the retention/degradation of an agent/receptor 
complex within at least one cell type, but not necessarily in all cells. In like fashion, a 

rerouting moiety causes retention of an agent/receptor complex in some cells, but not 

25 necessarily other agent/receptor complexes in other cells. Different rerouting moieties 

may also distinguish between receptor species, for example, as in polari7.ed epithelium 

where the same receptor may independently traffic on the apical, basal, or basolateral 

sides _of the cell. To determine if a particular rerouting moiety is suitable, a rerouting 

moiety is covalently attached to the targeting moiety, and the resulting receptor 
30 modulating agent is compared for receptor modulation on different receptor-bearing 

cells using binding or functional assays known in the art. 

Suitable rerouting moieties of this invention may be categorized into five 
different functional classes: (1) lysosmotropic moieties; (2) intracellular polymerizing 

moieties; (3) protein sorting signals or sequences; (4) conditional membrane binding 

35 peptides; and (5) bi- or multi-valent receptor cross linking moieties. While such 

rerouting moieties may have different functional mechanisms of action, all promote 
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retention of the agent/receptor complex within the intracellular vesicular system. All of 
. these classes of rerouting moieties will impart the ability to affect the receptor . 

trafficking pathway. 

In one aspect of the present invention, a first functional class of rerouting 

5 moieties, lysosomotropic moieties, are disclosed. Within the context of the present 

invention, the tenn "lysosomotropic moieties" refers to moieties which route the 

agent/receptor complex to the lysosomes. Numerous suitable lysosomotropic moieties 

are known, and are reviewed in Biocbem. Phannacol. 23.:2495-2531, 1974. 

A preferred lysosomotropic moiety includes an aminoglycoside 

10 antibiotic marked by the characteristic ability to accumulate in lysosomes after 
intracellular protonation. Intracellular protonation occms in the increasingly acidic 

conditions which occur during the hansfer from early to late endosomes and, finally, to 

the lysosome. Strong positive charges prohibit the lysosomotropic moiety from leaving 

the membrane-enclosed vesicles, thus trapping the agent/receptor complex in the vessel. 

15 Aminoglycoside antibiotics are similar in structure, but are divided into 

structurally related families of compounds based upon the sugar units. Each of the 

families of aminoglycoside antibiotics, as well as representative members thereof, are 

set forth in Figures 2-5. These families include gentamycin, kanamycin, neomycin and 
streptomycin. The gentamycin family includes gentamycin C 1, gentamycin C2, 

20 gentamycin C18, sisomicin and netilmicin; the kanamycin family includes kanamycin 

A, tobramycin and amikacin; the neomycin family includes neomycin B, paromomycin, 

ribostamycin and bytirosin B; and the streptomycin family includes streptomycin A and 

streptomycin B. 

In a particularly preferred embodiment of the present invention, the 

25 rerouting moiety is gentamycin, which accumulates in lysosomes in concentration as 

much as 300 fold that of the extracellular concentration (J. PhannacoL Exp. Iher. 
lli:867-74, 1990; Ren. Fail. li:351-7, 1992). 

Suitable aminoglycosides have reactive amine groups capable of being 

coupled through peptide or other chemical linkers. Thus, a targeting moiety may be 

30. readily attached via covalent linkage to these rerouting moieties using any one of 

several techniques known in the art to form covalent bonds, for example, using 

thioether, disulfide, ether, ester and peptide bonds. Since many of the aminoglycoside 

antibiotics have several amines which could be derivatized in a conjugation procedure, 

a primary amine contained in these compounds can be selectively reacted to favor 

35 covalently attachment to the targeting moiety through this amine (see amine indicated 

with arrow in Figures 2-4). With regard to streptomycin, covalent attachment to the 
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targeting moiety may be accomplished by converting the aldehyde moiety indicated in 

Figure 5 to. an amine, and attac~ to the targeting moiety using carbodiimide or other 

suitable activated carboxylic acid Aminoglycosides are water soluble and do not 

readily bind to other proteins, and thus do not impart non-specific binding to a receptor 

5 modulating agent. 
Particularly preferred aminoglycosides include those which allow for 

preferential derivation of a selected amine. Specifically, preferred aminoglycosides 

include those compounds to which protective groups can be added to various nitrogen 

atoms thereof and, subsequently, selectively deprotected to yield a single free amine. 

10 The free amine can be further derivatized, for example, by addition of a peptide linker 

or covalently attached directly to the targeting moiety. These rerouting moieties 

include ribostamycin (see Figure 4), lcanamycin (see Figure 3), amikacin, and 

streptomycin. Ribostamycin is particularly preferred, due to its relative low toxicity 

and its derivatimtion chemistry, allowing an acyl migration reaction to be effected on a 

15 hydroxyl protected ribostamycin to yield a single amine adduct. Kanamycin may also 

be used in a selective protection/acylation reaction; Amikacin is commercially available 

in a form which allows attachment without deprotecting its amines or alcohol groups; 

and streptomycin can also be readily derivatized by protonating guanidinium groups 

under physiologic conditions to provide the polycations necessary for cellular or 

20 lysosomal retention. . 
In another aspect of the present invention, non-aminoglycoside 

ly~somotropic compounds which may accumulate after intracellular protonation are 

also suitable rerouting moieties (see Figure 6). Suitable non-aminoglycoside 

compounds exhibiting this characteristic are known in the art, a series of aminoacridine 

25 and amino quinoline dyes, typified by cholquinine and quinacrine; a group of amino 

naphthalenes, typified by dansyl cadaverine; and derivatives thereof. Such dyes are 

characterized by cellular retention and low toxicity. All of these compounds have 

characteristic sites for covalent attachment to a targeting moiety via the nitrogen 

indicated in Figure 6 and may be attached thereto as described above. 

30 Another aspect of the present invention utilizes a lysosomotropic peptide 

subject to charge modification under intracellular conditions is employed as a rerouting 

moiety. Once charge-modified, the rerouting peptide acts to retain an agent/receptor 

complex in the intracellular vesicular system until membrane flow delivers it to the 

lysosome for degradation. Preferably, these peptides are capable of being 

35 phosphorylated by intracellular protein kinases. When phosphorylated by the 

intracellular enzymes, such peptides would be highly anionic. 
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Charge-based retention can be an inherent property of the rerouting 

peptide or can be imparted by intracellular modification. Intracellular modification may 

be accomplished by any of several means known in the art, including phosphorylation 

of certain residues of some receptors (e.g., the EGF receptor) may cause intracellular 

S rerouting (Cancer Treat. Res. fil.: 139-160, 1992; J. Cell. Biol. lli:32 l-30, 1992). 

10 

The rerouting peptides may be covalently attached to a targeting moiety 

by any means, including, for example, covalently linking the peptide directly to the 

targeting moiety, or by use of an appropriate linker moiety, such as G-G-G, which may 

be derivatized and covalently attached to the targeting moiety. 

Preferred rerouting peptides include protein kinase-substrate peptides 

that incorporate serine. These peptides are particularly preferred for enhancement of 

receptor rerouting in tumor target cells, which have increased levels of protein kinase 

activity for serines or tyrosines. Increased levels of kinase activity within tumor cells 

may be atttibuted to the presence of oncogene products, such as H-ras, on the 

15 cytoplasmic side of tumor cell plasma membranes (C.l.B.A. Found. Syrop . .lM.:208-18, 

1992). 

Suitable rerouting peptides also include protein kinase substrates and 

peptides that possess a single positive charge. The latter type of rerouting peptide may 

form an ion pair with a "glutamate-like" residue of an attached or closely associated 

20 residue(s) of the receptor. Particularly preferred rerouting peptides may be derived, 

using technologies known in the art, from the proteins and the amino acid sequences 

identified in Table 4. 

TABLE4 
REROUTING PEPTIDES 

PEPTIDE SOURCE AMINO ACID SEQUENCE 

EGF receptor DVVDADEYLIPQ 

EGF fragment CMIIlESLDSYTC . 
Phosphorylase kinase RTKRSGSVYEPLKI 

Protein kinase C pseudosubstrate RF ARK-GALRQKNV 

Myelin basic protein Str-XAA-K/R (where XAA is an uncharged 

residue) 

Kemptide RGY ALO or RGYSLG 

Glycogen synthetase PLSRTLSVAA 
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Transferrin receptor FSLAR 

illhistone ASGSFKL 

Casein kinase Il substrate AAAAAASEEE or AAAAAASDDD 

Insulin receptor auto-phosphorylation DIYETDYYR 

substrate 

calmodulin-dependent protein kinase Ylaxmau i1Dd Arenowski Biai;;bs;m, 

II 32£lll:2923-30, 1993 

Neurogranin Chen et al, Bias1bsom. 3200:1032-9, 1993 

MARCKS Heemskerk Cl al .. Bia"hem, Bial!b)!:S, B.~. 

Cammun, .l.20.Ul:236-4 l, 1993 

Glycogen synthase Marais et al, FEBS Letters '2TJ..: 151-5, 1990 

Ribosomal protein S6 Munro et al, Biai;;bs;m, Bio12~s. A"11 

~:225-30, 1990 

Co-polymers which serve as Abdel-Ghony et al., Pro", Nat'L A"ad Sd, 

substrates for protein kinase A, C, P .86:1761-5, 1989; Abdel-Ghony et al., Emi;. 

Nat'l, A"ad. S"i. Bj:1408-11, 1988 

Serine-threonine kinases Abdel-Ghony et al., Pm", Nat'l. J\cad, Sci. 
.86: 1761-5, 1989; Abdel-Ghony et al., Emi;. 

Nat'l. A"ad, S"i. ~:1408-11, 1988 

In another aspect of the present invention, the rerouting moiety is a 

lysosomotropic amino acid ester which, in high concentration, can cause the lysis of 

granule containing cells, such as NK cells, cytolytic T cells and monocytes. The 

5 concentration must generally be maintained below 100 mM to avoid lysis. Suitable 

lysosomotropic amino acid esters and their sources are presented in Table 5. 

TABLES 
LYSOSOMOTROPIC AMINO ACID ESTERS 

Leu-0-Me Res. Immunol. liJ,:893-901, 1992 

Eur· J. lIDIDUDoL 2l:562-5, 1993 

Iml. Arch, Alim:. 8' Immunol, .lllil:56-59, 1993 

Cell, Immunol. U2:281-91, 1992 

ExJl, fatb2l. ~:121-7, 1991 
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Iso-leu-0-Me B&s. Immunol, lil:893-901, 1992 

L-Val-0-Me J, lmmunoJ, 1,Y:786-93, 1985 

Phe-0-Me J, ImmunoL.HR:39S0-7, 1992 

B}ggdl.2:964-71, 1992 

Phe-, Ala-, Met-, Trp-, Cys-, Int. J Immuoapbannacal. ll:401-9, 1991 

Try-, Asp-, & Glu-0-Me 

The lysosomotropic amino acid esters identified in Table 5 can be used 
to retain the agent/receptor complex in lysosomes after intracellular cleavage of the 

ester. In one embodiment, such amino acid esters may be utilized as the C-terminal 

5 portion of a larger peptide containing a linker sequence and/or a phosphorylation 

substrate sequence, and with suitable residues, such as cysteine, for covalent attachment 

to a targeting moiety, such as a sequence encoding a peptide or protein ligand for a 

given cell surface receptor. 

In another embodiment of the present invention, a second functional 

10 class of rerouting moieties is disclosed. This class includes peptides which undergo 

polymeriz.ation within endosomes or lysosomes, inhibiting their passage through 

intracellular membranes. 

Intracellular polymerizing compounds can be incorporated into a larger 

peptide containing the targeting moiety and a linker. Suitable peptides include the 

15 dipeptide ester referenced in Table 5 (i.e., L-Leucyl-L-Leucine-0-Me). When 

transported into cells, these dipeptide esters preferentially accumulate in lysosomes and 

secondary granules of cytotoxic cells. These dipeptides also undergo self-association 

and polymeriz.ation, which results in trapping at low concentrations, and membrane 

rupture at higher concentrations. 

20 

TABLE6 

POLYMERIZING DI-PEPTIDE EsTER: 
L-LEUCYL-L-LEUCINE-0-ME 

J, In~st. Dennat, 22:805-825, 1992 

J, Clin. In~st. M.:1947-56, 1989 

TranSlll. 53,: 1334-40, 1992 

J. Immunal. llS.:51-7, 1987 

J, Immun121. ill:3950-7, 1992 
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J, lmmlDJgl, lli:l038-48, 1986 

Co'.abialalil'. 22:165 ... 74, 1992 

A~m. Biachem Bi~h):s Hunii ~:299-311, 1989 

Blggd 22:964-71, 1992 

Blaad2&:2131-8, 1991 

J, ImmunoJ, l32:2137-42, 1987 

J,Exp,Mcd.112:183-194, 1990 

J. Clio. IDnst. 2&:1415-20, 1986 

fNAS 81:83-7, 1990 

J, Immuno}, ill:1399-406, 1986 

:eNAS. B2:2468-72, 1985 

Suitable intracellular polymerizing compounds also include peptides that 

can self-associate into alpha-helical structures termed "leucine zippers". In the context 

of this invention, such structures may be used to form intracellular polymers that are 

S incapable of exiting intracellular vesicles. Such sequences can be selected by observing 

self association of the compounds in solution, and the formation of polymers capable of 

binding to DNA. Suitable peptide sequences that can self-associate into alpha helical 

structures are presented in Table 7. 

10 

TABLE7 

LEUCINE ZIPPERS 

Boc(t-butoxycarbonyl)-Aib(alpba-aminoisobutyryl) 

Glu(OBnl)-(benzoyl ester)-Leu-Aib-Ala-Leu-Aib-Ala-

Boc-Aib-Leu-Aib-Aib-Leu-Leu-Aib-Leu-Aib-0-Me 

Prateins 12:324-30, 1992 

Lys(Z)(benzyloxy-carbonyl)-Aib-0-Me 

:eNAS.fil:7921-5, 1990 

OELEELLKlll..KELLKOER 
Bigchem, ll.:1579-84, 1992 
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In another embodiment of the present invention, a third functional class 

of rerouting moieties is disclosed. This class includes moieties that can be recognized 

by intracellular receptors. Such sequences are identified by their ability to stop 

movement of endogenously synthesized proteins to the cell surface. Suitable peptides 

5 include certain peptide sequences (such as sorting or signal sequences) associated with 

the trafficking of endogenously synthesized proteins (Cur Opin. Cell. Biol J.:634-41, 

1991). Such peptide sequences, when covalently attached to the C-terminus of an 

exogenously added targeting moiety, result in the retention of the agent/receptor 

complexes in the endoplasmic reticulum ("ER"), Golgi apparatus, or lysosomes. 

10 Such peptide sequences are recognized by intracellular receptors, 

examples of which include both mammalian and bacterial versions of ER receptors 

described in detail in J. Cell. Biol. .l20:325-8, 1993; EmbO. J.11:4187-95, 1992; Nat1B 
~:162-3, 1990. Further exemplary peptide sequences and variants thereof (shown in 

parentheses) that can be recognized by intracellular receptors are set forth in Table 8, 

15 Sections A and B. 

Certain signal sequences may be preferred for retention by one type of 

organism versus another type. For example, REDLK is a preferred sequence 

recognized by prokaryotic cells and to a lesser degree by eukaryotic cells (see Table 8, 

section C). Thus, employing this sequence as the rerouting moiety, receptor modulating 

20 agents can be constructed to selectively inhibit a receptor-mediated process in bacteria, 

while having little effect on mammalian cells. 
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TABLE8 

PEPTIDE SEQUENCES WHICH BIND INTRACELLULAR RECEPTORS 

A. Endoplasmic Reticulum or Golgi Retention Peptides 

I. KDEL (DKEL. RDEL, J Bjo! Cbem, ~:5952-5, 1990 
KNEL, SDEL, KEEL, QDEL, Biocbem Bioph.vs Res, CmmnUD .112:1384-91, 1990 
KEDL,KDEL) l.Jliml..65.:3938-42, 1991 

EXJl Ce)! Res, .121:119-24, 1991 
Growth Factors .S.:243-53, 1991 
J Bjol. Cbem. 267(10):7022-6, 1992 
J Bjol Cbem 267:10631-7, 1992 
J. Cell. Bjol. lll:79S-811, 1992 
J, Cell. Bjol.112:85-97, 1992 
Exp Cell Res· lm:l-4, 1992 
P.N AS, .20:2695-9, 1993 
Mot Biocbem Pa@sjtol il.:47-58, 1991 
EmJm1. !:2345-55, 1992 
J Bjol. Chem, 266:14277-82, 1991 
Mal Cr;JI Biw 11:4036-44, 1991 

2. HDEL (HVEL, HNEL, J Bigl. Cbem, 261:7728-32, 1993 
IITEL, TEHT, DDEL, HIBL) Mo1 Blocbem Pa@sjtoJ S1:193-202, 1993 

J Cell so 102:261-71, 1992 
Eur J, Blgcbem ~:801-6, 1992 
l. Biw. Cbmn. 266:20498-503, 1991 

3. ADEL ~11:1583-91, 1992 

4. REDLK l Biw. Cbem. 266:17376-81, 1991 

5. SEK.DEL Growth factors .S.:243-53, 1991 

6. KTEL l.Jliml.~:4951-6, 1992 

B. Lysosomal Retention Peptides 

I. KFERQ Trends Biacbem SCI ll:305-9, 1990 

2. Tyrosine-containing J, Cell Bia! lll:95S-66, 1990 
polypeptides 

C. ORGANISM-SPECIFIC RETENTION PEPTIDES 

I. REDLK l, Bial. Cbem. 266:17376-17381, 1991 
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D. CLATBRIN•BINDING PEPTIDES (INTERNALIZATION SIGNALS) 

1. LLAV l. Qoll, DigJ .122:249-57, 1992 

2. YKYSKV J. Cell, DigJ. ,lli:249-S7, 1992 
Bmbi!. l.1:3331-6, 1988 

3. PPG YE Qoll.62:1203-9, 1991 
Curr, QpiD C:t=ll Dig), l:l062, 1991 

A further class of peptide sequences of this invention, termed 

"intemaliz.ation signals," function by binding to clathrin, both in the coated pits, as well 

as those intracellular vesicles which maintain a clathrin coat. Representative examples 

5 of such clathrin-binding peptides (CBP) are disclosed in Table 8, section D. The CBP 

binds clathrin in the coated pits initially located on the cell surface causing retention of 

the targeting moiety to which it is conjugated. 

A further class of moieties capable of recognizing intracellular receptors 

includes carbohydrates. Suitable carbohydrates include any carbohydrate which is 

10 capable of binding to intracellular carbohydrate (CHO) receptors but not cell surface 

CHO receptors. Such carbohydrates include: mannose-6-phosphate and glucose-6-

phosphate. Suitable carbohydrate moieties include those which bind to the insulin-like 

growth factor Il/mannose-6-phosphate (IGF Il/M6P) receptor, include analogs o~ 

mannose-6-phosphate, as well as other phosphorylated saccharides (Carbohydrate Res, 

15 2ll:37-46, 1991; EEBS Lett, 262:142-4, 1990). 

The affinity of the rerouting moiety can be varied by changes in the 

chemical nature of the phosphorylated saccharides (J, Bjol. Chem, 2M:7970-5, 1989; .I. 
Biol. Cbem, 2M:7962-9, 1989) (monosaccharides bind with the lowest affinity, while 

di- or tri-saccharides bind with increasingly higher affinity). Clustering of 

20 phosphorylated saccharides on protein carriers can dramatically increase affmity to the 

intracellular receptor. 

Synthesis of various oligosaccharides are reviewed in Sem, Cell. Bjol. 

2:319-326, 1991. Although, mannose-6-phosphate receptor expression is primarily 

intracellular, expression also occurs on cell surfaces. Thus, in the context of the present 

25 invention, covalent attachment of a targeting moiety with a carbohydrate which binds 

the mannose-6-phosphate receptor should be constructed so as to give at least 100-fold 

difference in binding affinity between the targeting moiety and the rerouting moiety. 

For example, a vitamin B12/transcobalamin II receptor targeting moiety, in this case 

vitamin B12, would have a binding affinity for the carrier protein, transcobalamin II 
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(Tell), of~ 10-10 Mand an affinity for the IGF Il/M-6-P receptor of 10-s Mor less. 

This will maintain the specificity of the vitamin B12 binding (via Tell), while allowing 

transfer of the receptor modulating agent from serum M-6-P soluble receptor to cell 

surface receptor. 

5 In addition to IGF II/M-6-P receptor moieties, other carbohydrate-based 

rerouting moieties also promote retention of the modulating agent/receptor complex in 

the ER or Golgi complex. Such moieties are based on the recognition by various 

glycosyl tranSferases of carbohydrate moieties, either as a natural substrate or as an 

inhibitor. Such moieties are reviewed in Sem. Cell. Biol. 2:289-308, 1991. For 

10 example, saccharide recognition moieties include penultimate sugars, such as glucose 

and N-acetyl glucosamine (which are natural substrates). More preferred, however, are 

glycosylation inhibitors which are recognized by glycosyl transferases, but cannot serve 

to append further carbohydrate residues on growing chains (Sero. Cell. Biol. 2:309-318, 

1991) (see Figure 7). 

15 In yet another embodiment of the present invention, a fourth functional 

class of rerouting moieties is disclosed. This class is generally comprised of rerouting 

moieties which anchor the receptor to the cell membrane. By way of example, this 

class includes membrane-binding peptides that exhibit conditional pH-dependent 

membrane binding. Such peptides exhibit a-helical character in acid but not neutral pH 

20 solutions. When a conditional membrane-binding peptide assumes a helical 

conformation at an acidic pH, it acquires the property of amphiphilicity, (e.g., it has 
both hydrophobic and hydrophilic interfaces). More specifically, within a pH range of 

approximately 5.0-5.5, such a peptide fonns an alpha-helical, amphiphilic structure that 

facilitates insertion of the peptide into a target membrane. An alpha helix-induced 

25 acidic pH environment may be found, for example, in the low pH environment present 

within cellular endosomes or lysosomes. In aqueous solution at physiological pH, a 

conditional, membrane-binding peptide is unfolded (due to strong charge repulsion 

among charged amino acid side chains) and is unable to interact with membranes. 

Suitable conditional membrane-binding peptide sequences include the 

30 charged amino acids glutamate, aspartate, and histidine. A preferred conditional 

membrane-binding peptide includes those with a high percentage of helix-forming 

residues, such as glutamate, methionine, alanine, and leucine. Further, conditional 

membrane-binding peptide sequences include ioniz.able residues having pKas within the 

range of pH 5-7, so that a sufficiently uncharged membrane-binding domain will be 

35 present within the peptide at pH 5 to allow insertion into the target cell membrane. 

Conditional membrane-binding peptides can be incorporated through covalent bonds to 
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a chemical or peptide targeting moiety or synthesized as an entire peptide sequence 

including a linker and peptide targeting moiety. 

A particularly prefened conditional membrane-binding peptide is aal -

aa2-aa3-EAALA(EALA)4·EALEALAA-amide, which represents a modification of a 
5 published peptide sequence (.Biocbemjsti:y 26:2964, 1987). Within this peptide 

sequence, the first amino acid residue (aal) is preferably a unique residue such as 

cysteine or lysine, that facilitates chemical conjugation of the conditional membrane­

binding peptide to a targeting protein. The peptide can also be incorporated into a 

fusion protein with a protein or peptide targeting moiety (see Example 7). Amino acid 

10 residues 2-3 (i.e., aa2-aa3) may be selected to modulate the affinity of the translocating 

peptide for different membranes. For instance, if both residues 2 and 3 are lysine or 

arginine, the peptide will have the capacity to bind to membranes or patches of lipids 

having a negative surface charge. If residues 2-3 are neutral amino acids, the peptide 

will insert into neutral membranes. 
1 S Yet another preferred conditional membrane-binding peptide can be 

derived from sequences of apo-lipoprotein A-1 and B; peptide toxins such as melittin, 
bombolittin, delta hemolysin and the pardaxins; antibiotic peptides, such as 

alamethicin; peptid~ hormones, such as calcitonin, corticotrophin releasing factor, beta 
endorphin, glucagon, parathyroid hormone, and pancreatic polypeptide. Such peptides 

20 normally bind membranes at physiologic pH but through attachment of substituents the 

peptides can be enhanced in their ability to form alpha-helices at acidic pH and reduced 

in their membrane-binding at physiologic pH. An example of such a modified peptide 
having pH-dependent membrane binding at acidic pH is fully succinylated melittin. In 

this example, a peptide (melittin) that normally binds to membranes at physiological pH 
25 is converted to a pH-dependent peptide through succinylation of lysines. Upon 

succinylation, the peptide displays an amphipathic character only at acidic pHs. 
Insertion of a conditional membrane-binding peptide into a target cell 

membrane is enhanced through stabilization of the amphiphilic alpha helix. Helix 
stabili2.ation may be achieved: (1) by adding repeating "EALA" units to form a longer 

30 peptide; (2) by placing an amide at the C-tenninus of the peptide, in order to counteract 
the helical dipole; (3) by polymerizing the peptide; (4) by substituting a natural helix­

former for one or more of the stacked glutamates; or (5) by attaching the peptide to a 

targeting moiety through use of a longer linker, in order to provide sufficient distance 

between the membrane binding peptide and the targeting moiety for the peptide to 

35 contact and interact with the target cell intracellular membranes. 
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In yet another embodiment of the present invention, a fifth ftmc:tional 

class of rerouting moieties is disclosed. In this context, the rerouting moiety merely_ 

functions as a modulating agent in that the moiety disables the receptors by crosslinking 

the same. This class includes bi- or multi-valent receptor crosslinking moieties formed 

5 from monovalent binding targeting moieties. Cross-linking of receptors in some 

receptor systems is sufficient to cause a rerouting of cell surface receptors to lysosomes 

for degradation, rather than their nonnal pathway of receptor recycling. The synthesis 

of a bivalent receptor modulating agent is exemplified in greater detail in the examples 

below. 

10 A preferred cross-linking receptor modulating agent is a vitamin B12 

dimer. In this embodiment, each vitamin B12 molecule acts as a targeting agent and a 

rerouting agent; cross-linking the B12 dimer will cross-link the vitamin B12 receptors, 

thus impeding the receptor trafficking pathway. A preferred vitamin B12 dimer is 

generally comprised of two vitamin B12 molecules, such as cyanocobalamin, coupled 

15 by one or more linkers through coupling sites independently selected from a-g, h 
(ribose), and i (benzimidazole). Preferably, cross-linking occurs between d- or e­
coupling sites on both molecules. The dimer must be capable of fanning a B12ffcll 

complex. As noted: above, this characteristic may be assayed using any one of several 

techniques known in the art, including competitive binding assays. 

20 A vitamin B12 may be coupled to a second vitamin B12 molecule in the 

same manner as described in detail for conjugation of rerouting moieties to vitamin B12 

targeting moieties. As noted above, dimers may be synthesi7.ed using one or more 

linkers of various lengths and any combination ofhomobifunctional, heterobifunctional, 

homotrifunctional, or heterotrifunctional linkers. As noted above, the use of a 

25 trifunctional linker allows for coupling with any number of additional moieties. 

In selecting a linker for dimer synthesis, it should be noted that the total 

number of atoms comprising the linker between the vitamin B12 molecules should 

generally be greater than 10 atoms, typically be in the range of 30 to 55 atoms and, 

preferably be 45. As noted above, one of ordinary skill in the art will appreciate that 

30 although the number of atoms is calculated relative to a ~ chain of atoms, ~ 

chain, branched chain, and cyclical chain linkers or combinations thereof would be 

suitable. Hence, the structure of the atom chain in a linker would include, by way of 

example, alkyl, heteroalky, alkylaryl, and heteroalkyl aryl. 

By way of example, a dimer may be synthesized by combining two 

35 different vitamin B12 linker adducts in the presence of a coupling agent. The linkers 
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couple and dimers may then be separated and purified using the same methods outlined 

above. 

Alternatively, activated vitamin B12 may simply be combined with a 

homobifunctional or homotrifunctional linker (Tables 1 and 3). Preferably, in this 

5 embodiment, the ratio of vitamin B12 to linker should be in the range of 2:1. 

Preferably, a 1:1 ratio is used in preparation of mixed dimers (e.g., b- and e-acid 

derivatives) or mixed ligands (e.g., B12 and hormone). Dimers may be separated and 

purified as noted above. 

In still another alternative, vitamin B12 linker adducts, synthesiud as 

10 described, above may be coupled by a third linker. The third linker, a "cross-linker," 

serves to bridge the linkers on the vitamin B12 linker adducts. Suitable cross-linkers 

include those noted in Tables l, 2, and 3. 

Polymerization of peptides may be accomplished by placing a cysteine 

residue at each end of a peptide, followed by oxidation using dissolved oxygen or other 

15 mild oxidizing agent, such as oxidi7.ed glutathione. The average length of a 

polymerized peptide may be controlled by varying the polymeri7.ation reaction 

conditions. 

The amino acid sequence of any of the peptides of this invention may be 
selected to include all L-amino acids or all D-amino acids having a side chain PKa from 

20 5.0 to 9.0. D-amino acids may be advantageously used to form non-proteol)'7.8ble 

peptides, since the D-amino acids are not metabolized within the cell. Further, the 

peptides of the present invention may include a combination of L- and D-amino acids, 

wherein D-amino acids are substituted for L-amino acids on either side of a proteolytic 

cleavage site. Yet another preferred noncleavable peptide incorporates peptide bond 

25 analogs that are not susceptible to proteolytic cleavage by cellular enzymes. 

As discussed above, the receptor modulating agents of this invention 

comprise a targeting moiety coupled to the rerouting moiety. The rerouting moieties 

identified above may be covalently attached to the targeting moiety by any one of 

several techniques known in the art, including (a) by chemical modifications such as a 

30 disulfide formation, thioether formation, amide formation or a reduced or non-reduced 

Schifl's base, (b) by direct peptide bond formation as in a fusion protein, or (c) by use 

of a chemical and peptide linker. Suitable peptide linkers in this regard correspond to 

two or more amino acid residues that allow the rerouting peptide to assume its active 

conformation independent of its interaction with the targeting moiety, and which allows 

35 sufficient distance for rerouting moiety access to, for example, intracellular membranes 

from the peptide attachment site on the targeting moiety. 
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In one embodiment, a rerouting moiety may be conjugated to a vitamin 

B 12 targeting moiety by any one of several means, including, by way of example, 

coupling a rerouting moiety to a reactive group on a vitamin B12 linker adduct; 

coupling a vitamin B12 to a reactive group on a rerouting moiety linker adduct or an 
5 appropriate side chain thereof; coupling a vitamin B12 linker adduct to a rerouting 

moiety linker adduct or an appropriate side chain thereof; coupling a rerouting 

moiety/biotin binding protein conjugate to a vitamin B12/biotin conjugate; or coupling a 

rerouting moiety biotin conjugate to a vitamin B12/biotin binding protein conjugate. 
Coupling of a rerouting moiety to a vitamin B12 linker adduct, or a 

10 vitamin B12 to a rerouting moiety linker adduct, may be accomplished using the same 

techniques noted above for coupling a vitamin B12 molecule with a linker. The only 

critical consideration of this aspect of the invention is that the total linker length must 

be sufficient to avoid steric hindrance. Preferably, the total linker length is at least 6 

atoms. 

15 Coupling of a rerouting moiety/biotin binding protein conjugate to a 

vitamin B12/biotin conjugate may be accomplished using any one of several means 
described in detail in Ayidin-Biotin Chemistry: A Handbook. ed. D. Savage, Pierce 

Chemical Co., 1992. Briefly, a biotin binding protein conjugate is prepared using a 
rerouting moiety or, as in a second embodiment, a vitamin B12 molecule. Suitable 

20 biotin binding proteins include avidin or streptavidin. In some circumstances, a linker 
may be utilized to distance the molecules. For example, when coupling a vitamin B12 

to an avidin, a linker of at least 6 atoms is preferred. 

A biotin conjugate is prepared using a vitamin B12 molecule or, as in a 

second embodiment, a rerouting moiety. By way of example, a vitamin B12 molecule is 

25 combined with an NHS ester of biotin. Preferably, the vitamin B12 molecule is a 

vitamin B12 linker adduct as described above. Even more preferably, the vitamin B12 

molecule is a vitamin B12 linker adduct characteri7.ed by a 12 atom linear linker 

coupled to the d- ore- coupling site. 
Once formulated, coupling between the biotin conjugates and biotin 

30 binding protein conjugates is easily accomplished by combining the complementing 
conjugates, i.e., a vitamin B12/biotin conjugate with a rerouting moiety/avidin 

conjugate. 
In another aspect of the present invention, a B12/biotin conjugate is 

utilized to couple a vitamin B12 to any number of compounds through biotin binding 

35 protein conjugates. Using a vitamin B12/biotin conjugate, any compound which is 

capable of coupling a biotin binding protein may be coupled to a vitamin B12 and 
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thereby intemali7.ed into cells expressing the vitamin B12 receptor. Such compounds 

include, in addition to the rerouting moieties described in detail below, hormones, 

enzymes, antibodies or fragments thereof, markers, or therapeutics. Coupling any of 

these compounds to a biotin binding protein, such as avidin or streptavidin, may be 
S accomplished using techniques described in detail in Ayidjn-Biotin Chemistry: A 

Handbook, ed. D. Savage, Pierce Chemical Co., 1992. 

In one aspect of this embodiment, a vitamin B 12/biotin conjugate is 

coupled to a therapeutic/avidin conjugate directed at neoplastic disorders. Neoplastic 
disorder therapeutics which may be coupled to a vitamin B12/biotin conjugate through 

10 avidin include doxorubicin, daunorubicin, etoposide, teniposide, vinblastine, vincristin, 

cyclophophamide, cisplatin and nucleoside antimetabolites such as arabinosylcytosine, 

arabinosyladenine and fludarabine. 

In another aspect of this embodiment, a vitamin B12/biotin conjugate is 

coupled to a marker conjugated with a biotin binding protein. Suitable markers include, 

1 S by way of example, fluorescent molecules or radiolabeled molecules. This combination 

may be utilized as a detection system incorporated into a screening device to identify 

patients with low receptor bearing cells or in the evaluation of receptor up-regulation, 

for example, following treatment of patients for any one of a wide variety of receptor 
modulation disorders. 

20 In another aspect of this embodiment, a vitamin B12/biotin conjugate is 
coupled to a radioisotope conjugated to a biotin binding protein. Suitable radioisotopes 
include, any high energy emitting radioisotopes capable of conjugating a biotin binding 
protein. This combination may be utilized as a targeted radiodiagnostic or 

radiotherapeutic. 
25 In yet another aspect of this embodiment, a vitamin B12/biotin conjugate 

is used to immobilize vitamin B12 to a solid matrix or avidin-coated substrate. By way 

of example, this would enable one to isolate Tell, Tell receptors, and evaluate coupling 

sites on the Vitamin B12· 

The receptor modulating agents of this invention regulate receptor-

30 dependent biological responses through alterations in the receptor trafficking pathway. 
As illustrated in Figure 1, with specific reference to the receptor for vitamin B12, cell 

surface receptors are often associated with clathrin-coated pits. When bound by the 
receptor modulating agent of the present invention, the coated pits invaginate to form 

vesicles. The vesicles are then directed by the rerouting agent to lysosomes for receptor 

35 degradation or delivered to endosomes where the rerouting agent securely binds or 
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delays the agent/receptor complex. Thus, the receptor modulating agents can 

incapacitate the receptors nonnally undergoing recycling. 

Newly synthesized receptors will eventually replace the internalized 

receptor on the cell surface. However, this process is far more time consuming than 
5 recycling-many cells require hours or days to achieve maximal receptor re-expression. 

Continued exposure of the cell to the receptor modulating agents will exhaust the 

intracellular receptor pools. Thus, by modulating a plasma membrane receptor, re­

expression of the receptor can be substantially delayed, thereby regulating a biological 

response associated with that receptor for a prolonged period of time. 

10 Biological activity of receptor modulating agents of the present 

invention may be ascertained in Dim by any one of several means known in the art 

including, competition binding assays or cell proliferation studies. These techniques 

are described in detail in LaboratoIY Techniques in Biochemjstzy apd Molecular 

BioloKY: An Introduction to Radjoimmunoassay and Related Techniques, 3rd Edition, 

15 ed. Burdon and van Knippenberg, Elsevier, 1987. By way of example, a receptor 

modulating agent may be cultured with a suitable cell line, such as K562 cells (ATCC 

CCL 243), under conditions representing in ldE conditions. Such conditions would 

include the provision of a human source of Ten (such as human serum), vitamin B12, 

and, preferably by careful removal by chromatography, of all Ten from other medium 

20 supplements such that proliferation is solely dependent on a known amount of 

exogenous Tell. Cell cultures deprived of vitamin B12 gradually lose their proliferative 

capacity, eventually resulting in cell death. Biological activity may be evaluated in 
:rll!n using techniques described in detail in Shieh et al., J. ImmunoL "2.(2):859-866, 

1994 in which human tumor cell lines are injected into nude mice, followed by therapy 

25 with receptor modulating agents. Next, tumor cells are removed, single cell 

suspensions prepared and Tell cell surface receptor density may be evaluated by flow 

cytometry and biotinylated vitamin B 12 and avidin me. 
The receptor modulating agent of the present invention may be 

administered in a therapeutically effective amount to treat a variety of disorders 

30 characterized in which control of the disease process or symptoms can be achieved by 

modulation of one or more receptor systems and the associated biological responses. 

Such disorders include neoplastic disorders, autoimmune diseases, rheumatic arthritis, 

cardiovascular disease, and neurodegenerative diseases. 

Common to many. non~neoplastic disease processes is a stage in which 

35 the disease process itself, or its symptoms, can be halted or ameliorated by the use of an 

anti-proliferative agent such as vitamin B12ff cll receptor modulating agents. These 
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commonly recognized stages include a sensitization or elicitation phase in which 

immune cells responsible f~r the disease become turned on by antigen specific or non­

specific means, followed by a proliferative phase in which the immune cells expand in 

number, and finally a symptomatic phase in which the expanded immune cells create 

S tissue damage directly or indirectly. Neoplastic disorders include, by way of example, 

leukemia, sarcoma, myeloma, carcinoma, neuroma, melanoma, cancers of the breast, 

lung, liver, brain, colon, cervix, prostrate, Hodgkin's disease, and non-Hodgkin's 

lymphoma. Because of this, anti-proliferative chemotherapeutic drugs are commonly 

utilized in the treatment of many diseases other than cancer, but are limited in use to life 

10 threatening situations due to their associated toxicity. Anti-proliferative agents, such as 

the ones of the present invention (with little of the direct toxicity of chemotherapeutic 

drugs), may be used more widely. More specifically, the vitamin B12 receptor 

modulating agents of the present invention are not destructive to plasma membrane 

processes (e.g., ion transport). In addition, the anti-proliferative activity is reversible by 

15 administration of vitamin B12. Furthermore, the agents of this invention may not be 

mutagenic, teratogenic, or carcinogenic since they act at the level of the plasma 

membrane, and not at the level of the nucleus, and DNA by intercalation or cross­

linking (as many chemotherapeutic drugs act). 

An understanding of the pharmaceutical applications for B 12ffcll 

20 receptor modulating agents requires a knowledge of the cell types targeted by such 
therapy. To this end, various pharmaceutical applications are disclosed in Table 9 

below. 

TABLE9 

25 TARGET CE~ FOR VITAMIN 812 RECEPl'OR MODULATING AGENTS 

OTIIERPROLWERATION POTENTIAL PHARMACElmCAL 

TARGET CELL ASSOCIAIJID MARKERS AppLICAIIONS 

30 Activated T -Cell IL-2 receptor Graft versus Host Disease 
Transferrin Receptor Organ Transplants 
Insulin Receptor Auto-Immune Diseases 
Class II Histocompatibility Asthma 

Antigens Crohn's Disease 
35 

Tumor Cells Tumor Assoc. Ags. Tumor Therapy 
Ki67 (alone and in combination 
Transferrin Receptor with chemotherapeutic drugs) 
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Bone Marrow CD-34 Allogeneic Bone Marrow 
Stem Cells Transfenin Receptor Transplants 

Class Il Histocompatibility Reduction iii Toxicity of 
Antigens Chemotherapy 

IL-1, Il..-3 Receptors 

Proliferating Thy 1.1 Inhibition of Adhesions, 
Fibroblasts Transfenin Receptor Scarring 

Insulin & Insulin-like Scleroderma 
Growth-Factor 
Receptors 

Fibroblast Growth-Factor 
Receptor 

Proliferating EGF Receptor Psoriasis 
Epithelium or Proto-Oncogenes 
Epidermal 
(Keratinocytes) 

Proliferating and activated T-cells can cause a wide variety of diseases 

ranging from the chronic inflammation of Crohn's disease to more acute organ graft 

rejection. In all of these diseases, the T-cell may serve a central pathogenic role or a 

more accessory role. Anti-proliferative chemotherapeutic drugs serve to reduce 

symptomotology and in some cases lead to long-term remission. Similarly, 

25 proliferating fibroblasts and epithelial cells may give rise to diseases characteriz.ed by 

cell overgrowth. Vitamin B12 receptor modulating agents may be used to replace or 

used in combination with existing chemotherapeutic regimens in these diseases. An 

important aspect of the use of anti-proliferative vitamin B 12 receptor modulating agents 

in these diseases is not to apply it so aggressively or with improper timing such that 

30 normal healing (adhesions, scarring) or cell renewal (psoriasis) processes are also 

inhibited. As such, low doses of receptor modulating agents may be used during 

healing and higher doses once healing is completed. Alternatively, receptor modulating 

agents may not be administered at all until after healing is completed. 

As previously mentioned, B12trcll receptor modulating agents can be 

35 used to deprive neoplastic cells of vitamin Bi2· It has already been shown that 

sufficient deprivation leads to the death of rapidly proliferating lymphoid neoplasms 

such as leukemia and lymphoma. Moreover, short term treatment to reduce cellular 

availability of this nutrient, combined with existing chemotherapeutic agents, markedly 

improves therapeutic efficacy. 
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For solid tumors, vitamin B12 depletion may induce cytostasis and 

differentiation as well as cell death. Thus, B1:zlfcJI receptor modulating agents may be 

used to induce differentiation in hormonally responsive solid tumors. An increase in 
the number of cells expressing a differentiated phenotype should translate into an 

5 increase in expression of hormone receptors. The hormone receptor status of tumors, 

such as breast and prostrate cancer, are directly correlated with their response to 

hormonal therapy. Accordingly, B12lfcll receptor modulating agents can be used to 

increase the number of receptor positive tumor cells or increase receptor density in 

order to enhance efficacy of subsequent hormonal therapy. 

10 Vitamin B12 receptor modulating agents may affect both replicating 

neoplastic and normal cells. However, bone marrow progenitors demonstrate 

differential sensitivity or response. Thus, B12 receptor modulating agents can be used 
to modulate sensitivity of bone marrow progenitors so as to enhance their resistance to 

the toxic effects of chemotherapeutic agents. Such chemotherapeutic drugs act 

15 primarily on replicating cells, with non-replicating cells being much less sensitive. 

Decreasing the sensitivity of progenitors to toxic drugs would increase the bone marrow 

reserves and enhance subsequent response to colony stimulating factors, and enable 

higher doses of chemotherapy or reduce the interval to reconstitution. It should also be 

recognized that such positive effects on bone marrow progenitors, as a natural 
20 consequence of B 12 receptor therapy for cancer, is an additional mechanism by whic~ 

the therapeutic index of chemotherapeutic drugs other than 5-FU and methotrexate can 

be improved. 

In a variety of autoimmune diseases, graft versus host disease, ectopic 

allergy, and organ transplantation, an initial 'induction' phase, in which the patient 

25 becomes sensiti7.ed to self or allo-antigens, is followed by a "proliferative" phase in 

which forbidden or unregulated clones of B- or T-cells are expanded. It has long been 

known that treatment with anti-proliferative, chemotherapeutic drugs following 

induction can inhibit expansion of forbidden clones, inhibit progression of disease, and 

restore a stable state of tolerance. 

30 Inflammation is an application for which antibodies are already being 

utili7.ed in clinical trials. The primary emphasis has been on inhibiting the early 

manifestations of inflammation by inhibiting recruitment or binding of inflammatory 

cells to vascular endothelium of injured tissue. It also well recognized that proliferation 

of cells at the site of inflammation contributes to the pathology and tissue destruction of 

35 both acute as well as chronic inflammation. To this end, anti-proliferative, 

chemotherapeutic drugs have been widely used to inhibit sequelae of inflammation. 
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Methotrexate is one such drug commonly used to treat symptoms 

associated .with rheumatoid ~tis. The drug acts to reduce both localized (e.g., 

synovium) and generalized inflammation associated with disease progression. 

Methotrexate acts synergistically with vitamin 8 12 depletion in therapy of leukemia. 

5 812 receptor modulating agents can therefore be combined with methotrexate to 

enhance efficacy in rheumatoid arthritis. Other methotrexate applications include 

treating destructive inflammation l!lSSOCiated with chronic heart disease and colitis. 

Surgery, radiation or chemotherapy to the abdomen is often complicated 

by the development of tissue adhesions. These represent a considerable clinical 

10 problem because they lead to bowel blockage and require surgical intervention. 

Peritoneal adhesions arise as a result of proliferation of the cells of the peritoneal 

membrane lining the abdomen. A non-toxic means of interfering with such 

proliferation could lead to restoration of these normal cells to homeostatic control 

mechanisms and thereby inhibition of adhesion formation. A similar process of benign 

15 proliferation and subsequent scarring is a complication of retinal surgery. Direct 

instillation of a small molecule analog of an antibody receptor antagonist could prevent 

such disabling complications. 

The term "treatment" as used within the context of the present invention, 

refers to reducing or alleviating symptoms in a subject, preventing symptoms from 

20 worsening or progressing, inhibition or elimination of the causative agent, or prevention 

of the infection or disorder in a subject who is free therefrom. Thus, for example, 

treatment of infection includes destruction of the infecting agent, inhibition of or 

interference with its growth or maturation, neutrali7.ation of its pathological effects and 

the like. A disorder is "treated" by partially or wholly remedying the deficiency which 

25 causes the deficiency or which makes it more severe. 

The receptor modulating agents of the present invention are administered 

in a therapeutically effective dose. A therapeutically effective dose may be determined 

by in mm experiment followed by in l!im studies. 

Pharmaceutical compositions containing the receptor modulating agents 

30 in an admixture with a pharmaceutical carrier or diluent can be prepared according to 

conventional phannaceutical compounding techniques. The carrier may take a wide 

variety of forms depending on the form of preparation desired for administration (e.g., 

intravenous, oral topical, aerosol, suppository, parenteral or spinal injection). 

Preferably, administration is via stereotactical injection. 

35 The following examples are offered by way of illustration, not 

limitation. 
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EXAMPLES 

In summary, the examples which follow disclose the synthesis of several 

receptor modulating agents of this invention utilizing different functional classes of 

5 rerouting moieties. More specifically, a series of examples are presented which employ 

vitamin B12 as a targeting moiety in a receptor modulating agent. 

All chemicals purchased from commercial sources were analytical grade 

or better and were used without further purification unless noted. Isophthaloyl 

dichloride was purchased from Lancaster Synthesis Inc. (Windham, NH). All other 

10 reagents were obtained from Aldrich Chemical Co. (Milwaukee, WI). Solvents for 

HPLC analysis were obtained as HPLC grade and were filtered (0.2 µm) prior to use. 

Ion exchange chromatography was conducted with 200-400 mesh strongly basic anion 

2% cross-linking Dowex-1-chloride (Aldrich Chemical Co). Amberlite XAD-2 

nonionic polymeric adsorbent and octadecyl functionalized silica gel for column 

15 chromatography were obtained from Aldrich Chemical Co. 

lH NMR were obtained on Bruker AC-500 (500 MHz) instrument. The 

chemical shifts are expressed as ppm (S) using tetramethylsilane as internal reference. 

IR data were obtained on a Perkin-Elmer 1420 infrared spectrophotometer. UV data 

were obtained on a Perkin-Elmer Lambda 2 UVN is spectrophotometer. Mass spectral 

20 data were obtained on a VG 7070H mass spectrometer using fast atom bombardment 

(FAB). 

HPLC separations of compounds were obtained on Hewlett-Packard 

quaternary 1050 gradient pumping system with a UV detector. Analysis of the HPLC 

data were obtained on a Hewlett-Packard HPLC Chemstation software. 

25 HP LC for Monomers: HPLC separations were conducted at a flow rate 

of 1 mL/min. on a 5 mm, 4.6 250 mm NH2 column (RA1NIN microsorb-MV amino 

column) eluting with 58 mM pyridine acetate, pH 4.4 in H20 : THF (96 : 4) solution. 

Retention times were: 1 = 4.3 min; 2 = 6.5 min; 3 = 8.0 min; 4 = 8.8 min; 5 = 10.9 min; 

6 = 2.3 min; 7 = 2.3 min; 8 = 3.0 min; 9 = 2.9 min; 10 = 2.9 min; 13 = 3.4 min. 

30 Reverse-phase HPLC chromatography was carried out using a Hewlett-Packard 

Lichrospher 100 RP-18 (5 mm, 125 X 4 mm) C-18 column using a gradient solvent 

system at a flow rate of 1 mL/min. Solvent A in the gradient was methanol. Solvent B 

was H20. Starting from an 40% A. the gradient was increased to 100% A over 10 min. 
The gradient was then brought back to 40% A over a S min period. Retention times 

35 under these conditions for biotin conjugates were: 17 = 7.1 min; 18 = 7.2 min; 19 = 6.9 

min; 20 = 6.4 min. 
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Preparative LC was conducted to separate the mixture of 

monocarboxylic acids using RAININ Rabbit-plus peristaltic pwnping system with a 

DYNAMAX (model UV-1) UV-visible absorbance detector at a flow rate of 0.15 

mL/min. ID column (Alltech, 150 psi), (1000 mm X 25 mm) packed with aminopropyl 

5 silica (40-63 mm) was used. 

HPLC/or Dimers: For dimers 36, 37, and 38 solvent A in the gradient 

was methanol. Solvent B was H20. The gradient was held at the starting mixture of 

70% A for 2 min, then the percentage of A was linearly increased to 100% over the next 

10 min. The gradient was held at 100% A for 20 min. Retention times under these 

10 conditions for dimers were: 36 = 8.7 min; 37 = 9.0 min; 38 = 8.9 min. For dimers 58-

60 and 64-66 Solvent A in the gradient was methanol. Solvent B was aqueous 1 % 

acetic acid. The gradient was begun at 400/o A and was held at that composition for 2 

min, then the percentage of A was linearly increased to 100% over the next 10 min. 

Retention times for the compounds examined under these conditions were: 58 = 14.0 

15 min; 59 = 14.1 min; 60 = 13.9 min; 64 = 8.7 min; 65 = 8.6 min; 66 = 9.0 min. 

20 

EXAMrLEl 

PQPARATION AND PURIFICATION OF CV ANOCOBALAMIN 

MONOCARBOXYLATES: MODIFICATION ON THE CORRIN RING 

This example serves to demonstrate the hydrolysis of b-, d- and e­

propionamide sites on a vitamin B12 molecule using dilute acid in preparation for 

coupling of a linker to the sites. Importantly, the hydrolysis of the b-, d- and e­

propionamides is selective over the hydrolysis of a-, c- and g-acetamides, or the.f-amide 

25 in the heterocyclic chain connecting the benzimidaz.ole. An optimal yield of 

monocarboxylate to di- and tri-carboxylate derivatives was obtained at room 

temperature in 0.1 N HCl over a 10 day period. The non-hydrol)'7.Cd vitamin B12 and 

the di- and tri-carboxylates produced were readily isolated from the desired 

monocarboxylates by preparative liquid chromatography. 

30 Specifically, cyanocobalamin (1) (3.7 mmol, 5 g) was dissolved in 500 

mL of 0.1 N HCl and stirred at room temperature for 10 days under argon atmosphere. 

The solution was then neutralized with 6 N NaOH and the cobamides were desalted by 

extraction into phenol and applied to a 200 g (60 x 4 cm, 200-400 mesh) Dowex CI- x 2 

column (acetate form; prepared by washing with saturated sodiwn acetate until it was 

35 free from c1-, then washing with 200 mL water). The column was eluted with water to 

Sandoz Inc. 
Exhibit 1002-00225 

Teva – Fresenius 
Exhibit 1002-00225



W095127723 PCl'/US95/04404 

44 

remove unreacted cyanocobalamin and then eluted with 0.04 M sodium acetate (pH 

4.~7). 

The first fraction of the elution contained three monocarboxylic acids. 

These were desalted by extraction into 100mLof90% (w/w) phenol, twice with 25 mL 
5 and once with 10 mL of phenol. Three volumes of ethyl ether (3 x 160 mL) and 1 

volume of acetone (160 mL) were added to the combined phenol extracts. 

Monocarboxylic acids were removed from the organic phase by extraction with water 

(2 x 100 mL). The combined aqueous phases were extracted twice with 20 mL of ether 

to remove residual phenol. The aqueous solution of monocarboxylic acids was 
10 evaporated to dryness. Yield: 2.5 g (50%). 

The mixture of three acids (0.350 g) was then applied to a 200 g (1000 

mm x 25 mm) column ofaminopropyl coated silica (40-63 mm) and was eluted with 58 

mM pyridine acetate pH 4.4 in H20 : 11IF (96 : 4); the elute was collected with an 

automatic fraction collector. The first eluted acid was found to be b-monocarboxylic 

15 acid (2), the second eluted acid was e-monocarboxylic acid (3) and the third eluted acid 

was d-monocarboxylic acid (4). The acid fractions were desalted by phenol extraction. 

The solids obtained were crystalli7.ed from aqueous acetone. 

b-acid (2): yield 0.122 g (35%), mp 267-270"C with decomposition, IH 

NMR (MeOH-d.i, S) 0.43 (s, 3H, C-20 CH3); 1.00 (m, 2H); 1.18 (s, 3H, C-46 CH3); 

20 1.24 (d, 3H, Pr3 CH3); 1.36 (br s, 9H, C-47 CH3, C-54 CH3); 1.4 (s, 3H, C-25 CH3); 

1.9 (d, 7H, C-36 CH3, C-30 CH2, C-48 CH2); 2.26 (d, 6H, BIO & Bll, CH3); 2.36 (d, 

2H, C-26 CH2); 2.57 (s, lOH, C-35 CH3, C-31 CH2. C-37 CH2. C-53 CH3); 2.8 (m, 

2H, C-60 CH2); 3.3 (m, 3H, C-8H, C-13H); 3.6 (m, 2H, Pr1 CH2); 3.7 (d, lH, R5); 

3.9 (d, lH, R5); 4.0 (m, IH, R.J); 4.12 (d, lH, C-19); 4.17 (s, lH, C-3); 4.3 (m, IH, 

25 R2); 4.5 (m, lH); 4.7 (m, IH, R3); 6.0 (s, IH, C-10); 6.2 (s,IH, R1); 6.5 (s,lH, B4); 

7.1 (s, lH, B2); 7.2 {s, lH, B7). MS (FAB+): m/e 1357 (M+ +I). IR (KBr): 3400, 

3200, 2950, 2060, 1660, 1570, 1490, 1060 cm·l. UV (MeOH): A.360 (£23441) 

e-acid (3): yield 0.168 g (48%), mp 245-250° C with decomposition, lH 

NMR (MeOH-d.i, S) 0.43 (s, 3H, C-20 CH3); 1.01 (m, 2H); 1.15 (s, 3H, C-46 CH3); 

30 1.23 (d, 3H, Pr3 CH3); 1.36 (br s, 9H, C-47 CH3, C-54 CH3); 1.4 (s, 3H, C-25 CH3); 

1.83 (s, 4H, C-55 CH2); 1.93 (m, 6H, C-36 CH3, C-30 CH2, C-48 CH2); 2.22 (d, 6H, 

BlO & Bl 1 CH3); 2.35 (s, 3H,C-26 CH2); 2.5 (d, 13H, C-35 CH3, C-31 CH2. C-37 

CH2, C-53 CH3); 2.9 (m, IH, C-60 H); 3.2 (m, lH, C-13H); 3.4 (m, lH, C-8 H); 3.6 

(d, IH, Prl CH); 3.7 (d, lH); 3.9 (d, lH); 4.0 (m, 2H); 4.1 (d, IH); 4.2 {m, 2H); 4.6 

35 (m, IH); 6.0 (s, IH, C-10); 6.3 (d, IH, RI); 6.5 (s, lH, B4); 7.0 {s, lH, B2); 7.2 (s, 
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lH, B7). MS (FAB+): m/e 1357 (M+ +l). IR (KBr): 3400, 3200, 2950, 2060, 1660, 

1570, 1490, 1060 cm· I. UV (MeOH): A.360 (£21 842)] 

. d..;_,cid (4): yield 0.060 g (17%), mp> 300° C, IH NMR (MeOH-<La, 8) 
0.43 (s, 3H, C-20 CH3); 1.04 (m, 2H); 1.15 (s, 3H, C-46 CH3); 1.25 (d, 3H, Pr3 CH3); 

5 1.36 (br s, 9H, C-47 CH3, C-54 CH3); 1.4 (s, 3H, C-25 CH3); 1.85 (s, 4H); 2.01 (s, 

6H); 2.23 (d, 8H, BIO & Bll CH3); 2.38 (d, 3H, C-26 CH2>; 2.53 (d, 13H, C-36 CH3, 

C-30 CH2, C-48 CHl>; 2.6 (m, SH); 2.9 (m, lH, C-60 H); 3.3 ( d, lH, C-13H); 3.4 

(m, lH, C-8 H); 3.6 (d, lH, Pr1 CH); 3.7 (d, lH); 3.9 (d, lH); 4.0 (m, 2H); 4.1 {d, 

lH); 4.3 (m, 2H); 6.0 (s, lH, C-10); 6.3 (d, lH, Rl); 6.5 (s, lH, B4); 7.1 (s, lH, B2); 

10 7.2 (s, lH, B7); UV (MeOH): A.360 (e22 127). MS (FAB+): m/e 1357 ~ +l). IR 
(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm·l. 

15 

EXAMPLE2 

CY ANOCOBALAMIN MODIFIED ON RIBoSE: SUCCINATE CONJUGATE (5) 

This example serves to demonstrate the activation of the ribose coupling 

site coupling site h (see structure I) with succinic anhydide. Cyanocobalamin (1) (0.15 

mmoL, 200 mg) was dissolved in 40 mL of dimethylsulfoxide (DMSO) containing 8 g 

(80 mmoL) of succinic anhydride and 6.4 mL of pyridine. After 14-16 h at room 

20 temperature, the excess of succinic anhydride was destroyed by adding 500 mL of water 

and keeping the pH of the reaction mixture at 6 with 10% KOH. KCN was then added 

at a final concentration of 0.01 M and the pH of the solution was readjusted to 6 with 3 

N HCl. After 1 h the cyanocobalamin components were desalted by phenol extraction 

and applied to a 100 g of Dowex CI- (60 x 2.5 cm) column (acetate form, 200-400 

25 mesh). The cyanocobalamin was eluted with water. Succinate conjugate (5) was eluted 

with NaOAc (0.04 M, pH 4.67) which yielded 180 mg (85 %) after isolation. The 

02',05'-disuccinyl derivative remained absorbed on the column under these conditions. 

mp 208-210° C with decomposition. 

IH NMR CD20-d,i, 8): 0.43 (s, 3H, C-20 CH3); 0.95 (m, 2H); 1.15 (s, 

30 3H); 1.2 (d, 3H); 1.35 (d, 7H); 1.4 (s, 3H); 1.8 (s, 3H); 1.9 (s, 12H); 2.2 (d, 6H); 

2.36 (d, 2H); 2.5 (d, lOH); 2.6-2.7 (m, 7H); 3.0 (m, lH); 3.3 {d, lH); 3.37 (m, lH); 

3.5 (d, lH); 4.0 (d. lH); 4.18 (m, 2H); 4.25 (m, 3H); 4.54 (d, lH); 6.0 (s, lH); 6.3 (d, 

lH); 6.4 (s, lH); 7.0 {s, lH); 7.2 (s, lH). MS (FAB+): m/e 1455 (M+ +1). IR 

(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm·l; UV (MeOH): A.360 (e 

35 26041). 
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ExAMPLE3 

COUPLING OF CYANOCOBALAMIN MONOCARBOXYLIC ACIDS WITH 

1,12-DIAMJNODODECANE: REACTION WITHOUT SODIUM CYANIDE 

This example serves to demonstrate the coupling of a linker to a 

cyanocobalamin monocarboxylate. Coupling of the monocarboxylates (2, 3, 4) with 

diaminododecane was first attempted using N-ethyl-N
1
-dimethylamino-propyl­

carbodiimide hydrochloride (EDC) in H20 according to Yamada and Hogenkamp, L 
10 Biol. Chem. W. 6266-6270, 1972. However, the products obtained did not have a 

reactive amino group. Alteration of the reaction conditions by changing the reaction 

mixture to DMF/H20 and adding NaCN/N-hydroxysuccinimide (see Example 4) to the 

reaction mixture gave the desired diaminododecane adducts. 

A mixture of cyanocobalamin monocarboxylic acid (0.370 mmoL, 500 

15 mg) and 1,12-diaminododecane (3.6 g) in 100 mL H20 was adjusted to pH 6 with 1 N 

HCI. The solution was then treated with N-ethyl-N'-dimethylamino-propyl­

carbodiimide-hydrochloride (EDC) (726 mg) and stirred at room temperature for 22 h. 

In 5 intervals of 6 to 14 h, 650 mg of EDC was added to the reaction mixture. After a 

total reaction time of 4 days (HPLC monitoring) the solution was evaporated to 

20 dryness, the residue was digested with 100 mL of acetone and the solvent was decanted. 

The solid residue was dissolved in 50 mL of water and applied to an 175 g Amberlite 

XAD-2 (60 x 4 cm) column. Contaminates were washed from the column with IL 

water, then the crude product was eluted with 500 mL of methanol. The solution was 

evaporated to dryness, the residue was dissolved in 25 mL of water and was applied to a 

25 lOOg Dowex Cl-(60 x 2.5 cm) column (acetate form, 200-400 mesh). The final product 

was eluted using 250 mL of water, thereby leaving non-converted acid bound to the 

column, which was later eluted with 0.04 mol/L sodium acetate buffer pH 4.67. The 

fraction containing the final product was evaporated to dryness. 

The mass spectral value obtained indicated that HCN was lost from the 

30 desired product Fmther, lH NMR data suggested that some protons were being 

affected by the cobalt Thus, this reaction was conducted with NaCN (Example 4) to 

drive the equilibrium towards retention of Co-CN. N-hydroxy succinimide was also 

added to facilitate the coupling reaction. 

e-acid adduct (6): Yield: 222 mg (40%). mp 172-174° C with 

35 decomposition. lH NMR (MeOH-d4, 8): 0.43 (m, 3H, C-20 CH3); 1.06 (t, 4H, C-46 

CH3); 1.16 (m, 5H); 1.2 (m, 5H); 1.33 (m, 7H); 1.43 (s, 3H); 1.68 {m, 4H); 1.86 (m, 
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SH); 2.2 (m, 8H); 2.3 (m, 6H); 2.4 (m, lOH); 2.SS (m, lOH); 2.8 (m, 4H); 3.1 (m, 

6H); 3.3 (m, SH); 3.6 (m, 2H); 3.7 (m, 2H); 3.8 (m, lH); 4.0 (m, lH); 4.1 (m, lH); 

4.16 (m, lH); 4.3 (m, lH); 4.48 (m, lH); 4.6 (m, lH); 6.0 (d lH, C-10); 6.2 (m, lH, 

Rl); 6.S (m, lH, B4); 7.1 (m, lH, B2); 7.2 (m, lH, B7). MS (FAB+): m/e 1Sl2. IR 

5 (KBr): 3400, 3200, 2950, 1660, 1S70, 1490, 1060 cm·l. UV (MeOH): AJ60 (£21 877). 

d-actd adduct (1): yield: 22S mg (4S%), mp 19S-198° C with 

decomposition. 1 H NMR (MeOH-<1.4, 8): 0.43 (m, 3H, C-20 CH3); 1.09 (m, 7H); 1.14 

(m, 6H); 1.2 (m, lOH); 1.27 (m, lOH); 1.33 (m, 6H); 1.S (m, 3H); 1.77 (s, 3H); 2.2 

(m, SH); 2.26 (s, 2H); 2.5 (m, lOH); 2.7 (m, SH); 3.0 (m, 2H); 3.1 (m, 2H); 3.2 (m, 

10 3H); 3.5 (m, 2H); 3.6 (m, lH); 3.8 (m, lH); 3.9 (m, lH); 4.0 (m, lH); 4.1 (m, lH); 

4.2 (m, lH); 4.4 (m, lH); 4.6 (m, lH); 6.0 (d lH, C-10); 6.1 (m, lH, R1); 6.4 (m, 

lH, B4); 7.0 (m, lH, B2); 7.1 (m, lH, B7); MS (FAB°1: m/e 1S12, IR (KBr): 3400, 

3200, 29SO, 1660, 1S70, 1490, 1060 cm·l; UV (MeOH): A.360 (£22 680). 

15 ExAMEL&4 

COUPLING OF CY ANOCOBALAMIN MONOCARBOXYLIC ACIDS WITH 

1,12-DIAMINODODECANE: REACTION CONTAINING SODIUM CYANIDE 

Cyanocobalamin monocarboxylic acid (2, 3, 4) (0.370 mmoL, 500 mg) 

20 and N-hydroxysuccinimide (1.48 mmoL, 170 mg) were dissolved in a mixture of 

DMF: H20 (1:1) (18.4 mL) and 363 mg ofNaCN was added. 1,12-Diaminododecane 

was dissolved in a mixture ofDMF: H20 (1:1) (18.4 mL) and the pH was adjusted to 6 

with 1 N HCl. The diaminododecane solution was then added in one portion to the 

cyanocobalamin solutiQn. EDC (285 mg) was added and the pH of the solution was 

2S readjusted to S.S. The reaction mixture was then stirred overnight in the dark at room 

temperature. In S intervals of 6-14 h, 170 mg ofN-hydroxysuccinimide and 28S mg of 

EDC were added to the solution, readjusting the pH value 5.5 each time. After a total 

reaction time of 4 days (reaction followed by HPLC), the solution was evaporated to 

dryness. The residue was digested with 100 mL of acetone and the solvent was 

30 decanted. The solid residue was dissolved in 50 mL of H20 and applied to an 200 g 

Amberlite XAD-2 (60 x 4 cm) column. The column was eluted with 1 L water to 

remove undesired materials, then the desired product was eluted with 500 mL methanol. 

The solution was evaporated to dryness, the residue was dissolved in 2S mL of water 

and was applied to a 1oo·g Dowex c1- (60 x 2.5 cm) column (acetate form, 200-400 

35 mesh). The desired product was eluted from the column with 250 mL water, leaving 

any non-reacted acid bound to the column. This was followed by elution with 0.04 
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mol/L sodium acetate buffer pH 4.7. The fractions containing the final product were 

evaporated to dryness. 

b-isomer (8): yield 410 mg (82%), mp 172-174° C with decomposition. 

lff NMR (MeOH-d4, 8) 0.43 (s, 3H, C-20 CH3); 1.18 {s, 4H); 1.3 (m, 13H); 1.39 (m, 

S 13H); l.4S (s, SH); 1.6 (m, 4H); 1.72 (m, 2H); 1.9 (s, 6H); 2.2S (d, 6H, BIO & Bil 

CH3); 2.3S (m, SH); 2.S6 (m, SH); 2.8-3.0 (m, 8H); 3.15 (m, 4H); 3.3 (m, 2H); 3.4 

(m, 2H); 3.6 (m, lH); 3.68 (m, lH); 3.75 (m, lH); 3.9 {d, IH); 4.07 (m, lH); 4.12 

(d, lH); 4.2 (br s, lH); 4.3 (m, lH); 4.47 (m, lH); 4.7 (m, lH); 6.0 (s, lH, C-10); 

6.2 (d,lH, R1); 6.5 (s,lH, B4); 7.1 (s, lH, B2); 7.2 (s, lH, B7); MS (FAB+): m/e 

10 1539 (W +1). IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cni-1. UV 

(MeOH): A.360 (s15409). 

e-isomer (9): yield: 430 mg (86%), mp 175-180° C with 
decomposition, lff NMR (MeOH-d4, 8) 0.43 (s, 3H, C-20 CH3); 1.17 (s, 4H, C-46 

CH3); 1.22 (d, 4H, Pr3 CH3); 1.29 (s, 24H); 1.36 (br s, 6H); 1.4 (s, 6H); 1.6 (m, 3H); 

15 1.87 (s, SH); 2.05 (m, 2H); 2.25 (s, 6H, BIO & Bll CH3); 2.36 (m, 3H); 2.55 (d, 

lOH); 2.8 (s, 4H); 3.06 (t, 2H); 3.1 (m, 3H); 3.3 (s, lH); 3.34 (m, IH); 3.4 (m, IH); 

3.58 (m, lH); 3.65 (m, lH); 3.75 (d, IH); 3.9 (d, lH); 4.0 (m, lH); 4.1 (d, lH); 4.16 

(m, IH); 4.3 (m, 2H); 4.48 (m, 2H); 4.6 (m, lH); 6.0 (s, lH, C-10); 6.3 (d, lH, RI); 

6.5 (s, lH, B4); 7.0 (s, lH, B2); 7.2 (s, lH, B7); MS (FABry: m/e 1539 (M+ +1). 

20 IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm·l. UV (MeOH): A.360 ( 

816 720) 

d-isomer (10): yield: 400 mg (80%), mp 174-178° C with 

decomposition, lff NMR (MeOH-d4, 8) 0.43 (s, 3H, C-20 CH3); 1.07 (m, 3H, C-46 

CH3); 1.2 (d, 4H, Pr3 CH3); 1.27 (m, 15H); 1.35 (hrs, 9H); 1.42 (s, 3H); 1.53 (m, 

25 2H); 1.6 (m, 4H); 1.86 (s, 4H); 2.2S (d, 6H, BIO & Bl 1 CH3); 2.5 (d, lOH); 2.8 (s, 

3H); 2.9 (m, 6H); 3.15 (m, 3H); 3.2 (m, 4H); 3.4 (m, 3H); 3.6 (d, lH); 3.75 (d, lH); 

3.96 (d, lH); 4.08 (m, 2H); 4.19 (m, IH); 4.3 (m, 2H); 4.65 (m, lH); 6.0 (s, lH, C-

10); 6.3 (d, lH, R1); 6.5 (s, lH, B4); 7.1 (s, lH, B2); 7.2 (s, IH, B7); UV (MeOH): 

A.360 (sl7 665). MS (FAB+): m/e 1539 (W +1). IR (KBr): 3400, 3200, 2950, 

30 2060, 1660, 1570, 1490, 1060 cm·l. 
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EXAMPLES 

. COUPLING OF CY ANOCOBALAMIN MONOCARBOXYLIC ACIDS WITH 

GAMMA•AMINOBUTYRJC ACID (GABA) 

5 This example serves to demonstrate the coupling of a gamma-

aminobutyric acid (GABA) linker to a vitamin B12 molecule. This reaction scheme is 

represented in Figure 9. 

Gamma-aminobutyric acid (GABA) tert-butyl ester (11) (1 mmol) and 

cyanocobalamin monocarboxylates (2, 3, 4) (0.1 mm.ol.) are mixed in 20 mL H20 and 

10 sufficient 0.1 N HCl is added to adjust to pH to 6.0. N-ethyl-Nl­

dimethylaminopropylcarbodiimide hydrochloride (EDC) (0.5 mmol) is added to the 

solution. The reaction mixture is stirred at room temperature for 24 hours and then the 

mixture is dried under vacuum. This reaction mixture is treated with TF A to remove 

the tert-butyl ester. A cyanocobalamin-GABA adduct (12) was purified. Reverse-

15 phase HPLC chromatography is carried out as described above. A cyanocobalamin­

GABA adduct (12) can be further activated with a carbodiimide and coupled to a 

moiety as described below. 

20 

EXAMPL£6 

CY ANOCOBALAMIN MODIFIED ON RIBOSE: 

SUCCINATE-DIAMINODODECANE CONJUGATE (13) 

Cyanocobalamin-Ribose-Succinate (5) (0.370 mmoL, 538 mg) and N­

hydroxylsuccinimide (1.48 mmoL, 170 mg) were dissolved in a mixture of D:MF : H20 

25 (1:1) (18.4 mL) and 363 mg ofNaCN was added. This reaction scheme is represented 

in Figure 11. 1,12-Diaminododecane was taken in a mixture of D:MF : H20 (1 :1) (18.4 

mL), pH was adjusted to 6 with lN HCI. The diaminododecane solution was then 

added in a portion to the cyanocobalamin solution. EDC (285 mg) was added, the pH 

of the solution was readjusted to 5.5 and the reaction mix. was stirred overnight in the 

30 dark at room temperature. In 5 intervals of 6 to 14 h 170 mg of N-hydroxysuccinimide 

and 285 mg ofEDC was added to the solution, readjusting the pH 5.5 each time. After 

a total reaction time of 4 days (HPLC monitored) the solution was evaporated to 

dryness, the residue was digested with 100 mL of acetone and the solvent was decanted. 

The solid residue was dissolved in 50 mL of H20 and applied to an 200 g Amberlite 

35 XAD-2 (60 x 4 cm) column. Contaminates were washed from the column with 1 L 

water and then the crude product was eluted with 500 mL methanol. The solution was 
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evaporated to dryness, the residue was dissolved in 25 mL of water and was applied to a 

100 g Dowex Cl- (60 x 2.5 cm) column (acetate form, 200-400 mesh). The ~ 

product was eluted using 250 mL water, thereby leaving non-converted acid bound to 

the column, which was later eluted with 0.04 mol/L sodium acetate buffer pH 4.7. The 

5 fraction containing the final product (13) was evaporated to chyness. Yield : 425 mg 

(70%), mp 185-187° C with decomposition. 

lff NMR (MeOH-d.i, S): 0.43 (s, 3H, C-20 CH3); 1.15 (s, 3H); 1.2 (d,· 

3H); 1.3 (s, 27H); 1.4 (m, 3H); 1.55 (m, 6H); 1.85 (m, 12H); 2.2 {d, 6H); 2.3 (d, 

6H); 2.5 (d, lOH); 2.8 (m, lOH); 3.0 (t, 3H); 3.1 (t, 3H); 3.2 (s, 6H); 3.3 (m, 4H); 

10 3.58 (m, 2H); 3.6 (d, lH); 4.1 (d. lH); 4.2 (m, 2H); 4.3 (m, lH); 4.4 (d, lH); 6.0 (s, 

lH); 6.2 (d, lH); 6.5 (s, lH); 7.1 (s, lH); 7.2 (s, lH). MS (FAB+): m/e 1638 (Mf). 
IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm-1; UV (MeOH): A.360. 

EXAMPLE7 

15 MoomCATION OF CYANOCOBALAMIN MONOCARBOXYUC Acms CONJUGATED 

WITH 1,12·DIAMINODODECANE: REACTION WITH SUCCINIC ANHYDRIDE 

This. example serves to demonstrate modification of an amino terminus 

linking moiety to a carboxylate terminus. Such a modification may be necessary for 

20 conjugating amino containing rerouting agents (e.g., aminosugars) to cyanocobalamin 

derivatives containing a linker. 

Cyanocobalamin carboxylic acid diaminododecane conjugate (8, 9, 10) 

(0.138 mmoL, 200 mg) was dissolved in 40 mL of dimethylsulfoxide (DMSO) 

containing 8 g (80 mmoL) ofsuccinic anhydride and 6.4 mL of pyridine. After 14716 h 

25 at room temperature, the excess of succinic anhydride was destroyed by adding 500 mL 

of water and keeping the pH of the reaction mixture at 6 with 10% KOH. KCN was 

then added at a final concentration of 0.01 Mand the pH of the solution was readjusted 

to 6 with 3 N HCI. After 1 h the cyanocobalamin components were desalted by phenol 

extraction. The residue was digested with 100 mL of acetone and the solvent was 

30 decanted It was dissolved in 40 mL of H20. IN NaOH (2 mL) was added to it and 

the reaction was stirred at room temperature for 15-20 min. It was then neutraliud with 

IN HCI and the cyanocobalamin components (14, 15, 16) were desalted by phenol 

extraction. Yield: 80 mg (40%); mp 190-198° C with decomposition. 

IH NMR (MeOH-d.t, S): 0.43 (s, 3H, C-20 CH3); 1.17 (s, 4H, C-46 

35 CH3); 1.23 (d, 4H, Pr3 CH3); 1.29 (s, 24H); 1.36 (br s, 6H); 1.4 {s, 6H); 1.87 (s, 4H); 

2.05 (m, 2H); 2.25 (s, 6H, BIO & Bl 1 CH3); 2.35 (m, 3H); 2.4 (m, SH); 2.SS (d, 
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lOH); 2.7 (s, SH); 2.8 (m, 2H); 3.1 (m, 6H); 3.3 (s, 6H); 3.4 (m, lH); 3.6S (m, 2H); 

3.7S (d, lH); 3.9 (d, IH); 4.0 (m, lH); 4.1 (d, IH); 4.16 (m, lH); .4.3 {m, lH); 4.48 

(m, IH); 4.6 (m, 2H); 6.0 (s, IH, C-10); 6.3 (d, IH, R1); 6.5 (s, lH, B4); 7.1 {s, lH, 

B2); 7.2 (s, lH, B7). MS (FAB+): m/e 1639 (M+). IR (KBr): 3400, 3200, 2950, 

5 2060, 1660, 1570, 1490, 1060 cm·l. lJV {MeOH): A.360 (E 22 564). 

10 

ExAMPLE8 

CYANOCOBALAMIN MODIFIED ON MONOCARBOXYLIC ACID: 

DIAMINODODECANE-BIOTIN CONJUGATES 

This example serves to demonstrate coupling a vitamin B12 derivative 

and biotin. Biotin conjugates (17, 18, 19) were obtained by reaction of activated 

cyanocobalamin monocarboxylic acid diaminododecane (14), _(15), and (16) with the 

NHS ester of biotin (Sigma Chemical Co.). 
15 To a solution of cyanocobalamin monocarboxylic acid diaminododecane 

conjugate (14, 15, 16) (300 mg, 0.195 mmoL) in DMF (35 ml.), was added 
triethylamine (0.027 mL, 0.19S mmoL). N-Hydroxysuccinimidobiotin (100 mg, 0.295 

mmoL) was then added over a period of 10-15 min and evaporated to dryness. The 

solid residue was dissolved in 20 mL of water and applied to an 7S g ofDowex c1- (40 

20 x 2 cm) (acetate form, 200-400 mesh) column. The product was eluted using 250 mL . 
of water. It was then evaporated to dryness, the residue was dissolved in a 10 mL of 

methanol - water (7:3 v/v) and the solution was applied to a reverse phase C-18 column 

(SOO mm x 2S mm, Alltech, lSO psi) which was developed with the same solvent. 

RAININ Rabbit-plus peristaltic pumping system was used with a DYNAMAX (model 

25 UV-1) UV visible absorbance detector. The eluate was collected with an automatic 

fraction collector. The fractions containing the final product (HPLC monitored) were 

evaporated to dryness. 

b-isomer (17): yield 159 mg (53%), mp 210-212° C with 

decomposition, lHNMR(MeOH-d4, 8): 0.43 (s, 3H, C-20 CH3); 1.18 (s, 4H); 1.3 (m, 

30 13H); 1.39 (m, 13H); 1.4S (s, SH); 1.6 (m, 4H); 1.72 (m, 2H); 1.9 (s, 6H); 2.2 (d, 

SH, BIO & Bl 1 CH3); 2.6 (d, 12H); 2.7 (m, 3H); 2.8-3.0 (m, 8H); 3.1 (m, 3H); 3.2 

(m, 2H); 3.4 (s, lH); 3.6 (m, 2H); 3.68 (d, lH); 3.75 (m, lH); 3.9 (d, lH); 4.07 (m, 

lH); 4.12 (d, IH); 4.2 (s, lH); 4.3 (m, lH); 4.47 (m, lH); 4.7 (m, lH); 6.0 (s, IH, 

C-10); 6.2 (d,lH, Rl); 6.S (s,lH, B4); 7.1 (s, lH, B2); 7.2 (s, lH, B7); MS (FAB+): 

35 m/e 1764 (M+). IR (KBr): 3400, 3200, 29SO, 2060, 1660, 1570, 1490, 1060 cm· l. UV 

(MeOH): A.360 {E23 746). 
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Anal. Calcd. for C35H127N17016CoPS•l 1H20: C, 51.98; H, 7.59; N, 

12.13. Found: C, 51.91; H, 7.81; N, 12.31. 

e-isomer (18): yield 174 mg (58%), mp 222-224° C with 

decomposition, lH NMR (MeOH-d4, S): 0.43 (s, 3H, C-20 CH3); 1.17 (s, 4H, C-46 

5 CH3); 1.22 (d, 4H, Pr3 CH3); 1.29 (s, 24H); 1.36 (br s, 6H); 1.4 (s, 6H); 1.6 (m, 4H); 

1. 72 (m, 2H); 1.87 (s, 4H); 2.17 (m, 3H); 2.25 (s, 6H, B 10 & Bl 1 CH3); 2.36 (m, 

3H); 2.55 (d, lOH); 2.64 (m, 2H); 2.8 (s, 4H); 2.97 (s, 4H); 3.1 (m, 3H); 3.3 (m, 

lH); 3.4 (m, lH); 3.58 (m, lH); 3.65 (m, lH); 3.75 (d, lH); 3.9 {d, lH); 4.0 (m, 

lH); 4.1 (d, lH); 4.16 (m, lH); 4.3 {m, 2H); 4.48 (m, 2H); 4.6 (m, lH); 6.0 {s, lH, 

10 C-10); 6.3 (d, lH, RI); 6.5 (s, lH, B4); 7.0 (s, lH, B2); 7.2 (s, lH, B7); MS (FAB+): 

m/e 1764 ~). IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm-1. UV 

(MeOH): 1..360 (s24 441). 

Anal. Calcd. for Cs5H127N170 16CoPS•9H20 (13): C, 52.96; H, 7.53; N, 
12.35. Found: C, 52.85; H, 1.55; N, 12.30. 

15 d-isomer (19): yield 165 mg (55%), mp 216-218° C with decomposition, 

lH NMR (MeOH-d.t, S): 0.43 (s, 3H, C-20 CH3); 1.16 {s, 3H, C-46 CH3); 1.2 (d, 4H, 

Pr3 CH3); 1.28 (s, lSH); 1.35 (br s, 9H); 1.42 (s, 3H); 1.53 (m, 2H); 1.6 (m, 4H); 

1.72 (m, 2H); 1.86 (s, 6H); 2.16 (m, 3H); 2.02 (m, 4H); 2.25 (d, 6H, BIO & Bl 1 

CH3); 2.5 (d, lOH); 2.7 (d, lH); 2.8 (m, SH); 3.1 (m, 6H); 3.2 (m, 3H); 3.4 (m, lH); 

20 3.57 (m, lH); 3.6 (d, lH); 3.7 (d, lH); 3.9 (d, lH); 4.0 (m, lH); 4.11 (d, lH); 4.17 

(m, lH); 4.3 (m, 2H); 4.4 (m, 2H); 4.6 (m, lH); 6.0 (s, lH, C-10); 6.3 (d, lH, Rl); 

6.5 (s, lH, B4); 7.1 (s, lH, B2); 7.2 {s, lH, B7); MS (FAB+): m/e 1764 (M+); IR 

(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm-1; UV (MeOH): A.360 (629 

824). 

25 Anal. Calcd for Cs5H127N170 16CoPS•lOH20: C, 52.46; H, 7.56; N, 

30 

35 

12.24. Found: C, 52.27; H, 7.56; N, 12.34. 

EXAMPLE9 

CV ANOCOBALAMIN MODIFIED ON RIBOSE: 

SUCCJNATE-DIAMINODODECANE-BIOTIN CONJUGATE (20) 

This example serves to demonstrate the conjugation of the ribose-linked 

diaminododecane adduct (13) with biotin to produce a cyanocobalamin biotin conjugate 

{20). 

To a solution of (11) (300 mg, 0.183 mmoL) in DMF (35 ml), 

triethylamine {0.025 mL, 0.183 mmoL) was added. N-hydroxysuccinimidobiotin {100 
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mg, 0.295 mmoL) was 8dded over a period of 10-15 min. and then evaporated to 

dryness. The solid residue was dissolved in 20 mL of water and adjusted to pH 10 with 

IN NaOH and applied to an 75 g Dowex CI- ( 40 x 2 cm) (200-400 mesh) column. The 

water fraction was discarded. The product was then eluted with O.lN NH.sOAc and was 
5 desalted by phenol extraction. The residue was dissolved in a 10 mL of methanol -

water (7:3 v/v) and the solution was applied to a reverse phase column (octadecyl) 

which was developed with the same solvent The fractions containing the final product 

(20) (HPLC monitored) were evaporated to dryness. Yield 135 mg (45 %), mp 198-205 

° C with decomposition. 

10 lff NMR (MeOH-d4, ~): 0.43 (s, 3H, C-20 CH3); 1.15 {s, 3H); 1.2 (d, 

3H); 1.3 (s, 27H); 1.36 {m, 6H); 1.4 (m, 3H); 1.6 {m, 4H); 1.7 (m, 2H); 1.85 {m, 

12H); 2.0 {d, 3H); 2.17 {m, 3H); 2.2 (d, 6H); 2.3 (d, 6H); 2.5 (d, lOH); 2.64 {m, 

2H); 2.8 (m, lOH); 3.1 {m, 6H); 3.25 (m, 6H); 3.58 {m, 2H); 4.0 (m, lH); 4.1 (m, 

lH); 4.16 (m, lH); 4.4 {m, lH); 4.6 {s, 2H); 4.7 (m, lH); 6.0 (s, lH); 6.2 (d, lH); 

15 6.5 (s, lH); 7.1 (s, lH); 7.2 (s, lH). MS (FABi]: m/e 1866 (W'). IR (KBr): 3400, 

3200, 2950, 2060, 1660, 1570, 1490, 1060 cm·l. UV (MeOH): 1..360 (E28 434). 

ExAMPI.ElO 

SYNTHESIS OF A CYANOCOBALAMINILYSOSOMOTROPIC COMPOUND 

20 (STREPl'OMYCIN) RECEPTOR MODULATING AGENT 

This example demonstrates coupling of streptomycin to a 

cyanocobalamin or cobalamin derivative. Streptomycin (21) is conjugated with 

cyanocobalamin monocarbotjlate (2, 3, 4) or a diaminoalkylsuccinate derivative (14, 

25 15, 16) through the use of an oxime coupled linking moiety (Figure 13). The linking 
group, ((3-aminopropyl)aminoxy)acetamide (22) is prepared by reaction of the N­

hydroxysuccinimidyl ester of 1,1-dimethylethoxycarbonyl-aminooxyacetic acid (23) (l 

Med,. Cbem. 3.6:1255-126, 1993) with an excess of diaminopropane in anhydrous THF. 

The linking group is separated from other compounds in the reaction mixture by 

30 preparative chromatography. The linker (1 g) is then mixed with streptomycin (0.5g) in 

10 mL of H20 containing sodium acetate. The aqueous solution is wanned in a H20 

bath for 10 minutes to yield a crude streptomycin-linker adduct (25) which may be 

purified by chromatography on acid washed alumina (J. Am. Cbem. Soc. 68: 1460, 

1946). The aqueous solution containing the streptomycin linker adduct (0.15 mmol) is 

35 mixed with an aqueous solution of activated cyanocobalamin (2, 3, 4) (01. mmol) and 

EDC (0.5 mmol) is added. The reaction mixture is stirred at room temperature for 24 
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hours, then run over a reversed-phase preparative chromatography column for 

purification of the cyanocobalamin-streptomycin receptor modulating agent (26). 

EXAMrLEll 

SYNTHESIS OF A CYANOCOBALAMINILYSOSOMOTROPIC 

COMPOUND (ACRIDINE) RECEPTOR MODULATING AGENT 

This example demonstrates the coupling of the vitamin B12 to acridine. 

Chloroquine, quinacrine and acridine are lysosomotropic dyes which are relatively non-

10 toxic and concentrated as much as several hundred fold in lysosomes. Acridine 

derivatives may be covalently attached to a targeting moiety (such as cyanocobalamin) 

by the reaction scheme illustrated in Figure 14, method A. or similarly as described in 

method B. Both reaction schemes produce a cyanocobalamin-acridine conjugate. 

Method A: A diamine side chain is first synthesiz.ed in a manner 

15 analogous to the side chain of quinacrine. Specifically, mono-phthaloyl protected 1,4-

diaminobutane (27) is reacted with 6,9-dichloro-2-methoxyacridine (28) in phenol (L 

Am. Chem. Soc. 66:1921-1924, 1944). The reaction mixture is then poured into an 

excess of 2 N NaOH and extracted with ether. The ether extract is washed with 1 M 

NaHC03, then H20, and dried over MgS04. The crude product is recrystalliz.ed from 

20 H20-alcohol. The phthaloyl protecting group is removed using anhydrous hydrazine in 

MeOH (Bioconiuiate Olema 2:435-440, 1991) to yield the aminoacridine, (29). 

Aminoacridine (29) is then conjugated with vitamin B12 monocarboxylic acid (2, 3, 4) 

to yield a cyanocobalamin-acridine conjugate (30). 

Method. B: Acridine derivative (31) (0.098 mmol, 0.045 g) was 

25 dissolved in 0.5 mL of trifluoroacetic acid. This solution was stirred at room 

temperature for 0.5 h. TF A was removed by aspirator vacuum. The residue was 

dissolved in 5 mL of acetonitrile and was neutraliz.ed by few drops of triethylamine. 

Acetonitrile was then removed by aspirator vacuum. The residue was dissolved in 

DMSO (10 mL) and cyanocobalamin carboxylic acid-diaminododecane-succinyl 

30 derivative (15, 16, 17) (0.098 mmol, 134 mg) was added followed by triethylamine (12 

µL). The reaction mixture was then stirred at room temperature for 24 h. (HPLC 

monitored}, and evaporated to dryness. The residue was digested with 100 mL of 

acetone and the solvent was decanted yielding a cyanocobalamin-acridine conjugate 

(32). Yield: 120 mg (62%). mp 182-188 °C. 

35 IH NMR (MeOH-d4, o): 0.43 (s, 3H, C-20 CH3); 1.17 (s, 4H, C-46 

CH3); 1.23 (d, 4H, Pr3 CH3); 1.29 (s, 24H); 1.36 (hr s, 6H); 1.4 (s, 6H); 1.65 (m, 
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2H); 1.87 (s, 4H); 2.05 (m, 2H); 2.25 (s, 6H, BIO & Bll CH3); 2.35 (m, 3H); 2.4 (d, 

S~; 2.44 (cl, 2f9; 2.55 (d, lOH); ~.64 (s, SH); 2.8-2.9 (m, 8H); 3.1-3.15 (m, 6H); 

3.3 (s, 6H); 3.4 (m, lH); 3.65 (m, 2H); 3.75 (d, lH); 3.9 (d, lH); 3.98 (s, 2H); 4.0 

(m, 2H); 4.1 (d, lH); 4.16 (m, lH); 4.3 (m, lH); 4.48 (m, lH); 4.6 (m, 2H); 6.0 (s, 

5 lH, C-10); 6.3 (d, lH, R 1); 6.5 (s, lH, B4); 7.1 (s, lH, B2); 7.2 (s, lH, B7); 7.3 (t, 

lH); 7.4 (dd, lH); 7.6 (dd, lH); 7.7 (2dd, 2H); 7.8 (d, lH); 7.9 (d, lH); 8.4 (d, lH). 

10 

EXAMPLEll 

SYNTHESIS OF A CYANOCOBALAMINILYSOSOMOTROPIC 

COMPOUND (AMIKACIN) RECEPTOR MODULATING AGENT 

This example demonstrates conjugation of amikacin to a 

cyanocobalamin molecule to form a cyanocobalamin-amikacin conjugate. A reaction 

scheme for the conjugation is depicted in Figure 12. As noted above, chemical moieties 

15 that are retained subcellularly within lysosomes are termed lysosomotropic. 

Aminoglycosides are lysosomotropic compounds, and thus may be used as rerouting 

moieties of this invention. The primary long chain amine on the hydroxyaminobutyric 

acid side chain of the aminoglycoside, amikacin (see Figure 3), is preferentially 

reactive. Specifically, amikacin (33) (Sigma Chemical Co., St. Louis), is reacted with a 

20 vitamin B 12 monocarboxylate (2, 3, 4) in the presence of EDC. A cyanocobalamin­

amikacin conjugate (34) is then separated and purified by reverse-phase LC 

chromatography under conditions noted above. 

25 

EXAMPLE13 

CY ANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINODODECANE 

CONJUGATE DIMER: ISOPRTRALOYL DICHLORIDE CROSS-LINKING 

This example demonstrates the production of a cyanocobalamin dimer 

suitable for use as a cross-linking receptor modulating agent. Cross-linking of receptors 

30 in some receptor systems is sufficient to cause a rerouting of cell surface receptors to 

lysosomes for degradation, rather than their normal pathway of receptor recycling. 

To a solution of cyanocobalamin monocarboxylic acid diaminododecane 

conjugate (8, 9, 10) (0.192 mmol, 0.300 g) in DMF (30 mL), was added triethylamine 

(18 µL). Isophthaloyl dichloride (35) (0.096 mmol, 0.0195 g) was added over a period 

35 of 10-15 min. The reaction mixture was stirred at 55-60°C for 48 h (HPLC monitored) 

and evaporated to dryness. The solid residue was dissolved in 20 mL of methanol : 
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H20 (7:3) and applied to a reverse phase C-18 column (500 mm x 25 mm, Alltech, 150 

psi) which was developed with the same solvent. RAININ Rabbit-plus peristaltic 

pumping system was used with a DYNAMAX (model UV-I) UV visible absorbance 

detector; the elute was collected with an automatic fraction collector. The fractions 

5 containing the final product (HPLC monitored) were evaporated to dryness. 

b-acid dimer (36): yield 96 mg (30%), mp 217-220° C with 

decomposition, IH NMR CD20, a) 0.43 (s, 6H, C-20 CH3); 1.18 (s, 8H); 1.3 (m, 

36H); 1.37 (m, 12H); 1.46 (s, lOH); 1.6 (m, 8H); 1.9 (d, 12H); 2.05 (m, IOH); 2.2 

(d, 16H, BIO & Bl l CH3); 2.35 (m, 8H); 2.6 (d, 18H); 2.8-3.0 (m, 16H); 3.15 (m, 

10 6H); 3.3 (s, 8H); 3.37 (m, 14H); 3.6 (m, 4H); 3.76 (m, 2H); 3.9 (d, 2H); 4.07 (m, 

2H); 4.12 (m, 2H); 4.18 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 4.6 (s, 2H); 4.68 (m, 

2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2Rl); 6.6 (s,2H, 2B4); 7.1(s,2H, 2B2); 7.25 (s, 

2H, 2B7); 7.54 (t, lH); 7.95 (d, 2H); 8.25 (s, lH); MS (FAB+): m/e 320S. IR (KBr): 

3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm·l; UV: A.360 (e42 380). 

15 e-acid dimer (37): yield 121 mg (38%), mp 220-222° C with 

decomposition, IH NMR (D20, 6) 0.43 (s, 6H, C-20 CH3); 1.17 (s, 8H); 1.22 (d, 

13H); 1.29 (s, 45H); 1.36 (d, 22H); 1.44 (s, lOH); 1.6 (m, SH); 1.87 (s, 8H); 2.04 

(m, lOH); 2.25 (s, 12H, BIO & Bl l CH3); 2.36 (m, 8H); 2.55 (d, 20H); 2.8 (m, 8H); 

3.15 (m, SH); 3.29 (s, lOH); 3.36 (m, 14H); 3.6 (m, 4H); 3.73 (m, 2H); 3.9 (d, 2H); 

20 4.07 (m, 2H); 4.12 (m, 2H); 4.16 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 4.6 (s, 2H); 

4.66 (m, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2Rl); 6.6 (s,2H, 2B4); 7.1(s,2H, 2B2); 

7.25 (s, 2H, 2B7); 7.54 (t, lH); 7.93 (d, 2H); S.25 (s, lH); MS (F AB+): m/e 3208. IR 

(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm-1. UV (MeOH): A.360 (& 

33 854) 

25 d-acid dimer (38): yield 96 mg (300/0), mp 225-228° C with 

decomposition, IH NMR (DiO, a) 0.43 (s, 6H, C-20 CH3); 1.16 (s, 8H); 1.29 (m, 

36H); 1.35 (d, 12H); 1.44 (s, lOH); 1.53 (m, 6H); 1.6 (m, SH); 1.85 (s, 12H); 2.03 

(m, SH); 2.25 (d, 12H, BIO & Bl 1 CH3); 2.33 (m, 8H); 2.54 (d, 20H); 2.8 (m, 8H); 

3.13 (m, SH); 3.2S (s, 12H); 3.35 (m, 12H); 3.6 (m, 4H); 3.73 (m, 2H); 3.9 (d, 2H); 

30 4.07 (m, 2H); 4.12 (m, 2H); 4.16 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 4.64 (m, 2H); 

4.7 (s, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2Rl); 6.6 (s,2H, 2B4); 7.1 (s, 2H, 2B2); 

7.25 (s, 2H, 287); 7.54 (t, lH); 7.93 (d, 2H); S.25 (s, lH); MS (FAB+): m/e 3208. IR 

(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm-1 UV (MeOH): A360 (& 

31 747). 

35 
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EXAMPL&J4 

CY ANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINODODECANE 

CONJUGATE DIMER: ETAC CROSS-LINKING 

This example serves to illustrate synthesis of a bivalent receptor 

modulating agent using a heterotrifunctional cross-linker. The reaction scheme for this 

synthesis is depicted in Figme 15. The heterotrifunctional cross-linker is formed an 

ETAC reagent (Bioconbmate Chem. 1:36-50, 1990; Bioconiuaate Cbem. 1:51-59, 

1990; J. Am. Cbem. Spe . .lill.:3097-3110, 1979). Bivalency, in addition to enhancing 

10 affinity of binding, also imparts the ability to cross-link neighboring receptors and 

trigger endocytosis. The bivalent "arms" of the agent may be lengthened with peptide 

or other linking molecules to enable simultaneou8 binding of both "arms". In the case 
of vitamin B12 this may be assessed by gel filtration. If the linkers allow simultaneous 

interaction, there will be 2 moles of Tell for every mole of ETAC dimer present in a 

15 single peak of 80,000 m.w. (versus 40,000 m.w. of monomeric Tell). Simultaneous 
binding of 2 moles of Tell will then have the potential for bivalent binding to cell 
surface receptor. This can be tested by comparing the affinity of monomer and dimer 
binding to receptor. While the bivalent agent can be synthesi7.ed to include any 
rerouting moiety of this invention which enhances lysosomal targeting and retention, 

20 the compound tyramine, useful for radio-labeling is disclosed for the purpose of 

illustration. 

Referring to Figme 15, carboxy-ETAC (39) is prepared by the method of 

Liberatore et al. (Biocmtjuaate Chem.1:1990). The carboxy-ETAC is converted to its 

acid chloride by reaction in thionyl chloride. Addition of amine (40) gives the amine-

25 ETAC adduct (41). Reaction of amine-ETAC (1 mmol) in CH3CN with 1 M aqueous 
cysteamine (10 mmol) is conducted by stirring at room temperature for 24 h. This 
compound is reduced with NaCNBH3 under acidic conditions. The crude amine­

ETAC-cysteamine adduct (42) is pmified by reverse-phase LC, using conditions noted 
above. A vitamin B12 monocarboxylate (2, 3, 4) is conjugated with tyramine-ETAC-

30 cysteamine compound by reaction with EDC in H20. The resultant vitamin B1i­

ETAC-tyramine dimer (43) is purified by reverse phase LC, using conditions described 

above. 
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EXAMPLE JS 

CY ANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINODODECANE 

CONJUGATE DIMER: ISOPRTHLATE CROSS-LINKING WITH BIOTIN MOIETY 

5 lbis example illustrates the synthesis of a bivalent receptor modulating 

agent which is additionally coupled to a biotin moiety (44). Further modification can 

be obtained by coupling of this molecule with an avidin or streptavidin moiety. 

Reaction Step A- Biotin (12.3 mmol, 3 g) was dissolved in warm (bath 

temperature 70°C) DMF (60 mL) under argon atmosphere. It was then cool to ambient 

10 temperature and DCC (13.5 mmol, 2.79 g) was added, followed by tetrafluorophenol 

(24.6 mmol, 4.08g). The reaction mixture was then cooled to 0°C and stirred for O.S h. 

It was then brought back to ambient temperature and stirred for another 4-S h. The 

reaction mixture was filtered and the filtrate was evaporated to dryness. The precipitate 

was washed with acetonitrile (50 mL) and was filtered to yield 5 g (98%) of white solid 

15 (45). 

lH NMR (DMSO, 6): 1.4 (m, 2H); 1.7 (m, 2H); 2.5 (t, 2H); 2.8 (t, 

2H); 3.1 (m, lH); 4.1 (m, lH); 4.3 (m, lH); 6.4 (d, 2H); 7.9 (m, lH). 

Reaction Ste.p B: 6-Aminocaproic acid (46) (7.5 mmol, 0.99g) was 

dissolved in H20 (75 mL). Triethylamine (0.5 mL) was added followed by a solution 

20 of TFP ester of Biotin (5 mmol, 1.96 g) in warm acetonitrile (300 mL). The reactio~ 

was stirred overnight at room temperature. It was then filtered, washed with H20 (50 

mL) and dried on high vacuum. Yield: 0.870 g (47%). The filtrate was evaporated to 

dryness. The residue was taken in boiling acetonitrile (75 mL) and was filtered, 

washed with hot acetonitrile. The solid (47) was dried on high vacuum to give 0.6 g, 

25 for a total yield of 1.47 g (79%). 

lH NMR (DMSO-~, a): 1.2-1.6 (m, SH); 2.0 (t, 2H); 2.2 (t, 2H); 2.5 

(dd, 2H); 2.8 ( dd, 2H); 3.1 {m, 3H); 4.1 (m, lH); 4.3 (m, lH); 6.4 {d, 2H); 7.7 (m, 

lH). 
Reaction Ste.p C: Biotin conjugated caproic acid (47) (2.68 mmol, 1 g) 

30 was dissolved in DMSO (50 mL). Triethylamine (0.4 mL) was added followed by TFP 

acetate (4.02 mmol, 1.05 g). The reaction mixture was then stirred at room temperature 

for 15-20 min (HPLC monitored). It was then evaporated to dryness. The residue was 

washed with ether and dichloromethane and dried on high vacuum (48). Yield: 1.24 g 

(89"/o). 
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lff NMR (DMSO-~, 3): 1.2 (t, 2H); 1.3-1.7 (m, SH); 2.1 (t, 2H); 2.6 

(dd, 2H); 2.8 ( m, 4H); 3.1 (m, 4H); 4.2 (m, lH); 4.4 (m, lH); 6.4 (d, 2H); 7.8 (t, 

lH); 8.0 (m, lH). 

Reaction Step D: TFP ester ofBiotin-caproic acid (48) (0.67 mmol, 0.35 

5 g) was dissolved in DMF (40 mL). Triethylamine (80 µL) was added followed by 

aminoisophthalic acid (1.005 mmol, 0.182 g). The reaction was stirred at room temp. 

for 8 days (HPLC monitored) while adding triethylamine (80 µL) every after 24 h. It 

was then evaporated to dryness. The residue was then applied to a column of silica and 

was initially eluted with acetonitrile (450 mL). It was then eluted with methanol, 20 

10 mL of fractions were collected. at the fraction 2 the solvent was changed to DMF. The 

fractions containing the final product (HPLC monitored) were evaporated to dryness 

(49) to yield 230 mg (65%). 

lff NMR (DMSO-~, 3): 1.3-1.7 (m, 8H); 2.1(t,2H); 2.3 (t, 2H); 2.6 

(m, 2H); 2.8 ( m, 2H); 3.1 (m, 3H); 4.1 (m, lH); 4.3 (m, lH); 6.4 (d, 2H); 7.8 (t, 

15 lH); 8.1 (m, lH); 8.46 (s, 2H). 

Reaction Step E: Biotin-caproic acid-isophthalic acid (49) (0.376 mmol, 

200 mg) was dissolved in DMF (30 mL) under argon atmosphere. TFP acetate (0.94 

mmol, 241 mg) was added by double ended needle, followed by triethylamine (112 

µL). The reaction was then stirred at room temp. for 24 h (HPLC monitored). It was 
20 then evaporated to dryness. The light brownish oil was taken in ether, solid was filtered 

and was washed with ether (50 mL) (SO) to yield 250 mg (86%). 

IH NMR (DMSO-~, 3): 1.3-1.7 (m, SH); 2.1(t,2H); 2.3 (t, 2H); 2.6 

(m, 2H); 2.8 ( m, 2H); 3.1 (m, 3H); 4.2 (m, lH); 4.4 (m, lH); 6.4 (d, 2H); 7.8 (t, 

lH); 8.1 (m, 2H); 8.57 (s, lH); 8.9 (s, 2H). 

25 Reaction Step F: In a solution of cyanocobalamin carboxylic acid -

diaminododecane conjugate (8, 9, 10) (0.130 mmol, 0.2 g) in a mixture of PMF: H20 
(3:1) (40 mL) triethylamine (12 µL) was added. DiTFP ester of biotin-caproic acid­

isophthalic acid (50) (0.065 mmol, 0.050 g) was added over a period of 5-10 min. The 

reaction mixture was stirred at room temperature for 3 h (HPLC monitored). It was 
30 then evaporated to dryness. The residue was digested with 100 mL of acetone and the 

solvent was decanted to yield 230 mg (62%) (51). mp 195-198°C with decomposition. 
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EXMJPLE16 

CY ANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINODODECANE CONJUGATE 

DIMER: ISOPHTHALATE CROSS-LINKING WITH PARA-IODOBENZOYL MOIETY 

This is an example of a bivalent receptor modulating agent which is also 

conjugated to a para-iodobenzoyl moiety. 

Reaction SteJ! A: A 5g (28 mmol) quantity of 5-aminoisophthalic acid 

(52) was dissolved in 30 mL IN NaOH and placed in an ice/water bath. To the cold 

solution was added 7.5g (28 mmol) 4-iodobenzoyl chloride (52) in 60 mL of 

I 0 acetonitrile, dropwise. The thick white precipitate was then stirred for I 0 minutes 

before removing the ice/water bath and allowing the mixture to stir an additional IO 

minutes. The reaction mixture was adjusted to pH 4 with acetic acid and the resulting 

solid collected. This solid was then dissolved in 30 mL IN NaOH and washed with 

ether (2 x 50 mL). The resulting aqueous solution was filtered and acidified to pH 4 

IS with acetic acid. The white precipitate was the collected and dried on high vacuum to 

yield .6 g (99+%) of (54). mp >300 oc; IR (Nujol, cm· I) 3570(m), 3300(m), 1645, 

I580(m), I525(m), 760(m); lff NMR (DMSO~, S), 8.5I (2H, d, J = 0.7 Hz), 8.27 

(lH, s), 7.94 (2H, d,_J= 4.2 Hz), 7.84 (2H, d,J=4.l Hz). 

Reaction Step B: A 5g (I2.2 mmol) quantity of 5-[N-

20 iodobenzoyl)amino ]-isophthalic acid (54) was suspended in I 00 mL anhydrous ethyl 

acetate. To this was added 12.Sg (73 mmol) 2,3,5,6-tetrafluorophenol (55) followed by 

5g (24.2 mmol) 1,3-dicyclohexylcarbodiimide. This suspension was then stirred at 

room temperature for 3 days before filtering off the solid and washing with an 

additional 20 mL of ethyl acetate. The filtrate was then evaporated to dryness. The 

25 resulting sticky white solid was suspended in 50 mL acetonitrile and stirred for 30 

minutes. Filtering yielded 3.75g of white solid (43%) (56). mp 250-25I oc; IR 

(Nujol, cm-I) 3220(m}, 3060(m}, I 750, I 655, I 520, 1485, 1330, 1195, 1110, 1085, 

955(m), 945(m); l H NMR (DMSO-cit;, S), 9.06 (2H, d, J = 0. 7 Hz), 8.57 (lH, t, J = 1.4 

Hz), 8.04 (2H, m), 7 .94 (2H, d, J = 4.2 Hz), 7.81 (2H, d, J = 4.3 Hz). 

30 Reaction Step C: To a solution of cyanocobalamin carboxylic acid -

diaminododecane conjugate (56) (0.192 mmol, 0.3 g) in a mixture ofDMF: H20 (3:1) 

(40 mL) was added triethylamine (0.018 mL). To this solution, DiTFP ester of 5-[N-(p­

Iodobenzoyl)amino]-Isophthalic acid (57)(0.096 mmol, 0.068 g) was added over a 

period of 5-10 min. The reaction mixture was stirred at room temperature for 4-5 h 

35 (HPLC monitored). It was then evaporated to dryness. The solid residue was dissolved 

in 20 mL of methanol: H20 (8:2) and applied to a reverse phase C-I8 column (500 mm 
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x 25 mm, Alltech, 150 psi) which was developed with the same solvent. RAININ 

. Rabbit-plus peristaltic pumping system was used with a DYNAMAX (model UV-1). 

UV visible absorbance detector; the elute was collected with an automatic fraction 

collector. The fractions containing the final product (HPLC monitored) were 

5 evaporated to dryness. 

b-acid dimer (58): yield: 280 mg (76%), mp 230-233 °C with 

decomposition, lff NMR CD20, l>) 0.43 {s, 6H, C-20 CH3); 1.19 {s, 8H); 1.3 {m, 

36H); 1.37 (d, 12H); 1.46 (s, lOH); 1.63 (m, 8H); 1.87 (s, 12H); 2.05 {m, lOH); 2.27 

(d, 16H, BIO & Bl 1 CH3); 2.35 (m, 8H); 2.6 (d, 18H); 2.8 (s, SH); 3.0 (s, lOH); 

10 3.15 (m, 8H); 3.3 (d, 8H); 3.37 (m, 14H); 3.6 (m, 2H); 3.68 (d, 2H); 3.76 (m, 2H); 

3.9 (d, 2H); 4.07 (m, 2H); 4.12 (m, 2H); 4.18 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 

4.64 (m, 4H); 6.0 (s, 2H, 2C-10); 6.26 (d, 2H, 2R1); 6.6 (s, 2H, 2B4); 7.1 (s, 2H, 

2B2); 7.25 (s, 2H, 2B7); 7.7 (d, 2H); 7.9 (d, 2H); 7.99 (d, lH); 8.2S (s, 2H); MS 
(FAB+): m/e 3453. IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm-I. 

15 UV (MeOH): A360.6 (648 S71) 

e-acid dimer (59): yield: 258 mg {700/o), mp 2S5-290 °C with 

decomposition, lH NMR CD20, a) 0.43 (s, 6H, C-20 CH3); 1.17 (s, SH); 1.22 (d, 

13H); 1.29 (s, 45H); 1.36 {d, 22H); 1.44 (s, lOH); 1.6 (m, 8H); 1.86 (s, 12H); 2.04 

{m, lOH); 2.25 (s, 12H, BIO & Bl 1 CH3); 2.36 (m, 8H); 2.55 (d, 20H); 2.83 (m, 8H); 
20 3.15 (m, 8H); 3.29 (s, lOH); 3.36 (m, 8H); 3.58 {m, 2H); 3.65 (m, 2H); 3.75 (m, 

2H); 3.9 (d, 2H); 4.06 {m, 2H); 4.12 (m, 2H); 4.16 (m, 2H); 4.3 (m, 2H); 4.5 (m, 

2H); 4.57 (s, 2H); 4.65 (m, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d, 2H, 2Rl); 6.5 (s, 2H, 
2B4); 7.1 (s, 2H, 2B2); 7.25 {s, 2H, 2B7); 7.7 (d, 2H); 7.89 (d, 2H); 7.98 (s, lH); 
8.26 {s, 2H); MS (FAB+): mle 3453. IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 

25 1490, 1060 cm·l; UV (MeOH): A360 (641 481). 
d-acid dimer (60): yield 265 mg (72%), mp 253-255 °C with 

decomposition, lH NMR (020, l>) 0.43 (s, 6H, C-20 CH3); 1.16 (s, 8H); 1.22 (d, 

12H); 1.33 (m, 36H); 1.43 (s, lOH); 1.53 (m, 6H); 1.6 (m, 8H); 1.86 (s, 12H); 2.03 

(m, SH); 2.25 (d, 12H, BlO & Bl 1 CH3); 2.33 (m, 8H); 2.54 (d, 20H); 2.8 (s, 4H); 

30 3.0 (s, 4H); 3.28 (s, lOH); 3.35 (m, SH); 3.58 (m, 2H); 3.65 (m, 2H); 3.73 (m, 2H); 

3.88 (d, 2H); 4.05 (m, 2H); 4.1 (m, 2H); 4.17 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 

4.57 (s. 2H); 4.63 (m, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2R1); 6.5 (s,2H, 2B4); 7.1 
(s, 2H, 2B2); 7.25 {s, 2H, 2B7); 7.7 (d, 2H); 7.89 (d, 2H); 7.98 (s, lH); 8.26 (s, 2H); 
MS (FAB+): m/e 3453. IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 

35 cm·l; UV (MeOH): A360 (e48 245). 
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EXAMPL£17 

CY ANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINOOODECANE 

CONJUGATE DIMER: lsOPBTABATE CROSS-LINKING WITH 

PARA-(TRl-BUTYLSTANNYL)BENZOYL MOIETY 

This is an example of a bivalent receptor modulating agent coupled to a 

para-tri-N-butyl stannyl moiety. 

Reaction Step A: A 2 g (2.8 mmol) quantity of the diTFP ester of 5-[N­

(p-Iodobenzoyl)amino ]-Isophthalic acid (57) (as prepared above) was dissolved in 20 

10 mL dry toluene under argon. To this was added 2.8 mL ( 5.5 mmol) of bis(tributyltin) 

(61) followed by 40 mg (0.04 mmol) tetrakis(triphenylphosphine)palladium (62). The 

mixture was stirred at room temperature for 15 minutes before heating to 800C for 2 h. 

Since the mixture only darkened slightly over the 2 h period, an additional 40 mg of 

palladium catalyst was added. Within 1 hour the mixture had turned black. After 

15 cooling to room temperature, the toluene was removed by rotary evaporation. The 

resulting black oil (containing solids), was then taken into 20 mL ethyl acetate and 

dried onto 10 g silica gel (via rotoevaporation). This solid was then added to a 250 g 

(40 x 3.5 cm) silica gel column and eluted initially with hexanes containing 5% acetic 

acid. After 600 mL, the solvent was changed to 90/10 hexanes/ethyl acetate (containing 

20 5% acetic acid). Fractions 14-16 were combined and dried to yield 1.5 g (62%) of 

white solid (62). mp 120-123 oc; 

lff NMR (CDCl3, 3), 8.87 (2H, d, J= 0.7 Hz), 8.76 (lH, t, J= 1.6 Hz), 
8.38 (lH, s}, 7.84 (2H, d, J = 4.1 Hz), 7.62 (2H, d, J = 4.1 Hz}, 7.07 (2H, m}, 1.55 (6H, 

m), 1.36 (15H,m), 1.11 (6H,m), 0.89 (9H, t, J = 7.3 Hz); MS (FABry M+H patterns 

25 calculated 870 (75.1%), 871 (52.90/0), 872 (100%), 873 (41.0%), 874 (21.4%), found 

870 (82.1%), 871(55.1%),872 (100%), 873 (42.1%), 874 (25.2%). 

IR (Nujol, cm-1) 1750, 1645, 1520, 1480(m), 1185, 1100, 1085. 

Reaction Ste.p B: In a solution of cyanocobalamin carboxylic acid -

diaminododecane conjugate (8, 9, 10) (0.065 mmol, 0.1 g) in a mixture of DMF : H20 

30 (3:1) (40 mL) triethylamine (0.006 mL) was added. DiTFP ester of 5-[N-(p-tributyltin 

benzoyl) amino]-Isophthalic acid (63)(0.0325 mmol, 0.028 g) was added over a period 

of 5-10 min. The reaction mixture was stirred at room temperature for 12-14 h (HPLC 

monitored). It was then evaporated to dryness. The residue was digested with 100 mL 

of acetone and the solvent was decanted. 

35 b-acid dimer (64): yield: 90 mg (70%), mp 208-212 °C with 

decomposition, lff NMR (020, 8) 0.43 (s, 6H, C-20 CH3); 0.88 (t, 9H); 1.15 (t, 
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12H); 1.19 (s, SH); 1.3 (m, 36H); 1.37 (d, 12H); 1.46 (s, lOH); 1.6 (m, SH); 1.9 (s, 

12H); 2.05 (m, lOH); 2.2S (d, 16H, BIO & Bll CH3); 2.35 (m, 8H); 2.6 (d, lSH); 

2.8-2.9 (m, 16H); 3.15 (m, SH); 3.3 (s, 8H); 3.37 (m, 14H); 3.6 (m, 4H); 3.76 (m, 

2H); 3.9 (d, 2H); 4.07 (m, 2H); 4.12 (m, 2H); 4.lS (m, 2H); 4.3 (m, 2H); 4.5 (m, 

5 2H); 4.6S (m, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2R1); 6.6 (s, 2H, 2B4); 7.1 (s, 2H, 

2B2); 7.25 (d, 2H, 2B7); 7.6 (d, 2H); 7.9 (d, 2H); 7.99 (hrs, lH); 8.2S (hrs, 2H); IR 
(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm·l. 

e-acld dimer (65): yield: 93 mg (72%), mp >300 °C, lff NMR (D20, 

o) 0.43 (s, 6H, C-20 CH3); 0.8S (t, 9H); 1.12 (t, 12H); 1.17 (d, SH); 1.22 (d, 13H); 

10 1.29 (s, 45H); 1.36 (d, 22H); 1.44 (s, lOH); 1.6 (m, SH); 1.87 (d, 12H); 2.04 (m, 

lOH); 2.25 (s, 12H, BlO & Bl 1 CH3); 2.3(; (m, 8H); 2.55 (d, 20H); 2.8 (m, SH); 

3.15 (m, 8H); 3.29 (s, IOH); 3.36 (m, 14H); 3.6 (m, 4H); 3.73 (m, 2H); 3.9 (d, 2H); 

4.07 (m, 2H); 4.12 (m, 2H); 4.16 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 4.66 (m, 2H); 

6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2R1); 6.6 (s,2H, 2B4); 7.1 (s, 2H, 2B2); 7.25 (s, 2H, 

15 2B7); 7.6 (d, 2H); 7.9 (d, 2H); 7.98 (hrs, lH); S.28 (br s, 2H); IR (KBr): 3400, 3200, 

2950, 2060, 1660, 1570, 1490, 1060 cm·l. 

d-acid dimer (66): yield: 100 mg (7S%), mp 202-205 °C with 

decomposition, lff NMR (020, o) 0.43 (s, 6H, C-20 CH3); O.S8 (t, 9H); 1.12 (t, 

12H); 1.15 (s, 8H); 1.29 (m, 36H); 1.35 (d, 12H); 1.44 (s, lOH); 1.53 (m, 6H); 1.6 

20 (m, SH); 1.S6 (d, 12H); 2.03 (m, SH); 2.25 (d, 12H, BIO & Bl 1 CH3); 2.33 (m, SH); 

2.54 (d, 20H); 2.8 (m, SH); 3.13 {m, SH); 3.28 (s, lOH); 3.35 (m, lOH); 3.6 (m, 4H); 

3.73 (m, 2H); 3.9 (d, 2H); 4.05 (m, 2H); 4.1 (m, 2H); 4.17 (m, 2H); 4.3 (m, 2H); 4.5 

(m, 2H); 4.6 (m, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2Rl); 6.6 (s,2H, 2B4); 7.1 (s, 

2H, 2B2); 7.25 (s, 2H, 2B7); 7.6 (d, 2H); 7.9 (d, 2H); 7.98 (hrs, lH); 8.28 (br s, 

25 2H); IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm·l. 

30 

EXAMPL£18 

EVALUATION OF THE ABILITY OF VITAMIN B12 RECEPTOR 

MODULATING AGENTS TO BIND TO TCil 

This example serves to demonstrate a competitive binding assay suitable 

for evaluating the ability of vitamin B12 receptor modulating agents to bind TcII. 

Binding of the vitamin B12 derivatives to recombinant transcobalamin II was conducted 

in picomolar concentrations and the percent bound ascertained. 

35 In this competitive binding assay, various B12 derivatives, including 

vitamin B12 receptor modulating agents, were evaluated for their ability to bind to Tell 

Sandoz Inc. 
Exhibit 1002-00245 

Teva – Fresenius 
Exhibit 1002-00245



WO 95127723 PCT/US9S/04404 

64 

relative to radiolabeled 812· Varying concentrations of each derivative were incubated 

with immobilized Tell in the presence of a constant amowit of radiolabeled 8 12• After 
incubation for 20 minutes at 37° C, the free radiolabeled 8 12 was separated from the 

Tell bound tracer by removal of the supernatant. The radioactivity of the supernatant 

5 solution was then measured to determine the amount of free radiolabeled 8 12 present at 
the end of each competition. By measuring the amount of free radiolabeled B12 for 
each competition, the ability of each derivative to inhibit radiolabeled B12 binding was 

determined. A binding curve was then be constructed for each 8 12 derivative where the 

amount of radiolabeled B 12 bound (% radiolabel bound) was correlated with the 

10 concentration of derivative present in the original mixture. The more effective the 

derivative is in binding to Tell, the lower the percent bound radiolabeled vitainin 812· 

Figure 22 illustrates the binding curve of Transcobalamin Il to the 

cyanocobalamin monocarboxylic acids produced in Example 1. AD = Cyanocobalamin 

(1); AL = Cyanocobalamin b-monocarboxylic acid (2); AM = Cyanocobalamin e-
15 monocarboxylic acid (3); and AN= Cyanocobalamin d-monocarboxylic acid (4). The 

d-carboxylate (3) appears to bind nearly as well as cyanocobalamin. Two samples of 
vitamin B12 were used, one as a known standard and the other as an unknown. 

Figure 23 illustrates the binding curve of Transcobalamin Il to the 

cyanocobalamin diaminododecane adducts (8, 9, 10) and succinate adduct (13) 

20 produced in Example 3 and 4 above. AH = Cyanocobalamin b-monocarboxylic acid 
conj Diaminododecane (7); AI = Cyanocobalamin e-monocarboxylic acid conj 

Diaminododecane (8); AJ = Cyanocobalamin d-monocarboxylic acid conj 

Diaminododecane (9); AK = Cobalamin e-monocarboxylic acid conj Diaminododecane, 

and AE = Cyanocobalamin Ribose-Succinate (11). The b-conjugate (17) has the least 
25 binding, whereas the e-conjugate (18) has intermediate binding, and the d-conjugate 

(19) binds quite well. The biotin conjugate attached to the ribose site (13) appears to 

bind very well, as does its precursor amino derivative (12). The additional compound 

studied is of unknown structure, but may have the amine group coordinated with the 
cobalt atom as the mass spectnun indicates that it has the appropriate mass for (7) 

30 minus HCN. It is clear that this unknown compound is not likely to bind Tell. 
Figure 24 illustrates the binding curve of Transcobalamin Il to a series of 

vitamin B12 dimers. Dimer X = b-acid dimer with lsophthaloyl dichloride (36); Dimer 

Y = e-acid dimer with Isophthaloyl dichloride (37); dimer Z = d-acid dimer with 

Isophthaloyl dichloride (38); Dimer A= b-acid Dimer with p-lodo benzoyl lsophthaloyl 

35 dichloride (58); Dimer 8 = e-acid Dimer with p-Iodo benzoyl Isophthaloyl dichloride 

(59); and Dimer C = d-acid Dimer withp-lodo benzoyl lsophthaloyl dichloride (60). 
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Figure 25 illustrates the binding curve of Transcobalamin II to a series of 

biotinylated vitamin B12 molecules. AA = Cyanocobalamin b-monocarboxylic acid 

conj Diaminododecane and Biotin (17); AB = Cyanocobalamin e-monocarboxylic acid 

conj DiaminodOdecane and Biotin (18); AC = Cyanocobalamin d-monocarboxylic acid 

5 conj Diaminododecane and Biotin (19); AF = Cyanocobalamin Ribose-Succinate conj 

Diaminododecane (13); and AG = Cyanocobalamin Ribose-Succinate conj. 
Diaminododecane and Biotin (20). 

10 

EXAMPLE19 

AssAY FOR BIOLOGICAL ACTIVITY OF VITAMIN B12 

RECEPTOR MODULATING AGENTS 

This example serves to demonstrate the use of an assay to ascertain 
biological activity of the receptor modulating agents of the present invention. 

15 Receptor down-modulation involves a comparison of treatment of a 

target cell line such as KS62, each sample is treated with vitamin B12 or a vitamin B12 
receptor modulating agent at 4°C for 24 hours. Following this period, cells of each 

sample are separated from a vitamin B12 or a vitamin B12 receptor modulating agent by 

centrifugation. The cells are then washed and resuspended in phosphate buffered saline 

20 containing 2 mM EDTA for a brief period of time not to exceed 15 minutes at 4°C. 

Then, the cells are washed again and returned to a tissue culture medium at 4°C. The 

tissue culture medium containing Tell and a radiolabeled Tcll/B12 complex. The time 

course of Tcll/B12 binding to the cell receptor is determined by measuring the percent 

radiolabel bound to the cell at 0, 15, 30, 60, 120, and 240 minutes. Those samples 

25 exposed to the vitamin B12 receptor modulating agents of the present invention show 

significantly reduced TcIIIB12 complex binding compared to cells cultured in vitamin 

B12. Trypsin treated cells reveal any nonspecific binding or uptake of the labeled 

vitamin B12 on or within the cell. 

30 EXAMPLE20 

METHOD FOR AsSESSING BIOLOGICAL ACTMTY 

OF A RECEPTOR MODULATING AGENT 

This example serves to demonstrate a method suitable for assessing the 

35 biological activity of a receptor modulating agent of the present invention. 
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0.2x106 cells/ml K.562 cells were cultured in RPMI medium modified by 

addition of 10 µM MeTHF, 2.7 nM vitamin B12 and 1% human serum. No folate was 

added. 10 µM d-diamimododecane adduct (7) was added and cultured over 9 days at 

37°C. 10 µM vitamin B12 cultured under identical conditions as (7) was utilized as a 

5 control. The cultures were then independently assessed for proliferation and cell death 

by Trypan blue exclusion. The results are described in Table 10, below, in terms of the 

percent cell death. 

10 

15 

Table 10 

Control d-diaminododecane adduct (7) 

Proliferation 98% 9% 

Cell Death 8% 85% 

The receptor modulating agent, in this case d-diaminododecane adduct (7), clearly 

demonstrates the marked biological activity of the receptor modulating agent 

EXAMPLE21 

SYNTHESIS OF AN ANTI-INFLAMMATORY RECEPTOR 

MODULATING AGENT 

The synthetic peptide f-met-leu-phe is equivalent to a bacterial cell wall 

20 constituent (Biochem. Soc. Irans. li:l 127-9, 1991; Aeents Actions SJW>I. lS.:3-8, 

1991; Aa;ents Actions Suppl. J.S.:11-6, 1991; J Immunol. ,li6:975-80, 1991). This 

peptide is recogniz.ed by receptors on PMN which can respond by chemotaxis to sites of 

local inflammation along a gradient of the peptide. During inflammation, receptor 

expression can be dramatically increased by mobilizing receptor from intracellular 

25 pools. Non-specific methods used to abrogate this up-regulation also inhibit 

chemotaxis and presumably the anti-inflammatory reaction associated with local 

inflammation (J. lmmunol. ill:2633-8, 1990). The synthesis of a receptor modulation 

agent useful as an inhibitor of early inflammation is described below. 

The peptide f-met-leu-phe-(gly))-leu-0-Me is synthesized using tea-bag 

30 methodology or solid phase peptide synthesis procedures described by Merrifield et al. 

(Biochemistry 21:5020-31, 1982) and Houghten (Proc. Nat'l. Acad. Sci. UJSA) 

.82.:5131-35, 1985), or using a commercially available automated synthesizer, such as 

the Applied Biosystems 430 A peptide synthesizer. The peptide-amide is deprotected 
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in 45% trifluoroacetic acid-51 % methylene chloride-2% ethanedithiol-2% anisole for 

20 minutes, and cleaved from the 4-methylbenzhydrylamine. resin using the Tam­

Menifield low-high HF procedure (J. P. Tam et al., J, Am.. Chem. Soc. lli:6442-55, 

1983). The peptide is then extracted from the resin using 0.1 M ammonium acetate 

5 buffer, pH 8, and is lyophilized. The crude peptide is purified using reverse phase 

HPLC on a Vydac C-4 analytical column (The Separations Group, Hesperia, Calif.), 

and a linear gradient of 0.5-1.0%/min. from 100% acetonitrile + 0.1%v/v 

trifluoroacetate to 1000/o acetonitrile + 0.1 % trifluoroacetate. The HPLC-purified 

peptide is analyzed by amino acid analysis (R. L. Heinriksen and S. C. Meredith, AnaL 
10 Biocbem, lfill:65-74, 1984) after gas phase hydrolysis (N. M. Meltzer et al., AnaL 

Biocbem . .lfill:356-61, 1987). The sequence of the purified peptide may be confirmed 

by Edman degradation on a commercially available sequencer (R. M. Hewick et al., J.. 
Biol. Chem . .lj:7990-8005, 1981). The peptide amide is converted to an 0-methyl ester 

(i.e., f-met-leu-phe-(gly)3-leu-O-Me) by treatment with dimethylformamide (Sg/60 mL 

15 with 1.3 equivalents ofNaHC03 in excess methyl iodide (4 equivalents). The mixture 

is stirred under argon gas at room temperature for 40 hours. If required, the peptide is 

extracted to dryness with 150 mL of ethyl acetate. The receptor for modulating agent is 

used to treat PMN, activated with GM-CSF (to increase expression of fMLP receptors). 

Loss of binding of biotinylated tMLP is compared on tMLP versus f-MLP receptor 

20 modulating agent treated cells. 

25 

EXAMfLE22 

SYNTHESIS OF A FUSION PROTEIN RECEFTOR MODULATING AGENT 

An EGF receptor modulating agent containing a genetically engineered 

fusion protein is hereby described, Briefly. the C-terminus of a DNA sequence 

encoding EGF, or its receptor binding domain, is ligated by conventional procedures 

(e.g,, using T4DNA ligase) to a DNA sequence corresponding to a GOG spacer. The 

C-terminus of the EGF-GGG DNA sequence is then fused to the N-terminus of a DNA 

30 sequence encoding the conditional, membrane binding peptide KGEAALA(EALA)4-

EALEALAA. Alternately, peptide-spacer DNA sequences may be synthesized in vitro 

using standard oligonucleotide synthesis procedures (see, e,g,, U,S, Pat, Nos, 4,500,707 

and 4, 668, 777). The recombinant EGF peptide DNA sequence is cloned in an E, coli 

expression vector using conventional procedures. E.coli strain HB101 is transformed 

35 with the fused recombinant DNA sequence and cultured to produce the EGF peptide. 

The fusion protein is purified form the transformed E. coli culture by standard methods, 
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including anti-EGF affinity chromatography. The fusion protein may be eluted from 
the affinity_ matrix using standard techniques, such as high salt, chaotropic agents, or 
high or low pH. Loss of EGF receptor is measured by flow cytometry and mouse 
monoclonal antibody to EGF receptor. 

S From the foregoing, it will be appreciated that, although specific 
embodiments of this invention have been described herein for pmposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 

invention. Accordingly, the invention is not limited except by the appended claims. 
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Claims 

1. A receptor modulating agent, comprising a vitamin B12 molecule 

coupled to a rerouting moiety. 

2. The receptor modulating agent of claim 1 wherein said B12 molecule is 

coupled to said rerouting moiety by a linker. 

3. The receptor modulating agent of claim 2 wherein said linker is at least 

4 atoms in length. 

4. The receptor modulating agent of claim 3 wherein said linker is 6 to 20 

atoms in length. 

5. The receptor modulating agent of claim 4 wherein said linker is 12 

atoms in length. 

6. The receptor modulating agent of claim 2 wherein said link.er includes 

at least one amino group. 

7. The receptor modulating agent of claim 6 wherein said linker 

additionally includes a group selected from the group consisting of sulfhydryls and carboxyls. 

8. The receptor modulating agent of claim 6 wherein said linker is 

selected from the group consisting of a diaminoalkyls, diaminoalkylaryls, 

diaminobeteroalkyls, diaminoheteroalkylaryls, and diaminoalkanes. 

9. The receptor modulating agent of claim 6 wherein said linker is 

selected from the group consisting of -NH(CH2)xNH- wherein x = 2-20. 

10. The receptor modulating agent of claim 6 wherein said linker is 

selected from the group consisting of-NH(CH2)yCO-, wherein y = 3-12. 

11. The receptor modulating agent of claim 2 wherein said linker is 

coupled to said rerouting moiety through a coupling site on said vitamin B 12 derivative 

selected from the group consisting of b-, d- and e-. 
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12. The receptor modulating agent of claim 11 wherein said linker is 

coupled through a coupling site selected from the group consisting of d- and e- coupling sites. 

13. The receptor modulating agent of claim 2 wherein said linker is 

coupled to a ribose coupling site on said vitamin B 12 molecule. 

14. The receptor modulating agent of claim 2 wherein said linker is a 

triftmctional linker. 

15. The receptor modulating agent of claim 14 wherein a biotin molecule 

is coupled through a reactive site on said trifunctional link.er. 

16. The receptor modulating agent of claim 1 wherein said rerouting 

moiety is selected from the group consisting of lysosomotropic moieties, intracellular 

polymerizing moieties, peptide sorting sequences, conditional membrane binding peptides 

and bi- or multi-valent receptor cross-linking moieties membrane anchors. 

17. The receptor modulating agent of claim 1 wherein said receptor 

modulating agent affects a receptor trafficking pathway by redirecting an agent/receptor 

complex. 

18. The receptor modulating agent of claim 1 wherein said receptor 

modulating agent affects a receptor trafficking pathway by cross-linking one or more 

receptors. 

19. The receptor modulating agent of claim 18 wherein said receptor 

modulating agent is a vitamin B12 dimer. 

20. The receptor modulating agent as in claim 1 wherein said receptor 

modulating agent affects a receptor trafficking pathway by anchoring a receptor in a cell 

membrane. 

21. The receptor modulating agent as in claim 1 wherein said receptor 

modulating agent affects a receptor trafficking pathway by retaining an agent/receptor 

complex in an endosome. 
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22. The receptor modulating agent as in claim 1 wherein said rerouting. 

moiety is a lysosomotropic moiety selected from the group consisting of gentamycin, 

sisomicin. netilmicin. kanamycin, tobramycin. amikacin, neomycin, paromomycin 

ribostamycin butirosin, and streptomycin. 

23. The receptor modulating agent as in claim 1 wherein said rerouting 

moiety is an intracellular polymerizing moiety selected from the group consisting of 

dipeptide esters and leucine zippers. 

24. The receptor modulating agent as in claim 1 wherein said rerouting 

moiety is a peptide sorting sequence selected from the group consisting of endoplasmic 

reticulum retention peptides, golgi retention peptides, lysosomal retention peptides, organism 

specific retention peptides and clathrin-binding peptides. 

25. The receptor modulating agent as in claim 1 wherein said rerouting 

moiety is a conditional membrane binding peptide selected from the group consisting of 
charged glutamate, aspartate, and histidine. 

26. A vitamin B12 dimer comprising a first and a second vitamin B12 

molecule coupled through a coupling site independently selected from the group consisting of 

coupling sites a-g, coupling site h, and coupling site i. 

27. The dimer of claim 26 wherein said first and second vitamin B12 

molecules are coupled through a coupling site independently selected from the group 

consisting of d- and e- coupling sites on said first and said second vitamin B 12 molecule. 

28. The dimer of claim 26 wherein at least one of said first and said second 

vitamin B 12 molecules is a vitamin B12 derivative. 

29. The dimer of claim 26 wherein said first and second B12 molecules are 

coupled through at least one linker. 

30. The dimer of claim 29 wherein said linker is at least 4 atoms in length. 
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31. The dimer of claim 30 wherein said linker is about 10 to 55 atoms in 
length. 

32. The dimer of claim 31 wherein said linker is 35 to 45 atoms in length. 

33. The dimer of claim 29 wherein said linker includes at least one amino 

group. 

34. The dimer of claim 33 wherein said linker additionally includes a 

group selected from the group consisting of sulfhydryls and carboxyls. 

35. The dimer of claim 33 wherein said linker is selected from the group 

consisting of a diaminoalkyls, diaminoalkylaryls, diaminobeteroalkyls, 

diaminoheteroalkylaryls, and diaminoalkanes. 

36. The dimer of claim 33 wherein said linker is selected from the group 

consisting of -NH(CH:i)xNH- wherein x = 2-20. 

37. The dimer of claim 33 wherein said linker is selected from the group 

consisting of-NH(CH2)yCO-, wherein y = 3-12. 

38. The dimer of claim 29 wherein said linker is a trifunctional linker. 

39. A method for modulating a vitamin B12 receptor, comprising 

administering an effective amount of a receptor modulating agent to a warm-blooded animal 

such that a vitamin B12 receptor is modulated, said receptor modulating agent comprising a 

vitamin B12 molecule coupled to a rerouting moiety. 

40. The method of claim 39 wherein said B12 molecule is coupled to said 

rerouting moiety by a linker. 

41. The method of claim 40 wherein said linker is at least 4 atoms in 
length. 

42. The method of claim 41 wherein said linker is 6 to 20 atoms in length. 
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43. The method of claim 42 wherein said linker is 12 atoms in length. 

44. The method of claim 40 wherein said linker includes at least one 

amino group. 

45. The method of claim 44 wherein said linker additionally includes a 

group selected from the group consisting of sulthydryls and carboxyls. 

46. The method of claim 44 wherein said linker is selected from the group 

consisting of a diaminoalkyls, diaminoalkylaryls, diaminoheteroalkyls, 

diaminoheteroalkylaryls, and diaminoalkanes. 

47. The method of claim 44 wherein said linker is selected from the group 

consisting of -NH(CH:z>xNH- wherein x = 2-20. 

48. The method of claim 44 wherein said linker is selected from the group 

consisting of -NH(CHi)yCO-, wherein y = 3-12. 

49. The method of claim 40 wherein said linker is coupled to said 

rerouting moiety through a coupling site on said vitamin B12 derivative selected from the 

group consisting of b-, d- and e-. 

50. The method of claim 49 wherein said linker is coupled through a 

coupling site selected from the group consisting of d- and e- coupling sites. 

51. The method of claim 40 wherein said linker is coupled to a ribose 

coupling site on said vitamin B12 molecule. 

52. The method of claim 40 wherein said linker is a trifunctional linker. 

53. The method of claim 39 wherein said rerouting moiety is selected from 

the group consisting of lysosomotropic moieties, intracellular polymerizing moieties, peptide 

sorting sequences, conditional membrane binding peptides and bi- or multi-valent receptor 

cross-linking moieties membrane anchors. 
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S4. The method of claim 39 wherein said receptor modulating agent affects 

a receptor trafficking pathway by redirecting an agent/receptor complex. 

SS. The method of claim 39 wherein said receptor modulating agent affects 

a receptor trafficking pathway by cross-linking one or more receptors. 

S6. The method of claim SS wherein said receptor modulating agent is a 

vitamin B12 dimer. 

S1. The method of claim 39 wherein said receptor modulating agent affects 

a receptor trafficking pathway by anchoring a receptor in a cell membrane. 

S8. The method of claim 39 wherein said receptor modulating agent affects 

a receptor trafficking pathway by retaining an agent/receptor complex in an endosome. 

S9. The method of claim 39 wherein said rerouting moiety is a 

lysosomotropic moiety selected from the group consisting of gentamycin, sisomicin, 

netilmicin, kanamycin, tobramycin, amikacin, neomycin, paromomycin ribostamycin 

butirosin, and streptomycin. 

60. The method of claim 39 wherein said rerouting moiety is an 

intracellular polymerizing moiety selected from the group consisting of dipeptide esters and 

leucine zippers. 

61. The method of claim 39 wherein said rerouting moiety is a peptide 

sorting sequence selected from the group consisting of endoplasmic reticulum retention 

peptides, golgi retention peptides, lysosomal retention peptides, organism specific retention 

peptides and clathrin-binding peptides. 

62. The method of claim S2 wherein said rerouting moiety is a conditional 

membrane binding peptide selected from the group consisting of charged glutamate, 

aspartate, and histidine. 

63. The method of claim S6 wherein said vitamin B12 dimer is comprised 

of a first and a second vitamin B12 molecule coupled through a coupling site independently 

selected from the group consisting of coupling sites a-g, coupling site h, and coupling site i. 
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64. The method of claim 63 wherein said first and second vitamin B12 

molecules are coupled through a coupling site independently selected from the group 

consisting of d- and e- coupling sites on said first and said second vitamin B12 molecule. 

6S. The method of claim 63 wherein at least one of said first and said 

second vitamin B12 molecules is a vitamin B12 derivative. 

66. The method of claim 6S wherein said first and second B12 molecules 

are coupled through at least one linker. 

67. The method of claim 66 wherein said linker is at least 4 atoms in 

length. 

68. The method of claim 67 wherein said linker is about 10 to SS atoms in 

length. 

69. The method of claim 68 wherein said linker is 35 to 45 atoms in 

length. 

70. The dimer of claim 66 wherein said linker includes at least one amino 

group. 

71. The 4imer of claim 70 wherein said linker additionally includes a 

group selected from the group consisting of sulfhydryls and carboxyls. 

72. The dimer of claim 70 wherein said linker is selected from the group 

consisting of a diaminoalkyls, diaminoalkylaryls, diaminoheteroalkyls, 

diaminoheteroalkylaryls, and diaminoalkanes. 

73. The dimer of claim 70 wherein said linker is selected from the group 

consisting of -NH(CH:VxNH- wherein x = 2-20. 

74. The dimer of claim 70 wherein said linker is selected from the group 

consisting of-NH(CH:z)yCO-, wherein y = 3-12. 
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75. The dimer of claim 66 wherein said linker is a trifunctional linker. 

76. The method of claim 75 wherein a reactive site on said trifunctional 

linker is coupled to a biotin molecule. 

77. The method of claim 39 wherein said vitamin B12 receptor modulation 

is sufficient to treat a neoplastic disorder. 

78. The method of claim 77 wherein said neoplastic disorder is selected 

from the group consisting of leukemia, sarcoma, myeloma, carcinoma, neuroma, melanoma, 

cancers of the lung, liver, breast, brain, colon, cervix, prostrate, Hodgkin's disease, and non­

Hodgkin's lymphoma. 

79. A method for regulating a biological response associated with a cell 
surface receptor, comprising administering an effective amount of a receptor modulating 

agent to a warm-blooded animal such that a biological response is regulated. 

80. A vitamin B 12 derivative comprising a vitamin B12 molecule coupled 

to a biotin molecule. 

81. The vitamin B12 derivative of claim 80 wherein said vitamin B12 

molecule is cyanocobalamin. 

82. The vitamin B 12 derivative of claim 80 wherein said vitamin B 12 

molecule is coupled to said biotin molecule by a linker. 

83. The vitamin B12 derivative of claim 82 wherein said linker is at least 4 

atoms in length. 

84. The vitamin B12 derivative of claim 83 wherein said linker is 6 to 20 

atoms in length. 

85. The vitamin B12 derivative of claim 84 wherein said linker is 12 atoms 

in length. 
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86. The vitamin B12 derivative of claim 82 wherein said linker includes at 

least one amino group. 

87. The vitamin B12 derivative of claim 86 wherein said linker 

additionally includes a group selected from the group consisting of sulfhydryls and carboxyls. 

88. The vitamin B12 derivative of claim 86 wherein said linker is selected 

from the group consisting of a diaminoalkyls, diaminoalkylaryls, diaminoheteroalkyls, 

diaminoheteroalkylaryls, and diaminoalkanes. 

89. The vitamin B12 derivative of claim 86 wherein said linker is selected 

from the group consisting of -NH(CHihcNH- wherein x = 2-20. 

90. The vitamin B12 derivative of claim 87 wherein said linker is selected 

from the group consisting of -NH(CH2)yCO-, wherein y = 3-12. 

91. The vitamin B12 derivative of claim 82 wherein said linker is coupled 

to said rerouting moiety through a coupling site on said vitamin B 12 derivative selected from 

the group consisting of b-, d- and e-. 

92. The vitamin B12 derivative of claim 91 wherein said linker is coupled 

through a coupling site selected from the group consisting of d- and e- coupling sites on said 

vitamin B 12 molecule. 

93. The vitamin B12 derivative of claim 82 wherein said linker is coupled 

to a ribose coupling site on said vitamin B12 molecule. 

94. The receptor modulating agent of claim 82 wherein said linker is a 

triftmctional linker. 

95. The vitamin B12 derivative of claim 80 wherein said biotin is 

additionally coupled to a rerouting moiety. 

96. The vitamin B12 derivative of claim 95 wherein said biotin is coupled 

to said rerouting moiety by a biotin binding protein. 
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97. The vitamin B12 derivative of claim 96 wherein said biotin binding 

pro~in is selected from the group consisting of avidin and streptavidin. 

98. A complex comprising a vitamin B 12 derivative according any one of 

claims 80 to 97 bound to a transcobalamin II. 

99. A kit for determining the presence or amount of transcobalamin in a 

sample using a vitamin B12 derivative according to any one of claims 80 to 97. 

100. A pharmaceutical composition, comprising a vitamin B12 derivative 

according to any one of claims 80 to 97 and a suitable pharmaceutical carrier or diluent. 

101. A receptor modulating agent, comprising a targeting moiety coupled to 

a rerouting moiety. 

102. The receptor modulating agent as in claim 101 wherein said rerouting 

moiety is selected from the group consisting of lysosomotropic moieties, intracellular 

polymerizing moieties, peptide sorting sequences, conditional membrane binding peptides 

and bi- or multi-valent receptor cross-linking moieties. 

103. The receptor modulating agent as in claim 101 wherein said targeting 

moiety is selected from the group consisting of proteins, peptides, and nonproteinacious 

molecules. 

104. The receptor modulating agent as in claim 101 wherein the receptor 

modulating agent affects a receptor trafficking pathway by redirecting an agent/receptor 

complex. 

105. The receptor modulating agent as in claim 101 wherein said receptor 

modulating agent affects a receptor trafficking pathway by cross-linking one or more cell 

swface receptors. 

106. The receptor modulating agent as in claim 101 wherein said receptor 

modulating agent affects a receptor trafficking pathway by anchoring a cell surface receptor 

in a cell membrane. 
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107. The receptor modulating agent as in claim 101 wherein said receptor 

modulating ag~t affects a receptor trafficking pathway by retaining. a receptor in an 

endosome. 

108. The receptor modulating agent as in claim 102 wherein said 

lysosomotropic moiety is selected from the group consisting of gentamycin, sisomicin, 

netilmicin, kanamycin, tobramycin, amikacin, neomycin, paromomycin ribostamycin 

butirosin, and streptomycin. 

109. The receptor modulating agent as in claim 102 wherein said 

intracellular polymerizing moiety is selected from the group consisting of dipeptide esters 

and leucine zippers. 

110. The receptor modulating agent as in claim 102 wherein said peptide 

sorting sequence is selected from the group consisting of endoplasmic reticulum retention 

peptides, golgi retention peptides, lysosomal retention peptides, organism specific retention 

peptides and clathrin-binding peptides. 

111. The receptor modulating agent as in claim 102 wherein said 

conditional membrane binding peptide is selected from the group consisting of charged 

glutamate, aspartate, and histidine. 
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Effect of combined ascorbic acid and B-12 on survival of 
mice with implanted Ehrlich carcinoma and l 1210 leukemia 1 

·
2 

M Eymard Poydock 

ABSTRACT A combination of dehydroascorbic acid and 
hydroxycobalamin (vitamin B-12) inhibited mitoses of tumors 
in mice. The present study was performed to test the effect of 
these vitamins on the survival of mice bearing carcinomas and 
leukemias. In each assay 40 mice received 0.1 ml ip tumor cells 
(X 105

). After 24 h, 20 mice were injected with 0.2 mL (0.4 g/ 
kg body wt) of the vitamins daily for 10 d. All controls died by 
day 19, but> 50% of the treated mice were alive after 60 d. In 
vitro findings revealed inhibition of mitoses in LI 210 leukemia 
cells, but not in normal L929 cells. In recent research with cobalt­
ascorbate plus vitamin C, we demonstrated that when B-12 is 
combined with vitamin C, the cobalt nucleus of 8-12 attaches 
to a carbon on vitamin C, forming cobalt ascorbate. Tests proved 
that cobalt ascorbate plus vitamin C also inhibited tumor 
cells. Am J Clin Nutr 1991;54:1261 S-5S. 

KE\' WORDS Ascorbic acid, vitamin C, hydroxycobala-
min, vitamin B-12, cancer, combination therapy 

Introduction 

Chemotherapeutic agents such as antimetabolites and alkyl­
ating agents can be cytotoxic for normal proliferating cells as 
well as malignant cells. Consequently, progress in cancer therapy 
requires an exploration of other approaches, including biological 
response modifiers and agents that might be selectively toxic to 
malignant, but not to normal cells. The latter line of research 
has been conducted in our laboratory, and a series of experiments 
are summarized below. 

Early experiments demonstrated an inhibiting effect in vitro 
of combined dehydroascorbic acid and vitamin B-12 on the mi­
totic activity of several types of tumor cells, but not on normal 
fibroblasts. This was followed by experiments in mice that con­
firmed the selective effect in vivo. These preliminary results were 
followed by investigations of the survival of mice bearing ascites 
tumor after treatment with the vitamin mixture. Finally, further 
explorations were conducted to elucidate the mechanism of tu­
mor inhibition by these agents. 

Methods and results 

Inhibition of mitosis in vitro and in vivo by dehydroascorbic 
acid and B-I2 

In vitro experiments. These results have been reported in detail 
elsewhere (I). For the neoplastic material, sarcoma 37, Ehrlich 

carcinoma, Krebs 2, and Ll210 leukemia were obtained from 
various sources; fibroblasts L929 were obtained for the nonneo­
plastic cells. Cells were propagated in Eagle. Earle's base medium 
with 10% calf serum. The vitamin mixture was prepared by add­
ing 0.1 g B-12 (cyanocobalamin was equally effective) to 10 ml 
distilled water, and then adding 0.2 g dehydroascorbic acid (see 
Appendix). Immediately before use the mixture was diluted with 
three parts 5% calcium ascorbate to one part vitamin mixture. 
The tumor was obtained from the ascites exudate taken from a 
tumor stock mouse, centrifuged at 500 rpm for 10 min. and the 
pellet was resuspended to bring the cell suspension to I06 cells/ 
mL. Then, 0.025 mL of the vitamin mixture was added to the 
test flasks. After incubation at 37 .5 °C, mitotic counts were made 
at various times throughout the day (Table I) by staining a drop 
of the cell suspension with acetocarmine. About 500 cells were 
counted and the mitotic index (M/C) was calculated as follows: 

M/C = (number of mitotic cells/total cells counted) x I 000 

Table I shows the results of the in vitro experiments. The 
mixture of dehydroascorbic acid and vitamin B-12 inhibited 
mitoses in the neoplastic cells but did not affect the nonneoplastic 
l929 fibroblasts. 

In vivo experiments. The animals were female HA/ICR Swiss 
mice obtained from the Roswell Park Memorial Institute (Buf­
falo, NY). All procedures conformed to the guidelines of the 
National Research Council for the care and use of laboratory 
animals. Transplantable sarcoma 37, Krebs 2. and Ehrlich car­
cinomas in the ascites form were used. Mice were injected with 
0.1 mL ip washed ascites cells (XI 06), harvested on the seventh 
day after tumor implantation. Five experiments using a total of 
50 mice were used for each tumor type. Twenty-four hours after 
tumor implantation the mice were divided into equal test and 
control groups. Test animals were treated daily with 0.2 ml ip 
of the vitamin mixture, 360 mg/kg body wt, for 7 d. Control 
animals received an equal volume of Hank's saline. After the 
third treatment, and for the remaining 5 d. one control and one 
test animal were killed at the same time each day. The ascites 
exudate and body cavity washings were centrifuged at 500 rpm 
for 10 min and were resuspended to prepare an acetocarmine 
smear as described above. Similar studies examined the effect 
of dehydroascorbic acid alone and vitamin B-12 alone. 

1 From the Cancer Research Institute, Mercyhurst College, Erie, PA. 
2 Address reprint requests to ME Poydock, Director of Cancer Research 

Unit, Mercyhurst College, 501 East 38th Street. Erie. PA 16546. 

Am J Clin Nlllr 1991;54:12615-SS. Printed in USA.© 1991 American Society for Clinical Nutrition 1261S 
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TABLE I 

POYDOCK 

TABLE 2 
Effect of a mixture of dehydroascorbate and vi tarn in B-12 
(hydroxycobalamin) on mitoses of malignant cells (Sarcoma 37, 
Ehrlich. LJ210) and nonmalignant cells (L929 libroblasts) in vitro• 

Incubation 
Tissue tested time 

h 

Sarcoma 37 0 
5 
6 
8.5 

Ehrlich 0 
3.5 
4.5 
6.5 

Ll210 0 
2.5 
4.5 
6.5 

L929 0 
2.5 
4.5 
6.5 

• Reference l. 

Test 

48 
0 
0 
0 

78 
0 
0 
0 

46 
0 
0 
0 

52 
50 
62 
64 

Mitotic index. 

Control 

48 
30 
75 
86 
78 
41 

55 
63 
46 
40 
42 
48 
52 
48 
60 
62 

Microscopic examination of the stained ascitic fluid from the 
mice after four treatments with the vitamin mixture revealed 
many lymphocytes, neutrophils. monocytes. and disintegrating 
tumor cells. By the sixth and seventh treatments, no tumor cells 
were visible in the ascitic fluid of treated mice, but numerous 
monocytes and macrophages were observed. 

Table 2 presents the results of the effects on mitoses; the data 
represent an average of five experiments for each of the tumor 
types. Packed-cell volume of the ascites exudate from mice 
treated with the vitamin mixture was insignificant, and there 
were few tumor cells and no mitotic figures. Lymphocytes, neu­
trophils. and monocytes were abundant. In contrast, 1reatment 
with reduced ascorbate. calcium ascorbate, and vitamin B-12 
administered separately. in the same doses as provided by the 
mixture, had no effect on the mitotic counts of Ehrlich ascites 
tumor (Table 3). Injecting a higher dose of reduced ascorbate 
slightly inhibited mitoses. 

These results demonstrated that after three injections of the 
mixture of dehydroascorbic acid and vitamin B-12, mitotic ac­
tivity of the ascites tumors (sarcoma 37, Krebs 2, and Ehrlich 
carcinoma) was completely inhibited, whereas the mitotic activity 
of the normal L929 fibroblasts was not. Ascites fluid taken from 
treated mice contained an increased concentration of lympho­
cytes, neutrophils. monocytes. and disintegrating tumor cells, 
suggesting an enhancement of immune function. Injections of 
ascorbic acid or of vitamin B-12 alone had no effect on mitotic 
activity or white blood cell population. 

In further experiments, we investigated the effect of dehy­
droascorbic acid on mitotic activity of two different murine as­
cites tumors (2) and attempted to determine whether the effect 
was due to the acidity of dehydroascorbic acid. The methods 
and number of animals were the same as described above, with 
the following exceptions. P388 leukemia and Ehrlich carcinoma 

Mitotic counts (M/C} and packed cell volume (PCV, in mL) taken for 
S successive days after treatment with a mixture of dehydroascorbic 
acid and hydroxycobalamin (vitamin B-12)0 

Ehrlich Sarcoma 37 Krebs 

M/C PCV MIC PCV MJC PCV 
No. of 

treatments T C T C T C T C T C T C 

0 40.5 0 0.5 0 25.2 0 0.96 0 29.6 0 1.34 
4 0 39.6 0 0.96 0 32.0 0 0.92 0 22.0 0 0.66 
5 0 45.0 0 l.24 0 25.6 0 0.7 0 21.0 0 0.72 
6 0 31.6 0 J.54 0 25.6 0 0.94 0 20.0 0 0.72 
7 0 28.0 0 2.1 0 25.2 0 0.9 0 24.0 0 1.4 

Mean 0 36.9 0 l.27 0 26.7 0 0.89 0 23.3 0 0.97 

• Represents the a~rage of five experiments performed with each lype of tumor. 
T. test: C. control. Reference l. 

were used. Test animals were treated daily with 10 mg/0.2 mL 
dehydroascorbic acid ip for 7 d, and control animals received 
an equal volume of saline. Vitamin B-12 was not included in 
the mixture. Animals were killed after seven treatments. More­
over, to demonstrate that it was not the acidity of dehydroas­
corbic acid that caused inhibition of mitoses, a subsequent ex­
periment was performed. By using the same procedure as above, 
test animals injected with tumor were treated with citric acid at 
the same pH (2.4) as the dehydroascorbic acid. Results proved 
that citric acid had no effect on mitoses. 

Treatment with dehydroascorbic acid alone dramatically af­
fected the mitotic activity (Table 4). The ascites exudate from 
treated mice was insignificant, and only a thin film of cells could 
be observed in the bottom of the tube after centrifugation, 
whereas packed-cell volume of control animals was 3-5 mL. 
Few tumor cells and no mitotic activity was observed, whereas 
monocytes and macrophages were numerous. 

TABLE 3 
Mitotic counts taken for 5 successive days in Ehrlich ascites tumor 
after treatment with ascorbic acid and hydroxycobalamin 
administered separately* 

Ascorbic acid 
and calcium 

ascorbate Ascorbic acid Vitamin B-12 
(340 mg/kg) (800 mg/kg) (20 mg/kg) 

No. of 
treatments T c T c T c 

3 29.2 53.2 11.4 38.8 39.2 34.0 
4 48.8 45.0 12.4 42.0 36.4 32.4 
5 45.2 50.0 17.6 47.6 36.0 49.6 
6 36.8 41.0 32.8 38.0 35.6 34.0 
7 39.6 53.2 19.0 37.6 47.6 35.6 

Mean 39.9 48.9 18.6 40.8 38.9 37.1 

• Represents average data of five experiments performed with each 
type of treatment. The vitamin B-12 was administered in the same dosase 
as in the vitamin mixture whose results were presented in Table I; the 
ascorbic acid/calcium ascorbate was also in the same dose as that used 
in the vitamin mixture, but ascorbic acid rather than dehydroascorbic 
acid was tested. T. test; C, control. Reference I. 
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TABLE4 
Mean mitotic index taken in Ehrlich carcinoma and P388 leukemia 
after treatment with dehydroascorbic acid (DHA) and citric acid" 

DHA. 400 DHA. 400 Citric acid. 
mg/kg mg/kg 85.6 mg/kg 

(pH 2.4) (pH 2.4) (pH 2.4) 
P388 Ehrlich Ehrlich 

leukemia carcinoma carcinoma 

T c T c T c 

0 32 0 34 35 34 
0 34 0 32 41 36 
0 43 0 50 30 35 
0 40 0 34 30 35 
0 39 0 36 32 29 

Mean 0 38 0 37 34 34 

• Each group represents a sampling of 50 mice (25 test, 25 control). 
T, test; C, control. Reference 2. 

Effect of dehydroascorbic acid and B-12 on survival of mice 
bearing ascites tumor 

Earlier experiments in vitro and in vivo (I, 2) demonstrated 
an inhibitory effect on cell division of malignant cells without 
any comparable inhibition of normal fibroblasts or white blood 
cells. It remained to be answered whether these effects would be 
manifested in increased survival of animals with tumors. These 
methods and results have been reported elsewhere (3). 

Transplantable P388 leukemia and Ehrlich carcinoma in the 
ascites form were used. P388 was maintained in DBA/2 stock 
mice, and Ehrlich carcinoma was maintained in HA/ICR Swiss 
mice. In this experiment the vitamin mixture was prepared by 
adding the crystals as follows: O.Ql g B-12, O.Ql g dehydroascorbic 
acid, and 0.01 g sodium ascorbate, into a small tube. Immediately 
before injection, I mL sterile distilled water was added to the 
tube. 

Two experiments were conducted, one with P388 leukemia 
in BDF1 mice and one with Ehrlich carcinoma in HNICR Swiss 
mice; 100 mice (50 test, 50 control) were used in each experi­
ment. Animals were injected ip with 0.1 ml washed ascites cells 
(XI 06). Afier 24 h, mice were divided into test and control groups. 
Test mice received 6 mg/0.2 mL ip vitamin C and B-12 daily 
for 8 consecutive days. Control animals received an equal volume 
of saline. On the second weekend, mice received no treatment, 
and then injections were continued on alternate days for 3 wk 
for a total of 17 treatments. Treatment with a mixture of de­
hydroascorbic acid and B-12 dramatically increased the survival 
of tumor-bearing mice. Figure 1 shows the results for mice treated 
with P388 leukemia, but results for Ehrlich carcinoma were vir­
tually identical. All 50 control mice bearing P388 leukemia were 
dead by day 17, whereas the earliest deaths in the vitamin-treated 
group occurred on day 32. Median survival for untreated mice, 
both P388 and Ehrlich carcinoma, was 15 d; the experiments 
were terminated af\er - 70 d, at which time > 50% of the animals 
receiving the vitamin treatment were still alive. 

Whatever the mechanism, these results demonstrate a very 
significant improvement in survival of tumor-bearing animals 
treated intraperitoneally with a mixture of dehydroascorbic acid 
and vitamin B-12 (hydroxycobalamin). 

Effect of dehydroascorbic acid or ascorbic acid and B-12 on 
survival of mice bearing LI 2 JO leukemia 

Because of previous work indicating the efficacy of dehy­
droascorbic acid in suppressing tumor mitotic activity and the 
results showing increased survival in animals treated with de­
hydroascorbic acid plus B-12, we tested the effect of dehydroas­
corbic acid and B-12 on the highly resistant LI 210 mouse leu­
kemia (4). 

As before, the vitamin mixture was prepared in crystalline 
form, 0.0 I g hydroxycobalamin, 0.01 g dehydroascorbic acid, 
buffered to pH 5.2 with 0.01 g sodium ascorbate. dissolved with 
1 ml sterile water. L l 2 l 0 leukemia was supplied in DBA/2 
mice from Roswell Park Memorial Institute. 

A total of 140 mice were used in the three experiments con­
ducted. Two experiments involved dehydroascorbic acid, with 
40 female DBA/2 mice used in each; the third experiment in­
volved ascorbic acid, with 60. mice used. Mice were injected 
intraperitoneally with I 05 LI 210 cells in 0.1 mL Tyrodes solu­
tion; this produced an ascitic leukemia, which later progressed 
to generalized disease. After 24 h, test mice were injected with 
1 O mg/0.2 mL ip (0.4 g/kg body wt) dehydroascorbate/B-12 or 
ascorbic acid/B-12 for 8 consecutive days. Two days later they 
were given another two treatments on alternate days, for a total 
of 10 treatments. Control mice were injected under the same 
conditions with saline of the same volume, pH. and osmolarity. 

The two experiments involving dehydroascorbic acid, each 
with 40 mice, produced identical results. shown in Figure 2. 
Treatment with dehydroascorbic acid plus vitamin B-12 pro­
duced a substantial increase in survival. The median survival 
among control animals was 12 d, whereas for treated mice> 50% 
were still alive when the experiment was terminated after 60 d. 
Postmortem and histological examination of control mice re­
vealed disseminated disease to liver. spleen, and lungs; treated 
mice killed after day 60 revealed no evidence of disease. 

In the experiment involving recently purchased ascorbic acid 
plus B-12, the increase in survival of treated over untreated an­
imals was minimal, and all animals were dead by day 17. (Note 
that our earlier published papers referred to ascorbic acid, but 
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AG I. Survival of mice bearing P388 leukemia after treatment with 
dehydroascorbic acid and hydrox.ycobalamin (vitamin B-12). One 
hundred mice were sampled, 50 treated (e - - - e) and 50 control 
(0 --0). Test mice were inoculated once daily with 0.2 mL of the 
vitamin mixture for 8 successive days: control animals received an equal 
volume of saline. + = study terminated. 
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FIG 2. Survival of mice bearing leukemia L 1210 after treatment with 
a mixture of dehydroascorbic acid and hydroxycobalamin (vitamin B­
l :?I. Eighty mice were sampled. 40 treated and 40 control. Test mice 
were injected with 0.2 ml ip of the vitamin mixture on days 1-8. 11. 
and I J. Control mice received an equal volume of a saline solution of 
the same pH and osmolarity. 

we subsequently determined that our stock of ascorbic acid had 
oxidized. see Appendix A.) 

l::,.f./<!Ci c/(delrrdroascorhic add and B-12 on growth 
<!!" 1wo sol id 111mors 

Because ascites tumors are rarely found in clinical situations, 
we investigated the efficacy of the vitamin mixture on the growth 
of solid tumors (5). Two transplantable solid tumors. Krebs 2 
and Ehrlich carcinoma. were used. Female HA/ICR Swiss mice 
were injected subcutaneously in the left flank with 0.1 mL (2 
X 106 ) washed ascites cells in Hanks solution. (When an ascites 
tumor is injected subcutaneously it develops into a solid tumor.) 
Fifty mice received Krebs 2 carcinoma and 50 mice received 
Ehrlich carcinoma. The groups were then randomized to test 
and control. Starting 24 h after tumor implantation, test mice 
received. in the area of the tumor implant. 6 mg/0.2 mL sc (240 
mg/kg body wt) of the dehydroascorbic acid-B-12 mixture buff­
ered to pH 6.6 with sodium ascorbate. Control animals received 
an equal volume of Hank's solution. Treatment continued for 
8 successive days. 

Ten days after tumor transplantation. tumors were measured 
in three dimensions with a metric dial caliper with measurements 
in 0.05-mm increments. Results are shown in Table S. All un­
treated mice developed tumors, whereas only two of the treated 
animals developed tumors, and those tumors were much smaller 
than in control animals. These results demonstrate that the 
combination of dehydroascorbic acid and vitamin B-12, when 
injected at the site of tumor implantation, almost completely 
inhibits the growth of these solid tumors. 

Chemiml im•e.wigalicms of 1/ie 1•i1amin mixfllrt' 

Hydroxycobalamin (vitamin B-12) contains at its center a co­
balt atom bonded in a corrin ring structure. Experiments were 
conducted to determine whether it is the presence of the cobalt 
or the corrin ring that is critical to the efficacy of the vitamin 
mixture and whether ascorbate is critical to the efficacy (un­
published data). 

The methods were similar to those described above. Ehrlich 
carcinoma and P388 leukemia tumors were used, and the effect 
on mitotic index was examined after treatment with various 

agents. Cobalt acetate and cobalt sulfate, when combined with 
sodium ascorbate, were as effective in inhibiting mitotic activity 
as had the hydroxycobalamin-ascorbate combination reported 
above. Thus, it would appear that it is the cobalt and not the 
corrin ring that is critical in the hydroxycobalamin. However, 
when cobalt acetate and cobalt sulfate were used alone, without 
the sodium ascorbate, there were no significant differences be­
tween the control and treated tubes. These experiments suggested 
that it is a compound of cobalt and ascorbate that is effective. 

Further experiments in our laboratory confirmed that after 
mixture with dehydroascorbate and sodium ascorbate the B-12 
was changed from the oxidized to the reduced form. The large 
stoichiometric excess of ascorbate present was sufficient to pre­
vent the reoxidation of the Co(II) to Co(III). Fractionation ex­
periments conducted at Battelle Labs, Columbus, OH, showed 
that the C-8-12 mixture contained unreacted ascorbate, reduced 
B-12, and a new compound showing evidence of cobalt-carbon 
covalent bond formation as well as preservation of the basic B-
12 structure. It seems reasonable to postulate that some sort of 
cobalt (II) ascorbate complex is formed, and that it is this complex 
that is the active agent. It is also notable that cobalt (II) is much 
less expensive than B-12. 

Discussion 

This series of experiments demonstrated that a mixture of 
dehydroascorbate and hydroxycobalamin greatly inhibits mitotic 
activity of several tumor types without inhibiting the activity of 
normal fibroblasts; that hydroxycobalamin alone is ineffective, 
as are the cobalt salts, cobalt (II) acetate and cobalt (II) sulfate; 
that the vitamin mixture with the use of ascorbic acid instead 
of dehydroascorbic acid is much less effective. Most important, 
the experiments demonstrated that the dehydroascorbate-hy­
droxycobalamin vitamin mixture dramatically improves survival 
of tumor-bearing mice. 

This series of experiments has several characteristics that may 
provide clues and directions for further research. 1) It was the 
oxidized form, dehydroascorbic acid, which was effective in mi­
totic index and survival studies, not ascorbic acid itselr. 2) It 
appeared to be the combination of agents, dehydroascorbic acid 
and hydroxycobalamin, given simultaneously, that was effective. 
J) In the tumor models we used, the effect of an agent 011 mitotic 
index was a good predictor of subsequent effects on the survival 
of mice implanted with those tumors. 

The first two of these characteristics may be useful in under­
standing the results of other studies of the role of ascorbate in 

TABLE 5 
Size (cm2) of two types of solid tumor measured I wk after treatment 
with a mixture of hydroxycobalamin and dehydroascorbic acid 
buffered to pH 6.6 with sodium ascorbate• 

Tumor 

Krebs 2 
Ehrlich 

• n "' 2S. Reference 5. 

Test 

0.13* 
0.00§ 

t x ± SD. Controls all developed tumors. * Mean of only two tumors that developed. 
§ No tumors developed. 

Controlt 

1.63 ± 0.47 
2.19 ± O.S8 
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relation to cancer. Some investigators have used just the reduced 
form, ascorbic acid; in our experiments that form was moderately 
effective in inhibiting mitoses only when given at very high doses 
and was ineffective in prolonging survival in the tumor types 
and animal models we used. Although other investigators have 
found ascorbic acid to be effective in various animal tumor 
models, future research should be careful to distinguish between 
these two forms and to examine their effectiveness separately. 
Furthermore, relatively few investigations have been carried out 
with combinations of ascorbate and other agents. Our results 
suggest that future research should examine the effectiveness of 
ascorbate when used in combination with other agents. Finally, 
it is notable that our research involved injection of the agents 
either intraperitoneally or directly in the area of the tumor. It 
would seem that future research might examine the effectiveness 
of various forms of ascorbate when administered in that way, 
in addition to simple administration in food or water. 

Others have suggested that dehydroascorbate is an important 
inhibitor of cell growth and division (6, 7), and Omura et al (8) 
reported a 68% inhibition of growth of solid sarcoma 180 by 
dehydroascorbic acid. Moreover, Hogenkamp (9) reported that, 
in the presence of ascorbate, B-12 undergoes reactions leading 
to the release of the cobalt nucleus. Hollis et al ( 10) showed that 
the C2 carbon atom of vitamin C served as a binding site for 
transitional metals (which include both platinum and cobalt), 
leading to the formation of platinum-ascorbate that displayed 
antitumor activity. Such mechanisms and results would appear 
to warrant further investigation. a 
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APPENDIX A 

The in vitro and animal experiments reported in references 
l, 3, and 5 were reported in the published papers to have used 
L-ascorbic acid. However, subsequent experiments in our lab­
oratory with the use of freshly purchased ascorbic acid revealed 
that the active agent in the earlier work had probably been the 
oxidized form, dehydroascorbic acid, rather than ascorbic acid 
itself. The terminology used in the descriptions of that work in 
the present paper has therefore been corrected to refer to the 
active agent as dehydroascorbic acid rather than ascorbic acid. 
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Abstract. The survival rate of mice bearing P388 leukemia and Ehrlich carcinoma was Ehrlich carcinoma ! P388 was maintai1 

increased after treatment with a mixture of vitamins C and B12. All the mice receiving the mice. 

vitamins outlived the control group. At the termination of the experiment, 30 days later, 50% (' Two experime 

of the treated mice appeared normal and healthy, whereas the remainder showed signs of c' Experiment I utili 
tumor distention. and experiment: 

Introduction 

Current animal experimentation and clin­
ical findings suggest a new dimension in can­
cer therapy. The number of publications re­
garding the relationship between vitamins 
and cancer is steadily increasing. Nutritional 
deficiencies that often coexist with malig­
nancy in humans also appear to be associated 
with lowered resistance [9, 10). Basu et al. [I] 
and Basu [2] reported that nutrition and ab­
sorption of certain vitamins seem to improve 
the immunity of the body. A number of 
workers [8, 11] have explored the efficacy of 
vitamin A treatment alone, and in combina­
tion with anticancer agents. Kaplan and Bus­
ford [ 12] suggested that vitamin B 12 deli-

. · HA/ICR Swiss m 

ciency impairs the metabolic activity associ-1 
ated with phagocytosis suggesting that this ( 
vitamin is influential in augmenting the t 
host's natural resistance. Evidence is accu· :-
mulating that vitamin C may be a deterrni· ( 
nant factor in host resistance to cancer [4-7, { 
13, 15], and that large doses directly interfere(. 
with the metabolism of neoplastic cells .. , 
Benade et al. [3] found that ascorbic acid ~ 
exhibited cytotoxic activity in Ehrlich carci· ( 
noma cells in tissue culture, while Park et al. ( 
[ 15) reported that ascorbic acid suppressed' 
the growth of leukemic cells in vitro. { 
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·e of Mice I. no apparent toxic side-effects. More recently mats were within a 3-gram weight range. 

the author [ 17] reported that cell division was They were injected (i.p.) with 0.1 ml (106) washed 
ascites cells taken from a stock mouse. 24 h after 

inhibited in two ascites tumors after injec- tumor transplantation the mice in each experiment 

~ tions of dehydroascorbic acid in mice. It were divided equally into two groups and designated 

{ seemed important, therefore, to investigate as test and control. The test mice were inoculated once 

( the effect of the vitamins on the longevity of daily (i.p.) with 6 mg/0.2 ml vitamin C and B12 mix-
ture for 8 successive days. The control animals re-
ceived an equal volume of saline. During the weekend (

' mice bearing ascites tumors. 

the mice received no treatment, then the vitamin 
( injections were continued on alternate days for 

( 
Methods and Materials 

The transplantable P388 leukemia and Ehrlich 

i carcinoma in the ascites form were used in this assay. 
To carry the ascites tumor in stock mice they were 

1\ injected (i.p.) with O.l ml {l06) washed ascites cells 
• harvested on the 7th day after tumor implantation. 

1 carc'no 5 ~ P388 was maintained in DBN2 stock mice, whereas 
. 

1 
. ~a wa Ehrlich carcinoma was propagated in HA/ICR Swiss 

ice rece1vmg the mice. 

) days later, 50% (~ Two experiments were designed for this study. 

showed signs of : Experiment I utilized P388 leukemia in BDE 1 mice 
( and experiment 2 tested Ehrlich carcinoma in 
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3 weeks. The total number of treatments was 17. 
The vitamins, in crystalline form, were prepared 

by introducing 0.01 g B12, 0.0 I g sodium ascorbate 
(NaASC), and 0.0 I g L-ascorbic acid into a small tube. 
A sufficient number of tubes with the dry crystals were 
prepared in advance. Immediately before injection, 
I ml sterile distilled H 20 was added to the tube. The 
solution was withdrawn into a I-ml tuberculin syringe, 
a Millex-GS filter unit attached, and the needle added. 
Only the amount needed (l ml) to inject 5 mice was 
diluted at one time. 

Vitamin B12 {hydroxocobalamin) was received 
from Merck Chemical Company. The L-ascorbic acid 
and its salt NaASC, were purchased from Sigma 
Chemical Co. The Mille,.;-GS filter unit was obtained 
from Millipore Corp. 
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Results 

Figures 1 and 2 show the percent survival 
of mice bearing P388 leukemia and Ehrlich 
carcinoma, respectively, after treatment with 
a mixture of vitamins C and B 12• The sur­
vival of mice receiving the vitamin mixture 
was significantly prolonged when compared 
with the control mice. The earliest deaths in 
the vitamin-treated group occurred on the 
32nd day after tumor transplantation, 
whereas none of the control animals survived 
longer than 22 days. 

The median survival time for the un­
treated mice, both P388 and Ehrlich, was 
15 days. All the mice receiving the vitamins 
survived at least 30 days after tumor trans­
plantation. Then a few, showing signs of can­
cer growth (distended with tumor tissue), 
died. After all the control mice and the test 
mice distended with tumors had died, the 
experiment was continued for another 
30 days, then terminated. At this time about 
50% of the animals receiving the vitamin 
treatment were still alive. 
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Fig. 2. Survival of mice bearing ' 

Ehrlich carcinoma after treatment ( 
with vitamins C and 8 12• JOO miet ·. 
were sampled; 50 treated (•) and 50 ( 
control (o). + : Terminated. ( 
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Abstract 

Three discoveries together point the way to a potential treatment for cancer. In 1982, Poydock and colleagues found 
that dehydroascorbic acid has the remarkable ability to eliminate the aggressive mouse tumours, Ll210, P388, Krebs sar­
coma, and Ehrlich carcinoma. In 1993, Jakubowski found that cancer cells (but not normal cells) contain measurable 
quantities of homocysteine thiolactone. Recently, the author found that dehydroascorbic acid reacts with homocysteine 
thiolactone converting it to the toxic compound, 3-mercaptopropionaldehyde. Taken together, these findings suggest that 
rapidly-dividing tumour cells make unusually large amounts of homocysteine thiolactone and that administered dehydro­
ascorbic acid enters the cells and converts the thiolactone to mercaptopropionaldehyde which kills the cancer cells. The 
effectiveness of dehydroascorbic acid might be further increased by combinmg it with methionine and/or methotrexate 
to increase the homocysteine concentration in cancer cells. 
© 2008 Elsevier Ireland Ltd. All rights reserved. 

Keywords. Homocysteine thiolactone; Dehydroascorbic acid; Mercaptopropionaldehyde; Cancer treatment; Methionine auxotrophy 

Twenty five years ago, the cancer-curing effect 
of dehydroascorbic acid was first discovered. The 
significance of that discovery was not appreciated 
until recently when it was corroborated by new 
findings. This review summarizes the original dis­
covery and two recent discoveries which explain 
the anti-cancer effect of dehydroascorbic acid as 
well as the phenomenon of methionine auxotrophy 
in cancer cells. 

E-mail address cytoreg@xplornet.com 

Discovery 1: dehydroascorbic acid kills cancer cells 

Between 1979 and 1985, Poydock and col­
leagues, published results showing a remarkable 
anti-cancer effect of dchydroascorbic acid (1-6). 
Initially, they intended to study the effect of a 
mixture of Vitamins C and B12•

1 However, after 
their first publication describing marked anti-can­
cer effects [I), they found that the "ascorbic acid" 

1 It should be noted that Poydock continued to add Vitamin B12 to most treatment protocols although her own data showed that it was 
not needed and there was no good rationale for adding it. Her initial use of B12 seems to have stemmed from the orthomolecular theories 
of Linus Pauling and a few reports describing an!I-cancer effects of megadoses of B12 although there were other reports showing no effect 
of Bu and some showed that Bu enhanced tumour growth To this day there is no rationale for giving B12 and no known reaction between 
B12 and ascorbic acid or dehydroascorbic acid which could explain her results. On the contrary, it is known that B12 administered in excess 
of the carrying capacity of TC I and TC II is rapidly excreted in the urine. 

0304-3835/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved. 
doi: I 0.1Ol6/j.canlet.2008.02.002 
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which they had used was old and had oxidized to 
dehydroascorbic acid [2]. In subsequent studies 
with authentic materials, they established that 
dehydroascorbic acid was the active factor and 
that ascorbic acid had no effect [2,4]. The studies 
were carried out carefully with several malignant 
murine cell lines in vitro and in vivo and with large 
numbers of mice. A non-malignant cell line was 
used for comparison. The results are summarized 
briefly below. 

In in vitro experiments, cells were cultured in 
MEM 10% fetal calf serum with and without 
2 mM dehydroascorbic acid and 25 µM cyanoco­
balamin. The cultures were examined for mitotic 
figures at frequent intervals. Malignant cells 
(Ll210, Sarcoma 37, and Ehrlich carcinoma) with 
treatment showed no mitosis after 2.5-5 h. 
Untreated malignant cells continued to multiply 
and the non-malignant lymphocyte cell line 
(L929) continued to multiply with or without 
treatment [I]. 

In the in vivo counterpart, cancer cells from 
ascites culture, were injected intraperitoneally into 
mice and, after one day, the mice were injected 
i.p. daily with 300 mg/kg of dehydroascorbic acid 
and 80 mg/kg of cyanocobalamin. Controls were 
injected with saline. There were 50 mice in each 
group. Mice were killed daily and examined for 
mitoses. In treated mice, mitosis of malignant cells 
stopped after three treatments and malignant cells 
were not detectable after five treatments. In con­
trol mice receiving saline, the tumour cells contin­
ued to multiply [I]. This experiment was repeated 
with dehydroascorbic acid alone (no B12) with the 
same results [2]. . 

Survival studies were carried out according to the 
NCI protocol which was used to develop all the 
early anti-cancer drugs [7]. With P388 and Ehrlich 
carcinoma, 50 mice received 2 mg of dehydroascor­
bic acid (80 mg/kg) and 2 mg of cyanocobalamin 
intraperitoneally daily and 50 mice received saline. 
The survival data were remarkable. Control mice 
receiving saline died on average at day 11 as 
expected. Treated mice with P388 and Ehrlich carci­
noma did not start to die until day 32 and 50% of 
them went on to long-term survival with no tumour 
cells detectable [3]. 

In the survival study with Ll210, dehydroa­
scorbic acid and ascorbic acid were compared. 
Forty mice received dehydroascorbic acid 2 mg 
per day (80 mg/kg) plus B12, 40 mice received 
saline, and 60 mice received ascorbic acid 2 mg 

per day plus B12. The control mice receiving sal­
ine and the mice receiving ascorbic acid died at 
the same rate with an average survival of 11-12 
days. The mice receiving dehydroascorbic acid 
did not begin to die until day 12 and by day 
42 only 50% were dead. That 50% went on to 
long-term survival and were free of tumour cells 
[4]. 

Solid tumours were studied using Krebs 2 sar­
coma and Ehrlich carcinoma which grow as solid 
masses when inoculated subcutaneously [5]. Fifty 
mice were treated by subcutaneous injection of 
dehydroascorbic acid 2 mg per day (80 mg/kg) 
plus B12• After 1 week, the control Ehrlich carci­
noma tumours had an average size of 
2.19 ± 0.58 cm2 while there were no tumours in 
the dehydroascorbic acid-treated mice. With 
Krebs sarcoma, the control tumours averaged 
1.63 ± 0.47 cm2 while only 2 out 25 dehydroascor­
bic acid-treated mice had tumours and they were 
very small (0.13 cm2

) [5,6]. 
These results are truly remarkable. These 

mouse tumours are extremely aggressive and their 
"cure" by a single agent was unknown at the 
time. In the survival tests with Ll210 and P388, 
untreated mice normally die in a very narrow per­
iod around day 11. An increase in survival time of 
20% is considered significant [7]. Long-term sur­
vival is rare in Ll210 even with aggressive combi­
nation chemotherapy and then only in one or two 
mice out of groups of ten. P388 is more aggressive 
and survival even rarer. Poydock's observation of 
100% cure rate and long-term survival is excep­
tional. These results were unexplainable at the 
time; they were given little credence, and have 
been rarely cited. However, they can be explained 
now on the basis of two new findings:the synthesis 
of homocysteine thiolactone in cancer cells and 
the recently-discovered reaction between dehydro­
ascorbic (DHA) acid and homocysteine thiolac­
tone (HTL) in which HTL is converted to toxic 
mercaptopropionaldehyde. 

Discovery 2: HTL detected in cancer cells 

HTL synthesis is mammalian cells was first dem­
onstrated in three malignant cell lines, human cervi­
cal carcinoma (HELA), mouse renal 
adenocarcinoma (RAG), and Chinese hamster 
ovary carcinoma (CHO) [8]. In direct comparison 
under the same conditions, HTL could not be 
detected in two non-malignant cell lines, normal 
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human fibroblasts (GM 1374) and normal mouse 
fibroblasts (BALB/c 3T3). However, in normal 
mouse fibroblasts exposed to the folate antagonist, 
aminopterin, or in human fibroblast cell lines con­
taining genetic defects in cystathionine beta syn­
thase, HTL was formed in a linear relationship 
with time of culture [9]. These two conditions pro­
mote homocysteine accumulation by blocking its 
conversion to methionine or to cysteine, respec­
tively. In human breast cancer cells exposed to ami­
nopterin, there was a dramatic (ninefold) increase in 
HTL production [9]. 

The mechanism of HTL biosynthesis involves the 
process of amino acid activation (a preliminary step 
in protein synthesis which involves ATP, the amino 
acid, transfer RNA, and an amino acid-specific 
enzyme called amino acyl-tRNA synthetase). 
Homocysteine itself does not occur in proteins and 
there is no enzyme for activating it. However, 
homocysteine is erroneously activated by methio­
nyl-tRNA synthetase in mammals. This is recog­
nized as an error and the homocysteinyl-AMP is 
edited-out whereupon it converts to homocysteine 
thiolactone [8]. The chemical energy of the phosp­
hoanhydride bond is conserved in the thiolactone 
bond. 

red product MPA 

The presence of HTL in cancer cells is a finding 
of major interest which has not yet been fully devel­
oped. It may be related to two conditions in rapidly­
dividing cells: 

(a) the high demand for methyl groups which 
leads to homocysteine formation 

S-adenosylmethionine --> S-adenosyl-homocysteine 

--> homocysteine (1) 

(b) the high rate of protein synthesis which 
increases the risk of homocyseine 
misactivation 

homocysteine + ATP ....... homocysteinyl-AMP 

--> homocysteine thiolactone (2) 

Together these processes can explain the occur­
rence of HTL in rapidly-dividing cancer cells, as dis­
cussed further below. 

Discovery 3: the dehydroascorbic acid-homocysteine 
thiolactone reaction 

When DHA and HTL are combined in aqueous 
solution at neutral pH and room temperature, there 
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is a spontaneous reaction yielding COi, a red prod­
uct, and 3-mercaptopropionaldehyde [IO]. This is 
the Strecker degradation of amino acids with 
DHA replacing the traditional ninhydrin; the prod­
uct from ninhydrin being blue and that from DHA 
being red. The remarkable feature of the DHA­
HTL reaction is the facility with which it occurs. 
Other amino acids react with DHA (as they do with 
ninhydrin) but only at boiling temperature [11]. In 
contrast, HTL reacts at room temperature. The high 
reactivity of HTL can be attributed to the high 
energy content of the thiolactone bond since homo­
serine lactone also reacts with DHA at low temper­
ature [ 1 OJ. The facility of this chemical reaction 
suggests that it can occur in vivo. This is supported 
by the observation that, when solutions of DHA 
and HTL were injected separately into mice, the 
red product was excreted in the urine during the 
next 3 h [10]. This reaction may have relevance to 
Alzheimer's Disease [IO) and connective tissue dis­
ease [12]. 

Poydock's results explained 

One further fact is needed to set the scene for 
Poydock's remarkable experiments, i.e. that extra­
cellular dehydroascorbic acid is transported very 
rapidly into cells by the facilitative glucose trans­
port system (13]. Therefore, in Poydock's experi­
ments, the injected DHA would enter the tumour 
cells where it would convert the endogenous HTL 
to 3-mercaptopropionaldehyde. The latter com­
pound combines the toxicities of aldehydes and 
mercaptans and would be expected to kill the 
tumour cells. 

Therapeutic potential 

The indicated mechanism has obvious advanta­
ges for cancer therapy; the toxic agent is gener­
ated inside the cancer cells and appears to be 
selective for cancer cells. As noted above, the high 
demand for methyl groups and the rapid synthesis 
of proteins may account for the occurrence of 
HTL in rapidly-dividing cells. However, Jakubow­
ski found measurable HTL only in malignant cells 
and not in non-malignant cells [8]. This coincides 
with Poydock's finding that DHA kills cancer cells 
but not normal cells. There are two possible 
explanations; (a) that cancer cells but not normal 
cells make HTL and (b) that all cells have the 
same ability to make HTL but normal cells have 

the ability to destroy it rapidly while cancer cells 
have lost that ability. Extracellular thiolactonase 
activity has been demonstrated in human serum 
and intracellular thiolactonase has been found in 
human placenta (14) but there is no information 
on its activity in cancer cells. The enzyme would 
need to be active intracellularly in order to be 
protective against the mechanism as proposed 
here. 

The therapeutic potential of this mechanism 
might be further increased by giving methionine or 
a folic acid antagonist (methotrexate) along with 
DHA in order to increase HTL formation in cancer 
cells. It is well documented that methionine inges­
tion causes an increase in plasma homocysteine in 
humans [15]. The effect of folate antagonists in 
increasing HTL production in cancer cells is 
described above [9]. It may be necessary to add these 
agents in order to use this therapy for slow-growing 
cancers in which HTL production may be slow. 

Methionine auxotrophy also explained 

If intracellular HTL is a "marker" for malig­
nant cells, it may explain another sulfur-related 
cancer "marker", methionine auxotrophy, the 
inability of cancer cells to survive and multiply 
in vitro in medium in which methionine is replaced 
by homocysteine whereas normal cells can multi­
ply in these conditions ( 16]. Methionine auxotro­
phy may now be explainable on the basis of the 
recent discoveries; i.e. when homocysteine is pres­
ent in excess in the culture medium and methio­
nine availability is severely limited, the enzyme 
methionyl-tRNA synthetase may activate homo­
cysteine rather than methionine. This would lead 
to HTL formation and its conversion to MPA 
which would kill the cells. In fact, in many of 
the studies, HTL itself was added to the medium 
rather than homocysteine. Again, normal cells 
may survive in these conditions because they have 
the ability to destroy HTL. Research is needed to 
compare the relative activity of thiolactonase in 
normal and malignant cells. 

Relationship to Vitamin C as an anti-cancer agent 

There is renewed interest in testing intrave­
nously-administered Vitamin C as a cancer therapy 
agent (reviewed in [13]). The basis of this interest is 
that the early trials used intravenous administra­
tion with positive results while later controlled tri-
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als used oral administration with negative results. 
Oral Vitamin C achieves a physiologically-limited 
blood level of 0.2 mM whereas intravenous admin­
istration can achieve concentrations of 5-6 mM. It 
is theorized that Vitamin C may have a toxic effect 
on cancer cells through reactive oxygen species, 
hydrogen peroxide and superoxide (ROS), which 
are generated during its oxidation. It is also 
thought that ascorbate transport may involve its 
prior oxidation to DHA which is then transported 
by the glucose transporter [13, 17]. This is sup­
ported by detection of ascorbate radical in the 
interstitial fluid in rats under the conditions of arti­
ficially high blood ascorbate induced by i.v. admin­
istration [17]. Ascorbate radical is an intermediate 
in the oxidation of ascorbate to DHA. Therefore, 
if Vitamin C is found to have a clinical effect on 
cancer, the DHA-HTL mechanism outlined above 
will have to be considered as an alternative to the 
ROS mechanism. 

Conclusion 

The field of sulfur metabolism has yielded more 
differences between cancer cells and normal cells 
than any other area of metabolism. Aside from 
methionine auxotrophy and HTL formation dis­
cussed above, absence of methyhlthioadenosine 
phosphorylase (MT AP) and deficiency of cystathi­
onase are major markers for cancer. MT AP 
absence was first found in a bank of murine 
tumours (18] and has been identified in a large 
number of human cancers [19]. Cystathionase defi­
ciency has been found in 50-80% of neuroblasto­
mas [20,21], 45% of hepatoblastomas (22], and 
80% of acute leukemias [23]. This phenomenon is 
associated with cystathioninuria in vivo and with 
cysteine auxotrophy of the affected cancer cells 
in vitro. Because of the role of cystathionase in 
removing homocysteine, it is tempting to speculate 
that a deficiency of it might be related to Jaku­
bowski's finding of HTL in cancer cells. However, 
congenital cystathionase deficiency is not a known 
cause of hyperhomocysteinemia and, therefore, the 
acquired defect is not likely to cause HTL forma­
tion in cancer cells. Methionine auxotrophy, 
MT AP absence, and cystathionase deficiency have 
been exploited to design and test anti-cancer ther­
apies. HTL formation and the application of DHA 
have the simplest rationale and the most direct 
treatment design but no trials have been done 
yet in humans. 
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Summary: Methylcobalamin is one of the coen­
zymatically active cobalamin derivates and re­
quired for the activity of the cytoplasmic enzyme 
methionine synthetase catalyzing the methyla­
tion of homocysteine into methionine. The effect 
of methylcobalamin on the proliferation of ma­
lignant cells has been examined. Methylcobal­
amin inhibited the proliferation of androgen­
sensitive SC-3 cells (a cloned cell line from Shio­
nogi mouse mammary tumor, SC115) in culture 
at the concentration of 100-300 µglml. An in­
hibitory activity of methylcobalamin on the pro­
liferation was also observed in other cell lines 
(estrogen-sensitive B-1 F cells from mouse Ley­
dig cell tumor and MCF-7 cells from human 
mammary tumor) at the concentration of 500 
µglmL Moreover, large doses of methylcobala­
min injected intraperitoneally (JOO mg/kg body 
weight/day) were non-toxic and suppressed the 
tumor growth of SCll 5 and B-1 F cells in mice 
fed a vitamin B12 deficient diet. These results 
show that methylcobalamin inhibits the prolife­
ration of malignant cells in culture and in vivo 
and propose the possibility of methylcobalamin 
as a candidate of potentially useful agents for 
the treatment for some malignant tumors. 

© 1997 Hogrefe & Huber Publishers 

Introduction 

Abnormalities of serum levels of vitamin B 12 and 
R-binder, one of less specific vitamin B12 bind­
ing proteins, have been reported in patients with 
many types of malignant tumor (1. 2). Serum 
levels of vitamin B12 have been elevated in pa­
tients with chronic myeloid leukemia. polycy­
themia vera and idiopathic thrombocythemia. 
The presence of abnormal R-binder has been re­
ported in some gastric cancer extracts [3]. Ef­
fects of vitamin B12 on the proliferation of ma­
lignant cells have been also reported. Various re­
ports, however. showed conflicting results. In 
the treatment of children with neuroblastoma vi­
tamin B1: therapy was effective in some studies 
[4, 5), but not effective in other studies [6. 7]. 
An inhibitory activity of vitamin B12 on the pro­
liferation was shown in experiments with mice 
and rats. A mixture of vitamins B1: and C inhib­
ited the mitotic activity of Ehrlich sarcoma in 
culture as well as the growth of certain solid tu­
mors (8-1 O]. In another study with combination 
of vitamin C. vitamin B1, was not effective on 
the growth ofL9 gliosarcoma [11]. In some cas­
es vitamin B11 inversely enhanced the growth of 
fibrosarcoma in rats [ 12] and exerted a procar­
cinogenic effect on the induction of malignant 
tumors in rats and hamsters (13, 14). 

A recent study indicated that the metabohcal­
ly active forms of cobalamins. methylcobalamin 
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and 5 · -deoxyadenosylcobalamin, effectively el­
ongated cell doubling time for the various ma­
lignant cells in in vitro study [15]. These active 
metabolites could significantly increase the sur­
vival time of animals implanted with the P388 
leukemia cells [16]. Furtheffi!ore, we have also 
shown the mhibition of the proliferation of the 
cell line, established from an androgen-sensitive 
tumor, by active cobalamms [17]. In addition. 
cobalamms have inhibited productive human 
immunodeficiency virus-1 infection of hemato­
poietic cells in vitro [ 18]. Atypical squamous 
metaplasia, which is a precancerous lesion, in 
the lung has disappeared by the admmistrat10n 
of the supraphysiological doses of folic acid and 
vitamin B 12 to the heavy smokers [ 19]. In the pa­
tients with chronic myelogenous leukemia, the 
plasma proportion ofmethylcobalamin was sig­
nificantly lower than in a reference group. and 
an association of a low plasma proportion of 
methylcobalamin with a poor prognosis was 
shown [20] In the present study. effects of meth­
y lcobalamin on the proliferation of some sex 
hormone-sensitive cell lines in vitro and in vivo 
have been examined to know whether the supra­
physiological dose of methylcobalamin is a use­
ful agent for the treatment for some mahgnant 
tumors. 

Materials and Methods 

Cell culture The cell lmes SC-3 and B-lF were established 
respectively. from an androgen-sensmve mouse mammary car­
cmoma SC 115 [21) and from an estrogen-sens1t1ve mouse 
Leyd1g cell tumor Tl24958-R [22) SC-3 cells were cultured 
contmuously ID Eagle's nummum essenual medium (MEM) 
contammg 2% dextran-coated charcoal (DCC)-treated fetal 
bovme serum (FBS) and IO • M testosterone m the presence 
of5% CO_ m a1rat 37-C B-IFcells weremamtamed m MEM­
Harn s Fl2 (1 I voVvol) contammg 0.1 % (wt/vol) bovme se­
rum albumlD (HMB medium) supplemented w11h 10-• M 17~­
estradiol (E:) ID the presence of 5% CO: m air at 37 C Cells 
were grown to confluence and passaged usmg trypsm (0.01 %. 
wt/vol)-EDTA (0 02%. wt/vol) m phosphate buffered salme 
MCF-7 cells. an estrogen-sens1ttve human breast cancer cell 

hne. were kindly supplied by Dr. R L Sutherland (Gamn In­
stttute of Medical Research. St Vmsent's Hospllal. Sidney. 
Australia) and mamtamed m Dulbecco ·s modified Eagle ·s me­
dium (DME) contatmng I 0% FBS. MCF-7 cells were passaged 
usmg ttypsm (0 05%. wt/vol)-EDTA (0 02%. wt/vol) m phos­
phate buffered salme 

Cell growth experiment The effects of methylcobalamm on 
the proliferation were exammed as descnbed previously (17. 
23-25) In the present study. the basic medium used for fol­
lowmg expenments of B-1 F and MCF-7 cells was HMB me­
dium m sptle of the presence of cyanocobalamm m HMB me­
dium Because B-1 F and MCF-7 cells could not grow m HMB 
medium without Ham's Fl2 and a sttmulatlve effect of estro­
gen on the prohferatton of B-IF cells was not fully observed 
m the presence of FBS even 1f at the low concentration B- IF 
and MCF-7 cells were plated on four rephcate 35-mm culture 
dishes at an m1t1al cell density of Ix 104 and 2x 104/dish in 
HMB medium and DME contatnmg 5% DCC-treated FBS. re­
spectively On the followmg day (day 0). the medium was 
changed mto HMB medium supplemented with vanous con­
centrations of methylcobalarmn To remove the residual FBS 
m full. the dishes on which MCF-7 cells were seeded were 
washed twice with phosphate-buffered sahne These media 
were changed every 2 days On day 6. the viable cells were 
counted as descnbed previously. 

Animals and Diets Male DS nuce (seven-week-old) were ob­
tained from Shionogi Laboratones (Osaka. Japan). housed 
5/cage m a temperature-controlled (25°C) room with 12-h 
hght/dark cycle. and given ad l1birum access to water and pel­
leted diets OS mice were transplanted subcutaneously with 
mmced SC115 tumors Starting 24 hours (day 0) after trans­
plantation. 1ntce were tnjected mtrapentoneally with or with­
out methylcobalarmn (100 mg/kg body weight/day) m 0.3 ml 
of salme solunon daily for 24 days Sterile methylcobalarnm 
solution (10 mg/ml of sahne) was used Feedmg with v1tamm 
Bi: deficient diets was started simultaneously w11h the tnjec­
non Pelleted v1tarmn Bi: deficient diets (Clea Japan Inc. Tokyo. 
Japan) (Tab I) were stored at 4"C and given with every other 
day replacement Palpable tumor was measured with caliper 
at the indicated times In case of B-IF cells. after bemg har-

Table I Nutnent composmon ohuamm B,_ deficient diet 

Vttarmn-free casem 
Sucrose 
Com ml 
Hegsted salt nuxture 
Av1sel 
DL-methtonme 
Choline chlonde 
Vttarmn mixture 
V1tammA. D, 

(500000 IU/100000 IU) 
V1tamm A (500000 IU/g) 
V1tanun E (50%) 
Vttarmn B, 
Vitanun 82 
Vi1anun B6 
Vttarmn C-Ca 
Vttarnm K, 
B1olm(2%) 
DL-Ca-pantothenate 
PABA 
Nacottmc acid 
Inositol 
Folic acid 
Lactose 

18.0% 
676% 
80% 
4.0% 
15% 
03% 
01% 
05% 

2 00 mg/JOO g of diet 

200 
20.00 

150 
080 
050 

24.35 
050 
2.00 
8.00 

1000 
500 

1000 
020 

413.15 
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vested and washed, the cells (5 x 105 cells) resuspended in 
MEM were implanted subcutaneously into castrated male 
Balb/c mice (seven-week-old). The Ba!b/c mice were implant­
ed subcutaneously with a fused pellet of 5% estradiol in cho­
lesterol and injected intraperitoneally with or without methyl­
cobalamin on the following day (day 0) of B-lF cell implan­
tation. 

Vitamin B11 assay: In principle, vitamin B., assay was per­
formed as descnbed by Gimsing (20]. On day 24 the mice de­
scribed above were sacrificed under nembtal anesthesia. The 
whole blood samples were taken via an inferior vena cava by 
venopuncture. The serum was separated after centrifugation 
within 30 nun after sampling. Syringes and sample containers 
were covered with aluminmm foil. All stages of the method 
were carried out by red safe-hght or in darkness. Tumors were 
cur into small pieces and washed twice with 0.15 M NaCl at 
4°C. Minced tissues were homogenized in four volumes of 
0.15 M NaCl by Polytron PT-10. Aftercentrifugatmn (10 min, 
2000 g) of homogenates the supernatants were used for vita­
min B,, and protein assays. The concentration of protein was 
determined using protein assay kll. The total concentration of 
vitamin B 12 was determined by radioisotope dilution method 
using a solid-phase intrinsic factor as the specific cobalamm­
bmding protein The assays were performed as directed in the 
manual from the supplier of the assay kit. For vitamin B,, the 
intra-assay variation amounted to a mean of 2-6% and the in­
ter-assay variation 10 a mean of 5-8%. In case of established 
cells, cells were seeded at an initial density of 1.3 and 2.6x to• 
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cells/JOO-mm dish in MEM contaming 2% DCC-treated fFBS 
and HMB medium. respectively. for SC-3 and B-1 F cells. On 
the following day (day 0), the medium was changed to 2% 
DCC-treated FBS-MEM supplemented with 10~ M testoste­
rone (SC-3 cells) and 10~ M estrad1ol (B-1 F cells) in the pres­
ence or absence lof methylcobalamin (final concentration of 
300 µg/ml for SC-3 cells or 500 µg/ml for B-IF cells). The 
cells harvested on day 3 were washed four times with 20 ml 
of ice-cold 0.15 M NaCl and then resuspended m four volumes 
of0.15 M NaCl. The viable cell number was detenmned with 
hemocytometer by trypan blue dye exclusion method. The cells 
lyzed by freeze-thawing were homogenized as described for 
minced tissues 

Statistical analysis. All values were expressed as mean :!: SE. 
Significant differences were estimated by Student's t test (p< 
0.05). 

Materials: The radiomen steroids, BSA, trypsin. activated 
charcoal and methylcobalamin were purchased from Sigma 
Chemical Co (St. Louis, MO. USA). Dextran T-70 was from 
Pharmacia Fine Chemicals (Uppsala, Sweden) MEM. DME 
and Ham's F-12 were obtamed from Nissui Pharmaceuucal 
Co., Ltd. (Tokyo, Japan). FBS was from Nichire1 Co . Ltd (To­
kyo, Japan) M-vitamin 8 12/ folic acid kit was from CHIRON 
(Tokyo, Japan). Protein assay kit was from BIO-RAD (Cal1-
fom1a, USA). Balb/c mice were obtained from Shizuoka Ex­
perimental Animal Farm (Shizuoka, Japan). The other chem­
icals used in this study were of analytical grade. 
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Figure 1: Effects of methylcobalamin on the proliferation of SC-3, B- IF and MCF-7 cells. 
Cells were plated on four 35-mm culture dishes as described in materials and methods. On the followmg day (day 0). the medi­
um was changed into the medium supplemented with various concentrations of methylcobalamm. On day 6 the viable cells were 
counted. The cell number was expressed as a percentage, taking the value in the absence of methylcobalamin as I 00%. A. B and 
C correspond to SC-3, 8-JF and MCF-7 cells respectively. Points, means of 4 determinations; bars. S. E.; *, P<0.05. Funher4 
trials gave similar results. 
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Results 

Effects ofmethylcobalamin on the proliferation 
of cultured cells: Figure 1 present~ results on the 
cell yield of androgen-sensitive SC-3 cells and 
estrogen-sensitive B-lF and MCF-7 cells treat­
ed with various concentrations of methylcobal­
amin. In SC-3 cells (Fig. lA) methylcobalamin 
inhibited the proliferation at the concentrations 
of 5~100 µg/ml (0.037-0.074 mM) as report­
ed previously (17]. The proliferation of B-IF 
and MCF-7 cells were also inhibited (Fig. lB 
and 1 C) by methylcobalamin, but a higher con­
centration (500 µg/ml, 0.37 mM) of methylco­
balamin was necessary. 

Effects of methylcobalamin on the tumor 
growth: Effects of methylcobalamin on the tu­
mor growth were examined at the dose of l 00 
mg/kg body weight/injection/day. The mice 
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Figure 2: In vivo growth inhibition of SCI 15 tumor by meth­
ylcobalamin. 
Male DS mice (seven-week-old) were transplanted subcuta­
neously with minced SCI 15 tumors. Starting 24 hours (day 0) 
after transplantation, mice were injected intraperitoneally with 
or without methylcobalarnin (100 mg/kg body weight/day) dai­
ly for 24 days. Feeding with vitamin 811 deficient diets was 
started simultaneously with the injection. Palpable tumor was 
measured at the indicated times. The tumor volume is ex­
pressed as 413 x long diameter (mm) x short diameter (mm) x 
short diameter(mm). Points, means of l 0 determinations; bars, 
S.E.; •, P<0.05; MeCbl, methylcobalamin. Further 3 trials 
gave similar results. 

were able to tolerate the injection of methylco­
balamin at this dose without any adverse effects. 
In the present study B-1 F cells were used in vi­
tro (in culture) and in vivo. In the experiments 
of androgen-sensitive tumor, tumor pieces of 
SC115 were subcutaneously transplanted in­
stead of SC-3 cells, because SC-3 cells could not 
cause the tumor formation in vivo. Figure 2 
shows an inhibitory effect of methylcobalamin 
on the tumor growth of SC 115, especially in ear­
ly phase, in OS mice. In B-lF cells (Fig. 3) meth­
ylcobalamin also inhibited the tumor growth. 
The ratio of the tumor formation was not signif­
icantly different between control and methylco­
balamin injected mice (SC115 and B-lF cells). 
In histological findings with hematoxylin-eosin 
stain there was no prominent difference between 
tumors treated with and without methylcobala­
min (data not shown), and no toxic effect on mice 
was observed. 
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Figure J: In vivo growth inhibition of 8-1 F tumor by methyl­
cobalamin. 
8-IF cells (5x 105 cells) in MEM were implanted subcutane­
ously into castrated male 8alb/c mice (seven-week-old). The 
rruce were also implanted subcutaneously with a fused pellet 
of 5% estradiol in cholesterol and injected intraperitoneally 
with or without methylcobalamin on: the following day (day 0) 
of 8-lF cell implantation. Feeding with vilamin B12 deficient 
diets was started simultaneously with the injection. Palpable 
tumor was measured al the indic'ated times. The tumor volume 
isexpressedas413xlongdiarneter(mm)xshortdiamcter(mm) 
x short diameter (mm). Points, means of 10 determinations; 
bars, S.E.; •, P<0.05; MeCbl, methylcobalamin. Further 3 
trials gave similar results. 
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Vitamin B12 assay: Sera and tissue specimens of 
the mice, and cultured cells treated with or with­
out methylcobalamin were measured for total vi­
tamin B12, using M-vitamin B12/folic acid kit. 
The concentrations of vitamin B,~ are given in 
Table II. The serum, tissue and cellular concen­
trations of vitamin B12 were significantly in­
creased in cases treated with methylcobalamin 
compared to the controls. 

dium containing a cyanocobalamin at the con­
centration of0.68 µg/ml. On the other hand the 
medium used for SC-3 cells contained vitamin 
B12 at the concentration of 10-30 pg/ml. Meth­
ylcobalamin seems to be also more effective for 
SC 115 tumor than for B-1 F tumor. The content 
of vitamin B12 in SC115 tumor was lower than 
that in B- lF tumor, while the serum levels of vi­
tamin B 12 were similar between Balb/c and DS 
mice. The metabolism of methylcobalamin 
might be different between SC 115 and B-1 F tu­
mors, therefore between SC-3 and B- lF cells. 
In the in vivo experiments the observed maxi­
mum inhibitory activity of methylcobalamin 
was smaller than that in cultured systems, part­
ly due to the solubility of methylcobalamin. It 
could not be solubilized in concentrations larg­
er than 10 mg/ml in PBS. Therefore it was dif­
ficult that mice could be administered with 
methylcobalamin at doses larger than 100 mg/kg 
body weight/day in 0.3 ml of saline solution. 

Discussion 

We have found that methylcobalamin inhibits 
the in vitro proliferation of the androgen-sensi­
tive cell line SC-3 and of the estrogen-sensitive 
cell lines B-lF and MCF-7 as well as the in vi­
vo tumor growth of SCI 15 and B-lF cells. Ef­
fective dose of methylcobalamin was higher in 
B-lF and MCF-7 cells than in SC-3 cells. It 
might be partly due to the difference of the intra­
cellular vitamin B ,2 contents among these cells. 
The basal level of vitamin Bu in SC-3 cells was 
extremely lower than that in B-lF cells. In the 
in vitro experiments the basic culture medium 
used for B-1 F and MCF-7 cells was a HMB me-

The precise mechanism of the inhibitory ac­
tivity of methylcobalamin is not clear. In SC-3 
cells, androgen induces FGF-like growth factor 
(AIGF) and FGF receptors [26, 27]. In MCF-7 
cells, estrogen induces various growth factors 

Table II: Concentration of vitamin B" in ussue, serum and cells 

SC115 tumor 
Tumor 

Serum 

B-IFtumor 
Tumor 

Serum 

SC-3 cell 

B-IFcell 

Mcthylcobalannn (-) 

0.39±0.04 ng/mg protein 
(n=8) 

14276±3287 pg/ml 
(n=5) 

1.56±0.12 nglmg protein 
(n=8) 

15035±970 pglml 
(n= 10) 

0.01 ±0.00 ng/106 cells 
(n=5) 

0.10±0.03 ng/mg protein 
(n=5) 

0.24±0.01 ng/106 cells 
(n=5) 

1.81 ± 0.02 ng/mg protem 
(n=5) 

Methylcobalamon (+) 

13.28±134 nglmg protem 
(n=6) 

204061 ± 12506 pg/ml 
(n=5) 

22.76±3 48 nglmg protein 
(n=7) 

183000± 16197 pglml 
(n=9) 

1486±12.6 ngfl06 cells 
(n=5) 

1871 ±IOI ng/mg protein 
(n=5) 

230± 13.5 ngfl06 cells 
(n=5) 

2246± 120 nglmg protein 
(n=5) 

On day 24 the mice described in Figures 2 and 3 were sacnficed. The whole 
blood samples were taken via an inferior vena cava by venopuncture. In case 
of established cells, cells were seeded and treated with methylcobalamin as 
described m materials and methods. The total concentration of vitamin B,, 
in tumors, sera and cells was determined by radio isotope diluuon method. 
Table shows means± S. E. "n" shows the number of assayed samples. 
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and their receptors [28-30]. But estrogen inhib­
its the activity of 5-lipoxygenase, which is a key 
enzyme for the production of leukotnenes that 
suppress the prohferation of B-lF cells [23. 24. 
31. 32]. In SC-3 and MCF-7 cells. and SC115 
tumor. sex-hormone seems to mostly stimulate 
the positive growth control system. while estro­
gen seems to mostly inactivate the negative 
growth control system in B-lF cells. The mh1b­
ttory activity of methylcobalamin on the prolife­
rat10n might be mediated through the interfer­
ence of these systems. In our previous report [ 17] 
the treatment of SC-3 cells with methylcobala­
min decreased the activity of AIGF at the level 
of post androgen receptor binding. The presence 
of the common inhibitory mechanism by meth­
ylcobalamin among these diverse systems ts un­
known. Furthermore, whether the inhibitory ac­
tivity is specific for methylcobalamin or not ts 
also unknown up to this point. Nevertheless. be­
cause of the ability to achieve high blood and 
tissue levels in vivo and the lack of toxicity, 
me thy lcobalamin should be considered as a can­
didate of potentially useful agents for the treat­
ment for some malignant tumors. 
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The effect of cobalamin (vitamin Bn) on the survival time of mice bearing 
P388 leukemia has been examined.Among the three cobalamins studied, the 
enzymatically active derivatives, methylcobalamin and 5' -deoxyadenosylco­
balamin, were able to significantly increase the survival time of mice 
implanted intraperitoneally with the tumor cells. The pharmaceutical form, 
cyanocobalamin, was not active. The antitumor activity of these cobalamins 
may·be associated with their functions in metabolism . ..... ................. . 

Evidence has accumulated in the recent past that vita­
min B12 is associated with tumorigenesis. Patients with 
many types of malignant neoplasia and leuke~ia had ele­
vated serum levelsofvitamin 8 12 [I, 2] and vitamin 8 12-

specific binding proteins [3-5]. Certain cancer-bearing 
mice synthesized vitamin 8 12 and stored more vitamin 
B12 than normal controls did[!, 6]; but-several sponta­
neous mammary tumors were shown to destroy this vita­
min [6]. Studies with mouse spleen cells have shown that 
the addition of methylcobalamin to culture ·medium en­
hanced the production of antibody and suppressor T cells 
[7]. 
· Vitamin B12 had been used with apparent benefit in 
the treatment of young children with neuroblastoma [8, 
9], but the results of two survey studies using· data from 
several hospitals failed to confirm that vitamin B12 ther­
apy was efTective either when it was.administered alone or 
in conjunction with X-ray or chemotherapeutic agents 
[I 0, 11). 

Experiments with laboratory animals also showed con­
flicting results. The administration of vitamin B12 inhib-
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ited the growth of certain tumors implanted in mice [ 12, 
13]. Mice treated with vitamin B12 survived longer than 
did untreated controls. Vitamin 8 12 also inhibited the 
growth of liver tumors induced by p-dimethylaminoazo­
benzene in rats [14]. A mixture of vitamin 8 12 and vita­
min C was able to inhibit the growth of certain mouse 
ascites or solid tumors and to increase the survival rate of 
tumor bearing mice [ 15-J 7]. However, in another study 
with Fischer CDF rats, a mixture of vitamins 8 12 and C 
had no effects on the growth of L9 gliosarcoma, and no 
differences in survival time between treatment and con­
trol group were observed (18]. Furthermore, in some 
cases, vitamin B12 enhanced the growth of fibrosarcoma 
in rats and of Rous sarcoma in chickens [ 19). Vitamin B12 
was also reported to be procarcinogenic in rats and ham­
sters [20, 21]. In addition, a deficiency of vitamin B12 

decreased the potency of certain carcinogens in rats [22, 
23]. 

A recent in vitro study with cultured cells indicated 
that cobalamins were able to inhibit the growth of several 
malignant cell lines [24J. Jn these experiments, the meta-
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bolically active forms, methylcobalamin and 5'-deoxyad­
enosylcobalamin, were found to be effective but the meta­
bolically inactive cyanocobalamin had practically no ef­
fect [24]. In the present study, in vivo experiments were 
carried out to examine the effects of three different forms 
of cqbalamin .on the survival of mice bearing ascites 
tumors. 

Methods and Materials 

$un·ival Time 
Drug test was performed using a murine model, under the aus­

pices of the NCI Division of Cancer Treatment, for screening chemi­
cal agents and natural products against animal tumors, model 3PS3 l, 
In Vivo Cancer Models, US Department of Health and Human Ser­
vkes, National lnsti.tutes of Health P~blication No. 84-2635 ( 1984), 

Female . DBA and .CDF 1 mice ( 18-20 g) were purchased from 
Simonsen Laboratories, Inc. (Gilroy, Calif.). They were fed a nonpu­
rified diet (Purina Certified Rodent Diet, No. 500 I, Ralston Purina 
Co., St. Louis, Mo.) throughout the experiment. FeC<I and water were 
offered ad libi~um. Mouse lymphoid neopl~sm cells P388 were prop­
agated in DBA· mice. The ascites cells were h~rvesied. on the 7th day 
after tumor implantation, The CDF 1 mice were injected intraperito­
neally with 106 washed cells, susp,endcd in 0.1 ml.phosphate-buffered 
saline. Mice were then randomized into various test groups of 10 
animals each. Starting 24 h after implantation, test miee were 
injected intraperitoneally with various doses of vitamin B 12 in 0.2 ml 
of saline solution daily for I 0 days. The control animals received an 
equal volume of sal~ne. The mice were weighed twice a week and 
were killed 30 days after t\_1mor implantation and.the result evaluat­
ed. When 50%or rnore.ofthe animals in a test group survived to the 
3()..day time period after t.umor implantation, the cxpen~nent was 
extended to a total of _60 days. The numi)cr Of tjays that each mo.use 
lived after the transplantation of tumor cells \Vas recorded as the sur­
vival time. 

Statistiml Calculations 
The Student's two tailed i· test was used to determine statistical 

differences between the control and experimental groups. Th'c me­
dian survival time of each group was also used as an index of compar­
i~n of the test animals to their corresponding controls. The median 
survival time of the untreated control groups of these experiments 
was 16 ± 4 days. A test-to-control ratio of survival time of 1.3 for a 
test agent was considered to demonstrate activity. 'whereas a ratio of 
1. 75 or_ greater was considered signitieant activity. ' 

Calcula1io11 of Therapeutic Index 
The therapeutic index, referring to the dose ratio between toxic. 

and therapeutic effect, is expressed as the ratio LD5vE090. where 
LD5ois the dosage lethal to 500/oofthe untreated animals and ED90 is 
th~ dosage that give a 90% cell kill in the experimental mice [25). 
Values of ED90 were measured using CDF1 mice. The mice were 
injected intraperitoneally with I 06 cells, suspended in 0.1 ml phos­
phate-buffered saline. The mice were then randomized into various 
groups of 10 animals each. Starting 24 h after implantation, test mice 
were injected intraperitoneally with various doses of the test agents 
in 0.2 ml of saline solution. On the tenth day after tumor implanta-

tion, the ascites cells were harvested and washed. Then. a homoge­
neous representation of the cells was stained with erythrosin B. The 
numbers of viable cells and dead cells were counted with a hemocy­
tometcr. The ~alue of ED90 was calculated by comparing viable cell 
numbers in treated and 'rontrol animals. The survival inocculum 
curves from the studies of survival time described above were also 
used for the calculation of ED90. A good· agreement was obtained 
between the two methods of calculation. 

Chemicals 
~yano-, methyl- and 5'-deoxyadenosyl cobalamin were pur­

chased from Sigma Chemical Co .. Si. Ipuis, Mo. The cobalamin 
derivatives were prepared by introducing the dry crystals into small 
sterile tubes. A sufficient number of tubes were prepared and stored 
at '-20 •c. Immediately before injection, sterile saline solution was 
added to the tubes to dissolve the compounds. 

Results and D~scusaion 

We have tested the antitumor activity of three cobal­
amin derivatives 'that were available lo us, at three differ­
ent dosages: 25,50 and I 00 01g!kg body weight/injection. 
The mice were able to tolerate the injection of,cobalamin 
at a daily dose of I 00 mg/kg body weight without any 
apparent adverse effect. Table l shows the survival times 
of test and control mi~e bearing P388 leukemia after 
treatment with cobalamins. The data indicate a statisti­
cally significant increase in the survival of mice treated 
with methylcobalamin or ~denosylcobalamin when com­
pared with the controls. Adenosylcobalamin was appar­
ently more effective than methylcobalamin. However, 
cyanocobafamin has practically no effect on tumor 
growth. These observations were in good agreement with 
results in previous experiments in which in vitro ceU cul­
ture technique was used [24]. The ratios of median sur­
vival time of a test group to median survival time of con­
trol for these mice are shown in parentheses in table i. 
These ratios are in accordance with the corresponding 
p values. 

The therapeutic index .is the ratio between toxic and 
therapeutic effect, or the ratio of LD;0 and ED90 [25]. The 
values of ED9o for methyl- and 5'-deoxyadenosylcobal­
amin were 120 and I 00 mg/kg body weight, respectively, 
whereas cyanocobalamin did· not affect cell growth at a 
daily dose as high as. 1,000 mg/kg body weight. It has been 
shown that the addition of vitamin B12 to food in 
amounts far in excess of n.eed or absorbability appears to 

·be without hazard. Cyanocobalamin has caused no toxic-
ity in animals at levels several tho~sand times their nutri­
tional requirements [29]. Toxicity tests in our laboratory 
indicated that these three cobalimin derivatives were 
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Table 1. Effect of cobalamin derivatives 
Dosage, mgfkg body weight/day Therapeutic on the survival of mice bearing ascitcs Test agent 

tumor 0 25 50 100 
Index 

Cyanocobalamin 17.8±2.9 12.6±7.5 19.3±4.2 18.7± 1.5 
(0.97) ( 1.03) ( 1.06) 

19.6±3.5 17.1±3.5 20.5±2.7 20.5± 1.4 
(0.94) (1.17) (I. I 7) 

l8.I ±3.6 17.9± 3.4 18.3±4.5 18.5±4.2 
(0.97) ( 1.00} (1.03) 

Methylcobalamin 18.0±6.0 17.5±2.8 17.3±0.5 38.0± 18.4• IS 
( 1.00) ( 1.00) (2.12) 

17.0±3.2 - 18.9±0.J 22.7 ±9. 7 
( 1.06) ( 1.61) 

16.7±0.9 - 17.3±6.1 32.7± IQ.6C 
(0.91) (2.18) 

Adcnosylcobalamin 9.4±2.4 9.1±1.4 8.9±2.3 29.1±1,9c 20 
( 1.18) ( 1.18) (3.53) 

IS.5±0.9 16.7±4.5 21.2±6.2b 34.3± 10.3C 
(I. I I) (1.43) (2.86) 

15.0±2.1 28.4± !3.7b 40.7±2S.2b 
(1.33) (3.83) 

Values are means ± SD or survival times (days) for n = I 0. Significance of the difference 
between control and experimental values: •p < 0.05; bp < 0.01; cp < 0.001, Values in 
parentheses are ratios of median survival time of test group to median survival time of con­
trol group. A value of I. 75 or greater for a test agent was considered to demonstrate signifi­
cant ·activity. 

Therapeutic index is expressed as the ratio LD5o/ED90, where LD50 is the dose lethal to 
50% of a population and ED90 is the dose that gives a 90% cell kill. 

remarkably nontoxic when administered intraperitone­
ally. The LDso for methylcobalamin was 1,800 mg/kg 
body weight, which was 15 times the effective dose. The 
LDso for 5' -deoxyadenosylcobafamiri was higher than . . . 
that for methylcobalamin. However, when a dose of 2,000 
mg/kg body weight was injected into these mice, they 
started to lose weight. Thus, the value of 2,000 mg/kg 
body weight was used and the therapeutic index for 5'­
deoxyadenosylcobalamin was 20. Although very large 
doses of cobalamins injected intraperitoneally were non­
toxic, it became lethal when a much smaller dose was 
injected intravenously into the mouse tail vein. This may 
be the effect of the large volume of fluid entering the 
mouse bloodstream during a relatively short period of 
injection time. 
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Vitamin 8 12 and folate are involved in the process of 
one-carbon-unit metabolism and methylcobalamin is a 
source of one-carbon functional groups [26, 27]. Although 
the mechanism of the antitumor activity is not known, it 
is quite evident that the roles of vitamin 81 2 in carcino­
genesis may be associated with its functions in normal 
metabolism. particularly in the one-carbon-unit metabo-
1 ism and in the positive and negative control of DNA syn­
thesis by normal and malignant cells (26, 27]. Vitamin 8 12 

is expected to correct defective DNA-thymine synthesis 
in vitamin 8 12-defective marrow (28], because thymidy­
late synthase requires NS,NJO.methylenetetrahydrofolate 
as methyl donor. For the same reason, in patients with 
folate and vitamin 8 12 deficiency, the addition of these 
vitamins to marrow and lymphocyte cultures enhanced 
the incorporation of 3H-deoxyuridine into DNA (29]. 

Cobalamin and Ascites Tumor 
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Previous in vitro findings have indicated that the met­
abolically active cobalamins were able to inhibit malig­
nant cell growth, while the metabolically inactive forms 
had practically no effect [24]. Folic acid and vitamin B12 

arc intimately related to the synthesis of DNA and RNA; 
lack of either damages DNA synthesis .. The primary dam­
age is to de novo DNA synthesis, with the result that there 
may be a secondary increment in salvage DNA synthesis 
[27, 29]. In those tumors in which synthesis of DNA by 
the salvage pathway is relatively greater than in normal 
cells, as compared to the de novo pathway of DNA syn­
thesis, it is theoretiCally possible that folate and vitamin 
B12, by enhancing de novo DNA synthesis, could be rela­
tively more helpful to normal than to tumor cells and rela­
tively more harmful to certain tumor cells [27, 29]. It has 
been suggested that these. vitamins and. t~eir an~agonists 
could be involved in the control of normal gene expres­
sion and that deficiency of folate or vitamin B12 or any 
cause of failure to methylate DNA or RNA can activate 
malignancy by hypomethylating oncogenes, leading to 
such gene expression or gene amplication, and that meth­
ylating oncogenes can inhibit malignancy by making them 
dormant. Furthermore, these vitamins can be useful in 
controlling tumors that grow more rapidly as more of 
them are supplied, because the tumor cells can be stimu­
lated into the DNA synthesis phase in which a number-of 
cancer chemotherapy agents exert their deadly effects. 
These agents can be used in a sequence right after folate or 
vitamin B12 [27, 30]. Large doses of folic acid and vitamin 
B12 were able to potentiate cytotoxicity offluoropyrimid­
ine by stabilizing the ternary complex and between fluoro­
deoxyuridylate and thymidylate synthase [30]. The find-

ing that adenosylcobalamin was more effective than 
methylcobalamin indicated that the mechanism of cobal­
amin in carcinogenesis involved not only methylation but 
also other metabolic pathways of vitamin 8 12 metabo­
lism. 

Most of the cobalamin in animals exists as the two 
coenzymatically active forms, methylcobalamin and ade­
nosylcobalamin [26]. Methylcobalamin constitutes 60-
80% of the total plasma cobalamin. Adenosylcobalamin 
is the major cabala.min in cellular tissues. The stable phar­
maceutical form, cyanocobalamin, is not nutritionally 
active. Although animals have the biochemical machin­
ery to convert cyanocobalamin and other cobalamins into 
the two metabolicaliy active cobalamins, the difference in 
activity of the three cobalamins indicated that the rate of 
the conversion was probably v~ry low and insufficient in 
view of the rather high required dosage of the active 
cobalamins. 

In summary, these studies indicate that methyl- and 
5' -deoxyadenosylcobalamin were able to significantly in­
crease the survival.time of mice implanted with the P388 
tumor cells. Because there has been criticism of the use of 
P388 as a tumor system for drug discovery and develop­
ment, other tumor systems are being studied in our labo­
ratory for further evaluation. 
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Experimental Study of the Therapeutic 
Effects of Folate, Vitamin A, and Vitamin 
8 12 on Squamous Metaplasia of the 
Bronchial Epithelium 
Tamiko Kamei, M.D., • Toshihiko Kohno, Ph.D.,• Hidemi Ohwada, M.D., Ph.D.,• 
Yuka Takeuchi,* Yutaka Hayashi, M.D., Ph.D.,* and Seigo Fukuma, M.D., Ph.D.t 

Background; Vitamin deficiency may be related to 
carcinogenesis. Cytologic examinations of sputum have 
already found that the administration of folate and vita­
min 812 suppressed the development of squamous meta­
plasia and atypia in tmokers' airways. The authors in­
vestigated the effect of folic acid, vitamin 812, and vita­
min A on the formation of metaplasia and hyperplasia in 
methylcholanthrene (MCA)-treated rats. 

Methods. The SD strain of rats received 10 mg of 
MCA intratracheally and was divided into six groups as 
follows: (1) vitamin A; (2) folic acid; (3) vitamin 812; (4) 
vitamin 8 12 with folic acid; (5} a combination of vitamin 
A, folic acid, and vitamin 812; and (6) no vitamins. The 
Lower respiratory tract epithelia of the rats were exam­
ined histologically 20, 32, and 36 weeks after MCA admin­
istration and at the end of the experiment. 

Results. A clear difference was detected between the 
group receiving folic acid and that receiving vitamin A. 
In the former group, metaplasia was found in only one 
rat, atypia was not found, and hyperplasia with marked 
changes was present in less than 50% of other groups. In 
the latter group, atypia was found in all of the metaplas­
tic foci. 

Conclusions. It was suggested that the epithelial hy­
perplasia and metaplasia of respiratory tract induced by 
MCA can be suppressed by the administration of folic 
add. Cancer 1993; 71:2477-83. 

Key words: bronchial metaplasia, folate, serum folate 
concentration, lung cancer, vitamin A, vitamin 8 12• 
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There are numerous factors in our daily environment 
that are associated with carcinogenesis.1

•
2 Diet and 

smoking, in particular, are the most important among 
these factors.3 The relationship between smoking and 
lung cancer has already been reported,4

"
6 e.g., tobacco 

smoke contains carcinogens that may induce lung 
cancer.7•8 Airways of smokers often show epithelial hy­
perplasia and squamous metaplasia.4 These changes 
may be induced by various stimuli, e.g., tobacco smoke, 
in the airways and by the persistent inflammation 
caused by these stimuli. 

Metaplasia usually refers to the transformation of 
normal cellular components into completely different 
and thoroughly mature cells. Incomplete metaplastic 
foci, which consist of atypical cells mixed with well-dif­
ferentiated metaplastic cells, are occasionally observed. 
The relationship between hyperplasia and metaplasia 
of the airway epithelium and pulmonary carcinogenesis 
has long been suggested.9 This relationship can be par­
ticularly important when the lesion shows atypia. 

On the other hand, it has been suggested that the 
lack of inhibitors of carcinogenesis in the human diet as 
well as the carcinogen itself can be an important factor 
in carcinogenesis. 10 Recently, some reports indicated 
that green and yellow vegetables contain some inhibi­
tors of carcinogenesis.1 u 2 Vitamin A and folate are con­
sidered to be the vitamins that are contained in these 
foods. 

Vitamin A is expected to maintain the normal epi­
thelial cell differentiation and to reinforce cellular im· 
munity.13 A number of investigators have reported that 
a deficiency of vitamin A plays a major role in pulmo­
nary carcinogenesis and metaplasia, both epidemiologi­
cally and experimentally.11

•
14

-
19 It is also reported that 

administration of vitamin A, to a certain extent, was 
able to suppress the development of lung cancer and 
meta plastic changes. 20-

22 

Folate ordinarily exists in the body as a coenzyme 
and is an essential factor in the synthesis of nuclear 
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proteins. Investigations suggest that a deficiency of fo­
late also enhances the development of preneoplastic 
conditions and carcinogenesis, which are suppressed 
when folate is supplied.23- 25 It has been reported that 
the serum concentrations of folate and vitamin B12 are 
decreased in smokers.26-

28 This decrease is caused by 
inactivation of folate and vitamin B12 by some elem£?nt 
in the tobacco smoke. 24

•
29

•
30 One group reported that the 

serum folate concentration is lower in smokers with 
metaplastic lesions, which are in a potentially preneo­
plastic condition, than in those without them.31 They 
also suggestE:d that folate deficiency can render the 
bronchial epithelium more susceptible to neoplastic 
transformation by carcinogenic hydrocarbons of to­
bacco smoke. 31 Recently, they also showed, using cyto­
logic examinations, that the administration of folate 
and vitamin B12 together significantly decreased the 
number of atypical metaplastic cells in the sputum of 
smokers.32 Vitamin B12 is also considered to be a coen­
zyme necessary for human metabolism, and its defi­
ciency secondarily causes folate deficiency.33 

We examined histopathologically the effects of 
these vitamins, including folate, on the development of 
metaplasia and atypia in the airways of rats. The treat­
ment of rats with a carcinogenic agent in the airways 
was followed by the systemic administration of vita­
mins. Histopathologic examinations were made of the 
airway epithelia to determine the degree of differentia­
tion and atypia of metaplastic cells. The serum concen­
traticr ,f various vitamins and their changes were also 
studie"" 

Materials and Methods 

One hundred seven Sprague-Dawley rats were raised 
on a standard feed containing 880 IU of vitamin A, 0 .14 
mg of folate, and 6.0 µg of vitamin B11 per 100 g. This 
standard feed was continued throughout the experi­
ment. Ten animals were used as controls, and 97 re­
ceived methylcholanthrene (MCA) at the age of 6 
weeks. MCA (1200 mg) was mixed with 0.2% gelatin in 
physiologic saline solution (48 ml), and 0.2 ml of the 
suspension, containing 5 mg of MCA, was adminis­
tered intratracheally to each rat under ether anesthesia 
twice with a 24-hour interval between doses (total dose, 
IO mg). The treated animals were divided into six 
groups. Group 1 was given vitamin A; Group 2 received 
folate; Group 3 was given vitamin B12; Group 4 received 
folic acid and vitamin B12; Group 5 was given vitamin 
A, folate, and vitamin B12; and Group 6 received no 
vitamins. The administration of these vitamins was initi­
ated 9 weeks after the MCA treatment in addition to 
tho&i: ~i."\ the standard feed. Retinol palmitate was ad­
ministered as vitamin A twice a week intramuscularly, 

folate for injection twice a week intramuscularly, and 
hydroxycobalamin as vitamin B12 once a week intramus­
cularly, at weekly doses of 25,000 IU, 15 mg, and 500 
µg, respectively. The blood concentration of hydroxy­
cobalamin is known to be sustained for a long time. 33

•
34 

Ten animals of the MCA-treated and untreated 
groups were killed for evaluation 8 weeks after the ad­
ministration of MCA. Measurement of the animal's 
body weight once a week were started 9 weeks after 
MCA administration. A few animals in these groups 
were killed 20 and 32 weeks after MCA administration 
and the rest of the animals, after 36 weeks. Histopatho­
logic evaluations were done. After death, the right lung 
was fixed by infusing 10% formaldehyde solution, and 
the left lung was fixed by infusing Carnofsky solution. 
The fixed right lung was cut along the long axis ?f the 
bronchi in the superior, middle, inferior, and interme­
diate lobes, and sections in which the bronchial lumen 
could be observed along the long axis were studied 
under light microscopy with hematoxylin and eosin 
staining. The left lung was studied by electron micros­
copy. Macroscopic tumors and abscesses were also stud­
ied by preparing special sections containing them. The 
serum vitamin concentrations were measured in a small 
number of animals randomly selected at each time of 
death. Vitamin A was assayed as retinol using high­
performance liquid chromatography and folic acid and 
vitamin B12, by competitive protein-binding methods. 

Results 

Changes in Body Weight 

The mean body weight of rats in each group was mea­
sured at time points during the experiment and after 36 
weeks. These results are shown in Figure 1. The compar­
isons were expressed in terms of the percentage relative 
to Group 6, which did not receive extra vitamins. The 
body weight gains were less (95.2%) in Group 1 (vita­
min A alone) and poor (85.3%) in Group S (vitamin A 
plus other vitamins, Fig. 1). The body weight gains were 
the similar in Group 6, the groups given folate alone 
(Group 2, 99.6%) and vitamin B12 alone (Group 3, 
100 .1 % ), and the greatest in the group given folate with 
vitamin B12 (Group 4, 108.6%). 

Histopathologic Findings 

Histologic examinations showed hyperplasia of various 
degrees and metaplasia with various degrees of differ­
entiation and atypia. Metaplasia could be classified into 
the following three stages. First, there was typical meta­
plasia in which the process of keratinization was clear 
and intercellular bridges were readily observed, as in 

.. 
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Figure 1. Effects on vitamin administration and body weight {9-36 
weeks) after MCA administration. The mean weight (in grams) of 
each group is given at the time points indicated. The treatment 
groups were as follows: Group 1 (vitamin A), Group 2 (folate), 
Group 3 (vitamin Bd, Group 4 (folate plus vitamin 812), Group 5 
(vitamin A, folate, and vitamin 812), and Group 6 (no vitamins). 
Relative to Group 6, the body weight in each group was 95.2% in 
Group 1. 99.6% in Group 2, 100.1% in Group 3, 108.6% in Group 
4, and 85.3% in Group 5. The body weight gains were the greatest 
in Group 4, followed by Groups 2, 3, and 6. Group 1 had a slightly 
smaller body weight, and Group 5 showed poor body weight gains. 

the stratified squamous epithelium (Fig. 2, top left). 
This was regarded as metaplasia without atypia. Sec­
ond, there were stratified lesions in which no keratiniza­
tion was det<:"-:ted and the degree of differentiation was 
obscure, but intercellular bridges were dearly observed 
(Fig. 2, top right). These were regarded as metaplasia 
with mild atypia. Third, there were stratified lesions in 
which the gradient of differentiation was further re­
duced, only a small number of intercellular bridges 
were present, and mitosis was occasionally observed 
(Fig. 2, bottom left). These were regarded as metaplasia 
with moderate atypia. 

Because a high degree of atypia means a carcinoma 
in itself, the highest atypical changes in metaplasia 
were expressed as metaplasia with moderate atypia. 
Concerning hyperplasia, some lesions were hypertro­
phic and were not readily distinguishable from meta­
plastic lesions, i.e., they showed swelling of nucleoli 
and occasional mitosis (Fig. 2, bottom right). In contrast 
to the general hyperplastic changes, such as increases in 
goblet cells and simple stratification, these lesions were 
regarded as "hyperplasia with marked changes" and 
were examined with special attention by classifying 
1hem as moderate(++) or mild(+), according to their 
.'xtent. This classification was made as follows. All 
1ices from each rat were checked with microscopy, and 
le length of each marked hyperplasia seen in one slice 
as measured. When any one of the slices of one rat 
10wed a length longer than 1000 µm, the sample was 
,1ssified as ++. The notation + means the longest 
agth was 500-1000 µm long, and ± means less than 
10 µm !:-i'-~· 
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Frequency of Metaplasia and Hyperplilsia 

The frequency of metaplastic lesions observed from 20 
weeks after MCA administration to the end of the study 
varied among groups. In Group 1, which was given 
vitamin A, metaplasia was observed at five sites in 4 
(29%) of the 14 animals. Atypia was moderate in three 
(60%) and mild in two (40%) of the five sites. In the 
group that received folate (Group 2), metaplasia was 
observed in only ('lne animal that died of bronchial 
pneumonia, and no atypia was noted. In Group 3, 
which was was given vitamin B12, metaplasia was ob­
served in 5 (38%) of the 13 animals, and mild atypia 
was noted in 4 (80%) of them. In the group receiving 
folate and vitamin B12 (Group 4), metaplasia was noted 
at six sites in 4 (31 % ) of the 13 animals, and mild atypia 
was noted at 2 sites (33 % ). In Group 5, which was given 
the three vitamins, metaplasia with mild atypia was 
noted in 1 (7%) of the 14 animals. In the untreated 
group (Group 6), metaplasia was observed at three sites 
in 2 (15%) of the 13 animals, and mild atypia was noted 
at one site (33%) (Table 1). In the 17 animals that were 
killed 8 weeks after MCA administration (before the 
beginning of vitamin administration) or died of diseases 
before this time, metaplasia without atypia was ob­
served in one animal (6% ), but no metaplasia was noted 
in the controls killed similarly after 8 weeks (not shown 
in Table 1). No animals died or were killed from 9 
weeks (beginning of vitamin administration) to 20 
weeks (12th week of vitamin administration) after 
MCA administration. 

The frequency of the finding of hyperplasia with 
marked changes also varied among the groups. Moder~ 
ate and mild hyperplasia was observed as follows: 5 
(36%) and 3 (21%), respectively, of the 14 animals in 
the vitamin A group; 1 (8%) and 2 (15%), respectively, 
of the 13 animals in the folate group; 2 (15%) and 6 
(46%), respectively, of the 13 animals in vitamin B12 
group; 2 (15%) and 4 (31 %), respectively, of the 13 
animals in the folate plus vitamin B12 group; 6 (43%) 
and 2 (14%), respectively, of the 14 animals in the 
group that received three vitamins; and 2 (15%) and 7 
(54%), respectively, of the 13 animals in the untreated 
group (Table 2). Moderate and mild hyperplasia with 
marked changes was observed in 3 (18%) and 4 (24%), 
respectively, of the 17 animals that were killed 8 weeks 
after MCA administration or died of diseases before this 
time, and in one (10%) and 5 (50%), respectively, of the 
10 controls examined similarly after 8 weeks {not 
shown in Table 2). 

To summarize, in animals that were killed or died 
of diseases after the initiation of vitamin administration 
(20 or more weeks after MCA administration), the fol­
lowing results were obtained. In the folate group, meta-
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Figure 2. (Top left) Metaplasia without atypia. A typical focus of squamous metaplasia. Stages of differentiation leading to keratinization are 
clearly recognized, and intercellular bridges are readily confirmed. The tissue profile is that of nearly normal stratified squamous epithelium, 
and no atypical cells are noted. (Top right) Metaplasia with mild atypia. A multilayer lesion in which stages of differentiation are obscure. 
Intercellular bridges are dearly observed, but no keratinization is noted. (Bottom left) Metaplasia with moderate atypia. A multilayer lesion 
showing faint intercellular bridges and poor gradient of differentiation. Mitosis is observed occasionally. (Bottom right) Hyperplasia with 
marked changes. The lesion is not only multilayered but is accompanied by hypertrophy and is hardly distinguishable from a metaplastic 
lesion. Nucleoli are enlarged, and occasional mitoses are noted. 

plasia was noted in only one animal that died of dis­
ease, and the cells were well differentiated with no 
atypia, unlike other groups, in which some atypia was 
noted. Mild and moderate hyperplasia with marked 

changes was observed in 23% of the folate-treated 
group and in 46% of the folic acid plus vitamin B12 

group. It was more frequent (57-69%) in the other 
groups. Moderate hyperplasia was noted in 8% of the ~ 

Table 1. Frequency of Metaplasia Foci in Airway Epithelium 

Group(%) 

1 2 3 4 5 6 Total 

No. of rats 14 13 13 13 14 13 80 
No. of rats with metaplasia 4 (29) 1 (8) 5 (38) 4 (31) 1 (7) 2 (15) 17 (21) 
Total no. of metaplastic foci 5 1 5 6 1 3 21 
Degree of atypism 

Metaplasia with no atypism 0 (0) 1 (100) 1 (20) 4 (67) 0 (0) 2 (67) 8 
Metaplasia with mild atypism 2 (40) 0 (0) 4 (80) 2 (33) 1 (100) 1 (33) 10 
Metdp ~asia with moderate atypism 3 (60) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 3 

• 
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Tabfo 2. Frequency of Hyperplasia With Marked Changes in Airway Epithelium 

I 

No. of rats 14 
Hyperplasia with marked changes 

6 (43) 
± 0 (0) 

+ 3 (21) 

++ 5 (36) 

folate-treated group but in 15% or more animals in 
other groups. The frequency of hyperplasia with 
marked changes in the folate-treated group was approx­
imately 50% or less of that in the other groups, includ­
ing the untreated group. 

The frequency of metaplasia without atypia was 
slightly higher in the group that received folate and 
vitamin B12 than in the group given vitamin B12 alone, in 
which metaplasia with mild atypia was also noted. The 
frequency of hyperplasia was similarly reduced in the 
folate plus vitamin B12 group. In the groups that re­
ceived vitamin A with or without other vitamins, some 
atypia was noted in all metaplastic lesions, but both the 
frequency of metaplasia and the degree of atypia were 
less in the vitamin A, folate, plus vitamin B12 group than 
in the vitamin A-treated group. Similarly, among those 
with hyperplasia with marked changes, mild and mod­
erate changes combined were noted in 57% of both 
groups that received vitamin A alone and with other 
vitamins and moderate changes, in 36% and 43% of the 
respective groups. 

In the animals that were killed 8 weeks after MCA 
administration or died of diseases before this time, 
metaplasia without atypia was noted in one that died of 
disease, but no marked difference was observed com­
pared with the control group. Moderate hyperplasia 
was slightly more frequent, but mild hyperplasia was 
less frequent. 

Sites of Metaplasia 
Metaplasia was classified according to its sites (Table 3). 
The first was metaplasia of large bronchi in the lungs 

Group(%) 

II 111 IV v VI 

13 13 13 14 13 

!! (62) 3 (23) 5 (311) 2 (14) 1 (8) 
2 (15) 2 {15) 2 (15) 4 (29) 3 (23) 
2 (15) 6 (46) 4 (31) 2 (14) 7 (54) 
1 (8) 2 (15) 2 (15) 6 (43) 2 (15) 

observed in nine animals. It was accompanied by mod­
erate atypia in three and mild atypia in four. The second 
was metaplasia of the epithelium covering the internal 
surface of the walls of pulmonary abscesses. It was ob­
served in five animals and accompanied by mild atypia 
in two. The third was metaplasia of the peripheral air­
ways. It morphologically resembled stratified squa­
mous epithelium observed in metaplasia of other sites 
and showed nearly solid foci. It._ was observed in six 
animals and was accompanied by mild atypia in two. In 
two animals, metaplasia was noted in the tracheal epi­
thelium and accompanied by mild atypia. To generalize 
these findings, metaplasia in the walls of abscesses or 
peripheral airways is considered to be less frequently 
associated with cell atypia than metaplasia in the 
bronchi. 

Changes in Serum Vitamin Concentrations 

Figure 3 shows the results of measurement of the serum 
vitamin concentrations in the animals that received 
MCA. The vitamin A concentration showed no marked 
changes with or without vitamin A administration (Fig. 
3a). The folate concentration also showed no major 
changes in the animals given folate after compared with 
before administration, but it decreased markedly in the 
animals not receiving folate and became less than 50% 
of the level of the treated group (Fig. 3b). The vitamin 
B12 concentration increased markedly in the animals 
that received the vitamin but slightly decreased in those 
that did not (Fig. 3c). 

Table 3. Sites of Metaplasia and Degrees of Atypism 

Site of Metaplasia with Metaplasia with Metaplasia with 
metaplasia noatypism mild atypism moderate atypism Total 

Bronchi 2 4 3 9 
Wall of abscess 3 2 0 5 
Peripheral airway 4 2 0 6 
Trachea 0 2 0 2 
Total 9 10 3 22 
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Figure 3. The serum vitamin concentrations were determined in a 
few animals randomly selected from each group when they were 
killed 5-8 weeks after MCA administration (before vitamin 
administration), 20 weeks after MCA administration (12 weeks after 
the beginning of vitamin administration), and 36 weeks after MCA 
administration (at the end of the study, 28 weeks after the beginning 
of vitamin administration). (a) Serum vitamin A concentration. The 
serum vitamin A concentration showed no marked changes even 
after vitamin A administration in the animals given it and was 
comparable with that of the group without Vitamin A 
administration. (b) Serum folate concentrabo1i. Th~ serum folate 
concentration did not markedly increase in the animals that received 
folate but markedly decreased in the group that did not. (c) Serum 
vitamin 812 . The serum vitamin B12 concentration markedly 
increased in the animals that received vitamin 812 (scaled out at 2000 
pg/ml) but slightly decreased in the group that did not. 

Discuss~on 

In our study, a model of pulmonary carcinogenesis was 
employed to show the effect of administering vitamins 
A, 8 12, folate on the development of metaplasia and 
atypia of metaplastic cells histopathologically. It was 
found that metaplasia, atypia of metaplastic cells, and 
hyperplasia with marked changes were less frequent in 
the group that received folate alone than in the other 
groups. In the MCA-treated.animals without folate ad­
ministration, the serum folate concentration markedly 
decreased 20 or more weeks after MCA administration, 
whereas the folate levels were maintained around the 
initial level in those that were treated with folate. These 
findings provided an additional evidence to support the 
results in an earlier report on the preventative effect of 
folate administration on the development of atypia in 

airway epithelium, although their study was limited to 
the cytologic observations of sputum in smokers.32 

In the experiment of vitamin 812 administration, 
some atypia, although mild, was observed in the group 
given vitamin 812 alone, and this suggested the pres­
ence of an enhancing, rather than an inhibiting, factor 
in the vitamin 812 compound to accelerate the develop­
ment of atypia. 

On the other hand, the preventative effect of a 
large amount of vitamin A against pulmonary carcino­
genesis and metaplasia has been reported.20- 22 In our 
study, the administration of vitamin A in large doses 
had no preventative effect on the development of meta­
plasia or atypia in the airway epithelium.22 Mild or mod­
erate atypia was observed in all metaplastic foci in ani­
mals receiving vitamin A, and this suggested that some 
ingredient(s) in this vitamin A compound might work 
as a stronger enhancing factor than vitamin B12 com­
pound. 

Vitamin preparations used for oral intake have 
been employed in most of the earlier reports, whereas 
the vitamin compounds used in this study were prepara­
tions to be given by injection. The effect of ingredients 
other than vitamins in these preparations, e.g., sol­
vents, relative to the development of atypia was not 
investigated. 

Further investigations are warranted, using a 
greater number of animals, to detect the effect of ingre­
dients in the vitamin preparations, to study the time 
course of serum folate concentrations, and to measure 
the timing to start folate administration. 
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Experimental Study of Antitumor Effect of Methyl-B12 

Norio Shimizu, Ryuichi Hamazoe, Hirotomo Kanayama, Michio Maeta, Shigemasa Koga 

First Department of Surgery, Tottori University School of Medicine, Yonago, Japan 

Key Words. Vitamin B12 · Methyl-B12 · Antitumor effect 

Abstract. We examined the antitumor effect of vitamin B12 (methyl-B 12) using C3H/He, C57BL/6 and 
BALB/C mice for animals and MH 134 hepatoma ascites cells, Lewis lung cancer cells and Ehrlich ascites tumor 
cells for tumor cells. At l.0-10 µg/ml, methyl-B12 enhanced PHA- and Con-A-induced lymphocyte blas­
toformation of C3H/He mice. The growth of MH 134 tumors on the backs of C3H/He mice were suppressed 
by the 7-day administration of 50 or 100 µg/day i.p. and their survival was longer than that of untreated mice. 
However, methyl-B12 administration did not positively affect the survival of C3H/He mice that had been· 
irradiated with 6°Co 300 R on the day before tumor cell inoculation. The growth of Ehrlich ascites tumor cells 
inoculated into BALB/C mice was also reduced at 17 and I 9 days after tumor inoculation by administration 
of methyl-B 12 50 µg/day i.p. and the mice survived longer than the untreated mice. 

Introduction 

Vitamin B12 has been used to treat pernicious ane­
mia or malabsorption syndrome [l]. Experimental 
studies have shown that vitamin B12 promotes the 
regeneration of crushed peripheral nerves [ 14), the 
correction of defective DNA synthesis [12) and the 
maintenance and biosynthesis of RNA [5]. 

Takimoto et al. [l l] have reported that vitamin B12 
modulates the immune response in mice as strongly as 
levamisole and that the activity was strongest with 
methylcobalamin (CHrB12), one of the homologues 
of vitamin B12. We now present an experimental study 
on the anti tumor effect of CH3-B12. 

Materials and Methods 

We examined the effect of CH3-812 on in vitro mitogen­
stimulated lymphocyte blastoforrnation and on in vivo tumor 
growth. Male 4- to 6-week-old C3H/He, C57BL/6 and BALB/C 
mice (Kureha K.K., Tokyo, Japan) and MH134 ascites·hepatoma 
cells, Lewis lung cancer cells and Ehrlich ascites tumor cells (main-

tained at our laboratory) were used. Methycobal<ll (Eisai, Tokyo, 
Japan) was used as CH 3-B 12 . 

Effect of CH3-B12 on Mitogen-Stimulated Lymphocyte 
Blastoformation 
Splenic lymphocytes from normal C3H/He mice were stimu­

lated with phytohemagglutinin P (PHA, 15 µg/ml), concanavalin A 
(Con A, 10 µg/ml) or pokeweed mitogen (PWM, 10 µg/ml). Nunc 
microplates containing Ix 105 splenic lymphocytes in RPMI 1640 
medium and 20% fetal calf serum per well were incubated for 48 h 
at 37 °C in C02 incubator in the presence of mitogen. Before 
incubation, CHrB12 was added (0, 0.1, 1.0, 10, 50 or 100 µg/ml). 
After 28-hour incubation, 0.5 µCi/well of 3 H-thymidine was added 
to each well and the incubation was continued. The cells were 
harvested with a cell harvester. 3H-thymidine uptake was measured 
by a liquid scintillation counter; the results are shown as the per­
centage, using the formula: 

% = counts i.n the_ presence of CHJ-812 (cpm) x IOO. 
counts m the absence of CH 3--:B12 (cpm) 

All procedures were performed under low~light conditions be­
cause light adversely affects the effect of CH3-812. 

Jn vivo Effect of CH3-B12 

C3H/He mice were divided into five groups and in each group 
the tumor growth rate, the survival rate of tumor-bearing mice, and 
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the mitogen-stimulated splenic lymphocyte blastoformation rate 
were examined. The tumor growth rate was calculated as follows: 

J1ongest diameter x right-angled diameter 
tumor growth rate = ----------------

longest diameter right-angled diameter 
7 or 10 days 7 or 10 days 
after' tumor x after tumor 
inoculation inoculation 

The five groups were as follows: group I (control): MHI34 
ascites tumor cells (5 x 106

) were subcutaneously inoculated into the 
back of each mouse. Group 2 (CHrB12, 50 µg): I week after 
MHI 34 ascites tumor inoculation into the back (5 x 106 cells, s.c.), 
CH3-812 (50 µg/mouse/day) was intraperitoneally injected for 7 
consecutive days. Group 3 (CH3-812, 100 µg): CH3-812 (100 µg/ 
mouse/day) was injected intraperitoneally 1 week after MH 134 
inoculation. Group 4 (irradiated control): these mice were irra­
diated with 6°Co 300 R and the next day injected with 5 x 106 

MH 134 cells. Group 5 (irradiated CH3-B12, 50 µg): these mice were 
irradiated with 6°Co 300 R and the next day 5 x 106 MH 134 cells 
were injected subcutaneously. One week later, CHrB12 (50 µg) was 
injected intraperitoneally for 7 consecutive days. 

C57BL/6 and BALB/C mice were divided into three groups and 
in each group the tumor growth rate and the survival rate of 
tumor-bearing mice were examined, respectively. 

The six groups were as follows: group 6 (control): Lewis lung 
cancer cells (5 x 106

) were subcutaneously inoculated into the back 
ofC57BL/6 mouse. Group 7 (CH3-B12, 50 µg): ten days after Lewis 
lung cancer cell inoculation into the back ofC57BL/6 mice (5 x 106 

cells, s.c.), CH3-812 50 µg/mouse/day was intraperitoneally inject­
ed for 7 consecutive days. Group 8 (CH3-B12, 100 µg): CH3-B12 
100 µg/mouse/day was injected intraperitoneally for 7 consecutive 
days 10 days after Lewis lung cancer inoculation. Group 9 (control): 

% 
200 

100 

0 0.1 

~ PHA response 

• Con A response 

0 PWM response 

Concentrations of CH3·B12· µg/ml 

Fig. 1. Effect of CH3-812 on mitogen-stimulated splenic lym­
phocyte blastoformation. Each response with various concentra­
tions of CH3-B12 is shown as the percentage of the increase or 
decrease of 3H-thymidine uptake when the 3H-thymidine uptake of 
each response without CH3-812 is 100%. The PHA response is 
markedly enhanced at CH3-812 concentrations of 0.1, 1.0 and 
10 µg/ml. 

Sh imizu/Hamazoe/Kana yama/M aeta/K oga 

Ehrlich ascites tumor cells (5 x 106
) were subcutaneously inoculated 

into the back of BALB/C mice. Group 10 (CH3-812, 50 µg): ten 
days after Ehrlich ascites tumor cell inoculation into the back of 
BALB/C mice (5 x 106 cells, s.c.), CH3-B12 50 µg/mouse/day was 
injected intraperitoneally for 7 consecutive days. Group 11 
(CHrB12, 100 µg): CHrB12 100 µg/mouse/day was injected in­
traperitoneally for 7 consecutive days 10 days after Ehrlich ascites 
tumor cell inoculation. Intergroup differences were evaluated with 
Student's t test. 

Results 

Effect of CHrB12 on Mitogen-Stimu/ated Splenic 
Lymphocyte Blastoformation 
Figure l shows the 3H-thymidine uptake at the 

different CHrB12 concentrations used. The PHA re­
sponse was markedly enhanced at CH3-B 12 con­
centrations of 0.1, 1.0 and 10 µg/ml (p < 0.05), 
whereas the PWM response was not enhanced at any 
concentration of CH3-B12. 

In vivo Effect of CHrB12 
Tumor Growth Rate. The tumor growth rates of all 

the groups are shown in table I. The tumor growth 
rates of group 3 at 12 and 15 days after tumor inocula­
tion were slower than in group 1 (p < 0.05). The tumor 
growth rates of groups 4 and 5 were not significantly 
different. Between groups 6 and 7 no significant dif­
ference was observed. The tumor growth rates m 

"'100------

~· 
:! 

~ ·i: Methyl B 1 2 

·Jl 50 µg/mouse 
0-1--..nmm_ ____ ~--1 

100-----

Methyl 612 

100 µg/mouse 

2 

Group 3 

3 4 
Weeks after tumor inoculation 

5 

0 2 3 4 5 

·Fig. 2. Survival rate of C3H/He mice inoculated with MH134 
hepatoma ascites tumor cells. The number of mice is 10 in each 
group. The mice in groups 2 and 3 survived longer than in group I 
(p < 0.05); survival in group 5 was shorter than in group 2 (p < 0.05). 
Between groups 1 and 4, and groups 4 and 5, no significant dif­
ference in survival was seen. 
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group 10 at 17 and 19 days after tumor inoculation 
were more reduced than in group 9. 

Survival Rate of Tumor-Bearing Mice. The survival 
rate of C3H/He mice that clearly bore tumors 1 week 
after MHl34 tumor cell inoculation is shown in fig­
ure 2. The survival period after tumor formation was 
14.00 ± 3.96 days for group 1 (n = IO), 25.88 ± 6.90 
days for group 2 (n = 10) and 21.78 ± 7.01 days for 
group 3 (n = 10) (table II). The survival of groups 2 
and 3 was statistically longer than in the control group 
(p < 0.05). The survival period was 15.40 ± 2.30 days 
in group 4 (n = l 0) and 16.44 ± 6.62 days in group 5 
(n = 10) and there was no statistical difference be­
tween the two irradiated groups. The survival of mice 

Table I. Tumor growth rate of all groups 

Days after tumor Group I Group 2 
inoculation (control) (CH 3-81 2 • 50 µg) 

10th 1.49 ± 0.35 1.37 ± 0.13 
(n = 10) (n = 10) 

12th 2.07 ± 0.75" 1.76 ± 0.20 
(n = 10) (n = 10) 

15th 2.89 ± 1.41 b 2.02 ± 0.31 
(n = 8) (n= 10) 

Days after tumor Group 6 Group 7 
inoculation (control) (CH 3-8, 2 , 50 µg) 

12th 1.15 ± 0.10 1.13 ± 0.16 
(n = 10) (n = 10) 

15th 1.33 ± 0.21 1.49 ± 0.59 
(n = 9) (n = 9) 

Days after tumor Group 9 Group 10 
inoculation (control) (CH 3-812, 50 µg) 

12th 1.17 ± 0.15 I.I I ± 0.09 
(n = 10) (n = 10) 

15th 1.60 ± 0.47 1.24 ± 0.27 
(n = 10) (n = 10) 

17th 1.84 ± 0.58c 1.26 ± 0.28c 
(n = 10) (n = 10) 

19th 2.22 ± o.8sd 1.44 ± 0.37d 
(n = 7) (n = 10) 
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in the irradiated group treated with CH3-B12, 50 µg 
(group 5) was statistically shorter than in the non­
irradiated group treated with CHrB12, 50 µg 
(p < 0.05). Between the irradiated and nonirradiated 
control groups, no significant difference in survival 
was found. Survival periods of C57BL/6 mice inoc­
ulated Lewis lung cancer and BALB/C mice inoculat­
ed Ehrlich ascites tumor were shown in table II and 
survival rates in figures 3 and 4. Survival periods in 
groups 9 and 10 were 24.7±4.5 and 39.3± 13.2 days. 
respectively. Mice in group lO survived longer than in 
group 9 (p <0.01). 

Mitogen-Stimu/ated Splenic Lymphocyte Blasto­
formation Rate. In group l, the mitogen responses 

Group 3 Group 4 Group 5 (radiated, 
(CH 3-8 12 , 100 µg) (radiated control) CH 3-8w 50 µg) 

1.29 ± 0.13 1.31 ± 0.10 1.52 ± 0.31 
(n = 10) (n = 10) (n = 10) 

1.52 ± 0.17" 1.56 ± 0.29 1.94 ± 0.63 
(n = 10) (n = 10) (n = 10) 

1.73 ± 0.16b 1.99 ± 0.28 2.24 ± 0.52 
(n = 10) (n = 10) (n = 7) 

Group 8 
(CH3-8 12, 100 µg) 

1.08 ± 0.14 
(n = 10) 

1.24 ± 0.11 
(n = 8) 

Group 11 
(CH 3-812 , 100 µg) 

1.09 ± 0.10 
(n = 10) 

1.39 ± 0.30 
(n = 10) 

1.44 ± 0.41 
(n = 10) 

1.83 ± 0.89 
(n = 8) 

· •-•, 1>-b p<0.05; c-c p<0.01; d-d p<0.02. Group 1-5: C3H/He MH134; group 6-8: C578L/6 Lewis lung cancer; group 9-11: 8AL8/C 
Ehrlich ascites tumor cell. 
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10 20 30 
Days after tumor inoculation 

Fig. 3. Survival rate of C57BL/6 mice inoculated with Lewis 
lung carcinoma cells. No significant difference in the survival rates 
of the three groups was found. 

SI Group 1 Group 4 

~ll ~~ 11,1 I l ij] fjJ 1.$) I 111 I 

Group 2 Group 5 

~JI~~ I l Ml ., iti I ljl I 

~ll ~-~ ~ 
Before 1 2 3 

Weeks 

~ PHA response 

I Con A response 

0 PWM response 

Before 2 3 
lnocu- After inoculation, 
lat ion weeks 

Fig. S. Change of mitogen-stimulated lymphocyte blastofonna­
tion rate. 3 H-thymidine uptake of each response is shown as sti­
mulation index (Sl). ln group 1, Con A and PWM responses are 
depressed at I or 2 weeks after inoculation, but PHA response is 
rather enhanced at I week and depressed at 2 weeks. In groups 2 
and 3, PHA response is enhanced at 2 or 3 weeks after inoculation. 
In groups 4 and 5, the· mitogen responses are lower before and after 
tumor inoculation compared with groups 1 and 2. 
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o-l--.~/---JlllllL~-~--~-........ ----1 
0 10 20 30 40 50 60 
Days after tumor inoculation 

Fig. 4. Survival' rate ·of BALB/C mice inoculated with Ehrlich 
ascites tumor cells. The mice in group 10 survived longer than in 
group 9 (p<0.01). 

Table II. Survival period 

Group Days after tumor inoculation 

I 14.0 ± 4.08
• b 

2 25.9 ± 6.9a. c 
3 21.8 ± 7.0b 
4 15.4 ±-2.3 
5 16.4 ± 6.6c 
6 19.7 ± 3.6 
7 23.I ± 5.8 
8 19.5 ± 3.5 . 
9 24.7 ± 4.5d 

10 39.3 ± IJ.2d 
II 24.7 ± 4.5 

a-a, b-b, c-<=, d-d p<0.05. 

were depressed 1 and 2 weeks after tumor inoculation 
(fig. 5). Similarly, in groups 2 and 3, Con A and PWM 
responses were depressed at I or 2 weeks after inocula-

. tion, but PHA response was ~ather enhanced in groups 
2 or 3 at 2 weeks after inoculation. In irradiated mice 
(groups 4 and 5), the mitogen responses were lower 
before and after tumor inoculation compared with th,e, 
nonirradiated mice (groups 1, 2). , .. 
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Discussion 

Takimoto et al. [I I] reported that the effect of 
CHrB12 on the murine immune response was as 
strong as that of levamisole. Our study showed that 
the PHA and Con A responses of murine spleen cells 
were enhanced after incubation in the presence of 
O.l-1.0 µg/ml CHrB12 (PHA) and 1.0-10 µg/ml 
CH3-B12 (Con A) (fig. I). 

The effectiveness of massive doses of vitamin B12 
in the treatment of malignant human tumors (pedi­
atric neuroblastomas) was first studied by Bodian [2], 
who reported remission in m~ny patients. At present, 
there is no consensus on the clinical efficacy of vitamin 
B12. Clinical and experimental studies showed both, 
suppression of tumor growth [4, 8- l O] and ineffective­
ness or carcinogenicity [3, 6, 7, 13]. 

We observed that MHI34 tumor-bearing C3H/He 
mice and BALB/C mice bearing Ehrlich ascites tumor 
cells survived longer if they were given 50 or 100 µg/ 
day CHrB12 for 7 consecutive days after tumor cell 
inoculation. Tumor growth rate of Ehrlich ascites 
tumor cells inoculated into BALB/C mice was slower 
at 17 and 19 days after tumor inoculation by ad­
ministration of CH3-B12 50 µg/mouse/day for 7 
consecutive days than without CHrB12. However, 
the administration of CHrB12 did not prolong the 
life span of mice that had been irradiated prior to 
tumor cell inoculation. Our finding that the PHA and 
Con A responses were enhanced in CH 3-B12-treated 
mice and group 2 could survive longer than group I, 
but group 5 could not survive longer than group I or 
as long as group 2, suggests that the administration of 
CH3-B12 stimulated their immune response. Immu­
nological studies on the effect of CHrB12 in tumor­
bearing mice are in progress in our laboratory. 
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THE ROLE OF VITAMIN B12 AND FOLATE IN CARCINOGENESIS* 

ABSTRACT 

Victor Herbert 

Department of Medicine 
Mount Sinai School of Medicine 
New York, New York, and 
Hematology and Nutrition Laboratory 
Bronx Veterans Administration Medical Center 
Bronx, New York 10468 

The roles of vitamin B12 and folate in carcinogenesis are largely 
extensions of and linked to their roles in normal metabolism, particularly 
I-carbon unit metabolism. A possible key area may be hypomethylation to 
"switch on" genes and methylation to "switch them off." Some vitamin 
analogues may act as antivitamins in these reactions, as may some vitamin­
binding proteins. Others may act as specific delivery proteins. Using 
appropriate radioactive substrates and suspensions of vitamin-dependent 
normal and malignant cells, it may be possible to work out their positive 
and negative control of DNA synthesis. 

INTRODUCTION 

The roles of vitamin B12 and folate in carcinogenesis are largely 
extensions of and linked to their roles in normal metabolism. One key 
area is the conversion of homocysteine to methionine (methyl homocysteine). 
This process is dependent on folate delivering its 1-carbon unit to vitamin 
B12• which then becomes methyl-Biz and transfers that methyl unit to homo­
cysteine (Fig. 1). Newberne et al. 1 recently reviewed the role of the 
lipotropes choline and methionine and related factors in oncogenesis, 
including the impaired hormonal and cell-mediated immunity in folate­
deficient humans and animals, and they pointed out the synergism between 
high fat die~s and methyl deprivation. 2 Poirier3 reviewed th~ protective 
effect of methionine against hepatocarcinogenesis, and Farber discussed 
the carcinogenesis promotion effect of the ethyl analogue of methionine, 
ethionine. 

ABBREVIATIONS: azaC = 5-azacytidine; TC II = transcobalamin II; PGA 
pteroglutamic acid; SAM = 1-adenosylmethionine; dU = deoxyuridine; 
AIDS = acquired immunodeficiency syndrome; dThd = thymidine; PHA 
phytohemagglutinin A. 

*Supported in part by the Research Service of the U.S. Veterans 
Administration and U.S. Public Health Service Grant AM35709. 
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AMe = S-adenosylmethiornne. 
1 = serine hydroxymelhyllranslerase 
2 =methylene THF reductase 
3 = homocyste1ne transmethylase (methyltransferase) 
4 = thymidylate synthetase 

(The numbers represent enzymes) 

ONA 

+ 
Thymidylate 

N"' Methylene THF 

5 = lormiminotranslerase 
THF = tetrahydrololate 
OHF = dihydrofolate 
B,, =reduced Vitamin B,, 

Urocanate 

~ 
Histidine 

Fig. 1. Biochemical interrelationships between vitamin Biz and folate in 
human metabolism. 

5 In a series of painstaking studies, Poirier's group determined that, 
over a 76-week period, dietary methyl deficiency markedly promoted liver 
carcinogenesis and exhibited complete carcinogenic activity in this organ 
in the rat. They showed this in rats fed methyl-deficient, amino acid­
deficient diets. When the diets were also devoid of folic acid and 
vitamin B1z, the diethylnitrosamine-initiated rats died within 23 experi­
mental weeks, before developing hepatocellular carcinoma, but all had 
livers containing hepatocytes of atypical appearance and, particularly 
at the 2 higher dosages of diethylnitrosamine, a cirrhotic pseudonodular 
architecture. They also found neoplastic conversion of rat liver 
epithelial cells in culture by ethionine and ~-adenosylethionine. 6 

Krumdieck7 reviewed the literature pertaining to the role of folate 
deficiency in facilitating carcinogenesis through 1982 and Eto8 has 
carried the subject through the beginning of 1985. Folate is essential 
in the biosynthesis of both purines and pyrimidines9,lO and therefore is 
required by all dividing cells, The conversion of deoxyuridylate to 
thymidylate (methyldeoxyuridylate) is folate- and B 1 z-dep9~yynt, involving 
these 2 vitamins in a key step in DNA synthesis (Fig. 1). These 
biochemical facts underlie the chromosom~l abnormalities 1zhf§ characterize 
human clinical deficiency of vitamin s12 and/or folate. ' A wide 
range of chemical carcinogens inhibit DNA methylation in vitro. 14 It has 
been suggested that deficiency of folate or vitamin B12 or any cause of 
failure to methylate DNA and/or RNA ca,n activate malignancy by hypomethyl­
ating oncogenes, leading to such gene expression an9/or gene amplications, 
and that methylating oncogenes can inhibit malignancy by making them 
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dormant. 3 •15 This is similar to the concept of "relaxed coy~rol" of RNA 
synthesis, discussed 3 decades ago by Borek and co-workers. They noted 
that when an organism auxotrophic for methionine is deprived of methionine, 
it loses its ability to suppress synthesis of RNA, which is then synthe­
sized more rapidly; they tied that observation to methylation of RNA. We 
speculated that vii9min B12 or folate deficiency

5
could produce such 

"relaxed control," and we noted more recently that folate, vitamin B12 , 
and their antagonists could be involved in the control of normal gene 
expression if in fact hypomethylation of DNA "switches on" normal genes 
and methylation "switches them off." 18 Although the evidence of this 
process is significant but inconclusive, one would expect that hypomethyla­
tion of the DNA or RNA of oncogenes would activate them and methylation 
would inactivate them. Perhaps some of the second cancers that develop 
after successful antimetabolic chemotherapy are due to the same chemo­
therapy that directly destroys an active cancer, demethylating an oncogene 
of a dormant cancer. 

Gene am~gification is a mechanism for tumor resistance to anti­
metabolites. One can speculate that it may also be a mechanism to 
in tumor proliferation by, for example, producing gene amplification 
the hepatic Phase I enzymes that activate carcinogens. 20 

aid 
of 

Gautsch and Wilson2i found that de novo methylation of the input 
provirus occurs in embryonal carcinoma eel~~ but not in permissive, differ­
entiated teratocarcinoma. Harrison et al. demonstrated a 3-way correla­
tion between tumorigenicity, trisomy for 3q, and specific demethylation, 
suggesting that decreased DNA methylation may be involved both in differ­
entiation and in tumorigenicity and that the antileukemia drug azaC may 
induce chromosomal' aberrations as well as altering DNA methylation. 
Altering DNA methylation is just one of the varied effects of azaC on 
cellular metabolism. 23- 25 The drug reduces DNA methylation and induces 
theoretically therapeutically valuable differentiation of human promyelo­
cytic leukemia cells (HL-60) in culture, although this induction is less 
effective than that brought about in these cells by dimethylsulfoxide and 
L-ethionine.Z6 Anderson and colleaguesZ5 found that azaC select~~ely 
hypomethylates fetal glo~tn genes, supporting work by Ley et al. and 
Charache and associates. 

Patients with neoplasms excrete el~~a~Bd levels of certain methylated 
bases in their urine, and Borek's group - has been attempting to corre­
late the quantity of such excretion with the degree of tumor activity. 
Gross's group, in collaboration with our group, 1~,Ji,3Z were unable to 
show any reproducible inhibitory effect of 5-methylcytidine on the 
development of presumably RNA virus-induced transplanted L2C leukemia­
lymphoma in guinea pigs; this appears to be an animal analogue to human 
leukemia-lymphoma of RNA virus etiology.33 , 34 After we switched to 
5-iodocytidine, which seemed more promising, both group~ unsuccessfully 
sought funding targeted to continue this work. Gross's 5 recent dramatic 
report of reduction in the incidence (i.e., the initial development) of 
radiation-induced tumors in rats after restriction of caloric food intake 
has been associated with renewed funding. His group previously noted that 
restriction of food intake will not significantly influence the growth or 
progress of established tumors in mice. 3Z American Cancer Society 
statistics suggest an increased frequency of malignancy in obese persons 
(L. Gross, personal communication). 

The roles of vitamin Biz and folate in carcinogenesis are not at the 
simple level at which serum vitamin levels correlate with extent of 
disease. No correlation has been found between seru~ folate and vitamin 
Biz levels and the extent of small cell lung cancer. 6 However, a corre­
lation may exist between levels of certain naturally occurring folate and 
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Blz analogues in serum and/or tissues and malignancy. Some folate and B12 
analogues may not only be vitamin-inactive for humans, but they may . 
facilitate carcinogenesis or inhibit it by blocking normal vitamin action 
or in other ways. We now know, for example, that what is assayed as "Biz" 
in serum by most microbiological and radioassays ;s in fact a mixture of 
cobalamins and non§gbalamin corrinoids (Fig. ~)4 3 this is also true of 
the B in tissues and multivitamin pills. 3 ' O Enormous amounts of this 

12 

A 

... 
Q Cl'. 

.... ~ R ~+ 
oU l<'"' ·--e: + 

811 IF ::!! 
~Cl'. 
.!:! + 
::!: !!:: 

A= Analogues (i.e., cobalamins plus 
all other corrinoids) 

8 11 =Cobalamins (biologically aclive B,,) 

Cbi =Cobinamide (a corrinoid) 

IF=lnlrinsic faclor 

R=R-binders 

Fig. 2. Serum B12• The "serum Biz" consists of the sum of "true 812" 
(i.e., hydroxocobalamin and other cobalamins biologically active 
for humans), designated B12 , plus the serum content of other 
corrinoids (i.e., molecules that have the heme-like corrin 
nucleus of cobalamin but differ from cobalamin in part or all 
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of the rest of their structure), designated A (analogues). ·pure 
gastric IF (intrinsic factor) binds only cobalamins, whereas R 
binders (the B12 binders ubiquitous in body fluids, including 
saliva, serum, cerebrospinal fluid, bile, and urine) bind all 
corrinoids (cobalamin + analogues). The brackets identify the 
portions of total serum corrinoids bound by each of 4 different 
commercially available Biz radioassay binders. The mixture 
(IF+ R + !_ Cbi) binds a little more than B12 alone and, there­
fore, more than pure IF does, when the amount (X) of preadded 
cobinamide exceeds the cobalamin-binding capacity of the mixture 
by about 100-fold; if the excess reaches 1,000-fold, there will 
be some binding to IF despite its specificity for cobalamins, 
and the mixture will therefore bind a little less than true Biz· 
Because of the specificity of its IF portion for cobalamin, (IF 
+ R) binds a bit less than the total corrinoids that are bound 
by pure R. 

Important note. Confusion can arise when results are 
reported as "serum vitamin Biz levels," which are actually serum 
total corrinoid levels, but the range of normal given with the 
report is for cobalamins rather than total corrinoids. For maxi­
mum reliability, each laboratory should develop its own range of 
normal for whatever serum B12 assay(s) it uses and should not use 
the range of normal determined in a different laboratory, because 
,minor differences in methodology ~uch as pH produce different 
values. Reprinted with permission from ref. 45. 
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Table 1. Cobalamin Content Versus Total Corrinoid Content 
of Spirulinaa 

B12 Claim Lactobacillus 
on Bottle leichmanii 

6 µg 1. 24 

Corrinoid Content, µg 

Euglena 
gracilis 

0.615 

Total 
Corrinoids 

1.63 

Radioassay 

Cobalamin Analogues 

0.09 1.54 

aAll values are for 6 tablets, which is the daily dose recommended 
by the manufacturer, the Earthrise Company. See ref. 38. 

B12 have been found in the "health food" 4~pirulina (Table 1), 41 •42 in human 
colon, and lesser

0
amounts in many foods. 

4
some of these analogues are 

antimetabolites; 4 their role in inhibiting 4 or promoting carcinogenesis, 
or even as direct carcinogens, remains to be determined, as do their 
levels in serum, tissues, bile, and colon of patients with and without 
various neoplasms. Furthermore, just as serum iron is attached to protein 
in both a "delivery" form (on transferrin) in equilibrium with parench~al 
iron and a "storage" form (ferriti~t in equil!~rium with storage iron, 5 
the same may prove true for folate and B12 • Loss of B12 from TC II 
appears to be an earlier indicator g~ parenchymal B12 deficiency than 
clear reduction of total serum Bi2 , suggesting that s12 on TC II is 
equilibrated with bioavailable t ssue B12 1 whereas the greater amount of 
B12 on TC (I+ III) is not. A recent-review of the macromolecules involved 
in the ass!~ilation and transport of cobalamin discusses their known 
functions. 

FOLATE DEFICIENCY 

Some years ago, Heller and his associatesSO observed that folate 
deficiency increased normal hemoglobin production in a patient with sickle 
cell trait. Since higher normal hemoglobin production means lower sickle 
cell hemoglobin, this was a desirable phenomenon. However, treatment 
with folic acid produced the undesirable result of lowering the normal 
hemoglobin. 

Recognizing that the primary role of folate is in transferring 
I-carbon units, one of which is the methyl unit, Heller and others focused 
on cytidine, the most heavily methylated of the 4 bases of the genetic 
code (the other sometimes methylated base is guanine). In 1982, they 
reported that azaC selectively activates the gene for fetal hemoglobin 
synthesis in patients with beta-thalassemia and sickle cell disease. 18 •51 
They raised the possibility that this activation results from the incorpor­
ation of azaC as cytidine into the gene for hemoglobin, which, with its 5 
position blocked, cannot take on the methyl group made available in folate­
(and vitamin B12-) dependent reactions and thus was not methylated. It 
was suggested that failure to methylate the cytidine of the gene for fetal 
hemoglobin prevented it from becoming dormant, and it was activated to 
produce fetal hemoglobin. Whether or not the bases that make up t~~ 
genetic code are methylated plays a major role in gene expression. ,53 
Normally, 4-5% of cytosine residues in human DNA are methylated.54 Whether 
oncogene expression can similarly be prevented by increasing ordinarily 
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vitamin B12-dependent and folate-dependent 1-carbon transfer to the ~enetic 
code of the oncogene has been the subject of subsequent studies.21,2 •24-26 

The B vitamin, folic acid, was isolated in 1943: Stokstad ~urified 
PGA and Pfiffner and associates crystallized folate from liver. 5 Within 
a year, Leuchtenberger and associates at Mount Sinai Hospita156 •57 reported 
that a form of this vitamin called folic acid concentrate [later to be 
known as oxidized folate triglutamate (teropterin)) inhibited the growth 
of transplanted sarcoma 180 in mice. This material and similar crystalline 
oxidized triglutamate known as fermentation Lactobacillus casei factor 
produced complete regression of single spontaneous breast cancers in 
mice.SB One wonders if oxidized folate triglutamate could methylate 
sarcoma 180 and mouse breast cancer onco~~nes. Leuchtenberger's first 
paper stated that Pollack and associates had re8orted that fermentation 
L. casei factor (folic acid in triglutamate form6 ) was present in human 
and rat cancers at higher levels than inositol and at much higher levels 
than biotin or pyridoxine. 

Laszlo and Leuchtenberger61 reported that inositol (then believed 
to be a B vitamin for humans but more recently shown to be a B vitamin 
only for some bacteria, since it is synthesized adequately by humans 62) 
inhibited animal tumor growth, but other B vitamins did not. Vitamin B12 
was yet to be discovered. 

Lewisohn et al.63 reported that not only did oxidized folate mono­
glutamate (liver L. casei factor from Lederle Laboratory) not inhibit 
spontaneous breast cancers in mice, but it actually produced a more rapid 
growth of the primary tumors and a significant increase in lung metastases. 
Here was evidence that one of the monoglutamate forms of the vitamin 
promoted tumor growth but that one of the triglutamate forms for the same 
vitamin inhibited the growth of the same tumor. Recent studies were aimed 
at determining whether oxidized folate monoglutamate may inhibit methyla­
tion of oncogenes, thereby allowing their expression, and whether trigluta­
mates can do the opposite. Folate triglutamates are frequently more 
active than monoglutamates in methylation in man.64 ,6 5 Folate triglutamate 
has much greater affinity than folate monoglutamate for milk folate-binding 
protein, 66 which appears to be a folate delivery protein.67 Gene amplifi­
cation can lead to overproduction of certain proteins, including transport 
and delivery proteins as well as enzymes. Chabner's group68 isolated a 
methotrexate-resistant mutant that could not polyglutamate methotrexate, 
causing the drug to leak out of the cell. 

These and other studies suggest that one form of a vitamin can be a 
growth promoter, by acting as a coenzyme, while another form can attach 
to the same apoenzyme or other ligand, such as a vitamin-transporting 
protein, and interfere with the reaction, just as a key with a missing 
tooth can fit into a lock but will not turn. Different forms and major 
parts of the same basic vitamin structure, that is, analogues and 
congeners, exist in nature and are synthesizable; some are antagonists 
or antivitamins, some of which can be created from vitamins by only 
slightly warping their structure. 

Farber et a1. 60 gave pteroyltriglutamic acid (teropterin) and 
pteroyldiglutamic acid (diopterin), both synthesized by Y. SubbaRow and 
his associates at Lederle Laboratories, to 90 patients with various 
malignancies, noting that "in general, adult patients experienced 
improvement in energy, appetite, sense of well being ••• might be ascribed 
to improved morale from frequent visits, more medical attention ..... They 
also reported inconstant temporary decreases in size of metastases in 
some ~~ors and degeneration and necrosis· in others. The observation by 
Welch of rapid deterioration of adult patients with chronic myeloge-
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nous leukemia given folic acid led to the earliest attempts at therapy in 
2 patients by limiting the availability of folate through the use of 
x-methyl folic acid, coupled with succinylsulfathathioazole and low-folate 
diets. Both patients went into remission, stopped following the low-folate 
diets, and quickly relapsed. 

It is apocryphally alleged that Farber was also giving the oxidized, 
stable pharmaceutical form of folic acid (i.e., PGA) to children with 
lymphoproliferative malignancies (lymphocytic leukemia and lymphoma) 
until one of his residents collected sufficient data to suggest that the 
children receiving this new vitamin were dying faster than those children 
not receiving it. This observation allegedly led Farber to ask Lederle 
to create a warped folic acid molecule that would interfere with folate 
metabolism in the malignant cells; this was done by adding an NHz group, 
thereby creating aminopterin. A second alteration, methylation in the 10 
position, created methotrexate, still one of our most potent anticancer 
agents, particularly effective against childhood lymphoproliferative 
disorders and trophoblastic malignancies. 

Rapidly growing neoplastic tissue consumes folate so rapidly that 
folate deficiency megaloblastosis can occur in the host cells.70,71 
There is also evidence that tumor growth may be slowed by any form of 
vitamin B12 deficiency, including inadequate absorption or elevated levels 
in serum of ' vitamin B12 binder that does not deliver the vitamin to 
tumor tissue 2 but does deliver it to the liver in a calcium-dependent 
fashion. 70 •13- 76 Granulocytes and liver are major sources of serum­
binding proteins for both vitamin B12 and folic acid that tightly bind 
those vitamins; malignancies of granulocytes and liver theoretically can 
repress themselves by releasing large amounts of these binders, which 
could tie up supplies of the vitamins and prevent vitamin delivery to, 
and nourishment of, the malignancy.47,77 

Oxidized folate (such as PGA, the stable pharmaceutical form of the 
vitamin) is not per se metabolically active and may even be neurotoxic; 
it has a structural similarity to Dilantin.78 PGA can produce seizures 
in patients wtih epilepsy by blocking the protective action of Dilantin, 
as Butterworth's group has shown. 79 Folic acid and Dilantin compete for 
intestinal absorption, 80 and they probably also compete at the brain cell, 
where Dilantin may interfere with ATPase, as in the gut. 81 There appears 
to be a one-way transport system to remove noxious oxidized folates from 
the nervous system and a one-way transport system to deliver useful, 
reduced folate into the nervous system; 82 this information has been used 
to successfully treat with folinic acid a §hi!d with congenital folate 
malabsorption unresponsive to folic acid,8 ,8 

Similarly, there may be a one-r3y85ransport system to remove noxious 
vitamin B12 analogues from the body ' and another transport system to 
deliver helpful forms of the vitamin to normal tissues, as ~e first 
reported for human serum delivery of vitamin B12 to liver. 7 Recent 
evidence suggests that vitamin B14 analogues in human tissues may arise 
primarily from human colon flora. 3 

The transport systems have different affinities for different forms 
of vitamin B12 and folic acid and different delivery ability for helpful 
and noxious forms of the vitami~s with respect to different normal cells 
and possibly also tumor cells. 40 •47 Sutherland8b noted that folate 
deficiency produces fragile chromosomes. Das12 has noted that folate 
therapy will not correct folate deficiency in circulating human lymphocytes 
or their chromosomes for 1-2 months after the start of therapy, whereas 
.deficiency is corrected in bone marrow cells within 6 hours after the 
start of folate therapy. Fragile chromosomes can persist in lymphocytes 
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for 1 or 2 months after the beginning of replacement therapy for folate 
deficiency, because, circulating lymphocytes are impervious to nutrients 
such as the B vitamins until they are triggered to make DNA by a virus 
or lectin.l2,S7 The role of fragile chromosomes in carcinogenesis was 
recently reviewed.88 

Vitamin B12 is not vitamin active in its stable pharmaceutical form, 
cyanocobalamin. The cyanide must be removed for vitamin function to 
occur. Even an active form of the vitamin, hydroxocobalamin, can block 
vitamin B12 metabolism by competing with adenosylcobalamin for the bindin§

9 site on the adenosylcobalamin-dependent enzyme methyl malonyl-CoA mutase. 
Conversely, the oncogenic potential of absorbed cyanide from cassava and 
other foods90 may be muted by inactivation of the cyanide by the metaboli­
cally active form of vitamin B12 , hydroxocobalamin. Indeed, anesthesiolo­
gists have used massive doses of hydroxocobalamin to reverse cyanide 
toxicity by soaki~T up the cyanide from the nitroprusside used in open­
heart operations. 

Butterworth92 noted that naturally occurring folate analogues such 
as pteroic acid may be lethal for rats and can displace folate from human 
tissues and flush it out in the urine. 93 ,It remains to be determined 
whether there is a folate analogue, such as pteroic acid, that will 
selectively flush folate or vitamin B12 out of tumor tissue or selectively 
deliver folate or vitamin B12 to tumor ~i~sue to potentiate fluoropyrimi­
dine or other drug antitumor activity. 9 • ) 

Human serum, Dilantin, and methotrexate have been reported to inhibit 
pteroyl monoglutamate and methyl tetrahydrofolate uptake by human bone 
marrow cells in vitro~ but 2-deoxyglucose, an antagonist of glucose, will 
enhance such uptake. 90 It would be worthwhile to determine whether simul­
taneous administration of folate and 2-deoxyglucose are more harmful to 
tumor cells than to normal ones, 

A folate-free diet was given for more than 4 months, with no clinical 
benefit, to 7 patients with disseminated cancers. The jolate levels in 
tumor, liver, and blood all de§kined at the same rate. 9 On the other 
hand, Whitehead and colleagues noted disappearance of megaloblastosis 
in cervical epithelial cells with fola§§ therapy of women taking oral 
contraceptives, and Butterworth et al. reported improvement in apparent 
cervical dysplasia in 9ral contraceptive users treated with folic acid. 
Longo and co-workers 100 noted human selective folate deficiency in the 
lymphocyte cell line after 4 months of oral contraceptive administration; 
lymphocytes and cervical epithelium may be similarly selectively folate 
deprived. Selective folate deficiency in one cell line and not another 
was first noted in 1962 in the first case of deliberately produced dietary 
folate deficiency in a volunteer, whose intestinal biopsy showed normal 
epithelial cells when his bone marrow had become megaloblastic,101 
Presumably, the intestine epithelial cells took up the traces of folate 
in the folate-deficient diet to sustain their own normality, leaving 
little or none to be absorbed and delivered to the bone marrow. 

Selective delivery of nutrients and antimet~bolites to one cell line 
and not another is generally a function of selective transport and delivery 
protein and high-affinity receptors.102 

VITAMIN B12 

Shortly after Minot and Murphy reported that liver therapy cured 
pernicious anemia, an achievement for which.they shared a Nobel prize 
with Whipple, Minot reported the development of a malignancy (polycythemia 
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vera) occurring immediately after the start of treatment for pernicious 
anemia. There were other sporadic reports of myeloproliferative disorders 
associated with therapy for pernicious anemia with liver extract and 
subsequently with pure.vitamin B12• The small number of such cases 
implies coincidence rather than cause and effect but does not prove it. 

Warped vitamin B12 molecules (the anilide and ethylamide of vitamin 
B12. synthesized by E. Lester Smith of Glaxo Laboratories) were first used 
a quarter of a century ago 1 b~ the treatment of myelogenous leukemia refrac-
tory to all other therapy. One woman given the anilide of vitamin B12 
appeared to go into complete remission, with her bone marrow aspirate 
changing from florid myelogenous leukemia to a fibrotic picture. However, 
she continued to have a small number of leukemic cells in her peripheral 
blood. When she died of pneumonia 6 months later, her marrow was largely 
fibrotic. Whether this one case was cause and effect or coincidence is 
impossible to determine. 

Af ~he Great Ormond Street Hospital for Sick Children in London, 
Bodian O found that megadoses of vitamin B12 produced remission in neuro­
blastoma in children, but Sawitsky and Desposito105 did not confirm this 
in 103 children. Bodian believed that megadoses of vitamin produced 
maturation of the tumor, but spontaneous maturation and spontaneous 
remission can occur in neuroblastoma with no therapy. 

Day et a1. 106 and Ostryanina107 reported that vitamin B
12 

enhanced the 
carcinogenic effect of .E_-dimethylaminoazobenzene and 3 other carcinogens in 
rats consuming a methionine-deficient diet. Conversely, chemically induced 
tumors of the liver, colon, and esophagus are enhancyg

8
by diets deficiegt

6 in folic acid, vitamin Biz• choline, and methionine. Poirier et al. ' 
have elegantly and labor ously delineated this phenomenon. 

Folic acid and vitamin B12 can prove useful in those tumors that grow 
more rapidly as more of these vitamins are supplied, because the tumor 
cells can be stimulated into the DNA synthesis phase in which a number of 
cancer chemotherapy agents exert their deadly effects. Those ag9~t~ can 
be used in a sequence right after folic acid and/or vitamin B12 • ' 5 

Analogues of vitamin B12 appe~~ to be 8~iquitous in human se~ym; 37 

red blood cells, liver, and brain; bile; 1 multivitamin pills; a wide 
variety of microorganisms; 110 and human colon content and feces.qJ Two 
analogues from multivitamin pills have been reported to block vitamin Biz 
metabolism in normal human cells in vitro. 40 The highest known pill 
content of

4
fnalogue of vitamin B12 is in the health food fad pill 

spirulina. Such analogues must be evaluated for their a~!lity to block 
vitamin B12 metabolism in both normal and malignant cells. The YB9ero­
hepatic circulation functions to get rid of vitamin B12 analogues, a 
teleologic suggestion that such analogues may have undesirable effects. 

The anesthetic gas nitrous oxide can produce acute vitamin B12 
deficiency, as was first made clear by Amess et al. 111 Nitrous oxide 
prodyces a greater than 95% reduction in liver vitamin Biz in the fruit 
bat. 12 Scott and Weir in Dublin113 and Metz's group in South Africa114 
showed that methionine can prevent the nerve damage produced by nitrous 
oxide-induced vitamin B12 deficiency in primates and the fruit bat, 
respectively. Chanarin et al. 115 suggested that formyl folate monogluta­
mate, with its formate derived from methylthioribose, is the preferred 
substrate for the polyglutamate forms of folate that normal cells prefer­
entially use, Studies of the effects of nitrous oxide potentiation of 
cytotoxic drugs on tumors in experimental animals, with and without 
methionine "rescue" of normal cells, are of great interest. Kroes and 
associates 1l6,117 showed that nitrous oxide retards leukemic proliferation 
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in a transplantable acute nonlymphocytic leukemia in BN rats and enhanced 
this cytostatic effect with cycloleucine, which inactivates methionine 
adenosyltransferase and thereby inhibits the formation of SAM. Cycloleucine 
reversal of dU suppression was greater than the sum of the reversals 
produced by either gas or drug alone. 

Differences in ability of normal versus tumor cells to take up 
various nutrients and antinutrients are being sought in efforts to kill 
tumor cells selectively. Normal cells treated with nitrous oxide to 
destroy vitamin B12 are better rescued by methionine than by SAM, even 
though SAM is the fY§ive form, because methionine much more readily crosses 
normal cell walls. The relative ability of these 2 rescue agents to 
cross tumor versus normal cell walls requires further study. 

Because folic acid and vitamin Biz are intimately related to the 
synthesis of DNA, lack of either damages DNA synthesis. The primary 
damage is to de novo DNA synthesis, with the result that there may be a 
secondary increment in salvage DNA synthesis. 118 In those tumors in which 
synthesis of DNA by the salvage pathway is relatively greater than in 
normal cells, as compared to the de novo pathway of DNA synthesis, it is 
theoretically possible that folic acid and/or vitamin B1z, by enhancing 
de novo DNA synthesis, could be relatively more helpful to normf! fr~n to 
tumor cells and relatively more harmful to certain tumor cells. • 

119 Low ser!Jlll vitamin B12 levels occur in mpltiple myeloma, 
22 

rheumatoid 
arthritis, 120 systemic lupus erythematosus,ll9,lZ and AIDS. 1 This may 
be a serum phenomenon related to transport protein abnormalities, and in 
AIDS it may bl ~elated to immune dysfunction. f~ivf~~on of TC II has been 
noted in AIDS 2 and other autoimmune disorders • and in acute 
leukemia and lymphoma. 119 •121 The relationship of this phenomenon to 
increased needs for vitamin B12 and desaturation of TC II in vitamin Biz 
deficiency in these disorders awaits determination. 48 The diversity of 
disorders in which TC II is elevated suggests that it is an acute phase 
reactant. 123 

SUPPRESSION TESTING 

Some years ago, we created the diagnostic dU suppression test to 
diagnose deficiencies of either vitamin B12 or folate; we showed that the 
slowing ~£ DNA synthesis in bone marrow cells in the test tube, which 
Killman1 had reported, could be corrected by adding the vitamin to the 
test tube. 125 •126 More recently, the dThd suppression test has been added 
as an ancillary measure.118 

The immediate precursors of cellular DNA synthesis are dATP, dGTP, 
dCTP, and dTTP. In most mammalian cells, de nova synthesis of dTMP from 
dUMP is a ratei~tmiting step and requires 5,10-methylene tetrahydrofolate 
as a coenzyme. However, the incorporation of preformed dThd into 
replicating cells provides a "salvage pathway" of dTMP synthesis.128 It 
was reported that an excess of dU added to culture of normal bone marrow 
suppressed the incorporation of [JH]dThd t2~o 2~A but failed to do so ~~ 
bone marrow of patients with vitamin B12- •1 and folate-deficientl ,lZ6 
megaloblastic anjmia. It was also shown that this defect (impaired dU 
suppression of [ H)dThd into DNA) was partially corrected by adding 
vitamin B12 to the bone marrow cultures of vitamin B12- but not folate-
def icient patients. 125 It was almost completely corrected by large doses 
of folic acid and smaller doses of folinic acid (5-formyl tetrahydrofolate) 
in both types of deficiencies; 5-methyl tetrahydrofolate corrected only 
folate deficiency. 125 Further, the corrective effect of either vitamin 
was prevented by the folate antagonist methotrexate,125 The main folate 
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Fig. 3. Biosynthetic pathways of deoxyribonucleotides and DNA. The 
enzymes catalyzing the reactions are (1) aspartic transcarba­
mylase, (2) dihydroorotase, (3) dihydroorotate dehydrogenase, 
(4) OMP pyrophosphorylase, (5) OMP decarboxylase, (6) uridine 
kinase, (7) nucleoside monophosphokinases, (8) ribonucleotide 
reductase (ribonucleoside diphosphate reductase), (9) nucleoside 
diphosphate kinases, (10) dUTPase-dCTPase, (11) thymidylate 
synthetase (dTMP synthetase), (12) dTMP kinase, (13) DNA poly­
merase, (14) deoxyuridine kinase, (15) thymidine kinase, (16) 
deoxycytidine kinase, (17) deoxyguanosine-deoxyadenosine 
kinase, (18) dAMP kinase, (19) dGMP kinase, (20) dCMP deaminase, 
(21) 5-methyl THF:homocysteine methyltransferase, (22) serine 
transhydroxymethylase, (23) dihydrofolate reductase, (24) 5,10-
methylene THF reductase. (~: For THF read H4PteGlu; for 
DHF read HzPteGlu.) 
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coenzyme in plasma, 5-methyl tetrahydrofolate, which was shown by our 
laboratory to "pile up" in the plasma of patients with vitamin B12 
deficiency,1 29 corrected the abnormal dU suppression in folate-deficient 
marrows but failed to do so in vitamin B12-deficient marrows unless vitamin 
B12 was also added to the in vitro system. Essentially similar abnormali­
ties in DNA synthesis were found to occur in PHA-stimulated lymphocyty~0of patients with vitamin B 2- and folate-deficient megaloblastic anemia. 
These findings indicatea that abnormal dU suppression of [ 3H]dThd incorpor­
ation into DNA in deficiency of vitamin B12 and/or folate was due to 
impaired de novo synthesis of thymine-DNA (impaired conversion of deoxy­
uridylate to thymidylate) because of reduced availability of the pertinent 
folate coenzyme, 5,10-methylenetetrahydrofolate.125,128 

The 2 alternative pathways of thymine-DNA synthesis, the de novo and 
the salvage pathways, are interrelated by a common end product, dTPP, 
which exerts a regulatory influence on both pathways by a feedback inhibi­
tion and thereby presumably maintains a balanced synthesis of cellular 
DNA (Fig. 3). It would be expected that, just as nonradioactive dU added 
to cell cultures in excess inhibits the incorporation of [3H]dThd into DNA 
(the dU suppression test), 12~· 125 nonradioactive dThd in excess would cause 
a recifrgcal inhibition of [3H]dU into DNA (i.e., a dThd suppression 
test). 1 Almost a decade ago, we reported that excess TdR added to PHA­
stimulated lymphocyte cultures inhibited the incorporation into DNA of 
subsequently added [3H)d~ 131 but a seemingly contrary claim was made 
(without data) by Beck. 1 i We subsequently described in detail the results 
of such dThd suppression tests in short-term suspension cultures on bone 
marrow and PHA-activated lymphocytes, indicating a reciprocity of the de 
novo and salvage pathways in the regulation of thymine-DNA synthesis in 
both cell systems. 11 8 This supported the theoretical concept of the dU 
suppression test in defining biochemical megaloblastoi~~ caused by defi-
ciency or inhibition of folate and vitamin s12 • Beck recently reversed 
his prior position and published data similar to data we had presented 
at 2 meetings he attended.134,135 

r~~e ~atients have tumor shrinkage on therapy with massive doses of 
dThd. ,l 7 It is possible that patients who will respond can be pro­
spectively separated from those who will not respond by determining the 
reciprocity or lack thereof of the salvage and de novo pathways of thyinine­
DNA synthesis in the tumor, using in vitro dU suppression tests and dThd 
suppression tests.118 

Our routine dU suppression tests now use hydroxocob~aamin instead of 
cyanoJ~balamin, as recommended by van der Weyden et al. 1 and Zittoun et 
al.,t 41 •140 since it is more easily incorporated by cells, as is coenzyme 
B12 • The folic acid control is no longer used, since the methyl folate 
control adequately identifies folate deficiency, for reasons first noted 
by Metz and colleagues. 118 Zittoun et al. 140 have unpublished data similar 
to ours indicating decreased incorporation of either labeled dThd or 
labeled dU after preincubation with the other, unlabeled material. 

The possibility that dU and dThd suppression tests involve repression 
and derepression of a num~er of biochemical pathways, as indicated in Fig. 
2 of Das et al. (Fig. 3)1 2 does not reduce the value of these tests in the 
diagnosis of biochemical megaloblastosis. Using appropriate radioactive 
substrates and drug inhibitors, these tests appear to be of great value in 
working out the internal machinery of positive and negative controls of 
DNA synthesis in normal and malignant cells. The dU suppregsion test is 
being widely adopted to predict response to chemotherapy 11 ,117 (J. R. 
Bertino, personal communication); it may also be of value in assessing 
interferon effects.143 
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Effects of 5-Fluorouracil Treatment of Rat Leukemia 
with Concomitant Inactivation of Cobalamin 

A.C.M. KROES, A.A.M. ERMENS, J. LINDEMANS, and J. ABELS 

Institute of Hematology, Erasmus University, Rotterdam, The Netherlands 

Abstract. The cytostatic activity of 5-fiuorouracil (5-FU) can 
be modified by the addition of reduced folates, as well as 
antifolates. This is indicative of the complex involvement of 
folate metabolism in the effects of 5-FU. In the BN rat 
leukemia model, 5-FU treatment was combined with the 
inactivation of cobalamin (vitamin 812) by nitrous oxide 
(N20). Exposure to nitrous oxide causes severe disturbance of 
folate metabolism through the inhibition of the cobalamin­
dependent enzyme methionine synthetase, and leads to loss of 
folates from the cell. With regard to the effects on growth of 
leukemia, the addition of nitrous oxide did not antagonize 
5-FU. On the contrary, therapeutic effects were enhanced by 
combined treatment, as was evident from a further reduction of 
leukemic infiltration in spleen and liver, from a decrease or 
even disappearance of leukemic cells in the peripheral blood, 
and from extended survival of rats. These findings were in 
accordance with metabolic studies in isolated leukemic cells of 
treated rats, in which combined treatment caused further 
impairment of thymidylate and DNA synthesis. Pretreatment 
with nitrous oxide, for a period of 3 days, was more effective 
than treatment after the administration of 5-FU. Folate levels, 
in plasma and intracellular, were reduced after combined 
treatment. It is concluded that in this leukemia, unlike observa­
tions in some models of solid tumors, the activity of 5-FU is 
enhanced with a depletion of folates. This effect is probably 

*This paper was presented in part at the First International 
Conference of Anticancer Research, 26-30 October 1985, Lout­
raki, Greece. 

Abbreviations: 5-FU: 5-Fluorouracil; 5-FdUMP: 5-Fluorodeo­
xyuridinemonophosphate; BNML: Brown Norway Myeloid 
Leukemia. 

Correspondence to: A.C.M. Kroes, Institute of Hematology, 
Erasmus University Rotterdam, P.O. Box 1738, 3000 DR Rot­
terdam, The Netherlands. 

Key Words: 5-Fluorouracil, cobalamin, nitrous oxide, folic acid,· 
leukemia. 

comparable to the combination of methotrexate pretreatment 
with 5-FU, and might be important to applications of 5-FU in 
combination chemotherapy of hematological neoplasms. 

The chemotherapeutic activity of 5-fluorouracil (5-FU) is 
closely related to folic acid metabolism. Thymidylate synth­
etase, the target enzyme of 5-FU with regard to inhibition of 
DNA synthesis, is dependent on folate coenzyme function. 
Recently, in several ways it has been tried to combine the 
inhibition of thymidylate synthetase by 5-FU wih treatment 
interfering with folate metabolism. 5-FU has been combined 
with antifolates, like methotrexate, which, through a deple­
tion of folate coenzymes, also cause impairment of thymidy­
late synthesis (1). On the other hand, it has also been tried to 
increase the effects of 5-FU by the concomitant administra­
tion of reduced folates. This approach is based on biochemic­
al evidence that the inhibitory complex of thymidylate synth­
etase and 5-FdUMP, an anabolite of 5-FU, is more stable in 
the presence of increased levels of folate coenzyme (2,3). 
Both methods are still under investigation in clinical trials, 
but so far varying resuls have been obtained (4-7). Clearly, 
the relationship between 5-FU and folate metabolism is 
rather complex, and more information will be useful for the 
optimal design of these chemotherapeutic combinations. 

In this study, we present results of experiments in which 
5-FU therapy is combined with inactivation of cobalamin 
(vitamin Bl2), in a rat model for acute myeloid leukemia 
(BNML, Brown Norway Myeloid Leukemia). Inactivation of 
the cobalamin coenzyme function in the enzyme methyltet­
rahydrofolate homocysteine methyltransferase, or meth­
ionine synthetase, is possible by exposure to nitrous oxide, or 
N20, a specific side effect of this anesthetic gas which was 
recognized only recently (8-10). Methionine synthetase is 
essential in folate metabolism, and therefore exposure to 
nitrous oxide represents yet another method to interfere with 
folate coenzyme functions. The interaction of nitrous oxide 
with 5-FU could, theoretically, lead to increased therapeutic 
effects, as well as to antagonism. We have previously de­
scribed the reduction of leukemic growth by nitrous oxide in 
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the BNML model (11), and have also reported on the 
therapeutic effects of 5-FU in thjs rat leukemia (12). The 
combination of both agents in the present study is directed at 
effects on leukemic growth and survival time of rats, and at 
some metabolic changes caused by this treatment, including 
the plasma and intracellUlar levels of folates, and tests of 
thymidylate and DNA synthesis in leukemic cells. 

Materials and Methods 

Animals. Male rats of the Brown Norway inbred strain were used, at the 
age of 12-16 weeks (body weight 200-275 g). Food and water were 
siipplied ad libiJum during the experiments. 

Brown Norway Myeloid Leukemia (BNML). Properties and use of this 
transplantable rat leukemia have been described before (11,13). It is 
considered to be a suitable model for experimental chemotherapy (14). In 
this study, rats were injected with 107 leukemic ceUs i.v., which after 
progressive leukemic infiltration of bone marrow, liver and spleen leads 
to death after 20- 24 days. Spleen and liver weights, steadily increasing in 
the course of leukemia, are reliable indicators of leukemic growth and, 
along with hematological determinations; can be used effectively to assess 
effects of chemotherapy (13). 

Treatment with nitrous oxide and 5-FU. ExpoSure of leukemic rats to 
nitrous oxide was carried out in a 40 I flow chamber in which a mixture of 
50% nitrous oxide and 50% oxygen was blown at a rate of 500 ml/min. 
Oxygen concentration was monitored With an oxygen analyur (Teledyne 
Analytical Instruments). Carbon dioxide, water and contaminating vola­
tile compounds were eliminated in a cleaning circuit (15). Rats not 

exposed to nitrous oxide were kept in air, but othenVise treated identical­
ly. 5-FU (Fluoro-uracil Roche, from Hoffmann-La Roche) was adminis­
tered i.p., at a dose of 15 or 25 mg/kg, according to different treatment 

· Schedules. Rats not receiving 5-FU were injected wth 0.15 M Naa i.p. 

Evaluation of therapri,&tic effects. In most experiments, Jl!ts from all 
treatment groups were compared after a fixed period of leukemia of 19 

days, which is just before untreated rats would die ~ntaneously. Rats 
were then tilled by euanguination, after recording their body weights. 
Liver and spleen were carefully removed and weighed. Leukocytes were 

' counted electronically and differential blood -.c;:ell counts were done .. 
Normal values for organ weights and leukocyte.ci>Unts were derived from 
16 comparable non-leukemic Brown Norwar pats. As an alternative · 
method, in.one experimentthe extension of survival time in the treatment 
groups was compared. · · - · 

Plasma vitamin 812 and folic acid. Plasma vitamiD 812 and folic acid were 
determined simultaneously using a radioisotope dilution assay, essentially 
as described by Gutcho and Mansbach (16). ·, 

Snulies using leukemic rpleen cells. In separate experiments, le~kemic rats 
were examined shortly after treatment, and leukemic spleen cells were 
obtained to perform additional metabolic studies. After washing and 

. resuspension in Hank§ balanced salt solution, these cell suspensions were 
counted and used in an assay of intracellular folate levels and in 
deoxyuridine suppression tests. 

lnuace/Jular folilte. A pellet of ca. '1118 ceUs was resuspended in a total 
.volume of 1 ml 10% (=1.3 M) mercaptoe~ol, hea~ for 5 min at 
lOO"C, and cooled. After incubation with hog kidney polyglutamate 
hydrolase (17) at room temperature for 2 hours, the samples were frozen 
at -2Jl'C until assayed. After thawing and centrifUgation (1500 g for 10 min 
at 4"C) aliquots of the supernatant were used in a folate radioisotope 
dilution assay (18) with 1251-folic acid (Becton 'Dickinson, Orangeburg, 
NY, USA) as a tracer, and beta-lactoglobulin (Sigma, St., Louis, USA) 
as a folate binder. 5-Methyltetrahydrofolate was used as a standard and 
results are expressed a5 pmol of folate per la6 cells. 

Deoxyuridine suppression test. This test is used to demonstrate impaired 
de novo synthesis of thymidylate. It measures the incorporation of 
38-thymidine into DNA without and with the addition of deoxyuridine. 
Deoxyuridine will suppress 3H-thymidine ineorporation if it can be 
converted to thymidylate by the 'enzyme thymidylate synthetase. This 
suppression will be reduced under all circumstances with impaired activity 
of this enzyme (19) and the test therefore can be used to evaluate effects 
of chemotherapeutic agents on this' metabolic pathway (20). The test was 

Table I,. Effects of treatmenl with 5-FU and nitrous oxide (N20) on growth of leukemia. 

Treatment 'No. of Spleen 
rats weight 

(g ± s.e.m.) 

None (untreated controls)~ 9 4.10 ± 0.10 

N20 only (12 days) 6 2.87 ± 0.14 

5-FU 3 x 15 mg/kg 10 2.91 ± 0.20 
5-FU 3· x 15 mg/kg + N20 (12 days) 9 "1.87 ± 0.74 .. 

5-FU .1 x 25 mglkg 3 0.85 ± 0.03 
~FU 1 x 25 mg/kg + N20 (4 d.after 5-FU) 3 0.83 ± 0.06 
5-FU 1 x 25 mg/kg + N20 (4 d.before 5-FU) 4 0.46 ± 0.04 
5-FU 1 x 25 mg/kg + N20 (8 days) 5 0.43 ± 0.01 

5-FU 3 x 25 mglkg 9 0.90 ± 0.19 
5-FU 3 x 25 mg/kg + N20 (12 days) 9 0.49 ± 0.07 .. 

" Normal BN-rats 16 0.4S ± 0.02 

• Significantly different from results without N10 with p < O.o2s 
•• Significantly different from results without N20 llrith p :< 0.01 i 

'i~ ~· 
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Uver Peripheral % Leukemic 
weight leukocytes cells 
(g ± s.e.m.) (l<f/1 ± s.e.m.) (± s.e.m.) 

19.14 ± 0.67 23.6 ± 2.3 29 ± 4 

13.57 ± 0.83 13.5 ± 1.4 23 ± 4 

12.52 ± 0.69 15.6 ± 1.6 16 ± 3 
11.1s ± 0.81 · 1.0 ± u• 8 ± 4• 

8.19 ± o.67 5.3 ± 1.0 0 
8.20 ± 0.25 7.2 ± 0.9 0 
8.49 ± 0.26 3.3 ± 0.6 0 
7.28 ± 0.18 2.7 ± 0.3 0 

9.02 ± 0.92 5.7 ± o:s 1 ± 1 
7.48 ± 0.16• 2.7 ± 0.6•• 0 

8.25 ± 0.24 3;9 ± 0.4 0 

Sandoz Inc. 
Exhibit 1002-00342 

Teva – Fresenius 
Exhibit 1002-00342



Kroes et al: 5-Fluorouracil and Inactivation of Cobalamin 

1600 

2 
a. 
-"" 1200 

c 
e 
~ 800 ; . 
~ 
ii •oo 

b. 
200 

160 

2 
~ 120 

~ . 
2 . 80 : . 
ii 

•o 

I I I J 
no FU FU FU 
FU lx15 htH lxH 

no 
FU 

• • 

mg/kg mg/kg mg/kg 

FU 
lx 15 

mgfkg 

10 9 

FU 
1x25 

mg/kg 

• 5 

FU 
1x25 

mg I kg 

normal 
rals 

16 

Figure 1. Plasma levels of (a) vitamin Bl2 and (b) folic acid, in leukemic 
rals after various treatment schedules. Shaded columns indicate results with 
exposure to nitrous oxide during the treatment period. Values in normal 
(non-leukemic) BN rats are shown in the last columns. S.e.m. is indicated 
in each column. 

carried out essentially as described by Metz (21), with some modification 
as described (11). All incubations were carried out in triplicate, in each 5 
x Hf cells were used with and without the addition of 0.1 rnM 
deoxyuridine (Sigma, St Louis Mo, USA). Incorporation of 3H-thymidine 
(0.3 11Ci, specific activity 25 µCi/mmol, from Amersham, UK) in incuba­
tions with deoxyuridine is expressed as a percentage of the incorporation 
in the incubations without deoxyuridine. In one experiment, however, 
incorporation after treatment was too low to detect significant differences 
with and without deoxyuridine, and in this case only 3H-thymidine 
incorporation in dpm/1<>6 cells is given, as determined in tests without 
deoxyuridine. 

Results 

Inhibition of leukemic growth. Leukemic rats were treated 
with 5-FU, and the effect of concomitant exposure to nitrous 
oxide was investigated. After a fixed period of leukemia (19 
days) several groups were compared with regard to leukemic 
infiltration in spleen and liver, and leukemic cells in the 
peripheral blood. Results of these experiments are presented 
together in Table I. A a dose of 3x15 mg/kg ~-FU (adminis­
tered at days 7, 12, and 17 of leukemia) the addition of 
nitrous oxide causes a further reduction of leukemic growth, 

;; 
> 

100 

t so 
i\ 

11 20 22 2• 26 28 30 l2 3" 36 38 •O •2 ,. 46 

duration of leukemia (d.) 

Figure 2. Survival of leukemic rats without treatment (controls), with 
5-fluorouracil (FU) only, and with the combination of 5-fluorouracil and 
nitrous oxide (FU+ N20). 5-FU (25 mg/kg i.p.) was administered every 5 
days. With combined therapy, rats were exposed no nitrous oxide 3 days 
before each administration of 5-FU. 

/. l·' 

which is evident from all parameters that were studied. In 
addition, as indicated in Table I, most of these differences are 
statistically significant if Wilcoxon's non-parametric rank sum 
test is applied to values of individual rats. The same result is 
obtained with a combination of 3X25 mg/kg 5-FU and nitrous 
oxide. In this experiment the values of rats after combined 
treatment are not significantly increased compared to normal 
(non-leukemic) rats, whereas results after treatment with 
5-FU alone are still significantly different from normal values 
(p < 0.05). 

In one experiment with lx25 mg/kg 5-FU, administered at 
day 14 of leukemia, the effects were studied of timing of 
exposure to nitrous oxide relative to the administration of 
5-FU. It appears that results obtained with 4 days of nitrous 
oxide before 5-FU are better than with exposure only after 
5-FU. In fact, this period of exposure does not add much to 
the effects of 5-FU alone, as is evident from the rats treated 
with nitrous oxide for both periods. In Figure 1 results are 
presented of determinations of plasma levels of vitamin B12 
and folic acid in these experiments. It is evident that with 
treatment there is a dose-dependent normalization of the 
increased levels of vitamin B12 that are found in untreated 
controls. In all groups, however, the addition of nitrous oxide 
to 5-FU causes a further fall of vitamin 812 to subnormal 
levels. The determination of folic acid levels in plasma leads 
to more vuying results, but it can be derived from Figure lb 
that with the more effective doses of 5-FU the addition of 
nitrous oxide causes a decrease of folic acid levels to subnor­
mal values. 

Survival of leukemic rats. Leukemic rats were treated with 25 
mg/kg 5-FU every 5 days, either or not preceded by a period 
of exposure to nitrous oxide of 3 days. This schedule was 
chosen as a consequence of the results in the studies pre­
sented in Table I, in which pretreatment with nitrous oxide 
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Table ll. Deoxyuridine siippf'asion tests in leukemic cells after treat~nt of 
rals with 5-FU and nitrous oxkk (N20). 

5-FU: 1 x 25 mg/kg i.p. at 3 days before examination. 

Treatment 

·None 
5-FU only 
N20 only (3 days) . 
S-FU + N20 (3 d., after 5-FU) . 
5-FU .+ N20 (3 d.; before 5-Fl.!) 
5-FU + N20 (6 days) 

No. of . % Suppression* 
rats 

4 12.6 (± 1. 7) 
4 12.8' (± 0.6) 
4 15.5 (± 2.1) 
2 14.5 (13,16) 
2 24.0 (22,26) 

.. 2 35.5 (33,38) 

• Deoxyuridine suppression. values are expressed as percentages of the 
maximal incorporation of 3H-thymidine, in incubations without deoxyu­
ridine. 
Mean values of each group are given, with indication of s.e.m. in ~ups 
of 4 ratS, and of. individual results in groups of 2 rats. 
The result of each· rat is the mean of triple incubations. 

before 5-FU was found to be most effective. Treatment was 
continued until death of the rats. Results of this e~perirnent 
are presented in Figure 2. It appears that with addition 'of 
nitrous oxide survival of leukemic rats is extended to 40.2 ± 
1.5 days (mean ± s.e.m.) compared to 22.0 ± 0.5 days for 
untreated rats, and 34.3 ± 0.5 days for rats treated ~h 5-FU 
alone. The results. of combined .treatment are significantly 
different from treatment with 5-FU only, with p < 0.005 
(Wilcoxon's rank sum test). Survival after combined treat­
ment is increased by 18.2 days compared to untreated rats 
(183 % ). I~· this leukeinia model, 3 days of increased survival 
are eqivalent to a 10-fold reduction in tumor load (13), which 
in this case would mean a reduction by a factor 1Cl6. All rats 
were examined after death and Without exception, leukemia 
was considered to be the cause of death, in view of increased 
spleen and liver weights. No evidence for toxicity was found. 

Deoxyuridine suppression .tests. Treatment of leukemic rats 
with a single doSe of 25 mg/kg 5-FU, was conbined' wth 3 days -
of exposure to ~trous oxide, either _before or after 5-FU, or . 
both. Rats treated with 5-FU or nitrous oxide only, and · 
untreated rats were also included. Leukemic spleen cells of 
all rats were used in deoxyuridine suppression tests, 3 days 
after administration of 5-FU, at day 16 of leukemia. Results 
of these tests are presented in Table II. It appears that there 
is an enhanced effect of combined treatment, indicated by a 
higher percentage ofs~ppression, With nitrous oxide pretreat­
ment and ~th continuous treatment for 6 days, but not with 
nitrous oxide exposure after 5-FU. 5-FU alone, after 3 days, 
does not cause a disturbance of this test. · 

DNA synthesis in leukemic cells. In a similar experiment, rats 
were examined l day after admini.stration of 25 mg/kg 5-FU. 
In' this case, c;>nly-pretreatment with nitrous oxide for 3 days is 

· possible. In Table 111,-resµlts are included of tumor growth in 
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Figure 3. lnlracellular fo/ate levels in isolated leukemic cells after in vivo 
tre<µment of rats. 5-FU (25 mg/kg) wt1f administered at 1 day ~d 3 days 
before examination, respectively, either or n~~ preceded by 3 ~ys of 
exposure ·to nitrous oxide (shaded columns). S.e:m. is indicated in each 
column. · · 

various groups, examined at day 16 of leuke,Qlia. As in other 
experiments, combined' treatment is most effective in reduc­
ing leukemic growth. In' addition, in this table results are 
given of 3H-thymidine incorporation in isolated. leukemic 
cells of these rats. DNA syrithesis in both groups treated with 
5-FU was impaired to such an extent that it was not possible 

. to perform a deoxyw:idine suppression test. A small addition­
al effect.of nitrous oxid~ exposure is stiff detect.able, however. 

Intracellular folate. In leukemic cell suspensions of rats 
treated in vivo with 25 mg/kg 5-FU, 1 or 3 days before 
~xamination and with or without 3 days of exposure to nitrous 
oxide prior to the administration of 5-FU, the intracellular 
levels of folate were determined. Results can be found in 
Figure 3. For comparison, v;i\ues in untreated rats. and rats 
treated with 3 days of nitrous oxide only, are also given. With 
5-FU treatment there is some decrease. of folate content, 
more apparent at the first day after administration, but with 
the addition of nitrous oxide folate loss becomes much more 
severe. . " 

Discumon · 

·Nitrous oxide distrurbs. folate metabolism becalise of its 
specifi~ interference with the coenzyme function of cobala­
min, which causes inactivation of the enzyme methionine 
synthetase (22). This prvents the conversion of 5-methyltet­
rahydrofoJat~· into tetrahydrofolate, which is essential for 
folate coenzyme functions. The effects of nitrous oxide 
develop rapidly, in a few hours after exposure is started and 
. remain remarkably constan~ even wjt!t, prolonged exposure of 
one week or more (23). 't' 

' . ~ 
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. I 
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Table Ill. Effects of treatment wuh 5-FU and nitrous oxide (N20) on growth of leukemw and on DNA synthesis in leukemic cells. 
5-FU· I x 25 mg/kg 1 p. at I day before examination. Examination al day 16 of leukemia. 

Treatment 

None 
N20 only (3 days) 
5-FU only 
5-FU + N20 (3 d., before 5-FU) 

No. of 
rats 

3 
3 
3 
3 

Spleen 
weight 
(g ± s.e.m.) 

2 65 ± 0.18 
1.83 ± 0.06 
1.01 ± 0.06 
0.68 ± 0.04 

Peripheral 3H-thymidine 
leukocytes incorporation 
(109/I ± s.e.m.) (dpm/lcl6 cells ± s.e.m.) 

10.8 ± 0.7 3522 ± 942 
8.8 ± 1.6 2135 ± 536 
5.1 ± 0.1 243 ± 71 
4.2 ± 0.2 173 ± 17 

Value of 3 H-thym1dine mcorporallon m leukemic cells of each rat is the mean of triple mcubations. 

For normal values of spleen weight and leukocyte count in BN rats, see Table I. 

In this report exposure to nitrous oxide has been used to 
study the effects of impaired availability of folate coenzyme 
forms on the activity of 5-FU towards the BN rat leukemia. It 
appeared that the therapeutic effects of 5-FU were increased 
with the addition of nitrous oxide, with regard to the reduc­
tion of leukemic infiltration in spleen and liver, as well as with 
regard to leukocyte counts. In addition, compared to treat­
ment with 5-FU alone, there was a significantly increased 
survival of leukemic rats after combined treatment. In none 
of the treatment schedules there was any indication of 
antagonism, and no evidence of increased toxicity was found. 

Plasma levels of vitamin B12 in this study are interesting 
for two reasons. First, in this leukemia vitamin B12 steadily 
increases with progression of disease (11), an effect which is 
also often observed in human promyelocytic leukemia (24). 
Treatment of leukemia will reduce vitamin B 12 to about 
normal levels. Separately, however, the specific effect of 
nitrous oxide on vitamin B12 will cause an additional fall of 
plasma levels (11, 25). These effects explain both the dose­
dependent reduction of plasma vitamin B12 with treatment, 
and the occurence of the lowest, subnormal, levels in rats 
with combined therapy. 

The disturbance of folic acid metabolism by nitrous oxide 
is evident from the striking decrease of intracellular folates in 
leukemic cells after 3 days of exposure. Folate depletion with 
nitrous oxide exposure has often been observed (26), and is 
explained by a decreased synthesis of folate polyglutamates 
(27), as these forms are essential for cellular retention. 
Interestingly, 5-FU by itself also caused a less pronounced fall 
in intracellular folates, compared to untreated rats. This is 
evidence of a blockade in folate metabolism, as will indeed 
occur with inhibition of thymidylate synthetase, but the 
precise mechanism of this effect remains unclear. As would 
be expected, intracellular folate is lowest with combined 
treatment, one day after the administration of 5-FU. 

The intracellular depletion of folates will ultimately also 
lead to reduced plasma levels of folate, as is demonstrated by 
the subnormal levels found after combined treatment with 

nitrous oxide and higher doses of 5-FU. Temporarily, 
however, loss of folates from the tissues can give rise to 
increased concentrations of folate in plasma, as has been 
observed before with nitrous oxide exposure (11, 28). This 
can explain the observation in this study of increased folate 
levels in rats after nitrous oxide alone and after low doses of 
5-FU. 

With regard to the mechanism of the interaction described 
in this study, an important observation is the significance of 
pretreatment with nitrous oxide. With nitrous oxide exposure 
after 5-FU, there was no enhancement of the effects of 5-FU 
on leukemic growth, and even some indication of a reduced 
effect in the deoxyuridine suppression test. A similar sche­
dule-dependency of combination therapy is found with 
methotrexate and 5-FU (29, 30). In that combination, 
methotrexate pretreatment is essential to achieve synergistic 
effects. If 5-FU precedes methotrexate, antagonism will 
result ( 1). Several mechanisms have been proposed to explain 
these effects (31). Probably, the inhibition of purine synthesis 
by methotrexate is important, because this can lead to 
increased formation of 5-FU-nucleotides, interfering with 
both thymidylate (DNA) and RNA synthesis (32). This effect 
could also occur with nitrous oxide treatment, which can 
impair purine synthesis as well (33, 34). Other mechanisms 
may be involved however. Unlike methotrexate, nitrous 
oxide treatment for up to 3 days increases the activity of 
thymidylate synthetase (35), probably as an adaptive 
mechanism. Subsequent inhibition of this enzyme by 5-FU 
could render cells more vulnerable to the effects of nitrous 
oxide. This would also explain the necessity of pretreatment 
to achieve increased effects. Finally, it has been reported (2) 
that the addition of vitamin B12 and 5-methyltetrahydrofo­
late decreased the stability of the binding of 5-FdUMP to 
thymidylate synthetase. Prolonged exposure to nitrous oxide 
will decrease both these factors, and could therefore stabilize 
the inhibitory complex. 

An important result of this study is the observation that 
some degree of folate depletion does not necessarily antago-
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nize the effects of 5-FU. This conclusion obviously only 
applies to the leukemia model used in this study, but, 
interestingly, in another experimental leukemia it has been 
found that the addition of reduced folates to 5-FU did not 
increase 'therapeutic effects (36). Furthermore, no increased 
cytoxicity results from folate addition to cultured leukemic 
cells treated with methotrexate and 5-FU (37). In that study, 
it was also concluded that the interactions of 5-FU and folates 
were more complex and variable than was previously under­
stood. The synergistic effect of folates and 5-FU as observed 
in xenografts of colon carcinomas might well be tissue specific 
to some degree. As discussed in another study (12), 5-FU is 
not used clinically in the treatment of leukemia. Recently 
however, sequential methotrexate I 5-FU therapy has been 
applied to human leukemia with favourable results (38). This 
report further adds to the potential importance of 5-FU, 
alone or in combination with other agents interfering with 
folate-dependent nucleotide synthesis, in the treatment of 
leukemia. 
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Enhanced therapeutic effect of methotrexate in experimental 
rat leukemia after inactivation of cobalamin (vitamin B12) 
by nitrous oxide 

A. C. M. Kroes, J. Lindemans, M. Schoester, and J. Abels 

Institute of Hematology, Erasmus University, Rotterdam, The Netherlands 

Summary. Exposure to nitrous oxide interferes selectively 
with the coenzyme function of vitamin B 12 and causes in­
activation of methionine synthetase, with subsequent im­
pairment of folate metabolism and reduction of cellular 
proliferation. In a rat leukemia model (BNML) we investi­
gated the combined administration of nitrous oxide, inac­
tivating vitamin Bl2, and methotrexate (MTX), a folate 
antagonist inhibiting the enzyme dihydrofolate reductase. 
Through different mechanisms, both agents decrease the 
availability of tetrahydrofolate, and subsequently of other 
reduced folates, with increased impairment of folate-de­
pendent synthesis of thymidylate. Effects on leukemic 
growth and on hematological values in rats demonstrated 
enhancement of the therapeutic effect of MTX by expo­
sure to nitrous oxide. With several treatment schedules, the 
results of combined treatment were seen to be better than 
additive when compared with the effects of single agents. 
In particular, pretreatment of leukemic rats with nitrous 
oxide for 3 days before administration of MTX appeared 
effective. With higher doses of MTX, concomitant expo­
sure to nitrous oxide even resulted in toxic effects. These 
findings were in accordance with the results of some meta­
bolic studies performed in leukemic rats. De novo synthe­
sis of thymidylate in leukemic cells, when studied by 
means of the deoxyuridine suppression test, showed the 
most severe disturbance with combined treatment consist­
ing in MTX (0.5 mg/kg) and nitrous oxide pretreatment 
for 3 days. Intracellular levels of folate and dTTP were 
lowest with 2 and 3 days'· pretreatment before MTX, re­
spectively. It is concluded that this interaction of nitrous 
oxide and MTX can result in enhanced metabolic and 
therapeutic effects of low doses of MTX. Inactivation of 
vitamin 812 appears to be a potentially useful addition in 
cancer chemotherapy. 

Introduction 

The similarity of hematological disturbances caused by de­
ficiency of either folic acid or cobalamin (vitamin Bl2) is 
well established. Both vitamins are involved in pathways 

Offprint requests to: A. C. M. Kroes, Institute of Hematology, 
Erasmus University Rotterdam, P. 0. Box 1738, 3000 DR Rotter­
dam, The Netherlands 
Abbreviations used in this paper: MTX, methotrexate; THF, tetra­
hydrofolate; DHF, dihydrofolate; 'dTTP, deoxythymidine tri-
phosphate. ; 1 • • , 

essential in the synthesis of nucleotides, and consequently 
of DNA. The important function of folic acid in cellular 
proliferation is also reflected in the striking cytostatic ac­
tivity of folate antagonists of which methotrexate (MTX) is 
the best known example. This antimetabolite is widely 
used in cancer chemotherapy (14]. In contrast, until recent­
ly, the role of vitamin Bl2 in neoplastic growth has re­
mained unclear, because no effective method was avail­
able to interfere with its coenzyme function. In 1978, how­
ever, it was recognized that selective inactivation of vita­
min B 12 could be achieved with exposure to the anesthetic 
gas nitrous oxide, or N20 [l, 7]. Megaloblastic hematopoi­
esis after prolonged exposure to nitrous oxide had been 
observed much earlier [21), and a chemical interaction of 
nitrous oxide with complexes of cobalt was also known for 
some time (2). It appeared that a specific oxidative action 
of nitrous oxide on the cobalt moiety of vitamin B 12 
caused a nearly complete inactivation of the methylcobal­
amin-requiring enzyme methionine synthetase, or 5-me­
thyltetrahydrofolate homocysteine methyltransferase 
(E. C. 2. l. l.13). Nitrous oxide effectively established a 
state of functional deficiency of vitamin B 12, with severely 
disturbed folate metabolism (6) and toxic effects on hema­
topoiesis [38). Methionine synthetase is essential in folate 
metabolism, because it provides the only pathway by 
which 5-methyltetrahydrofolate, the major extracellular 
folate, can be converted into tetrahydrofolate (THF). THF 
and other, subsequently formed, reduced folates can be 
converted into folylpolyglutamates, which are then re­
tained in the cell and are important coenzymes in one-car­
bon transfer reactions. De novo synthesis of thymidylate 
requires such folate-dependent methylation. MTX also in­
terferes with folate metabolism by limiting the generation 
of THF, but through a different mechanism. Its inhibition 
of dihydrofolate (DHF) reductase prevents the reconver­
sion of DHF to THF. 

It has been shown that the effect of nitrous oxide on 
vitamin B 12 can be utilized to reduce growth of leukemia 
in vitro [18) and in vivo, in rats [20). This effect is associat­
ed with a disturbance of folate-dependent de novo synthe­
sis of thymidylate. Therefore, it appears that nitrous oxide 
and MTX, through inhibition of different pathways, ulti­
mately may have similar effects on folate metabolism. 
These observations suggest that the inactivation of vitamin 
Bl2 can modify, and possibly enhance, the efficacy of 
MTX. In vitro studies on human bone marrow have de­
monstrated a synergistic effect of MTX and nitrous oxide 
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with regard to impairment of nucleotide synthesis [17]. The 
purpose of the present study is to investigate the influence 
of nitrous oxide on the effects of MTX in vivo, using a rat 
leukemia model: the Brown Norway myeloid leukemia 
(BNML). This transplantable acute promyelocytic leuke­
mia has been described in detail elsewhere [12] and is 
considered to be a suitable model for chemotherapeutic 
studies (40]. In addition to experiments intended to assess 
effects on leukemic growth, a number of metabolic studies 
were performed in leukemic rats, to investigate some ef­
fects of treatment on folate metabolism. These studies in­
cluded deoxyuridine suppression tests, and determinations 
of intracellular folate and deoxythymidine triphosphate 
( dTIP) levels. 

Materials and methods 

Animals. Male rats of the Brown Norway inbred strain 
were used at the age of 12-16 weeks (body weight 
200-275 g). Food and water were supplied ad libitum dur­
ing the experiments. 

Brown Norway myeloid leukemia (BNML). Cryopreserved 
leukemic cells were kindly provided by Dr. A. Hagenbeek 
from the Radiobiological Institute (TNO), Rijswijk, The 
Netherlands, where this transplantable rat leukemia model 
was developed. Origin, classification and proliferation 
kinetics were described elsewhere (12]. For leukemia trans­
fer in experimental series, spleen cells of fully leukemic 
animals were used. A standard dose of 107 cells suspended 
in Hanks' balanced salt solution was injected IV, which 
leads to progressive leukemic infiltration of bone marrow, 
spleen and liver, with death after 20-24 days. Spleen and 
liver weights, steadily increasing in the course of leukemia, 
are reliable indicators of tumor load and, along with he­
matological determinations, can be used effectively to 
assess effects of chemotherapy (12). To avoid a gradual 
change in growth properties, serial transplantations were 
limited to only two passages, after which spleen cells were 
used from rats freshly inoculated with cells from a cryo­
preserved stock. 

Treatment with nitrous oxide and MTX. Leukemic rats were 
treated according to different schedules in groups of at 
least four. Exposure to nitrous oxide was carried out in a 
40-1 flow chamber into which a mixture of 50% nitrous ox­
ide and 50% oxygen was blown at a rate of 500 ml/min. 
Oxygen concentration was monitored with an oxygen ana­
lyzer (Teledyne Analytical Instruments). Carbon dioxide, 
water, and contaminating volatile compounds were elimi­
nated in a cleaning circuit, essentially as described by Ru­
preht and Dzoljic (37). Rats not exposed to nitrous oxide 
were kept in air, but otherwise treated identically. Sodium 
methotrexate (Ledertrexate SP, from Lederle) was injected 
IP. Rats not receiving MTX received injections of 0.15 M 
NaCl IP instead. 

Evaluation of leukemic growth. Experiments intended to 
assess effects on leukemic growth were all evaluated by the 
same procedure. To allow a simultaneous investigation of 
several aspects of leukemia these experiments were termi­
nated after a fixed period of 18 days (in some instances: 19 
days) of leukemia, just before death from leukemia was to 
be expected. Rats were killed by exsanguination, after re-
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cording of body weights. Liver and spleen were carefully 
removed and weighed. Leukocytes were counted electroni­
cally, and in some experiments differential blood cell 
counts were done. Plasma levels of vitamin B 12 were mea­
sured in a competitive radioisotope binding assay using 
purified intrinsic factor [22). Normal values for organ 
weights, leukocyte counts and plasma vitamin Bl2 were 
derived from at least 12 comparable nonleukemic Brown 
Norway rats. 

Metabolic studies. In separate experiments, rats with ad­
vanced leukemia were treated for short periods, after 
which leukemic cells were used in metabolic studies. Three 
similar experiments were carried out separately. In each, 
eight leukemic rats inoculated at day 0 were divided in 
four pairs. These pairs were treated with nitrous oxide for 
3, 2, l, or 0 days. Immediately afterwards one rat in each 
pair received MTX, 0.5 mg/kg IP, the other rat receiving 
saline only. At 18 h after administration of MTX, on day 
15 of leukemia, leukemic cells were obtained from the 
spleens of all rats, washed, and resuspended in Hanks' bal­
anced salt solution. These cell suspensions were counted 
electronically and used in deoxyuridine suppression tests 
and determinations of intracellular folate and dTIP. 

Deoxyuridine suppression test. This test demonstrates im­
paired de novo synthesis ofthymidylate. 3H-Thymidine in­
corporation into DNA is measured with and without addi­
tion of deoxyuridine. Deoxyuridine will suppress incor­
poration of 3H-thymidine in DNA if it can be converted to 
thymidylate through folate-dependent methylation. This 
suppression is reduced by vitamin Bl2 or folate deficiency 
[42), inactivation ·or vitamin BI 2 by nitrous oxide [28], and 
treatment with other agents interfering with de novo syn­
thesis of thymidylate [5]. 

Leukemic spleen cells (approx. 5 x 106 per test) were 
used from rats of various groups, as described above. The 
test was carried out essentially according to Metz [30], with 
some modification as described elsewhere [20). Deoxyuri­
dine (Sigma, St. Louis, USA) was used in a concentration 
of 0.1 mmol/I. All incubations were performed in tripli­
cate. Incorporation of 3H-thymidine (0.3 µCi per test, spe­
cific activity 25 Ci/mmol, from Amersham, UK) is ex­
pressed as a percentage of the maximal incorporation, 
measured in each case in incubations without addition of 
deoxyuridine. 

Intracellular Jo/ate. In suspensions of leukemic spleen 
cells, intracellular folate content was determined. After 
centrifugation a pellet of approx. I 08 cells was resuspended 
in a total volume of 1 ml 10% ( = 1.3 mol/1) mercaptoetha­
nol, heated in a water bath of 100 ° C for 5 min, and 
cooled. Hog kidney polyglutamate hydrolase, prepared as 
described by McMartin et al. [29], was added and allowed 
to incubate at room temperature for 2 h. The samples were 
frozen at -20 °C until assayed. After thawing, the extracts 
were centrifugated ( 1500 g for IO min at 4 ° C), and ali­
quots of the supernatants were used in a folate radioiso­
tope dilution assay, essentially as described by Dunn and 
Foster [11], with 1251-folic acid (Becton Dickinson, Orange­
burg, N.Y., USA) as a tracer, and P-lactoglobulin (Sigma, 
St. Louis, USA) as a folate binder. 5-Methyl-THF was 
used as a standard, and results are expressed as picomoles 
of folate per 106 cells. 
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Intracellular dITP. In leukemic cells obtained from rats as 
described above, dTIP was determined using the DNA 
polymerase assay system originally developed by Solter 
and Handschumacher (39], with the modifications and cor­
rections published by Hunting and Henderson [13]. A dif­
ferent extraction method was used,, however. After being 
washed once in Hanks' balanced salt solution, cell suspen­
sions were centrifuged and the supernatant was removed. 
To the pellet of about 108 cells, 1.2 µg cyano [57Co]cobal­
amin, or 105 dpm, (Amersham, UK) was added, as an in­
ternal standard for cell quantities in the assay. The pellet 
was then extracted with 5 ml ice-cold 60% methanol and 
stored at -20 °C until assayed. After centrifugation the 
supernatant was dried using a rotary evaporator at 25 ° C, 
dissolved in 50 mM potassium cacodylate and subsequent­
ly used in the DNA polymerase catalyzed assay. DNA po­
lymerase I from E. col~ dATP, dTIP, and poly(d(A, T)) 
were all obtained from Boehringer Mannheim (FRG) and 
3H-dA TP and 3H-dTTP were from Amersham (UK). 
Procedures, and calculated corrections for dilution of spe­
cific activities by the endogenous nucleotides were carried 
out as described elsewhere [13]. Concentrations of dTTP 
are expressed as picomoles per 106 cells, based upon 
counts of the internal standard and cell concentration of 
the initial suspension. 

Results 

Effects of growth of leukemia in rats 

In Table I, results of six experiments with several different 
treatment schedules are summarized. In all these experi­
ments, one group of leukemic rats treated with MTX only 
is compared with one or more groups of rats treated with a 
combination of MTX and exposure to nitrous oxide. Most 

Table 1. Effects of treatment on growth of leukemia 

Expt Treatment 
no 

None (untreated controls) 
NiO, continuous (days 7-18/19) 
MTX, I x 0.5 mg/kg (day 11) 
+ NzO, continuous (days 7-19) 

2 MTX, 2 x 0.5 mg/kg (days 10 and 14) 
+ N20, continuous (days 7-18) 

3 MTX, 2 x 0.5 mg/kg (days 10 and 16) 
+ N20, 2 x 3 days after MTX (days 10-13/16-19) 
+ N20, 2 x 3 days before MTX (days 7-10/13-16) 
+ N20, continuous (days 7-19) 

4 MTX, Ix 2 mg/kg (day IO) 
+ N20, 1 x 3 days before MTX (days 7 - IO) 
+ N20, continuous (days 7 -19) 

5 MTX, 2 x 1 mg/kg (days 6 and 14) 
+ N20, 2 x 3 days after MTX (days 6-9/14-17) 
+ N20, 2 x 3 days before MTX (days 3-6/11-14) 

6 MTX, 1x4 mg/kg (day 10) 
+ N20, Ix 3 days before MTX (days 7-10) 
+ N20, continuous (from day 7) 

experiments included a group receiving nitrous oxide con­
tinuously throughout the treatment period (day 7 to day 18 
or 19 of leukemia). In other groups, nitrous oxide treat­
ment was limited to either 3 days before administration of 
MTX (pretreatment) or 3 days after administration of 
MTX (post-treatment). This is illustrated in Fig. 1, which 
shows the treatment schedules as applied in experiment 3 
of Table 1. In addition, all experiments included rats re­
ceiving no treatment or nitrous oxide only (days 7-19), 
without MTX. Cumulative results in these rats are also 
shown in Table 1. From the data in Table l, it follows that 
low doses of MTX alone do not have substantial effects on 
leukemic growth. In all experiments the addition of ni­
trous oxide enhanced the therapeutic effects of MTX. The 
differences between rats treated with MTX only and rats 
treated with both MTX and nitrous oxide (continuously) 
are statistically significant according to Wilcoxon's non­
parametric rank sum test. For all three parameters of leu­
kemia, results did not overlap, yielding p-values of 0.05 or 
less, in any of the experiments 1-4. In addition, the results 
of combined treatment appeared to be better than additive 
in these experiments, with the possible exception of exper­
iment 1, in which the lowest dose of MTX was adminis­
tered. In other cases, the reduction of leukemic growth ob­
tained with combined treatment is often greater than the 
added effects of the two single agents, which is indicative 
of a synergistic interaction. From experiments 3 and 5 it 
can be derived that by far the major part of the added ef­
fect is contributed by the period of exposure to nitrous 
oxide before administration of MTX (pretreatment sche­
dules). In experiment 6 the highest dose of MTX was used 
(4 mg/kg). In this experiment, rats treated with both MTX 
and nitrous oxide (continuously) died prematurely at 
14-16 days after inoculation, without any evidence of leu­
kemia. Spleen and liver weights at autopsy were subnor-

No.of. Spleen weight• Liver weighth Leukocytes c 

rats (g) mean±SEM (g) mean± SEM (I 09) mean± SEM 

22 3.90±0.09 17.39±0.45 24.8±2.l 
14 2.89±0.09 14.33±0.44 11.1±1.0 
5 3.64±0.10 15.60±0.69 18.1±1.2 
5 2.34±0.10 12.50±0.55 7.7±0.7 

4 3.29±0.09 12.95±0.52 16.6± 1.3 
4 1.43±0.14 9.76±0.47 3.8±0.5 

4 3.38±0.18 16.04±0.78 20.2± 1.4 
4d 3.32 17.05 20.0 
4 2.37 ±0.11 13.08±0.44 8.1 ±0.6 
4 l.97 ±0.17 11.68±0.81 7.0± I.I 

4 3.44±0.14 14.00±0.46 20.8±2.9 
4 2.58±0.24 12.59±0.94 7.7± 1.0 
4 l.95±0.08 11.47±0.17 6.1 ±0.6 

4 3.19±0.22 12.37±0.59 15.9±1.8 
4 3.37±0.10 14.70±0.80 14.0±0.7 
4 2.31 ±0.14 10.64±0.51 10.8± l.2 
4 2.85±0.32 13.30±0.74 14.9±1.1 
4 1.47±0.43 10.12±0.49 4.2± 1.4 
4 all rats died (without evidence of leukemia) 

• Normal spleen weight in comparable nonleukemic BN rats: 0.45 ± 0.07 g 
b Normal liver weight in comparable nonleukemic BN rats: 8.25±0.99 g 
c Normal value ofleukocyte count in nonleukemic BN rats: 3.9±0.4x 109/1 
d 2 rats dying prematurely of leukemia are not included 
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Fig. 1. Treatment of leukemic rats with nitrous oxide (N20) and 
methotrexate (MTX), as given in experiment 3 of Table 1. Periods 
of exposure to nitrous oxide are shaded, and arrows indicate time 
of administration of MTX. Rats receiving MTX or nitrous oxide 
only and untreated rats were also included 
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Fig. 2. Plasma levels of vitamin Bl2 in leukemic rats treated in 
several experiments with different doses of MTX. Groups with 
combined treatment received nitrous oxide continuously (days 
(7-18/19 of leukemia). Values in normal (nonleukemic) BN rats 
are also shown. Bars indicate SEM 

mal, and body weight was seriously reduced (77% of 
weight before treatment). This was considered to be a toxic 
effect of treatment. In other experiments, however, no tox­
icity was observed and nitrous oxide treatment was well 
tolerated by rats without evident effects on consciousness. 
Even with combined treatment, loss of body weight was al­
ways less than l 0%. 

In some experiments differential blood cell counts 
were made, which demonstrated that the observed re­
ductions in peripheral leukocyte counts were also accom­
panied by a striking relative decrease of leukemic cells 
(promyelocytes), as shown in Table 2. 

Plasma levels of vitamin Bl2, as determined in these 
experiments, are presented in Fig. 2. Compared with nor­
mal BN rats, vitamin Bl2 levels in untreated leukemic 
controls are very high. With treatment these levels are re­
duced, as is shown for three doses of MTX. Exposure to 
nitrous oxide alone has marked effects on the vitamin Bl2 
level in plasma, but much lower and even subnormal le­
vels are found after combined treatment. 

Metabolic effects 

In separate experiments, pairs of leukemic rats were treat­
ed with nitrous oxide for 0, I, 2, or 3 days. One rat of each 
pair subsequently received MTX (0.5 mg/kg), and 18 h af­
terwards leukemic cells of all rats were used for deoxyuri-
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Fig. 3a-c. Results of metabolic experiments with leukemic spleen 
cells after in vivo treatment of rats with 0-3 days' exposure to ni­
trous oxide, followed or not by administration of MTX (0.5 mg/ 
kg): a deoxyuridine suppression values, expressed as percentages 
of maximal incorporation of 3H-thymidine, in incubations with­
out deoxyuridine; b intracellular levels of folate (pmol/ I 06 cells); 
c intracellular levels of dTTP (pmol/ IO~ cells). Shaded columns in­
dicate MTX treatment. The experiments were performed 18 h af· 
ter administration of MTX and/or exposure to nitrous oxide 

dine suppression tests and determinations of intracellular 
folate and dITP. This experimental procedure was repeat­
ed twice, and results of all rats used in this study are pre­
sented together (Fig. 3). 

Deoxyuridine suppression tests (Fig. 3a) show in­
creased disturbance with longer duration of nitrous oxide 
exposure before the administration of MTX. Higher values 
in this test indicate a decreased ability of deoxyuridine to 
suppress the uptake of 3H-thymidine, demonstrating im­
paired de novo synthesis of thymidylate. MTX without ni­
trous oxide treatment is clearly less effective: mean values 
are 12% without nitrous oxide and 25% with 3 days of pre­
treatment. Figure 3 b shows the results of intracellular fo­
late determinations. Both nitrous oxide and MTX de-
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Table 2. Effect of treatment on differential blood cell counts 

Treatment 

None (untreated controls) 

N20, continuous (days 7-18/19) 

MTX, 2 x 0.5 mg/kg (days 10 and 14) 
+ N20, continuous (days 7-18) 

MTX, I x 2 mg/kg (day 10) 
+ N,0, 1x3 days before MTX (days 7-10) 
+ N20, continuous (days 7 -19) 

MTX, 1x4 mg/kg {day 10) 
+ N20, I x 3 days before MTX (days 7- 10) 

Normal BN rats (nonleukemic) 

No. of. 
rats 

8 

6 

4 
4 

3 
3 
4 

4 
4 

5 

Promyelocytes• Lymphocytes• NeutrophiJsa 
(leukemic cells) 

17.4± 1.9 74.4±2.0 8.3± 1.6 

13.5±3.4 83.2±2.7 3.3±0.8 
13.5±2.2 74.5± 1.8 12.0± 1.0 
0.8±0.2 98.3±0.6 1.0±0.4 

30.6± 1.5 65.0± 1.5 4.3± 1.2 
8.0±6.0 90.3±6.2 1.7±0.3 
3.3±0.9 95.5±1.0 1.3±0.2 

13.3 ±3.9 81.5±5.2 5.3± 1.6 
2.0±0.7 97.5±0.9 0.5±0.3 

0 91.4± 1.4 6.0± I.Sb 

• Expressed as percentages of the total number of nucleated cells, counting 200 cells, with indication of SEM 
b With additional 0.4% eosinophils and 2.2% monocytes 

creased folate levels, and the lowest levels are found with 
combined treatment after 2 days of nitrous oxide exposure. 
With 31 days of nitrous oxide exposure it appears that fo­
late contents recover to some extent. Figure 3 c, presenting 
levels of intracellular dTTP, is based upon the last meta­
bolic experiment only, involving eight rats, in contrast to 
the other results. From this experiment it can be concluded 
that dTTP levels in leukemic cells are lowest with com­
bined treatment consisting in MTX and 2 or 3 days' pre­
treatment with nitrous oxide. Nitrous oxide treatment 
alone appears to cause increased levels of dTTP, but it 
should be emphasized that these and other values were ob­
tained I 8 h after exposure and some recovery may have 
occurred. 

Discussion 

Nitrous oxide interferes specifically with the coenzyme 
function of vitamin Bl2 and thereby inactivates methio­
nine synthetase [8]. This severely affects folate metabolism, 
because methionine synthetase is required in the conver­
sion of 5-methyl-THF, the predominant extracellular fo­
late, into THF. This conversion is essential for folate coen­
zyme functions and also for the cellular retention of fo­
Iates. In contrast to other reduced folates, 5-methyl-THF is 
not a substrate for synthesis of folylpolyglutamates, as is 
evident from metabolic studies (23, 27] and from propert­
ies of the purified enzyme [31]. The synthesis of folylpoly­
glutamates is decreased by nitrous oxide (27, 34, 35], which 
explains the serious cellular depletion of folates occurring 
on exposure [25). The decreased availability of reduced fo­
lates impairs folate-dependent synthesis of thymidylate, 
and subsequently reduces DNA synthesis and cellular pro­
liferation. The inhibition of leukemic growth by nitrous 
oxide in vitro has been demonstrated [18], and in a previ­
ous study we described in vivo antileukemic effects of ni­
trous oxide in rats [20). We also showed that these effects 
were enhanced in combined treatment with cycloleucine, 
which inhibits the conversion of methionine into S-adeno­
sylmethionine and indirectly interferes with folate metab­
oilism [l 9J. A number of studies have investigated the com­
bination of nitrous oxide, as a vitamin Bl2-inactivating 
agent, and MTX, as a typical folate antagonist. Kano et al. 
[171 have demonstrated synergistic effects with regard to 

inhibition of thymidylate synthesis in normal human bone 
marrow. Black and Tephly [4] compared metabolic effects 
of both agents in rat liver cells. The inhibition of methio­
nine synthetase by nitrous oxide considerably decreased 
the availability of THF while the inhibition of DHF reduc­
tase by MTX was much less effective. This difference 
probably can be explained by the low activity of thymidy­
late synthetase in liver cells. Dudman et al. [IO] found in­
creased sensitivity of leukemic cell lines to MTX with ni­
trous oxide-induced inhibition of methionine synthetase, 
which was further exploited by the use of 5-methyl-THF 
instead of 5-formyl-THF as a rescue agent. 

The present study shows effects of combined therapy 
with nitrous oxide and MTX on in vivo growth and meta­
bolism of rat leukemia. The exposure of rats to nitrous ox­
ide enhanced inhibition of leukemic growth by low doses 
of MTX. A period of exposure before the administration 
of MTX (pretreatment) appeared essential for this effect. 
The effects on leukemic infiltration in spleen and liver 
correlated well with hematologic results (total and differ­
ential leukocyte counts) and with determinations of vita­
min Bl2 in plasma. An interesting feature of this leukemia 
is a continuous rise of vitamin 812 levels in the course of 
leukemic growth [20], which is also observed in human 
acute promyelocytic .leukemia [36]. Plasma vitamin 812 
can be used as a kind of tumor marker, and treatment 
leads to reduced levels. The particularly striking decrease 
caused by nitrous oxide, however, is explained by its spe­
cific effect on cobalamin. Analogues of cobalamin are 
formed after oxidation and are excreted rapidly [33]. In 
addition to effects on leukemic growth, some metabolic 
aspects of this interaction were studied in leukemic cells 
after in vivo treatment of rats. On the basis of the results 
discussed before, pretreatment with nitrous oxide was ad­
ministered for periods up to 3 days. Deoxyuridine sup­
pression tests demonstrated increased disturbance of de 
novo synthesis of thymidylate with longer duration of ni­
trous oxide pretreatment before MTX. Treatment with a 
single agent was clearly less effective. Simultaneous deter­
mination of intracellular folates, to confirm the presumed 
cellular folate depletion, indeed showed a decrease in fo­
late content, particularly with combined treatment. Some 
comments on these folate measurements are warranted, 
however. In the radioisotope competitive binding assay the 
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~-lactoglobulin folate binder is used, and probably not all 
relevant folate derivatives show the same affinity for this 
binder. Our own observations (not included in this study) 
indicated that 5-methyl-THF has slightly lower affinity 
than THF. As these folates are intracellularly predominant 
[4, 29], the observed decrease in total folate content could 
also be explained, at least partially. by a shift of fol ates 
from THF toward 5-methyl-THF. This, however, is func­
tionally about equivalent, because the conversion of 5-me-

. thyl-THF is blocked on nitrous oxide exposure, as dis­
cussed before. Moreover, the results of this folate radioas­
say in the measurement of tissue folates were recently 
found to be comparable to microbiological assays [26]. 
Changes in cellular folate on nitrous oxide exposure in our 
study are similar to earlier observations [25, 35], including 
an indication of recovery at more than 2 days of exposure, 
an adaptive mechanism which is not yet understood. Fi­
nally, decreased dITP levels show that the impairment of 
folate-dependent synthesis of thymidylate has noticeable 
effects on this direct precursor of DNA. Considered to­
gether, the findings in metabolic experiments are in ac­
cordance with the results of studies directed at inhibition 
of growth, showing maximum effects after about 3 days of 
pretreatment with nitrous oxide before MTX. 

Several potential mechanisms could explain the results 
of this interaction. First, a reduction of intracellular folates 
by nitrous oxide pretreatment can obviously induce grea­
ter susceptibility to folate antagonists [16). A second me­
chanism is closely related and concerns the reduced syn­
thesis of folylpolyglutamates on nitrous oxide exposure. 
Polyglutamation of MTX, leading to increased activity 
and cellular retention [15), occurs in competition with nor­
mal folate substrates [3, 16]. In cells pretreated with nitrous 
oxide a larger proportion of MTX may be converted into 
polyglutamate forms. A third potential mechanism to ex­
plain the results relates to the observed marked increase in 
activity of thymidylate synthetase, after nitrous oxide ex­
posure of up to 3 days [9]. It is well established that thy­
midylate synthetase has a central role in mediating the 
cytotoxic effects of MTX [32, 41], because this enzyme ac­
tually causes THF depletion by its conversion of reduced 
folates into DHF. Increased activity of this enzyme, as a 
possible adaptation to nitrous oxide treatment, thus may 
result in enhanced effects of MTX. All these mechanisms 
can explain the observed importance of pretreatment with 
nitrous oxide before MTX. 

The results presented in this study demonstrate that in 
vivo metabolic manipulation of leukemic cells with nitrous 
oxide can enhance metabolic and therapeutic effects of 
MTX. The clinical relevance of this interaction is illustrat­
ed by the recent observation of increased toxicity of adju­
vant chemotherapy involving MTX started directly post­
operatively [24], which the authors attributed to inactiva­
tion of vitamin 812 by nitrous oxide during anesthesia. 
Our findings lend support to this suggestion. In experi­
mental chemotherapy, the inactivation of vitamin 812 re­
presents a new method to enhance activity of MTX. The 
relative contributions of increased polyglutamation of 
MTX, and increased activity of thymidylate synthetase, 
should be subjects of further research. It also remains to be 
demonstrated that the effects described are applicable to 
human leukemia, but it is known that man is more sus­
ceptible to vitamin 812 deficiency than any animal [6]. 
Finally, these results indicate the significance of vitamin 
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B 12 in leukemic proliferation and the value of vitamin 
812-related metabolism as an additional target in cancer 
chemotherapy. 

References 

I. Amess JAL, Burman JF, Ress GM, Nancekievill DG, Mollin 
DL (1978 Megaloblastic haemopoiesis in patients receiving 
nitrous oxide. Lancet 2: 339 

2. Banks RGS, Henderson RJ, Pratt JM (1968) Reactions of 
gases in solution: III. Some reactions of nitrous oxide with 
transition-metal complexes. J Chem Soc [A] 12: 2886 

3. Harford PA, Blair JA, Malghani MAK (1980) The effect of 
methotrexate on folate metabolism in the rat. Br J Cancer 41: 
816 

4. Black KA, Tephly TR (1983) Effects of nitrous oxide and 
methotrexate administration on hepatic methionine synthe­
tase and dihydrofolate reductase activities, hepatic folates, 
and formate oxidation in rats. Mot Pharmacol 23: 724 

5. Bruckner HW, Schreiber C, Waxman S (1975) Interaction of 
chemotherapeutic agents with methotrexate and 5-fluoroura­
cil and its effect on de novo DNA synthesis. Cancer Res 35: 
801 

6. Chanarin I (1982) The effects of nitrous oxide on cobalamins, 
folates, and on related events. CRC Crit Rev Toxicol 10: 179 

7. Deacon R, Lumb M, Perry J, Chanarin I, Minty B, Halsey 
MJ, Nunn JF (1978) Selective inactivation of vitamin Bl2 in 
rats by nitrous oxide. Lancet 2: 1023 

8. Deacon R, Lumb M, Perry J, Chanarin I, Minty B, Halsey M, 
Nunn J (1980) Inactivation of methionine synthetase by ni­
trous oxide. Eur J Biochem 104: 419 

9. Deacon R, Perry J, Lumb M, Chanarin I (1981) The effect of 
nitrous oxide-induced inactivation of vitamin 812 on 
thymidylate synthetase activity of rat bone marrow cells. 
Biochem Biophys Res Commun 102: 215 

10. Dudman NPB, Slowiaczek P, Tattersall MHN (1982) Metho­
trexate rescue by 5-methyltetrahydrofolate or 5-formyltetrahy­
drofolate in lymphoblast cell lines. Cancer Res 42: 502 

11. Dunn RT, Foster LB (1973) Radioassay of serum folate. Clio 
Chem 19: 1101 

12. Hagenbeek A, Van Bekkum DW (eds) (1977) Proceedings of a 
workshop on comparative evaluation of the L5222 and the 
BNML rat leukaemia' models and their relevance for human 
acute leukaemia. Leukemia Res 1 : 75 

13. Hunting D, Henderson JF (1981) Determination of deoxy­
ribonucleoside triphosphates using DNA polymerase: a crit­
ical evaluation. Can J Biochem 59: 723 

14. Jolivet J, Cowan KH, Curt GA, Clendeninn NJ, Chabner BA 
(1983) The pharmacology and clinical use of methotrexate. N 
Engl J Med 309: 1094 

15. Jolivet J, Schilsky RL, Bailey BD, Drake JC, Chabner BA 
(1982) Synthesis, retention and biological activity of metho­
trexate polyglutamates in cultured human breast cancer cells. 
J Clin Invest 70: 351 

16. Kamen BA, Nylen PA, Camitta BM, Bertino JR (1981) 
Methotrexate accumulation and folate depletion in cells as a 
possible mechanism of chronic toxicity to the drug. Br J 
Haematol 49: 355 

17. Kano Y, Sakamoto S, Sakuraya K, Kubota T, Hida K, Suda 
K, Takaku F (1981) Effect of nitrous oxide on human bone 
marrow cells and its synergistic effect with methionine and 
methotrexate on functional folate deficiency. Cancer Res 41: 
4698 

18. Kano Y, Sakamoto S, Sakuraya K, Kubota T, Kasahara T, 
Hida K, Suda K, Takaku F (1983) Effects of nitrous oxide on 
human cell lines. Cancer Res 43: 1493 

19. Kroes ACM, Lindemans J, Abels J (1984) Synergistic growth 
inhibiting effect of nitrous oxide and cycloleucine in experi­
mental rat leukaemia. Br J Cancer 50: 793 

Sandoz Inc. 
Exhibit 1002-00352 

Teva – Fresenius 
Exhibit 1002-00352



120 

20. Kroes ACM, Lindemans J, Hagenbeek A, Abels J (1984) 
Nitrous oxide reduces growth of experimental rat leukemia. 
Leukemia Res 8: 441 

21. Lassen HCA, Henriksen E, Neukirch F, Kristensen HS (1956) 
Treatment of tetanus. Severe bone marrow depression after 
prolonged nitrous-oxide anaesthesia. Lancet l: 527 

22. Lau KS, Gottlieb C, Wasserman LR, Herbert V (1965) Mea­
surement of serum vitamin B 12 level using radioisotope dilu­
tion and coated charcoal. Blood 26: 202 

23. Lavoie A, Tripp E, Hoffbrand AV (1974) The effect of vita­
min 812 deficiency on methylfolate metabolism and pteroyl­
polyglutamate synthesis in human cells. Clin Sci Mol Med 47: 
617 

24. Ludwig Breast Cancer Study Group (1983) Toxic effects of 
early adjuvant chemotherapy for breast cancer. Lancet 2: 542 

25. Lumb M, Perry J, Deacon R, Chanarin I (1981) Changes in 
tissue tolates accompanying nitrous oxide-induced inactiva­
tion of vitamin Bl2 in the rat. Am J Clin Nutr 34: 2412 

26. Mandella R, DePaola DP (1984) Measurement of tissue 
folates: a comparison of radioassay and microbiological 
methods. Nutr Res 4: 521 

27. McGing P, Reed B, Weir DG, Scott JM (1978) The effect of 
vitamin Bl2 inhibition in vivo: impaired folate polyglutamate 
biosynthesis indicating that 5-methyltetrahydropteroylgluta­
mate is not its usual substrate. Biochem Biophys Res Com­
mun 82: 540 

28. McKenna B, Weir DG, Scott JM (1980) The induction of 
functional vitamin 812-deficiency in rats by exposure to ni­
trous oxide. Biochim Biophys Acta 628: 314 

29. McMartin KE, Virayotha V, Tephly TR (1981) High-pressure 
liquid chromatography separation and determination of rat 
liver folates. Arch Biochem Biophys 209: 127 

30. Metz J, Kelly A, Sweet VC, Waxman S, Herbert V (1968) 
Deranged DNA synthesis by bone marrow from vitamin 812-
deficient humans. Br J Haematol 14: 575 

31. Moran RG, Colman PD (1984) Mammalian folyl polygluta­
mate synthetase: partial purification and properties of the 
mouse liver enyzme. Biochemistry 23: 4580 

32. Moran RG, Mulkins M, Heidelberger C (1979) Role of thy­
midylate synthetase activity in development of methotrexate 
cytotoxicity. Proc Natl Acad Sci USA 76: 5924 

33. Muir M, Chanarin I (1984) Conversion of endogenous cobal­
amins into microbiologically-inactive cobalamin analogues in 
rats by exposure to nitrous oxide. Br J Haematol 58: 517 

34. Perry J, Chanarin I, Deacon R, Lumb M (1983) Chronic co­
balamin inactivation impairs folate polyglutamate synthesis 
in the rat. J Clio Invest 71: 1183 

35. Perry J, Chanarin I, Deacon R, Lumb M (1985) Folate poly­
glutamate synthetase activity in the cobalamin-inactivated rat. 
Biochem J 227: 73 

36. Rachmilewitz D, Rachmilewitz EA, Poliack A, Hershko C 
(1972) Acute promyelocytic leukaemia: a report of five cases 
with a comment on the diagnostic significance of serum vi­
tamin BIZ determination. Br J Haematol 22: 87 

37. Rupreht J, Dzoljic MR (1982) Elimination of irritating 
compounds during chronic exposure to gases. J Pharmacol 
Methods 8: 109 

38. Skacel PO, Hewlett AM, Lewis JD, Lumb M, Nunn JF, 
Chanarin I (1983) Studies on the haemopoietic toxicity of ni­
trous oxide in man. Br J Haematol 53: 189 

39. Solter AW, Handschumacher RE (1969) A rapid quantitative 
determination of deoxyribonucleoside triphosphates based on 
the enzymatic synthesis of DNA. Biochim Biophys Acta 174: 
585 

40. Van Bekkum DW, Hagenbeek A (1977) Relevance of the BN 
leukemia as a model for human acute myeloid leukemia. 
Blood Cells 3: 565 

41. Washtien WL (1982) Thymidylate synthetase levels as a factor 
in 5-fluorodeoxyuridine and methotrexate cytotoxicity in gas­
trointestinal tumor cells. Mo! Pharmacol 21: 723 

42. Wickramasinghe SN (1981) The deoxyuridine suppression 
test: a review of its clinical and research applications. Clin 
Lab Haematol 3: I 

Received July 31, 1985/Accepted December 3, 1985 

Sandoz Inc. 
Exhibit 1002-00353 

Teva – Fresenius 
Exhibit 1002-00353



Electronic Patent Application Fee Transmittal 

Application Number: 11776329 

Filing Date: 11-Jul-2007 

Title of Invention: NOVEL ANTIFOLATE COMBINATION THERAPIES 

First Named Inventor/Applicant Name: Clet Niyikiza 

Filer: John A. Cleveland/Lisa Capps 

Attorney Docket Number: X14173B 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Sandoz Inc. 
Exhibit 1002-00354 

Teva – Fresenius 
Exhibit 1002-00354



Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Submission- Information Disclosure Stmt 1806 1 180 180 

Total in USO($) 180 

Sandoz Inc. 
Exhibit 1002-00355 

Teva – Fresenius 
Exhibit 1002-00355



Electronic Acknowledgement Receipt 

EFSID: 5267473 

Application Number: 11776329 

International Application Number: 

Confirmation Number: 6568 

Title of Invention: NOVEL ANTIFOLATE COMBINATION THERAPIES 

First Named Inventor/Applicant Name: Clet Niyikiza 

Customer Number: 25885 

Filer: John A. Cleveland/Lisa Capps 

Filer Authorized By: John A. Cleveland 

Attorney Docket Number: X14173B 

Receipt Date: 04-MAY-2009 

Filing Date: 11-JUL-2007 

Time Stamp: 13:51:11 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $180 

RAM confirmation Number 8339 

Deposit Account 050840 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

Sandoz Inc. 
Exhibit 1002-00356 

Teva – Fresenius 
Exhibit 1002-00356



File Listing: 

Document 
Document Description File Name 

File Size( Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

107974 

1 
Xl 4173BResponsetoOfficeActio 

yes 6 
n.pdf 

1 06bca2524c0b2c6d 3 3 ab6025 9 3f6d4a0a 2 
76cec 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment/Req. Reconsideration-After Non-Final Reject 1 1 

Claims 2 3 

Applicant Arguments/Remarks Made in an Amendment 4 6 

Warnings: 

Information: 

63433 

2 Transmittal Letter Xl 4173BIDS.pdf no 2 
42c011576465e495e84cf4c5df64867 c6d1 8 

SOfc 

Warnings: 

Information: 

3 
Information Disclosure Statement (IDS) 

X14173BForm1449.pdf 
Filed (SB/08) 

94780 

no 2 
3d372e423f79d7a9748d724bad969515d7c 

1e065 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

4670342 

4 Foreign Reference Xl 4173B_BA.pdf no 102 
Oa 1 d5705afaa4d5ec80d0b2a461 03efa7f97 

8318 

Warnings: 

Information: 

489414 

5 NPL Documents Xl 4173B_CA.pdf no 5 
5067a69ab4fa754dbf578136f1 ee3b9ce319 

7b78 

Warnings: 

Information: 

343042 

6 NPL Documents Xl 4173B_CB.pdf no 4 
e44 79eafa 33 2 64 78e86e 3d 0884af2b 72d 2c( 

SdfS 

Warnings: 

Information: 

Sandoz Inc. 
Exhibit 1002-00357 

Teva – Fresenius 
Exhibit 1002-00357



263102 

7 NPL Documents Xl 4173B_CC.pdf no 4 
lb 1ff75040 7bc797 5 fb0a06dfa d2 006fcb 7 d 

dd 

Warnings: 

Information: 

412088 

8 NPL Documents Xl 4173B_CD.pdf no 6 
9fc7805d20162418a566b54a310241 a0c25 

37b58 

Warnings: 

Information: 

986409 

9 NPL Documents Xl 4173B_CE.pdf no 4 
473d33dd66f29168002f99923352a7b2296 

3e83b 

Warnings: 

Information: 

492089 

10 NPL Documents Xl 4173B_CF.pdf no 7 
7 caf2773b9a8fbefee633ca53cc54931278f0 

e01 

Warnings: 

Information: 

474729 

11 NPL Documents Xl 4173B_CG.pdf no 5 
f3 03 b2 79 7fa32ede 58b6 73 68d 3 02f54 5891 t' 

e167 

Warnings: 

Information: 

805699 

12 NPL Documents Xl 4173B_CH.pdf no 7 
80664 7df60ac62d65838b3ca717c87b61 bS 

0223d 

Warnings: 

Information: 

355708 

13 NPL Documents X14173B_Cl.pdf no 5 
3 284 f4e625 7 4 3 e3 617 a825b4 5947ea8c2d1 

95aa0 

Warnings: 

Information: 

1173724 

14 NPL Documents Xl 4173B_CJ.pdf no 19 
d888574719ea 1 e5c023836b7d78c99613d( 

e8d6a 

Warnings: 

Information: 

613239 

15 NPL Documents Xl 4173B_CK.pdf no 6 
6b 7723 Obd42df7 4c 425 52 7 5 da3 08fce5 e6d 

d49ec 

Warnings: 

Information: 

Sandoz Inc. 
Exhibit 1002-00358 

Teva – Fresenius 
Exhibit 1002-00358



741163 

16 NPL Documents Xl 4173B_CL.pdf no 7 
ae86e 721fa3d454d df7 4086d b 17 cl f9 344 5 ( 

1821 

Warnings: 

Information: 

266022 

17 NPL Documents Xl 4173B_CM.pdf no 4 
Oeb5f04c1 a31507c60c8135318ef8f00364e 

027c 

Warnings: 

Information: 

292186 

18 NPL Documents Xl 4173B_CN.pdf no 6 
61f17904afd519c8fde11fe379f6a474756c4 

e06 

Warnings: 

Information: 

30593 

19 Fee Worksheet (PT0-875) fee-info.pdf no 2 
1a1378e5eb3d3884d62c60231 ba7f3caf2d 

056b1 

Warnings: 

Information: 

Total Files Size (in bytes) 12675736 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

Sandoz Inc. 
Exhibit 1002-00359 

Teva – Fresenius 
Exhibit 1002-00359



Sheet 1 of 2 

NOT A USPTO FORM Atty. Docket No. Serial No 
X14173B 11/776329 

INFORMATION DISCLOSURE CITATION First Applicant 
IN AN APPLICATION Clet Niyikiza 

Application Date Group Art Unit 
July 11, 2007 
US N at'l Entry (if applicable) 1614 

U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, 
Initials* No. l Number-Kind Code2 (if known) MM-DD-YYYY Applicant of Cited Document Where Relevant Pages 

or Relevant Figures 
Appear 

AA us 

FOREIGN PATENT DOCUMENTS 

Examiner Cite Foreign Patent Document Name of Patentee or T6 
Initials* No. 1 Applicant of Cited Pages, Columns, Lines, Where 

Country Code3 -Number 4- Publication Date Document Relevant Passages or Relevant 
Kind Code5 (if known) MM-DD-YYYY Figures Appear 

BA WO 95/27723 10-19-1995 

NON PATENT LITERATURE DOCUMENTS 
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item T6 
Initials* No. l (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s) publisher, 

city and/or country where published. 

CA POYDOCK M. Effect of combined ascorbic acid and B-12 on survival of mice with 
implanted Ehrlich carcinoma and L 1210 leukemia. Am J Clin Nu tr 1991; 54: 
1261S-5S, 

CB POYDOCK M, et al. Mitogenic inhibition and effect on survival of mice bearing 
L1210 leukemia using a combination of dehydroascorbic acid and hydroxycobalamin. 
Am J Clin Oncol 1985; 8: 2666-269. 

cc POYDOCK M, et al. Influence of Vitamins C and B 12 on the Survival Rate of Mice 
Bearing Ascites Tumor. Expl Cell Biol 1982; 50:88-91. 

CD TOOHEY J. Dehydroascorbic acid as an anti-cancer agent. Cancer Letters 2008; 
263:164-169. 

CE SALLAH S, et al. Intrathecal methotrexate-induced megaloblastic anemia in patients 
with acute leukemia. Archives of Pathology & Laboratory Medicine 1999; 123(9): 
774-777. 

CF NISHIZA WAY, et al. Effects of methylcobalamin on the proliferation of androgen-
sensitive or estrogen-sensitive malignant cells in culture and in vivo. International 
Journal for Vitamin and Nutrition Research 1997; 67(3): 164-170. 

CG TSAO C, et al. Influence of cobalamin on the survival of mice bearing ascites tumor. 
Pathobiology 1993; 61(2): 104-.8 

CH KAMEI T, et al. Experimental study of the therapeutic effects of folate, vitamin A, 
and vitamin B12 on squamous metaplasia of the bronchial epithelium. Cancer 1993; 
71(8): 2477-83. 

CI SHIMIZU N, et al. Experimental study of antitumor effect ofmethyl-B12. Oncology 
1987;44(3): 169-73. 

CJ HERBERT, V. The role of vitamin B12 and folate in carcinogenesis. Advances in 
Experimental Medicine and Biology 1986; 206 (Essent. Nutr. Carcinog.), 293-311. 

CK KROES A, et al. Effects of 5-fluorouracil treatment of rat leukemia with concomitant 
inactivation ofcobalamin. Anticancer Research 1986; 6(4): 737-42. 

Sandoz Inc. 
Exhibit 1002-00360 

Teva – Fresenius 
Exhibit 1002-00360



Sheet 2 of 2 

NOT A USPTO FORM Atty. Docket No. Serial No 
X14173B 11/776329 

INFORMATION DISCLOSURE CITATION First Applicant 
IN AN APPLICATION Clet Niyikiza 

Application Date Group Art Unit 
July 11, 2007 
US N at'l Entry (if applicable) 1614 

CL KROES A, et al. Enhanced therapeutic effect ofmethotrexate in experimental rat 
leukemia after inactivation of cobalamin (vitamin B 12) by nitrous oxide. Cancer 
Chemotherapy and Pharmacology 1986; 17(2): 114-20. 

CM BARAK A. Vitamin B12 as a possible adjunct in prevention ofmethotrexate 
hepatotoxicity. Biochemical Archives 1985; 1(3): 139-42. 

CN HERBERT V. The inhibition and promotion of cancers by folic acid, vitamin B 12, 
and their antagonists. ACS Symposium Series (1985); 277(Xenobiot. Metab.: Nutr. 
Eff.), 31-6. 

co 

Examiner I Date Considered I 
Signature 
*EXAMINER: Imtml if reference considered, whether or not c1tat10n ts m conformance with :MPEP 609. Draw lrne through citation tfnot rn conformance and not considered. Include copy of 
this form with next communication to applicant 
1Applicant's unique citation designation number (optional). 2 See Kinds Codes ofUSPTO Patent Documents at www.usnto.u•JV or MPEP 901.04. 3Enter Office that issued the document, by the 

two-letter code (WIPO Standard ST.3). 4For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document 5Kind of 

document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check markhere if English language Translation is attached. 
Burden Hours Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. 
Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC 20231. DO 
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

Sandoz Inc. 
Exhibit 1002-00361 

Teva – Fresenius 
Exhibit 1002-00361



PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. OMB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PT0-875 11/776,329 07/11/2007 D To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY D OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

D BASIC FEE N/A N/A N/A N/A 
(37CFR1.16(a), (b), or (c)) 

D SEARCH FEE 
(37CFR1.16(k), (i), or (m)) 

N/A N/A N/A N/A 

D EXAMINATION FEE 
(37CFR1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* x $ = OR x $ = (37 CFR 1.16(i)) minus 20 = 

INDEPENDENT CLAIMS 
* x $ = x $ = (37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 

0APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1)(G) and 37 CFR 1.16(s). 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

05/04/2009 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
I- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) * 23 Minus ** 20 = 3 x $ = OR x $52= 156 
0 Independent z * 1 Minus ***3 = 0 x $ = OR x $220= 0 w 137 CFR 1.161h\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 156 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

I-
AMENDMENT PAID FOR 

z Total (37 CFR 
* Minus ** = x $ = OR x $ = w 1.16(i\\ 

~ Independent 
* Minus *** = x $ = OR x $ = 

0 (37 CFR 1.16(hll 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /BRENDA MURPHY/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information 1s required by 37 CFR 1.16. The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 

Sandoz Inc. 
Exhibit 1002-00362 

Teva – Fresenius 
Exhibit 1002-00362



Document code: WFEE 

BMURPHY 

United States Patent and Trademark Office 
Sales Receipt for Accounting Date: 06/26/2009 

SALE #00000002 Mailroom Dt: 05/04/2009 050840 11776329 
01 FC : 1202 156.00 DA 

Sandoz Inc. 
Exhibit 1002-00363 

Teva – Fresenius 
Exhibit 1002-00363



UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

111776,329 07/11/2007 Clet Niyikiza 

25885 7590 09/08/2009 

ELI LILLY & COMPANY 
PAIBNT DIVISION 
P.O. BOX 6288 
INDIANAPOLIS, IN 46206-6288 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

Xl4173B 6568 

EXAMINER 

WEDDINGTON, KEVIN E 

ART UNIT PAPER NUMBER 

1614 

NOTIFICATION DATE DELIVERY MODE 

09/08/2009 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address( es): 

patents@ lilly .com 

PTOL-90A (Rev. 04/07) 

Sandoz Inc. 
Exhibit 1002-00364 

Teva – Fresenius 
Exhibit 1002-00364



Application No. Applicant(s) 

11/776,329 NIYIKIZA ET AL. 

Office Action Summary Examiner Art Unit 

KEVIN WEDDINGTON 1614 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;l_ MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZ! Responsive to communication(s) filed on 04 Mav 2009. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[8J Claim(s) 40-52 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 40-52 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*See the attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 5-4-09. 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090901 
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Claims 40-52 are presented for examination. 

Applicants' amendment, response and information disclosure statement filed May 

4, 2009 have been received and entered. 

Accordingly, the rejection made under 35 USC 112, first paragraph (Written 

Description) as set forth in the previous Office action dated February 18, 2009 at pages 

2-4 as applied to claim 45 is hereby withdrawn because the applicants amended claim 

45 to recite the preferred folic-binding protein agent. 

Accordingly, the rejection made under 35 USC 112, second paragraph as set 

forth in the previous Office action dated February 18, 2009 at page 4 as applied to 

claims 40-52 is hereby withdrawn because the applicants amended claim 40 by the 

insertion of -lowering agent--. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 
2. Ascertaining the differences between the prior art and the claims at issue. 
3. Resolving the level of ordinary skill in the pertinent art. 
4. Considering objective evidence present in the application indicating 

obviousness or nonobviousness. 
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This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 

not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

Claims 40-52 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Taylor (5,344,932) of PT0-1449 in view of Tsao et al., "Influence of Cobalamin on the 

Survival of Mice Bearing Ascites Tumor", Pathobiology, Vol. 61, No. 2, pp. 104-108 

(1993) of PT0-1449, further in view of Worzalla et al., Anticancer Research, Vol. 18, 

No. 5, pp. 3255-3239 of PT0-1449, and further in view of Cleare et al. (4, 149,707). 

Taylor teaches N-(pyrrolo(2,3-D)pyrimidin-3-ylacyl)-glutamic acid derivatives 

which includes LY 2315 (pemetrexe) and LY 231514-disodium (pemetrexed disodium) 

are effective an antineoplastic agents to inhibit the growth of tumors (see column 8, 

lines 57-63). Note particularly column 8, lines 64-68 states that other antineoplastic 

agents can be combined with LY 231514. Note particularly column 9, line 1 shows the 

various modes of administration such as parenteral routes (intramuscular) and oral. 

The instant invention differs from the cited reference in that the cited reference 

does not teach the addition of a methylmalonic acid lowering agent. However, the 
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secondary reference, Tsao et al., teaches a methylmalonic acid lowering agent such as 

cobalamin (vitamin 812) is effective as having antitumor activity (see the abstract). 

The instant invention differs from the cited references in that the cited references 

do not teach the addition of a folic-binding-protein agent. However, the tertiary 

reference, Worzalla et al., teaches the supplementation of folic acid with LY 231513 to 

enhance LY 231514 antitumor activity. 

The instant invention differs from the cited references in that the cited references 

do not teach the addition of cisplatin. However, the quaternary reference, Cleare et al., 

teaches malonato platinum anti-tumor compounds such as cisplatin to treat malignant 

tumors (see the abstract). 

Clearly, one skilled in the art would have assumed the combination of three 

antineoplastic agents into a single composition would give an additive effect in the 

absence of evidence to the contrary. 

The instant invention differ from the cited references in that the cited references 

do not teach the applicants' preferred dosage range for the methylmalonic acid lowering 

agent. However, those skilled in the art would have been readily optimized effective 

dosages and concurrent administration dosage forms as determined by good medical 

practice and the clinical condition of the individual patient. Regardless of the manner of 

administration, the specific dose may be calculated according to body weight, body 

surface area or organ size. Further refinement of the calculations necessary to 

determine the appropriate dosage for treatment involving each of the above mentioned 
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Application/Control Number: 11/776,329 

Art Unit: 1614 

Page 5 

formulations is routinely made by those skilled in the art and is within the ability of tasks 

routinely performed by them without undue experimentation. 

Claims 40-52 are not allowed. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to KEVIN WEDDINGTON whose telephone number is 

(571 )272-0587. The examiner can normally be reached on 12:30 pm - 9:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ardin Marschel can be reached on (571 )272-0718. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/KEVIN WEDDINGTON/ 
Primary Examiner, Art Unit 1614 

KEVIN WEDDINGTON 
Primary Examiner 
Art Un it 1 614 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 11776329 NIYIKIZA ET AL. 

Examiner Art Unit 

Kevin E Weddington 1614 

Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 

CLAIM DATE 
Final Original 02/11/2009 09/01/2009 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Index of Claims 11776329 NIYIKIZA ET AL. 

Examiner Art Unit 

Kevin E Weddington 1614 

Rejected Cancelled N Non-Elected A Appeal 

= Allowed Restricted Interference 0 Objected 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 

CLAIM DATE 
Final Original 02/11/2009 09/01/2009 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

Search Notes 11776329 NIYIKIZA ET AL. 

Examiner Art Unit 

Kevin E Weddington 1614 

SEARCHED 

Class Subclass Date Examiner 
514 52 2/11/09 KEW 
514 77 2/11/09 KEW 
514 249 2/11/09 KEW 
514 251 2/11/09 KEW 
514 265.1 2/11/09 KEW 

SEARCH NOTES 

Search Notes Date Examiner 
Consultation with parent applications, 10/297,821 and 11/288,807 2/11/09 KEW 
EAST and PALM for Inventors' Names 2/11/09 KEW 
GAS-ONLINE search with MEDLINE, CA and USPATALL 9/1/2009 KEW 

INTERFERENCE SEARCH 

Class I Subclass I Date I Examiner 
5 I I I 

U.S. Patent and Trademark Office Part of Paper No. : 20090901 
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STN Columbus 

* * * * * * * * * * Welcome to STN International * * * * * * * * * * 

NEWS 
NEWS 
NEWS 

1 
2 
3 

NEWS 4 
NEWS 5 
NEWS 6 

NEWS 7 

NEWS 8 

NEWS 9 
NEWS 10 
NEWS 11 
NEWS 12 

NEWS 13 
NEWS 14 

NEWS 15 

NEWS 16 

NEWS 17 
NEWS 18 

DEC 01 
JUN 01 

JUN 26 
JUN 29 
JUN 29 

JUL 09 

JUL 14 

JUL 27 
JUL 16 
JUL 21 
JUL 28 

JUL 28 
AUG 10 

AUG 17 

AUG 18 

AUG 24 
AUG 24 

Web Page for STN Seminar Schedule - N. America 
ChemPort single article sales feature unavailable 
CAS REGISTRY Source of Registration (SR) searching 
enhanced on STN 
NUTRACEUT and PHARMAML no longer updated 
IMSCOPROFILE now reloaded monthly 
EPFULL adds Simultaneous Left and Right Truncation 
(SLART) to AB, MCLM, and TI fields 
PATDPAFULL adds Simultaneous Left and Right 
Truncation (SLART) to AB, CLM, MCLM, and TI fields 
USGENE enhances coverage of patent sequence location 
(PSL) data 
CA/CAplus enhanced with new citing references 
GBFULL adds patent backfile data to 1855 
USGENE adds bibliographic and sequence information 
EPFULL adds first-page images and applicant-cited 
references 
INPADOCDB and INPAFAMDB add Russian legal status data 
Time limit for inactive STN sessions doubles to 40 
minutes 
CAS REGISTRY, the Global Standard for Chemical 
Research, Approaches 50 Millionth Registration 
Milestone 
COMPENDEX indexing changed for the Corporate Source 
(CS) field 
ENCOMPLIT/ENCOMPLIT2 reloaded and enhanced 
CA/CAplus enhanced with legal status information for 
U.S. patents 

NEWS EXPRESS MAY 26 09 CURRENT WINDOWS VERSION IS V8.4, 

NEWS HOURS 
NEWS LOGIN 

AND CURRENT DISCOVER FILE IS DATED 06 APRIL 2009. 

STN Operating Hours Plus Help Desk Availability 
Welcome Banner and News Items 

Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN customer 
agreement. This agreement limits use to scientific research. Use 
for software development or design, implementation of commercial 
gateways, or use of CAS and STN data in the building of commercial 
products is prohibited and may result in loss of user privileges 
and other penalties. 

* * * * * * * * * * * * * * STN Columbus * * * * * * * * * * * * * * * 

FILE 'HOME' ENTERED AT 23:24:07 ON 31 AUG 2009 

=> file reg 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

SINCE FILE 
ENTRY 

0.22 

FILE 'REGISTRY' ENTERED AT 23:24:20 ON 31 AUG 2009 
USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 
PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 
COPYRIGHT (C) 2009 American Chemical Society (ACS) 

TOTAL 
SESSION 

0.22 

Property values tagged with IC are from the ZIC/VINITI data file 
provided by InfoChem. 

STRUCTURE FILE UPDATES: 
DICTIONARY FILE UPDATES: 

30 AUG 2009 
30 AUG 2009 

HIGHEST RN 1178163-40-0 
HIGHEST RN 1178163-40-0 
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New CAS Information Use Policies, enter HELP USAGETERMS for details. 

TSCA INFORMATION NOW CURRENT THROUGH June 26, 2009. 

Please note that search-term pricing does apply when 
conducting SmartSELECT searches. 

REGISTRY includes numerically searchable data for experimental and 
predicted properties as well as tags indicating availability of 
experimental property data in the original document. For information 
on property searching in REGISTRY, refer to: 

ht tQ: //www.cas.org/ stm.Qort I stnaen/ stndocJproDerties. html 

=> e vitamin 
El 
E2 
E3 
E4 
ES 
E6 
E7 

ES 

E9 

ElO 

Ell 

El2 

=> s e3 
Ll 

=> d 

bl2/cn 
1 VITAMIN Bl-VITAMIN B2-VITAMIN PP COMPLEX/CN 
1 VITAMIN Bl-VITAMIN C MIXT./CN 
1 --> VITAMIN Bl2/CN 
1 VITAMIN Bl2 (2-(METHYLTHIO)HYPOXANTHINE ANALOG)/CN 
1 VITAMIN Bl2 (BENZOTRIAZOLE ANALOG)/CN 
1 VITAMIN Bl2 5-HYDROXYBENZIMIDAZOLE ANALOG/CN 
1 VITAMIN Bl2 ABC TRANSPORT ATP-BINDING PROTEIN (SALMONELLA EN 

TERICA TYPHI STRAIN CT18 GENE STY1768)/CN 
1 VITAMIN Bl2 ABC TRANSPORT ATP-BINDING PROTEIN (SALMONELLA EN 

TERICA TYPHI STRAIN TY2 GENE BTUD)/CN 
1 VITAMIN Bl2 ABC TRANSPORTER, ATP-BINDING PROTEIN BTUD (PHOTO 

BACTERIUM PROFUNDUM STRAIN SS9 GENE SF1522)/CN 
1 VITAMIN Bl2 ABC TRANSPORTER, ATP-BINDING PROTEIN BTUD (VIBRI 

0 CHOLERAE STRAIN Nl6961 GENE VC1245)/CN 
1 VITAMIN Bl2 ABC TRANSPORTER, ATP-BINDING PROTEIN BTUD (VIBRI 

0 PARAHAEMOLYTICUS STRAIN 03:K6 GENE VP1312)/CN 
1 VITAMIN Bl2 ABC TRANSPORTER, PERMEASE PROTEIN BTUC (PHOTOBAC 

TERIUM PROFUNDUM STRAIN SS9 GENE SF1520)/CN 

1 "VITAMIN Bl2"/CN 

Ll ANSWER 1 OF 1 REGISTRY COPYRIGHT 2009 ACS on STN 
RN 68-19-9 REGISTRY 
ED Entered STN: 16 Nov 1984 
CN Vitamin B12 (CA INDEX NAME) 
OTHER NAMES: 
CN lH-Benzimidazole, 5,6-dimethyl-1-(3-0-phosphono-a-D-ribofuranosyl)-, 

monoester with cobinamide cyanide, inner salt 
CN 5,6-Dimethylbenzimidazolyl cyanocobamide 
CN 5,6-Dimethylbenzimidazolyl-Co-cyanocobamide 
CN Anacobin 
CN Antipernicin 
CN Apikobal 
CN B-Twelve 
CN B-Twelve Ora 
CN Bedodeka 
CN Bedoz 
CN Behepan 
CN Berubi 
CN Berubigen 
CN Betalin 12 
CN Betalin 12 Crystalline 
CN Betaline 12 
CN Betolvex 
CN Byladoce 
CN CN-Bl2 
CN Cobalamin, cyanide 
CN Cobalamin, cyano-
CN Cobalamin, cyano-5,6-dimethylbenzimidazole­
CN Cobalin 
CN Cobamide, a-5,6-dimethyl-lH-benzimidazolyl-, cyanide 
CN Cobamide, cyano-5,6-dimethyl-lH-benzimidazole-
CN Cobamin 
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CN Cobinamide, cyanide, dihydrogen phosphate (ester), inner salt, 3'-ester 
with 5,6-dimethyl-1-a-D-ribofuranosyl-lH-benzimidazole 

CN Cot el 
CN Covit 
CN Cromatonbic B12 
CN Crystamin 
CN Crystamine 
CN Cyano-5,6-dimethylbenzimidazolylcobamide 
CN Cyano-B12 
CN Cyanocobalamin 
CN Cyanocobalamine 
CN Cycolamin 
CN Cykobemin 
CN Cykobeminet 
CN Cyomin 
CN Cyredin 
CN Cytacon 
CN Cytamen 
CN Cytobion 
CN Depinar 
CN Dicopac Kit 
CN Dobetin 
CN Docemine 
CN Docibin 
CN Docigram 
ADDITIONAL NAMES NOT AVAILABLE IN THIS FORMAT - Use FCN, FIDE, or ALL for 

DISPLAY 
DR 8023-26-5, 8039-03-0, 11037-08-4, 24436-34-8 
MF C63 H88 Co N14 014 P 
CI CCS, COM 
LC STN Files: ADISINSIGHT, ADISNEWS, AGRICOLA, ANABSTR, AQUIRE, BEILSTEIN*, 

BIOSIS, BIOTECHNO, CA, CABA, CAPLUS, CASREACT, CBNB, CHEMCATS, 
CHEMINFORMRX, CHEMLIST, CIN, CSCHEM, CSNB, DDFU, DRUGU, EMBASE, HSDB*, 
IFICDB, IFIPAT, IFIUDB, IMSCOSEARCH, IPA, MEDLINE, MRCK*, MSDS-OHS, 
PHAR, PIRA, PROMT, PS, RTECS*, SPECINFO, SYNTHLINE, TOXCENTER, USAN, 
USPAT2, USPATFULL, USPATOLD, VETU 

(*File contains numerically searchable property data) 
Other Sources: DSL**, EINECS**, TSCA**, WHO 

(**Enter CHEMLIST File for up-to-date regulatory information) 

PAGE 1-A 

3 

Sandoz Inc. 
Exhibit 1002-00376 

Teva – Fresenius 
Exhibit 1002-00376



PAGE 2-A 

H2N-C-CH 2 
II Me~ 
0 

II 
CH 2-CH 2-C-NH 2 

Me 

**PROPERTY DATA AVAILABLE IN THE 'PROP' FORMAT** 

21671 REFERENCES IN FILE CA (1907 TO DATE) 
401 REFERENCES TO NON-SPECIFIC DERIVATIVES IN FILE CA 

21717 REFERENCES IN FILE CAPLUS (1907 TO DATE) 

=> file medline 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

FILE 'MEDLINE' ENTERED AT 23:24:53 ON 31 AUG 2009 

SINCE FILE 
ENTRY 

7.88 

TOTAL 
SESSION 

8.10 

FILE LAST UPDATED: 29 Aug 2009 (20090829/UP). FILE COVERS 1949 TO DATE. 

MEDLINE and LMEDLINE have been updated with the 2009 Medical Subject 
Headings (MeSH) vocabulary and tree numbers from the U.S. National Library 
of Medicine (NLM). Additional information is available at 

http://www.nlm.nih.gov/cubs/techbull/nd08/nd08 medline data changes 2009.html. 

On February 21, 2009, MEDLINE was reloaded. See HELP RLOAD for details. 

This file contains CAS Registry Numbers for easy and accurate 
substance identification. 

See HELP RANGE before carrying out any RANGE search. 

=> s 11 
L2 16339 Ll 

=> s (vitamin b12 or hydroxycobolamin or chlorocobolamin or aquocobolamin or cobolamin or azi 
150800 VITAMIN 

14280 812 
11438 VITAMIN 812 

(VITAMIN (W) 812) 
0 HYDROXYCOBOLAMIN 
0 CHLOROCOBOLAMIN 
0 AQUOCOBOLAMIN 
0 COBOLAMIN 
0 AZIDOCOBOLAMIN 

L3 11438 (VITAMIN 812 OR HYDROXYCOBOLAMIN OR CHLOROCOBOLAMIN OR AQUOCOBOL 
AMIN OR COBOLAMIN OR AZIDOCOBOLAMIN) 

=> s 12 or 13 
L4 20105 L2 OR L3 
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=> s (cancer or anti-neoplast? or neoplast? or carcin? or tumor?) 
70291S CANCER 
766313 ANTI 
1462SO NEOPLAST? 

1149 ANTI-NEOPLAST? 
(ANTI(W)NEOPLAST?) 

1462SO NEOPLAST? 
6010SS CARCIN? 
9S0216 TUMOR? 

LS 1707973 (CANCER OR ANTI-NEOPLAST? OR NEOPLAST? OR CARCIN? OR TUMOR?) 

=> s 14 and lS 
L6 773 L4 AND LS 

=> s leukemia? 
L7 212SS9 LEUKEMIA? 

=> s 16 and 17 
LS 66 L6 AND L7 

=> d 1-66 

LS ANSWER 1 OF 66 MEDLINE on STN 
Full Text 
AN 200S1230SO MEDLINE 
ON PubMed ID: 1S2S034S 
TI CD4+ CDS6+ hematodermic/plasmacytoid dendritic cell tumor with response 

to pralatrexate. 
AU Leitenberger Justin J; Berthelot Cindy N; Polder Kristel D; Pro Barbara; 

McLaughlin Peter; Jones Dan; Duvic Madeleine 
CS Department of Dermatology, The University of Texas MD Anderson Cancer 

Center, Houston, Texas 77030-4009, USA. 
NC CA16672 (United States NCI NIH HHS) 

K24-CAS6S1S (United States NCI NIH HHS) 
SO Journal of the American Academy of Dermatology, (200S Mar) Vol. SS, No. 3, 

pp. 4S0-4. 
Journal code: 7907132. E-ISSN: 1097-67S7. 

CY United States 
OT (CASE REPORTS) 

Journal; Article; (JOURNAL ARTICLE) 
(RESEARCH SUPPORT, N.I.H., EXTRAMURAL) 
(RESEARCH SUPPORT, NON-U.S. GOV'T) 

LA English 
FS Priority Journals 
EM 200S03 
ED Entered STN: 20 Feb 200S 

Last Updated on STN: lS Mar 200S 
Entered Medline: 14 Mar 200S 

LS ANSWER 2 OF 66 MEDLINE on STN 
Fu11 Text 
AN 20077SSS29 MEDLINE 
ON PubMed ID: 1S092S42 
TI Generalized pruritus: a prospective study concerning etiology. 
AU Polat Muhterem; Oztas Pinar; Ilhan Mustafa N; Yalcin Basak; Alli Nuran 
CS 1st Dermatology Department, Ankara Numune Education and Research Hospital, 

Ankara, Turkey .. drmuhterempolat@mynet.com 
SO American journal of clinical dermatology, (200S) Vol. 9, No. 1, pp. 39-44. 

Journal code: 100S9S290. ISSN: 117S-OS61. 
CY New Zealand 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 200S03 
ED Entered STN: 21 Dec 2007 

Last Updated on STN: 19 Mar 200S 
Entered Medline: lS Mar 200S 

LS ANSWER 3 OF 66 MEDLINE on STN 
Full Text 
AN 2003SS7044 MEDLINE 
ON PubMed ID: 14636S71 
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TI Significance of elevated cobalamin (vitamin B12) levels in blood. 
AU Ermens A A M; Vlasveld L T; Lindemans J 
CS Clinical Laboratory, Amphia Hospital, lokatie Langendijk, Breda, 

Netherlands .. aermens@amphia.nl 
SO Clinical biochemistry, (2003 Nov) Vol. 36, No. S, pp. 5S5-90. Ref: 42 

Journal code: 0133660. ISSN: 0009-9120. 
CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

General Review; (REVIEW) 
LA English 
FS Priority Journals 
EM 200409 
ED Entered STN: 26 Nov 2003 

Last Updated on STN: 21 Sep 2004 
Entered Medline: 17 Sep 2004 

LS ANSWER 4 OF 66 MEDLINE on STN 
Full Text 
AN 2003214619 MEDLINE 
ON PubMed ID: 12735212 
TI Erythropoietin and chronic lymphocytic leukemia. 
AU Mauro Francesca R; Gentile Massimo; Foa Robin 
CS Dipartimento di Biotecnologie Cellulari ed Ematologia, University La 

Sapienza, Rome, Italy. 
SO Reviews in clinical and experimental hematology, (2002) Vol. Suppl 1, pp. 

21-31. Ref: 5S 
Journal code: 9S15344. ISSN: 1127-0020. 

CY Italy 
OT Journal; Article; (JOURNAL ARTICLE) 

General Review; (REVIEW) 
LA English 
FS Priority Journals 
EM 200307 
ED Entered STN: 9 May 2003 

Last Updated on STN: 13 Jul 2003 
Entered Medline: 11 Jul 2003 

LS ANSWER 5 OF 66 MEDLINE on STN 
Full Text 
AN 2002390475 MEDLINE 
ON PubMed ID: 1213S901 
TI A case of acute myeloid leukemia with t(7;11) (p15;p15) mimicking myeloid 

crisis of chronic myelogenous leukemia. 
AU Kawakami Keiki; Miyanishi Setsuko; Nishii Kazuhiho; Usui Eiji; Murata 

Tetsuya; Shinsato Isaku; Shiku Hiroshi 
CS Division of Hematology, Suzuka General Hospital, Mie, Japan .. 

Kawakei:<icocoa. ocn. ne .j.J2 
SO International journal of hematology, (2002 Jul) Vol. 76, No. 1, pp. S0-3. 

Journal code: 9111627. ISSN: 0925-5710. 
CY Ireland 
OT (CASE REPORTS) 

Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 200209 
ED Entered STN: 26 Jul 2002 

LS 

Last Updated on STN: 14 Sep 2002 
Entered Medline: 13 Sep 2002 

ANSWER 6 OF 66 MEDLINE on STN 
Full Text 
AN 20021S1127 MEDLINE 
ON PubMed ID: 11913109 
TI [The significance of an elevated cobalamin concentration in the blood] 

De betekenis van een te hoge cobalamineconcentratie in het bloed. 
AU Ermens A A M; Vlasveld L Th; van Marion-Kievit J A; Lensen C J P A; 

Lindemans J 
CS Amphia Ziekenhuis, Klinisch-Chemisch en Hematologisch Laboratorium, 

locatie Langendijk, Langendijk 75, 4S19 EV Breda. 
SO Nederlands tijdschrift voor geneeskunde, (2002 Mar 9) Vol. 146, No. 10, 

pp. 459-64. 
Journal code: 0400770. ISSN: 002S-2162. 
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CY Netherlands 
OT (ENGLISH ABSTRACT) 

Journal; Article; (JOURNAL ARTICLE) 
LA Dutch 
FS Priority Journals 
EM 200207 
ED Entered STN: 1 Apr 2002 

Last Updated on STN: 12 Jul 2002 
Entered Medline: 10 Jul 2002 

LS ANSWER 7 OF 66 MEDLINE on STN 
Full Text 
AN 20001SS210 MEDLINE 
ON PubMed ID: 10723243 
TI Rapidly progressive, refractory eosinophilia with a 250,000/microliter 

eosinophil count. 
AU Noguchi M; Okumura K; Kato A; Hirano T; Oshimi K 
CS Department of Hematology, Juntendo University School of Medicine. 
SO [Rinsho ketsueki] The Japanese journal of clinical hematology, (2000 Feb) 

Vol. 41, No. 2, pp. 135-9. 
Journal code: 29S47S2R. ISSN: 04S5-1439. 

CY Japan 
OT (CASE REPORTS) 

(ENGLISH ABSTRACT) 
Journal; Article; (JOURNAL ARTICLE) 

LA Japanese 
FS Priority Journals 
EM 200005 
ED Entered STN: lS May 2000 

Last Updated on STN: lS May 2000 
Entered Medline: 5 May 2000 

LS ANSWER S OF 66 MEDLINE on STN 
Full Text 
AN 199S291239 MEDLINE 
ON PubMed ID: 9627769 
TI Cobalamin metabolism in methionine-dependent human tumour and leukemia 

cell lines. 
AU Watkins D 
CS Department of Medicine, McGill University, Montreal, Que. 
SO Clinical and investigative medicine. Medecine clinique et experimentale, 

(199S Jun) Vol. 21, No. 3, pp. 151-S. 
Journal code: 7S04071. ISSN: 0147-95SX. 

CY Canada 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
LA English 
FS Priority Journals 
EM 199SOS 
ED Entered STN: 3 Sep 199S 

LS 

Last Updated on STN: 3 Sep 199S 
Entered Medline: 27 Aug 199S 

ANSWER 9 OF 66 MEDLINE on STN 
Full Text 
AN 199S2S7116 MEDLINE 
ON PubMed ID: 9625434 
TI Synthesis, characterization and nitric oxide release profile of 

nitrosylcobalamin: a potential chemotherapeutic agent. 
AU Bauer J A 
CS Department of Chemistry, University of Akron, OH 44325-3601, USA. 
SO Anti-cancer drugs, (199S Mar) Vol. 9, No. 3, pp. 239-44. 

Journal code: 9100S23. ISSN: 0959-4973. 
CY ENGLAND: United Kingdom 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 199S07 
ED Entered STN: 11 Aug 199S 

Last Updated on STN: 11 Aug 199S 
Entered Medline: 29 Jul 199S 
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LS ANSWER 10 OF 66 MEDLINE on STN 
Full Text 
AN 1997450S46 MEDLINE 
ON PubMed ID: 93072S7 
TI Cobalamin analogues modulate the growth of leukemia cells in vitro. 
AU McLean G R; Pathare P M; Wilbur D S; Morgan A C; Woodhouse C S; Schrader J 

W; Ziltener H J 
CS The Biomedical Research Centre, University of British Columbia, Vancouver, 

Canada. 
SO Cancer research, (1997 Sep 15) Vol. 57, No. lS, pp. 4015-22. 

Journal code: 29S4705R. ISSN: OOOS-5472. 
CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
LA English 
FS Priority Journals 
EM 199710 
ED Entered STN: 5 Nov 1997 

Last Updated on STN: 5 Nov 1997 
Entered Medline: 20 Oct 1997 

LS ANSWER 11 OF 66 MEDLINE on STN 
Full Text 
AN 199713293S MEDLINE 
ON PubMed ID: S97S297 
TI Antibodies to transcobalamin II block in vitro proliferation of leukemic 

cells. 
AU McLean G R; Quadros E V; Rothenberg S P; Morgan A C; Schrader J W; 

Ziltener H J 
CS Biomedical Research Centre, University of British Columbia, Vancouver, 

Canada. 
NC R01-DK2S561-14 (United States NIDDK NIH HHS) 
SO Blood, (1997 Jan 1) Vol. S9, No. 1, pp. 235-42. 

Journal code: 7603509. ISSN: 0006-4971. 
CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
(RESEARCH SUPPORT, U.S. GOV'T, P.H.S.) 

LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 199701 
ED Entered STN: 19 Feb 1997 

Last Updated on STN: 19 Feb 1997 
Entered Medline: 27 Jan 1997 

LS ANSWER 12 OF 66 MEDLINE on STN 
Full Text 
AN 19940S3S9S MEDLINE 
ON PubMed ID: S260900 
TI Induction of differentiation of myeloid leukemic cells by busulphan: in 

vivo and in vitro observations. 
AU Michaeli J; Fibach E; Rachmilewitz E A 
CS Department of Hematology, Hadassah University Hospital, Jerusalem, Israel. 
SO Leukemia & lymphoma, (1993 Oct) Vol. 11, No. 3-4, pp. 2S7-91. 

Journal code: 9007422. ISSN: 1042-S194. 
CY Switzerland 
OT (CASE REPORTS) 

Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 199401 
ED Entered STN: 9 Feb 1994 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 25 Jan 1994 

LS ANSWER 13 OF 66 MEDLINE on STN 
Full Text 
AN 19940305S4 MEDLINE 
ON PubMed ID: S216S25 
TI Influence of cobalamin on the survival of mice bearing ascites tumor. 
AU Tsao C S; Myashita K 
CS Linus Pauling Institute of Science and Medicine, Palo Alto, Calif. 94306. 
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SO Pathobiology : journal of immunopathology, molecular and cellular biology, 
(1993) Vol. 61, No. 2, pp. 104-S. 
Journal code: 9007504. ISSN: 1015-200S. 

CY Switzerland 
OT (COMPARATIVE STUDY) 

Journal; Article; (JOURNAL ARTICLE) 
(RESEARCH SUPPORT, NON-U.S. GOV'T) 

LA English 
FS Priority Journals 
EM 199312 
ED Entered STN: 17 Jan 1994 

Last Updated on STN: 17 Jan 1994 
Entered Medline: 17 Dec 1993 

LS ANSWER 14 OF 66 MEDLINE on STN 
Full Text 
AN 1993231290 MEDLINE 
ON PubMed ID: S472SOS 
TI Misincorporation of uracil into the DNA of folate- and B12-deficient HL60 

cells. 
AU Wickramasinghe S N; Fida S 
CS Dept. of Haematology, St. Mary's Hospital Medical School, Imperial College 

of Science, Technology & Medicine, London, U.K. 
SO European journal of haematology, (1993 Mar) Vol. 50, No. 3, pp. 127-32. 

Journal code: S7039S5. ISSN: 0902-4441. 
CY Denmark 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 199305 
ED Entered STN: 4 Jun 1993 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 20 May 1993 

LS ANSWER 15 OF 66 MEDLINE on STN 
Full Text 
AN 1993043071 MEDLINE 
ON PubMed ID: 1421179 
TI Effects of cobalamin, cobalamin analogues and cobalamin binding proteins 

on P3SSD1 mouse leukemic cells in culture. 
AU Kondo H; Iseki T; Goto S; Ohto M; Okuda K 
CS Department of Medicine, Shimizu Kousei Hospital, Shizuoka, Japan. 
SO International journal of hematology, (1992 Oct) Vol. 56, No. 2, pp. 

167-77. 
Journal code: 9111627. ISSN: 0925-5710. 

CY Netherlands 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
LA English 
FS Priority Journals 
EM 199212 
ED Entered STN: 22 Jan 1993 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 4 Dec 1992 

LS ANSWER 16 OF 66 MEDLINE on STN 
Full Text 
AN 1992292362 MEDLINE 
ON PubMed ID: 1602609 
TI Atypical leukemia accompanied by vitamin Bl2 deficiency. 
AU Tsukamoto N; Inose K; Matsushima T; Uchiyama T; Sugita Y; Takeuchi T; Sato 

S; Omine M; Naruse T 
CS Division of Internal Medicine, Takasaki National Hospital. 
SO [Rinsho ketsueki] The Japanese journal of clinical hematology, (1992 Apr) 

Vol. 33, No. 4, pp. 461-6. 
Journal code: 29S47S2R. ISSN: 04S5-1439. 

CY 
OT 

Japan 
(CASE REPORTS) 
(ENGLISH ABSTRACT) 
Journal; Article; 
(RESEARCH SUPPORT, 

LA Japanese 

(JOURNAL ARTICLE) 
NON-U.S. GOV'T) 
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FS Priority Journals 
EM 199207 
ED Entered STN: 24 Jul 1992 

Last Updated on STN: 24 Jul 1992 
Entered Medline: 14 Jul 1992 

LS ANSWER 17 OF 66 MEDLINE on STN 
Full Text 
AN 1992159S15 MEDLINE 
ON PubMed ID: 2133609 
TI [Chronic lymphocytic leukemia complicated by pernicious anemia during 

long-term remission]. 
Hronicna limfocitna leukemija komplikovana pojavom perniciozne anemije u 
toku dugotrajne remisije. 

AU Ruvidic R; Boskovic D 
CS Institute of Hematology, University Clinical Centre, Belgrade. 
SO Srpski arhiv za celokupno lekarstvo, (1990 Nov-Dec) Vol. llS, No. 11-12, 

pp. 495-7. 
Journal code: 0027440. ISSN: 0370-S179. 

CY Yugoslavia 
OT (CASE REPORTS) 

(ENGLISH ABSTRACT) 
Journal; Article; (JOURNAL ARTICLE) 

LA Serbian 
FS Priority Journals 
EM 199203 
ED Entered STN: 10 Apr 1992 

LS 

Last Updated on STN: 10 Apr 1992 
Entered Medline: 25 Mar 1992 

ANSWER lS OF 66 MEDLINE on STN 
Full Text 
AN 1992074415 MEDLINE 
ON PubMed ID: 19625SO 
TI Effect of combined ascorbic acid and B-12 on survival of mice with 

implanted Ehrlich carcinoma and L1210 leukemia. 
AU Poydock M E 
CS Cancer Research Institute, Mercyhurst College, Erie, PA 16546. 
SO The American journal of clinical nutrition, (1991 Dec) Vol. 54, No. 6 

Suppl, pp. 1261S-1265S. 
Journal code: 0376027. ISSN: 0002-9165. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 199201 
ED Entered STN: 24 Jan 1992 

LS 

Last Updated on STN: 24 Jan 1992 
Entered Medline: 6 Jan 1992 

ANSWER 19 OF 66 MEDLINE on STN 
Full Text 
AN 1991203220 MEDLINE 
ON PubMed ID: 2016907 
TI Effect of nitrous oxide and methotrexate on folate coenzyme pools of blast 

cells from leukemia patients. 
AU Ermens A A; Schoester M; Lindemans J; Abels J 
CS Institute of Hematology, Erasmus University, Rotterdam, The Netherlands. 
SO Leukemia research, (1991) Vol. 15, No. 2-3, pp. 165-71. 

Journal code: 77067S7. ISSN: 0145-2126. 
CY ENGLAND: United Kingdom 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 199105 
ED Entered STN: 7 Jun 1991 

LS 

Last Updated on STN: 6 Feb 199S 
Entered Medline: 17 May 1991 

ANSWER 20 OF 66 MEDLINE on STN 
Full Text 
AN 1991166723 MEDLINE 
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ON PubMed ID: 2076192 
TI Cytotoxic activity of cobalamin in cultured malignant and nonmalignant 

cells. 
AU Tsao C S; Miyashita K; Young M 
CS Linus Pauling Institute of Science and Medicine, Palo Alto, Calif. 
SO Pathobiology : journal of immunopathology, molecular and cellular biology, 

(1990) Vol. 5S, No. 5, pp. 292-6. 
Journal code: 9007504. ISSN: 1015-200S. 

CY Switzerland 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
LA English 
FS Priority Journals 
EM 199104 
ED Entered STN: 12 May 1991 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 25 Apr 1991 

LS ANSWER 21 OF 66 MEDLINE on STN 
Full Text 
AN 199113670S MEDLINE 
ON PubMed ID: 22S5461 
TI [Peripheral pancytopenia]. 

Pancitopenia periferica. 
AU Bello-Gonzalez S A; Berges-Garcia A 
CS Depto. de Investigaciones Hematologicas, Hospital Infantil de Mexico 

Federico Gomez, Mexico, D.F. 
SO Boletin medico del Hospital Infantil de Mexico, (1990 Nov) Vol. 47, No. 

11, pp. 737-45. Ref: S2 
Journal code: 0414106. ISSN: 0539-6115. 

CY Mexico 
OT (ENGLISH ABSTRACT) 

Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 

LA Spanish 
FS Priority Journals 
EM 199103 
ED Entered STN: 12 Apr 1991 

Last Updated on STN: 12 Apr 1991 
Entered Medline: 2S Mar 1991 

LS ANSWER 22 OF 66 MEDLINE on STN 
Full Text 
AN 199102S21S MEDLINE 
ON PubMed ID: 2171697 
TI [Active transport of cobalamins in leukemic cells of L-1210 mice]. 

Aktivnyi transport kobalaminov v leikemicheskie kletki myshei L-1210. 
AU Oreshkin A E; Miasishcheva N V 
SO Biulleten' eksperimental'noi biologii i meditsiny, (1990 Jul) Vol. 110, 

No. 7, pp. S5-7. 
Journal code: 0370627. ISSN: 0365-9615. 

CY USSR 
OT (COMPARATIVE STUDY) 

(ENGLISH ABSTRACT) 
Journal; Article; (JOURNAL ARTICLE) 

LA Russian 
FS Priority Journals 
EM 199012 
ED Entered STN: S Feb 1991 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 10 Dec 1990 

LS ANSWER 23 OF 66 MEDLINE on STN 
Full Text 
AN 1991002S92 MEDLINE 
ON PubMed ID: 2169922 
TI Expression of transcobalamin II receptors by human leukemia K562 and 

HL-60 cells. 
AU Amagasaki T; Green R; Jacobsen D W 
CS Department of Laboratory Hematology, Cleveland Clinic Foundation, OH 

44195-5139. 
NC DK35265 (United States NIDDK NIH HHS) 
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SO Blood, (1990 Oct 1) Vol. 76, No. 7, pp. 13S0-6. 
Journal code: 7603509. ISSN: 0006-4971. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
(RESEARCH SUPPORT, U.S. GOV'T, P.H.S.) 

LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 199011 
ED Entered STN: 17 Jan 1991 

Last Updated on STN: 17 Jan 1991 
Entered Medline: 6 Nov 1990 

LS ANSWER 24 OF 66 MEDLINE on STN 
Full Text 
AN 1990266154 MEDLINE 
ON PubMed ID: 21S9194 
TI Nitrous oxide: a cause of cancer or chemotherapeutic adjuvant?. 
AU Koblin D D 
CS Department of Anesthesia, Veterans Administration Medical Center, San 

Francisco, CA 94121. 
NC POl AG3104 (United States NIA NIH HHS) 
SO Seminars in surgical oncology, (1990) Vol. 6, No. 3, pp. 141-7. Ref: 56 

Journal code: S503713. ISSN: S756-0437. 
CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
(RESEARCH SUPPORT, U.S. GOV'T, NON-P.H.S.) 
(RESEARCH SUPPORT, U.S. GOV'T, P.H.S.) 
General Review; (REVIEW) 

LA English 
FS Priority Journals 
EM 199006 
ED Entered STN: 10 Aug 1990 

LS 

Last Updated on STN: 10 Aug 1990 
Entered Medline: 29 Jun 1990 

ANSWER 25 OF 66 MEDLINE on STN 
Full Text 
AN 1990070919 MEDLINE 
ON PubMed ID: 25SS735 
TI [Disorders of intestinal absorption in patients treated with cytostatic 

chemotherapy] . 
Storungen der intestinalen Resorption bei Patienten unter zytostatischer 
Chemotherapie. 

AU Hurter T; Reis H E; Borchard F 
CS Medizinische Klinik I an den Medizinischen Einrichtungen der RWTH Aachen. 
SO Zeitschrift fur Gastroenterologie, (19S9 Oct) Vol. 27, No. 10, pp. 606-10. 

Journal code: 0033370. ISSN: 0044-2771. 
CY GERMANY, WEST: Germany, Federal Republic of 
OT (ENGLISH ABSTRACT) 

Journal; Article; (JOURNAL ARTICLE) 
LA German 
FS Priority Journals 
EM 199001 
ED Entered STN: 2S Mar 1990 

LS 

Last Updated on STN: 2S Mar 1990 
Entered Medline: 4 Jan 1990 

ANSWER 26 OF 66 MEDLINE on STN 
Full Text 
AN 1990032992 MEDLINE 
ON PubMed ID: 2553457 
TI Uptake of transcobalamin II-bound cobalamin by HL-60 cells: effects of 

differentiation induction. 
AU Lindemans J; Kroes A C; van Geel J; van Kapel J; Schoester M; Abels J 
CS Institute of Hematology, Erasmus University Rotterdam, The Netherlands. 
SO Experimental cell research, (19S9 Oct) Vol. 1S4, No. 2, pp. 449-60. 

Journal code: 0373226. ISSN: 0014-4S27. 
CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
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FS Priority Journals 
EM 19S912 
ED Entered STN: 2S Mar 1990 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 1 Dec 19S9 

LS ANSWER 27 OF 66 MEDLINE on STN 
Full Text 
AN 19S9336663 MEDLINE 
ON PubMed ID: 275S400 
TI Spontaneous chromosome fragility in band 3q21, llpll, or llq13 of cultured 

bone marrow cells from two patients with hematologic disorders. 
AU Abe S; Nishida-Umehara C; Tamura T; Mikuni C; Sasaki M 
CS Chromosome Research Unit, Faculty of Science, Hokkaido University, 

Sapporo, Japan. 
SO Cancer genetics and cytogenetics, (19S9 Jul 1) Vol. 40, No. 1, pp. 47-53. 

Journal code: 7909240. ISSN: 0165-460S. 
CY United States 
OT (CASE REPORTS) 

Journal; Article; (JOURNAL ARTICLE) 
(RESEARCH SUPPORT, NON-U.S. GOV'T) 

LA English 
FS Priority Journals 
EM 19S909 
ED Entered STN: 9 Mar 1990 

Last Updated on STN: 29 Jan 1999 
Entered Medline: 20 Sep 19S9 

LS ANSWER 2S OF 66 MEDLINE on STN 
Full Text 
AN 19S9276217 MEDLINE 
ON PubMed ID: 2543552 
TI Detection and characteristics of DNA polymerase activity in serum from 

patients with malignant, viral, or B12-deficiency disease. 
AU Neumuller M; Kallander C F; Gronowitz J S 
CS Department of Medical Virology, Biomedical Center, Uppsala University, 

Sweden. 
SO Enzyme, (19S9) Vol. 41, No. 1, pp. 6-16. 

Journal code: 1262265. ISSN: 0013-9432. 
CY Switzerland 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
LA English 
FS Priority Journals 
EM 19S907 
ED Entered STN: 9 Mar 1990 

Last Updated on STN: 6 Feb 199S 
Entered Medline: 27 Jul 19S9 

LS ANSWER 29 OF 66 MEDLINE on STN 
FuLl Text 
AN 19S9275033 MEDLINE 
ON PubMed ID: 2731156 
TI Nitrous oxide selectively reduces the proliferation of the malignant cells 

in experimental rat leukemia. 
AU Ermens A A; Vink N; Schoester M; van Lorn K; Lindemans J; Abels J 
CS Institute of Hematology, Erasmus University Rotterdam, The Netherlands. 
SO Cancer letters, (19S9 May) Vol. 45, No. 2, pp. 123-S. 

Journal code: 7600053. ISSN: 0304-3S35. 
CY Netherlands 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 19S907 
ED Entered STN: 9 Mar 1990 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 20 Jul 19S9 

LS ANSWER 30 OF 66 MEDLINE on STN 
Full Text 
AN 19S9111624 MEDLINE 
ON PubMed ID: 3216671 
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TI Effect of cobalamin inactivation on folate metabolism of leukemic cells. 
AU Ermens A A; Kroes A C; Schoester M; van Lorn K; Lindemans J; Abels J 
CS Institute of Hematology, Erasmus University Rotterdam, The Netherlands. 
SO Leukemia research, (19SS) Vol. 12, No. 11-12, pp. 905-10. 

Journal code: 77067S7. ISSN: 0145-2126. 
CY ENGLAND: United Kingdom 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 19S903 
ED Entered STN: S Mar 1990 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 1 Mar 19S9 

LS ANSWER 31 OF 66 MEDLINE on STN 
Full Text 
AN 19S6321S24 MEDLINE 
ON PubMed ID: 3752954 
TI Effects of 5-fluorouracil treatment of rat leukemia with concomitant 

inactivation of cobalamin. 
AU Kroes A C; Ermens A A; Lindemans J; Abels J 
SO Anticancer research, (19S6 Jul-Aug) Vol. 6, No. 4, pp. 737-42. 

Journal code: S1029SS. ISSN: 0250-7005. 
CY Greece 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
LA English 
FS Priority Journals 
EM 19S610 
ED Entered STN: 21 Mar 1990 

Last Updated on STN: 21 Mar 1990 
Entered Medline: 10 Oct 19S6 

LS ANSWER 32 OF 66 MEDLINE on STN 
Full Text 
AN 19S6247319 MEDLINE 
ON PubMed ID: 3720639 
TI [Kinetics of 57Co-cyanocobalamin distribution in the organs and tissues of 

mice with transplanted tumors]. 
Kinetika raspredeleniia 57Co-tsianokobalamina v organakh i tkaniakh myshei 
s perevivaemymi opukholiami. 

AU Vares Iu V; Miasishcheva N V 
SO Eksperimental nai a onkologii a, (19S6) Vol. S, No. 3, pp. 33-6. 

Journal code: S406659. ISSN: 0204-3564. 
CY USSR 
OT (COMPARATIVE STUDY) 

(ENGLISH ABSTRACT) 
Journal; Article; (JOURNAL ARTICLE) 

LA Russian 
FS Priority Journals 
EM 19S60S 
ED Entered STN: 21 Mar 1990 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 14 Aug 19S6 

LS ANSWER 33 OF 66 MEDLINE on STN 
Full Text 
AN 19S6217S06 MEDLINE 
ON PubMed ID: 345S52S 
TI Factors influencing leukemic transformation in refractory anemias with 

excess of blasts, with ringed sideroblasts, and without ringed 
sideroblasts. 

AU Oguma S; Yoshida Y; Uchino H; Maekawa T 
SO Cancer research, (19S6 Jul) Vol. 46, No. 7, pp. 369S-700. 

Journal code: 29S4705R. ISSN: OOOS-5472. 
CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
LA English 
FS Priority Journals 
EM 19S607 
ED Entered STN: 21 Mar 1990 
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LS 

Last Updated on STN: 21 Mar 1990 
Entered Medline: 23 Jul 19S6 

ANSWER 34 OF 66 MEDLINE on STN 
Full Text 
AN 19S6022753 MEDLINE 
ON PubMed ID: 4050746 
TI Mitogenic inhibition and effect on survival of mice bearing L1210 

leukemia using a combination of dehydroascorbic acid and 
hydroxycobalamin. 

AU Poydock M E; Harguindey S; Hart T; Takita H; Kelly D 
SO American journal of clinical oncology, (19S5 Jun) Vol. S, No. 3, pp. 

266-9. 
Journal code: S207754. ISSN: 0277-3732. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, NON-U.S. GOV'T) 
LA English 
FS Priority Journals 
EM 19S511 
ED Entered STN: 21 Mar 1990 

LS 

Last Updated on STN: 21 Mar 1990 
Entered Medline: 14 Nov 19S5 

ANSWER 35 OF 66 MEDLINE on STN 
Full Text 
AN 19S42S075S MEDLINE 
ON PubMed ID: 6590092 
TI Acute myelogenous leukaemia modulated by B12 deficiency: a case with bone 

marrow blast cell assay corroboration. 
AU Ahmann F R; Durie B G 
SO British journal of haematology, (19S4 Sep) Vol. 5S, No. 1, pp. 91-4. 

Journal code: 0372544. ISSN: 0007-104S. 
CY ENGLAND: United Kingdom 
OT (CASE REPORTS) 

Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 19S410 
ED Entered STN: 20 Mar 1990 

LS 
Full 
AN 
ON 
TI 

AU 
so 

CY 
OT 

LA 
FS 
EM 
ED 

LS 

Last Updated on STN: 20 Mar 1990 
Entered Medline: 24 Oct 19S4 

ANSWER 36 OF 66 MEDLINE on STN 
Text 
19S422S545 MEDLINE 
PubMed ID: 6731467 
Unusual case of acute leukemia. Coexisting acute leukemia and 
pernicious anemia. 
Vogelsang G B; Spivak J L 
The American journal of medicine, (19S4 Jun) Vol. 76, No. 6, pp. 1144-50. 
Journal code: 0267200. ISSN: 0002-9343. 
United States 
(CASE REPORTS) 
Journal; Article; (JOURNAL ARTICLE) 
English 
Abridged Index Medicus Journals; Priority Journals 
19S407 
Entered STN: 20 Mar 1990 
Last Updated on STN: 20 Mar 1990 
Entered Medline: 17 Jul 19S4 

ANSWER 37 OF 66 MEDLINE on STN 
Full Text 
AN 19S4196444 MEDLINE 
ON PubMed ID: 63262S4 
TI [Changes in the mean corpuscular volume during the cytotoxic treatment of 

cancer and risk of secondary leukemia. Preliminary results]. 
L'evolution du volume globulaire moyen pendant le traitement cytotoxique 
des cancers et le risque de leucemie secondaire. Resultats preliminaires. 

AU de Gramont A; Rioux E; Drolet Y; Barry A; Delage J M 
SO La semaine des hopitaux : organe fonde par l'Association d'enseignement 
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medical des hopitaux de Paris, (19S4 Mar 29) Vol. 60, No. 14, pp. 961-6. 
Journal code: 9410059. 

CY France 
OT (ENGLISH ABSTRACT) 

Journal; Article; (JOURNAL ARTICLE) 
LA French 
FS Priority Journals 
EM 19S405 
ED Entered STN: 19 Mar 1990 

Last Updated on STN: 19 Mar 1990 
Entered Medline: 30 May 19S4 

LS ANSWER 3S OF 66 MEDLINE on STN 
Full Text 
AN 19S2264737 MEDLINE 
ON PubMed ID: 7107216 
TI Production of transcobalamin II by various murine and human cells in 

culture. 
AU Rabinowitz R; Rachmilewitz B; Rachmilewitz M; Schlesinger M 
SO Israel journal of medical sciences, (19S2 Jul) Vol. lS, No. 7, pp. 740-5. 

Journal code: 0013105. ISSN: 0021-21SO. 
CY Israel 
OT (COMPARATIVE STUDY) 

(IN VITRO) 
Journal; Article; (JOURNAL ARTICLE) 
(RESEARCH SUPPORT, NON-U.S. GOV'T) 

LA English 
FS Priority Journals 
EM 19S210 
ED Entered STN: 17 Mar 1990 

Last Updated on STN: 17 Mar 1990 
Entered Medline: 29 Oct 19S2 

LS ANSWER 39 OF 66 MEDLINE on STN 
Full Text 
AN 19S21S7527 MEDLINE 
ON PubMed ID: 7075S60 
TI Influence of vitamins C and B12 on the survival rate of mice bearing 

ascites tumor. 
AU Poydock M E; Reikert D; Rice J 
SO Experimental cell biology, (19S2) Vol. 50, No. 2, pp. SS-91. 

Journal code: 7701S27. ISSN: 0304-356S. 
CY Switzerland 
OT (COMPARATIVE STUDY) 

Journal; Article; (JOURNAL ARTICLE) 
(RESEARCH SUPPORT, NON-U.S. GOV'T) 

LA English 
FS Priority Journals 
EM 19S207 
ED Entered STN: 17 Mar 1990 

Last Updated on STN: 17 Mar 1990 
Entered Medline: S Jul 19S2 

LS ANSWER 40 OF 66 MEDLINE on STN 
Full Text 
AN 19S101S502 MEDLINE 
ON PubMed ID: 6932166 
TI Erythremia with special reference to sideroblastic anemia. 
AU Taki T; Wakabayashi T; Kishimoto H 
SO Acta pathologica japonica, (19SO Jul) Vol. 30, No. 4, pp. 565-7S. 

Journal code: 0372637. ISSN: 0001-6632. 
CY Japan 
OT (CASE REPORTS) 

Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 19S011 
ED Entered STN: 16 Mar 1990 

LS 

Last Updated on STN: 16 Mar 1990 
Entered Medline: 24 Nov 19SO 

ANSWER 41 OF 66 MEDLINE on STN 
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Full Text 
AN 197S172794 MEDLINE 
ON PubMed ID: 274499 
TI The identification and measurement of a folate-binding protein in human 

serum by radioimmunoassay. 
AU da Costa M; Rothenberg S P; Fischer C; Rosenberg Z 
SO The Journal of laboratory and clinical medicine, (197S Jun) Vol. 91, No. 

6 , pp . 9 0 1- 7 . 
Journal code: 0375375. ISSN: 0022-2143. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, U.S. GOV'T, P.H.S.) 
LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 197807 
ED Entered STN: 14 Mar 1990 

Last Updated on STN: 14 Mar 1990 
Entered Medline: 26 Jul 197S 

LS ANSWER 42 OF 66 MEDLINE on STN 
Full Text 
AN 197S142124 MEDLINE 
ON PubMed ID: 416709 
TI Vitamin B12-binding proteins in serum and plasma in various disorders. 

Effect of anticoagulants. 
AU Carmel R 
SO American journal of clinical pathology, (197S Mar) Vol. 69, No. 3, pp. 

319-25. 
Journal code: 0370470. ISSN: 0002-9173. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 197805 
ED Entered STN: 14 Mar 1990 

Last Updated on STN: 14 Mar 1990 
Entered Medline: 17 May 197S 

LS ANSWER 43 OF 66 MEDLINE on STN 
Full Text 
AN 197S1177S9 MEDLINE 
ON PubMed ID: 607423 
TI Vitamin B12 and vitamin B12 binding proteins in liver diseases. 
AU Areekul S; Panatampon P; Doungbarn J 
SO The Southeast Asian journal of tropical medicine and public health, (1977 

Sep) Vol. S, No. 3, pp. 322-S. 
Journal code: 0266303. ISSN: 0125-1562. 

CY Thailand 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197804 
ED Entered STN: 14 Mar 1990 

Last Updated on STN: 14 Mar 1990 
Entered Medline: 26 Apr 197S 

LS ANSWER 44 OF 66 MEDLINE on STN 
Full Text 
AN 197S076371 MEDLINE 
ON PubMed ID: 339530 
TI [Analysis of the cobalamin coenzymes in mouse splenic tumor cells]. 

Analiz kobalaminovykh kofermentov v opukholevykh kletkakh selezenki 
myshei. 

AU Vares Iu V; Miasishcheva N V 
SO Voprosy medit sinskoi khimii, (1977 Sep-Oct) Vol. 23, No. 5, pp. 6Sl-4. 

Journal code: 0416601. ISSN: 0042-SS09. 
CY USSR 
OT (ENGLISH ABSTRACT) 

Journal; Article; (JOURNAL ARTICLE) 
LA Russian 
FS Priority Journals 
EM 197802 
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ED Entered STN: 14 Mar 1990 
Last Updated on STN: 14 Mar 1990 
Entered Medline: 23 Feb 197S 

LS ANSWER 45 OF 66 MEDLINE on STN 
Full Text 
AN 1977131707 MEDLINE 
ON PubMed ID: 265135 
TI Hemoglobin A2 levels in health and various hematologic disorders. 
AU Alperin J B; Dow P A; Petteway M B 
SO American journal of clinical pathology, (1977 Mar) Vol. 67, No. 3, pp. 

219-26. 
Journal code: 0370470. ISSN: 0002-9173. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, U.S. GOV'T, P.H.S.) 
LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 197704 
ED Entered STN: 13 Mar 1990 

Last Updated on STN: 13 Mar 1990 
Entered Medline: 30 Apr 1977 

LS ANSWER 46 OF 66 MEDLINE on STN 
Full Text 
AN 19770S0713 MEDLINE 
ON PubMed ID: 1006164 
TI Pernicious anaemia and lymphoproliferative disease. 
AU Parker A C; Bennett M 
SO Scandinavian journal of haematology, (1976 Nov) Vol. 17, No. 5, pp. 395-7. 

Journal code: 0404507. ISSN: 0036-553X. 
CY Denmark 
OT (CASE REPORTS) 

Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197702 
ED Entered STN: 13 Mar 1990 

Last Updated on STN: 13 Mar 1990 
Entered Medline: 24 Feb 1977 

LS ANSWER 47 OF 66 MEDLINE on STN 
Full Text 
AN 1977019051 MEDLINE 
ON PubMed ID: 97S7 
TI Bl2 -- dependent methionine synthetase as a potential target for cancer 

chemotherapy. 
AU Huennekens F M; DiGirolamo P M; Fujii K; Jacobsen D W; Vitols K S 
SO Advances in enzyme regulation, (1976) Vol. 14, pp. 1S7-205. Ref: 51 

Journal code: 0044263. ISSN: 0065-2571. 
CY ENGLAND: United Kingdom 
OT Journal; Article; (JOURNAL ARTICLE) 

(RESEARCH SUPPORT, U.S. GOV'T, P.H.S.) 
General Review; (REVIEW) 

LA English 
FS Priority Journals 
EM 197611 
ED Entered STN: 13 Mar 1990 

LS 

Last Updated on STN: 6 Feb 199S 
Entered Medline: 21 Nov 1976 

ANSWER 4S OF 66 MEDLINE on STN 
Full Text 
AN 1976244023 MEDLINE 
ON PubMed ID: 9511Sl 
TI [Acute or subacute myelofibrosis]. 

Les myelofibroses aigues ou subaigues. 
AU Briere J; Castro-Malaspina H; Briere J F; Bernard J 
SO Nouvelle revue francaise d'hematologie, (1976 Jun) Vol. 16, No. 1, pp. 

3-22. 
Journal code: 7909092. 

CY France 
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OT (CASE REPORTS) 
(ENGLISH ABSTRACT) 
Journal; Article; (JOURNAL ARTICLE) 

LA French 
FS Priority Journals 
EM 197610 
ED Entered STN: 13 Mar 1990 

Last Updated on STN: 13 Mar 1990 
Entered Medline: 2 Oct 1976 

LS ANSWER 49 OF 66 MEDLINE on STN 
Full Text 
AN 19760S0662 MEDLINE 
ON PubMed ID: S12175 
TI Granulocyte release of vitamin B12-binders in vivo and in vitro in 

leukaemia and non-neoplastic leucocytosis. 
AU Gullberg R; Riezenstein P 
SO Scandinavian journal of haematology, (1975 Dec) Vol. 15, No. 5, pp. 

377-S3. 
Journal code: 0404507. ISSN: 0036-553X. 

CY Denmark 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197603 
ED Entered STN: 13 Mar 1990 

LS 

Last Updated on STN: 13 Mar 1990 
Entered Medline: 1 Mar 1976 

ANSWER 50 OF 66 MEDLINE on STN 
Full Text 
AN 197607S390 MEDLINE 
ON PubMed ID: 10S1693 
TI New approach to antifolate treatment of certain cancers as demonstrated in 

tissue culture. 
AU Halpern R M; Halpern B C; Clark B R; Ashe H; Hardy D N; Jenkinson P Y; 

Chou S C; Smith R A 
SO Proceedings of the National Academy of Sciences of the United States of 

America, (1975 Oct) Vol. 72, No. 10, pp. 401S-22. 
Journal code: 7505S76. ISSN: 0027-S424. 
Report No.: NLM-PMC433129. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197603 
ED Entered STN: 13 Mar 1990 

LS 

Last Updated on STN: 13 Mar 1990 
Entered Medline: 1 Mar 1976 

ANSWER 51 OF 66 MEDLINE on STN 
Full Text 
AN 19760249SS MEDLINE 
ON PubMed ID: 1176445 
TI Human plasma R-type vitamin B12-binding proteins. II. The role of 

transcobalamin I, transcobalamin III, and the normal granulocyte vitamin 
B12-binding protein in the plasma transport of vitamin B12. 

AU Burger R L; Schneider R J; Mehlman C S; Allen R H 
SO The Journal of biological chemistry, (1975 Oct 10) Vol. 250, No. 19, pp. 

7707-13. 
Journal code: 29S5121R. ISSN: 0021-925S. 

CY United States 
OT 

LA 
FS 
EM 

Journal; Article; 
(RESEARCH SUPPORT, 
English 
Priority Journals 
197512 

(JOURNAL ARTICLE) 
U.S. GOV'T, P.H.S.) 

ED Entered STN: 13 Mar 1990 

LS 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 23 Dec 1975 

ANSWER 52 OF 66 MEDLINE on STN 
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Full Text 
AN 197601S3Sl MEDLINE 
ON PubMed ID: 1164397 
TI Differentiation of Friend virus-induced leukemia cells. 
AU Sugano H; Kawaguchi T; Furusawa M; Ikawa Y 
SO Bibliotheca haematologica, (1975) No. 40, pp. 221-S. 

Journal code: 0372513. ISSN: 0067-7957. 
CY Switzerland 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197512 
ED Entered STN: 13 Mar 1990 

LS 

Last Updated on STN: 3 Feb 1997 
Entered Medline: 4 Dec 1975 

ANSWER 53 OF 66 MEDLINE on STN 
Full Text 
AN 19750S3933 MEDLINE 
ON PubMed ID: 4445153 
TI Delivery of 57Co B12 to lymphoblasts derived from mice 

1210 ascites tumor cells by transcobalamins I, II, and 
Meyer L M; Garns R A; Ryel E M; Miller I E; Kumar S 
Proceedings of the Society for Experimental Biology and 
for Experimental Biology and Medicine (New York, N.Y.), 

AU 
so 

CY 
OT 

LA 
FS 
EM 

147, No. 3, pp. 679-SO. 
Journal code: 7505S92. ISSN: 0037-9727. 
United States 
(IN VITRO) 
Journal; Article; 
(RESEARCH SUPPORT, 
(RESEARCH SUPPORT, 
English 
Priority Journals 
197503 

(JOURNAL ARTICLE) 
U.S. GOV'T, NON-P.H.S.) 
U.S. GOV'T, P.H.S.) 

ED Entered STN: 10 Mar 1990 
Last Updated on STN: 10 Mar 1990 
Entered Medline: 26 Mar 1975 

LS ANSWER 54 OF 66 MEDLINE on STN 
Full Text 
AN 19750S2263 MEDLINE 
ON PubMed ID: 1053S06 

with transplanted 
III. 

Medicine. Society 
(1974 Dec) Vol. 

TI Extreme elevation of serum transcobalamin I in patients with metastatic 
cancer. 

AU Carmel R 
SO The New England journal of medicine, (1975 Feb 6) Vol. 292, No. 6, pp. 

2S2-4. 
Journal code: 0255562. ISSN: 002S-4793. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 197504 
ED Entered STN: 10 Mar 1990 

Last Updated on STN: 10 Mar 1990 
Entered Medline: 11 Apr 1975 

LS ANSWER 55 OF 66 MEDLINE on STN 
Full Text 
AN 19742S7001 MEDLINE 
ON PubMed ID: 4367719 
TI Characteristics of a novel serum vitamin-B12-binding protein 

associated with hepatocellular carcinoma. 
AU Wasman S; Gilbert H S 
SO British journal of haematology, (1974 Jun) Vol. 27, No. 2, pp. 229-39. 

Journal code: 0372544. ISSN: 0007-104S. 
CY ENGLAND: United Kingdom 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197410 
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ED Entered STN: 10 Mar 1990 
Last Updated on STN: 3 Feb 1997 
Entered Medline: 7 Oct 1974 

LS ANSWER 56 OF 66 MEDLINE on STN 
Full Text 
AN 19741707Sl MEDLINE 
ON PubMed ID: 4524624 
TI The effect of replacement of methionine by homocystine on survival of 

malignant and normal adult mammalian cells in culture. 
AU Halpern B C; Clark B R; Hardy D N; Halpern R M; Smith R A 
SO Proceedings of the National Academy of Sciences of the United States of 

America, (1974 Apr) Vol. 71, No. 4, pp. 1133-6. 
Journal code: 7505S76. ISSN: 0027-S424. 
Report No.: NLM-PMC3SS177. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 197407 
ED Entered STN: 10 Mar 1990 

Last Updated on STN: 10 Mar 1990 
Entered Medline: 31 Jul 1974 

LS ANSWER 57 OF 66 MEDLINE on STN 
Full Text 
AN 1974004406 MEDLINE 
ON PubMed ID: 4126370 
TI A tumor-related vitamin Bl2 binding protein in adolescent hepatoma. 
AU Waxman S; Gilbert H S 
SO The New England journal of medicine, (1973 Nov 15) Vol. 2S9, No. 20, pp. 

1053-6. 
Journal code: 0255562. ISSN: 002S-4793. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 197312 
ED Entered STN: 10 Mar 1990 

Last Updated on STN: 10 Mar 1990 
Entered Medline: 11 Dec 1973 

LS ANSWER 5S OF 66 MEDLINE on STN 
Fu11 Text 
AN 1972200957 MEDLINE 
ON PubMed ID: 4555534 
TI 
AU 
so 

Unfavorable signs in patients 
Theologides A 
Annals of internal medicine, 
Journal code: 0372351. ISSN: 

CY United States 

with chronic myelocytic leukemia. 

(1972 Jan) Vol. 76, No. 1, pp. 95-9. 
0003-4Sl9. 

OT Journal; Article; (JOURNAL ARTICLE) 
General Review; (REVIEW) 

LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 19720S 
ED Entered STN: 10 Mar 1990 

Last Updated on STN: 10 Mar 1990 
Entered Medline: 7 Aug 1972 

LS ANSWER 59 OF 66 MEDLINE on STN 
Full Text 
AN 197204135S MEDLINE 
ON PubMed ID: 5000S72 

Ref: 54 

TI Gastric secretory and serologic studies on patients with neoplastic and 
immunologic disorders. 

AU Twomey J J; Laughter A H; Villanueva N D; Kao Y S; Lidsky M D; Jordan P H 
Jr 

SO Archives of internal medicine, (1971 Nov) Vol. 12S, No. 5, pp. 746-9. 
Journal code: 0372440. ISSN: 0003-9926. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
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LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 197201 
ED Entered STN: 10 Mar 1990 

Last Updated on STN: 6 Feb 199S 
Entered Medline: 25 Jan 1972 

LS ANSWER 60 OF 66 MEDLINE on STN 
Full Text 
AN 19712S1351 MEDLINE 
ON PubMed ID: 52S467S 
TI Increased transcobalamin I in a leukemoid reaction. 
AU Hall C A; Wanko M 
SO The Journal of laboratory and clinical medicine, (1971 Aug) Vol. 7S, No. 

2, pp. 2 9 S-3 0 1 . 
Journal code: 0375375. ISSN: 0022-2143. 

CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 197111 
ED Entered STN: 1 Jan 1990 

Last Updated on STN: 1 Jan 1990 
Entered Medline: 3 Nov 1971 

LS ANSWER 61 OF 66 MEDLINE on STN 
Full Text 
AN 1970113051 MEDLINE 
ON PubMed ID: 5740509 
TI [The mechanism of the emergence of hematological remissions (on the 

problem of tumor regression)]. 
0 mekhanizme vozniknoveniia gematologicheskikh remissii (K voprosu ob 
opukholevoi regressii). 

AU Alekseev G A 
SO Terapevticheskii arkhiv, (196S Apr) Vol. 40, No. 4, pp. 16-25. 

Journal code: 29S4S1SR. ISSN: 0040-3660. 
CY USSR 
OT Journal; Article; (JOURNAL ARTICLE) 
LA Russian 
FS Priority Journals 
EM 197004 
ED Entered STN: 1 Jan 1990 

Last Updated on STN: 1 Jan 1990 
Entered Medline: 2 Apr 1970 

LS ANSWER 62 OF 66 MEDLINE on STN 
Full Text 
AN 1969175359 MEDLINE 
ON PubMed ID: 5252793 
TI Uptake of labelled vitamin B 12 and 4-iodophenylalanine in some tumors 

of mice. 
AU Blomquist L; Flodh H; Ullberg S 
SO Experientia, (1969 Mar 15) Vol. 25, No. 3, pp. 294-6. 

Journal code: 0376547. ISSN: 0014-4754. 
CY Switzerland 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 196906 
ED Entered STN: 1 Jan 1990 

LS 

Last Updated on STN: 1 Jan 1990 
Entered Medline: 19 Jun 1969 

ANSWER 63 OF 66 MEDLINE on STN 
Full Text 
AN 1969057044 MEDLINE 
ON PubMed ID: 5724527 
TI Accumulation of labelled vitamin B12 in some transplanted tumours. 
AU Flodh H; Ullberg S 
SO International journal of cancer. Journal international du cancer, (196S 

Sep 15) Vol. 3, No. 5, pp. 694-9. 
Journal code: 0042124. ISSN: 0020-7136. 
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CY Denmark 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Priority Journals 
EM 196901 
ED Entered STN: 1 Jan 1990 

LS 

Last Updated on STN: 1 Jan 1990 
Entered Medline: 30 Jan 1969 

ANSWER 64 OF 66 MEDLINE on STN 
Full Text 
AN 196609S269 MEDLINE 
ON PubMed ID: 4159695 
TI Excretion of formiminoglutamic acid in reticulosis and carcinoma. 
AU Noeypatimanond S; Watson-Williams E J; Israels M C 
SO Lancet, (1966 Feb 26) Vol. 1, No. 7435, pp. 454-6. 

Journal code: 29S5213R. ISSN: 0140-6736. 
CY ENGLAND: United Kingdom 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS Abridged Index Medicus Journals; Priority Journals 
EM 196605 
ED Entered STN: 1 Jan 1990 

LS 

Last Updated on STN: 6 Feb 199S 
Entered Medline: 23 May 1966 

ANSWER 65 OF 66 MEDLINE on STN 
Full Text 
AN 1965135S71 MEDLINE 
ON PubMed ID: 143311S7 
TI ADENOSYLMETHIONINE ELEVATION IN LEUKEMIC WHITE BLOOD CELLS. 
AU BALDESSARINI R J 
SO Science (New York, N.Y.), (1965 Aug 6) Vol. 149, pp. 644-5. 

Journal code: 0404511. ISSN: 0036-S075. 
CY United States 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS OLDMEDLINE; NONMEDLINE 
EM 199612 
ED Entered STN: 16 Jul 1999 

LS 

Last Updated on STN: 16 Jul 1999 
Entered Medline: 1 Dec 1996 

ANSWER 66 OF 66 MEDLINE on STN 
Full Text 
AN 1960104214 MEDLINE 
ON PubMed ID: 137S3966 
TI Co5SB12 absorption, plasma transport and excretion in patients with 

myeloproliferative disorders, solid tumors and non-neoplastic diseases. 
AU WEINSTEIN I B; WATKIN D M 
SO The Journal of clinical investigation, (1960 Nov) Vol. 39, pp. 1667-74. 

Journal code: 7S02S77. ISSN: 0021-973S. 
OT Journal; Article; (JOURNAL ARTICLE) 
LA English 
FS OLDMEDLINE; NONMEDLINE 
OS NLMPMC293407 
EM 199Sll 
ED Entered STN: 16 Jul 1999 

Last Updated on STN: 16 Jul 1999 
Entered Medline: 1 Nov 199S 

=> d his 

(FILE 'HOME' ENTERED AT 23:24:07 ON 31 AUG 2009) 

FILE 'REGISTRY' ENTERED AT 23:24:20 ON 31 AUG 2009 
E VITAMIN 812/CN 

Ll 1 S E3 

FILE 'MEDLINE' ENTERED AT 23:24:53 ON 31 AUG 2009 
L2 16339 S Ll 
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L3 1143S S (VITAMIN Bl2 OR HYDROXYCOBOLAMIN OR CHLOROCOBOLAMIN OR AQUOCO 
L4 2010S S L2 OR L3 
LS 1707973 S (CANCER OR ANTI-NEOPLAST? OR NEOPLAST? OR CARCIN? OR TUMOR?) 
L6 773 S L4 AND LS 
L7 212SS9 S LEUKEMIA? 
LS 66 S L6 AND L7 

=> d an ti au si ab kwic lS 47 
'SI' IS NOT A VALID FORMAT FOR FILE 'MEDLINE' 

The following are valid formats: 

The default display format is BIB. 

ABS AB 
ALL AN, ON, TI, AU, AUGR, AUCL, CS, NC, SO, CM, CY, OT, LA, 

FS, NCT, OS, EM, ED, AB, ST, CT, NA, RN, CN, GEN 
BIB AN, ON, TI, AU, AUGR, AUCL, CS, NC, SO, CY, OT, LA, FS, NCT, OS, EM, ED 
CBIB AN, ON, TI, AU, AUGR, AUCL, CS, NC, SO, CY, OT, LA, FS, NCT, OS, EM, ED 
DALL ALL, delimited for post processing 
IABS ABS, with a text label 
IALL ALL, indented with text labels 
IBIB BIB, indented with text labels 
IND ---- ST, CT, NA, RN, CN, GEN 
TRIAL -- TI, ST, CT, NA, RN, CN, GEN 

(SAM, TRI, FREE) 
HIT ---- All fields containing hit terms 
HITIND - IND 
KWIC --- All hit terms plus 20 words on either side 
OCC List of display fields containing hit terms 

Hit terms will be highlighted in all available fields except CM and 
PY. 

To display a particular field or fields, enter the display field 
codes. For a list of display field codes, enter 'HELP DFIELDS' 
at an arrow prompt (=>). Examples of formats include: 'BIB'; 
'AB'; 'SO,ST'. You may specify the format fields in any order, 
and the information will be displayed in the same order as the 
format specification. 

The same formats (except for HIT, HITIND, KWIC, and OCC) may be 
used with the DISPLAY ACC command to display the record for a 
specified Accession Number. 
ENTER DISPLAY FORMAT (BIB) :end 

=> d an ti au so ab kwic lS 47 

LS ANSWER lS OF 66 MEDLINE on STN 
Full Text 
AN 199207441S MEDLINE 
TI Effect of combined ascorbic acid and B-12 on survival of mice with 

implanted Ehrlich carcinoma and Ll210 leukemia. 
AU Poydock M E 
SO The American journal of clinical nutrition, (1991 Dec) Vol. S4, No. 6 

Suppl, pp. 1261S-126SS. 
Journal code: 0376027. ISSN: 0002-916S. 

AB A combination of dehydroascorbic acid and hydroxycobalamin (vitamin B-12) 
inhibited mitoses of tumors in mice. The present study was performed to 
test the effect of these vitamins on the survival of mice bearing 
carcinomas and leukemias. In each assay 40 mice received 0.1 mL ip 
tumor cells (xlO(S)). After 24 h, 20 mice were injected with 0.2 mL 
(0.4 g/kg body wt) of the vitamins daily for 10 d. All controls died by 
day 19, but greater than SO% of the treated mice were alive after 60 d. 
In vitro findings revealed inhibition of mitoses in Ll210 leukemia 
cells, but not in normal L929 cells. In recent research with 
cobalt-ascorbate plus vitamin C, we demonstrated that when B-12 is 
combined with vitamin C, the cobalt nucleus of B-12 attaches to a carbon 
on vitamin C, forming cobalt ascorbate. Tests proved that cobalt 
ascorbate plus vitamin C also inhibited tumor cells. 

TI Effect of combined ascorbic acid and B-12 on survival of mice with 
implanted Ehrlich carcinoma and Ll210 leukemia. 
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AB A combination of dehydroascorbic acid and hydroxycobalamin (vitamin B-12) 
inhibited mitoses of tumors in mice. The present study was performed to 
test the effect of these vitamins on the survival of mice bearing 
carcinomas and leukemias. In each assay 40 mice received 0.1 mL ip 
tumor cells (x10(5)). After 24 h, 20 mice were injected with 0.2 mL 
(0.4 g/kg body wt) of the vitamins daily. than 50% of the treated 
mice were alive after 60 d. In vitro findings revealed inhibition of 
mitoses in L1210 leukemia cells, but not in normal L929 cells. In 
recent research with cobalt-ascorbate plus vitamin C, we demonstrated that 
when B-12. attaches to a carbon on vitamin C, forming cobalt 
ascorbate. Tests proved that cobalt ascorbate plus vitamin C also 
inhibited tumor cells. 

CT Check Tags: Female 
Animals 

*Ascorbic Acid: PD, pharmacology 
*Carcinoma, Ehrlich Tumor: MO, mortality 

Carcinoma, Ehrlich Tumor: PA, pathology 
Dehydroascorbic Acid: PD, pharmacology 
Drug Combinations 

*Leukemia, Experimental: MO, mortality 
Mice 
Mice, Inbred ICR 
Neoplasm Transplantation 
Survival Analysis 

*Vitamin B 12: PD, pharmacology 
RN 490-83-5 (Dehydroascorbic Acid); 50-81-7 (Ascorbic Acid); 68-19-9 

(Vitamin B 12) 

LS ANSWER 47 OF 66 MEDLINE on STN 
Full Text 
AN 1977019051 MEDLINE 
TI B12 -- dependent methionine synthetase as a potential target for cancer 

chemotherapy. 
AU Huennekens F M; DiGirolamo P M; Fujii K; Jacobsen D W; Vitols K S 
SO Advances in enzyme regulation, (1976) Vol. 14, pp. 187-205. Ref: 51 

Journal code: 0044263. ISSN: 0065-2571. 
TI B12 -- dependent methionine synthetase as a potential target for cancer 

chemotherapy. 
CT S-Methyltransferase: IP, isolation & purification 

*5-Methyltetrahydrofolate-Homocysteine S-Methyltransferase: ME, metabolism 
Animals 
Cells, Cultured 
Cobamides: BI, biosynthesis 
Enzyme Activation 
Flavoproteins: ME, metabolism 
Leukemia L1210: EN, enzymology 
Leukemia L1210: ME, metabolism 
Methionine: BI, biosynthesis 

*Methyltransferases: ME, metabolism 
Mice 
NADP: ME, metabolism 

*Neoplasms: ME, metabolism 
S-Adenosylmethionine: ME, metabolism 

RN 29908-03-0 (S-Adenosylmethionine); 53-59-8 (NADP); 63-68-3 (Methionine); 
68-19-9 (Vitamin B 12) 

=> file ca 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

FILE 'CA' ENTERED AT 23:34:40 ON 31 AUG 2009 

SINCE FILE 
ENTRY 
18.48 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 
PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 
COPYRIGHT (C) 2009 AMERICAN CHEMICAL SOCIETY (ACS) 

TOTAL 
SESSION 

26.58 

Copyright of the articles to which records in this database refer is 
held by the publishers listed in the PUBLISHER (PB) field (available 
for records published or updated in Chemical Abstracts after December 
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26, 1996), unless otherwise indicated in the original publications. 
The CA Lexicon is the copyrighted intellectual property of the 
American Chemical Society and is provided to assist you in searching 
databases on STN. Any dissemination, distribution, copying, or storing 
of this information, without the prior written consent of CAS, is 
strictly prohibited. 

FILE COVERS 1907 - 27 Aug 2009 VOL 151 ISS 10 
FILE LAST UPDATED: 27 Aug 2009 (20090827/ED) 
REVISED CLASS FIELDS (/NCL) LAST RELOADED: Jun 2009 
USPTO MANUAL OF CLASSIFICATIONS THESAURUS ISSUE DATE: Jun 2009 

CA now includes complete International Patent Classification (IPC) 
reclassification data for the third quarter of 2009. 

CAS Information Use Policies apply and are available at: 

http: I /www. ca:::. orq} leqa.1/ inf o.r;.ol icv. html 

This file contains CAS Registry Numbers for easy and accurate 
substance identification. 

The ALL, BIB, MAX, and STD display formats in the CA/CAplus family 
of databases have been updated to include new citing references 
information. This enhancement may impact record import into 
database management software. For additional information, refer 
to NEWS 9. 

=> s 11 
L9 21671 Ll 

=> s (vitamin bl2 or hydroxycobolamin or chlorocobolamin or aquocobolamin or cobolamin or azi 
21 7802 VITAMIN 

40353 Bl2 
25073 VITAMIN Bl2 

(VITAMIN (W) Bl2) 
1 HYDROXYCOBOLAMIN 
0 CHLOROCOBOLAMIN 
0 AQUOCOBOLAMIN 
3 COBOLAMIN 
0 AZIDOCOBOLAMIN 

LlO 25074 (VITAMIN Bl2 OR HYDROXYCOBOLAMIN OR CHLOROCOBOLAMIN OR AQUOCOBOL 
AMIN OR COBOLAMIN OR AZIDOCOBOLAMIN) 

=> s 19 or 110 
Lll 26800 L9 OR LlO 

=> s (cancer or anti-neoplast? or neoplast? or carcin? or tumor?) 
385602 CANCER 
525123 ANTI 

69871 NEOPLAST? 
1018 ANTI-NEOPLAST? 

(ANTI(W)NEOPLAST?) 
69871 NEOPLAST? 

307373 CARCIN? 
553203 TUMOR? 

Ll2 881426 (CANCER OR ANTI-NEOPLAST? OR NEOPLAST? OR CARCIN? OR TUMOR?) 

=> s 111 and 112 
Ll3 959 Lll AND Ll2 

=> s leukemia? 
Ll4 121003 LEUKEMIA? 

=> s 113 and 114 
Ll5 88 Ll3 AND Ll4 

=> d 1-88 
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TI Substrate-selective inhibition of pappalysin activity against insulin-like 
growth factor-binding protein 4 using substrate-binding site ligands 

IN Oxvig, Claus; Mikkelsen, Jakob Hauge; Nielsen, Claus Gyrup 
PA Aarhus Universitet, Den. 
SO PCT Int. Appl., 219pp. 

CODEN: PIXXD2 
OT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. 
--------------- -------- --------------------

PI WO 2009092806 A2 20090730 WO 2009-EP50796 
W: AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, 

CA, CH, CN, CO, CR, CU, CZ, DE, DK, OM, 
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, 
KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, 
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, 
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, 
TM, TN, TR, TT, TZ, UA, UG, US, UZ, vc, 

RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, 
SK, TR, BF, BJ, CF, CG, CI, CM, GA, GN, 
TD, TG, BW, GH, GM, KE, LS, MW, MZ, NA, 
ZW, AM, AZ, BY, KG, KZ, MD, RU, TJ, TM 

PRAI us 2008-23631P p 20080125 
DK 2008-148 A 20080201 
us 2008-25545P p 20080201 

Ll5 ANSWER 2 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 150:555809 CA 

BG, BH, 
DO, DZ, 
ID, IL, 
LS, LT, 
NI, NO, 
SL, SM, 
VN, ZA, 
FI, FR, 
NO, PL, 
GQ, GW, 
SD, SL, 

BR, 
EC, 
IN, 
LU, 
NZ, 
ST, 
ZM, 
GB, 
PT, 
ML, 
SZ, 

DATE 
--------

20090123 
BW, BY, BZ, 
EE, EG, ES, 
IS, JP, KE, 
LY, MA, MD, 
OM, PG, PH, 
sv, SY, TJ, 
zw 
GR, HR, HU, 
RO, SE, SI, 
MR, NE, SN, 
TZ, UG, ZM, 

TI Lipid compositions for the treatment and prevention of proliferative 
diseases and for the reduction of incidences of mutagenesis and 
carcinogenesis 

IN Bar Yosef, Fabiana 
PA Enzymotec Ltd., Israel 
SO U.S. Pat. Appl. Publ., 16pp. 

CODEN: USXXCO 
OT Patent 
LA English 
FAN.CNT 1 

PATENT NO. 

PI US 20090131523 
PRAI US 2007-960798P 

KIND 

Al 
p 

DATE 

20090521 
20071015 

APPLICATION NO. 

us 2008-285806 

ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
OS MARPAT 150:555809 

Ll5 ANSWER 3 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 150:464210 CA 
TI Naphthalene-based inhibitors of anti-apoptotic proteins 
IN Pellecchia, Maurizio; Reed, John C. 
PA Burnham Institute for Medical Research, USA 
SO PCT Int. Appl., 114pp. 

CODEN: PIXXD2 
OT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. 
-------- --------------------

PI WO 2009052443 
W: AE, AG, 

CA, CH, 
FI, GB, 
KG, KM, 
ME, MG, 
PL, PT, 
TM, TN, 

RW: AT, BE, 
IE, IS, 
TR, BF, 

AL, 
CN, 
GD, 
KN, 
MK, 
RO, 
TR, 
BG, 
IT, 
BJ, 

Al 
AM, 
CO, 
GE, 
KP, 
MN, 
RS, 
TT, 
CH, 
LT, 
CF, 

20090423 
AO, AT, AU, 
CR, CU, CZ, 
GH, GM, GT, 
KR, KZ, LA, 
MW, MX, MY, 
RU, SC, SD, 
TZ, UA, UG, 
CY, CZ, DE, 
LU, LV, MC, 
CG, CI, CM, 

WO 2008-US80386 
AZ, BA, BB, BG, BH, BR, 
DE, DK, OM, DO, DZ, EC, 
HN, HR, HU, ID, IL, IN, 
LC, LK, LR, LS, LT, LU, 
MZ, NA, NG, NI, NO, NZ, 
SE, SG, SK, SL, SM, ST, 
US, UZ, vc, VN, ZA, ZM, 
DK, EE, ES, FI, FR, GB, 
MT, NL, NO, PL, PT, RO, 
GA, GN, GQ, GW, ML, MR, 

DATE 

20081014 

DATE 
--------

20081017 
BW, BY, BZ, 
EE, EG, ES, 
IS, JP, KE, 
LY, MA, MD, 
OM, PG, PH, 
sv, SY, TJ, 
zw 
GR, HR, HU, 
SE, SI, SK, 
NE, SN, TD, 
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MZ, NA, SD, SL, SZ, 
TJ, TM 

TZ, UG, ZM, ZW, TG, BW, 
AM, AZ, 

us 20090105319 
PRAI US 2007-981400P 

US 2008-35969P 
US 2008-97171P 

GH, GM, 
BY, KG, 

Al 

KE, LS, MW, 
KZ, MD, RU, 

20090423 
20071019 
20080312 
20080915 

us 2008-253918 20081017 
p 
p 
p 

ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
OS MARPAT 150:464210 
RE.CNT 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS RECORD 

ALL CITATIONS AVAILABLE IN THE RE FORMAT 

Ll5 ANSWER 4 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 150:395435 CA 
TI Studies on similarity of hepatocarcinogenesis in liver cirrhosis to 

leukomogenesis 
AU Feng, Baozhang; Lei, Jianling; Fu, Yu; Liu, Fangjie; Zhou, Yingjie 
CS V-erb Lab, V-erb Gene Therapy Co., Ltd., Tianjin, 300020, Peop. Rep. China 
SO Zhongliu Yanjiu Yu Linchuang (2007), 19(6), 393-394 

CODEN: ZYLIFJ; ISSN: 1006-9801 
PB Zhongliu Yanjiu Yu Linchuang Zazhi Bianjibu 
OT Journal 
LA Chinese 

Ll5 ANSWER 5 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 150:268020 CA 
TI Transfer factor compositions and methods for therapeutic use thereof 
IN Ramaekers, Joseph C. 
PA USA 
SO U.S. Pat. Appl. Publ., 2lpp. 

CODEN: USXXCO 
OT Patent 
LA English 
FAN.CNT 2 

PATENT NO. KIND DATE APPLICATION NO. 
--------------- -------- --------------------

PI us 20090053197 Al 20090226 us 2007-762727 
WO 2007149287 A2 20071227 WO 2007-US13903 
WO 2007149287 A3 20081002 

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BH, BR, 
CH, CN, CO, CR, CU, CZ, DE, DK, OM, DO, DZ, EC, 
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, 
KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, 
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, sv, 
TR, TT, TZ, UA, UG, US, UZ, vc, VN, ZA, ZM, zw 

RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 
IS, IT, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, 
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 
BY, KG, KZ, MD, RU, TJ, TM, AP, EA, EP, OA 

PRAI us 2006-814777P p 20060614 
us 2006-834739P p 20060731 
us 2007-762727 A 20070613 

Ll5 ANSWER 6 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 149:386609 CA 

BW, 
EE, 
IS, 
LY, 
OM, 
SY, 

GB, 
SI, 
SN, 
ZM, 

TI Cobalamin taxane bioconjugates useful as oral anti-cancer or 
anti-angiogenic drugs 

DATE 
--------

20070613 
20070614 

BY, BZ, CA, 
EG, ES, FI, 
JP, KE, KG, 
MA, MD, ME, 
PG, PH, PL, 
TJ, TM, TN, 

GR, HU, IE, 
SK, TR, BF, 
TD, TG, BW, 
ZW, AM, AZ, 

IN Gebhard, John R.; Vollmer, David; Patel, Dinesh; Daugherty, Claire 
PA Inflabloc Pharmaceuticals, Inc., USA 
SO PCT Int. Appl., 42pp. 

CODEN: PIXXD2 
OT Patent 
LA English 
FAN.CNT 1 

PI 

PATENT NO. 

WO 2008115805 
WO 2008115805 

KIND 

A2 
A3 

DATE 

20080925 
20090115 

APPLICATION NO. 

WO 2008-US57038 

DATE 

20080314 
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W: AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, 
CA, CH, CN, CO, CR, CU, CZ, DE, DK, OM, DO, DZ, EC, EE, EG, ES, 
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, 
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, 
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, sv, SY, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, vc, VN, ZA, ZM, zw 

RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, 
IE, IS, IT, LT, LU, LV, MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, 
TR, BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG, BW, GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW, 
AM, AZ, BY, KG, KZ, MD, RU, TJ, TM, AP, EA, EP, OA 

us 20080233135 Al 20080925 us 2008-77060 20080314 
PRAI us 2007-919121P p 20070319 
ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
OS CASREACT 149:386609 

Ll5 ANSWER 7 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 149:119595 CA 
TI Diagnosis and treatment of cancer related to human dormancy 
IN Powell, Michael 
PA USA 
so U.S. Pat. Appl. Publ., 27pp. 

CODEN: usxxco 
OT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
--------------- -------- -------------------- --------

PI us 20080160007 Al 20080703 us 2008-6462 20080102 
PRAI us 2007-878343P p 20070103 

Ll5 ANSWER 8 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 149:111963 CA 
TI Vitamin B12-mediated transport: a potential tool for tumor targeting 

of antineoplastic drugs and imaging agents 
AU 
cs 

so 

Gupta, Yashwant; Kohli, Dharm Veer; Jain, Sanjay K. 
Pharmaceutics Research Projects Laboratory, Department of Pharmaceutical 
Sciences, Dr. Hari Singh Gour Vishwavidyalaya, Sagar, 470003, India 
Critical Reviews in Therapeutic Drug Carrier Systems (2008), 25(4), 
347-379 
CODEN: CRTSEO; ISSN: 0743-4863 

PB Begell House, Inc. 
OT Journal; General Review 
LA English 
OSC.G 2 
RE.CNT 153 

THERE ARE 2 CAPLUS RECORDS THAT CITE THIS RECORD (2 CITINGS) 
THERE ARE 153 CITED REFERENCES AVAILABLE FOR THIS RECORD 
ALL CITATIONS AVAILABLE IN THE RE FORMAT 

Ll5 ANSWER 9 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 148:375932 CA 
TI 

AU 

cs 

so 

Markers of increased angiogenesis and their correlation with biological 
parameters identifying high-risk patients in early B-cell chronic 
lymphocytic leukemia 
Molica, Stefano; Cutrona, Giovanna; Vitelli, Gaetano; Mirabelli, Rosanna; 
Molica, Matteo; Digiesi, Giovanna; Ribatti, Domenico; Ferrarini, Manlio; 
Vacca, Angelo 
Hematology/Oncology Department, Azienda Ospedaliera Pugliese-Ciaccio, 
Catanzaro, 88100, Italy 
Leukemia Research (2007), 31(11), 1575-1578 
CODEN: LEREDD; ISSN: 0145-2126 

PB Elsevier Ltd. 
OT Journal 
LA English 
OSC.G 3 
RE.CNT 8 

THERE ARE 3 CAPLUS RECORDS THAT CITE THIS RECORD (3 CITINGS) 
THERE ARE 8 CITED REFERENCES AVAILABLE FOR THIS RECORD 
ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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Full Text 
AN 148:186576 CA 
TI Method of detecting and/ or measuring hepcidin in a sample 
IN Li, Hongyan; Breau, Alan; Sasu, Barbra 
PA Amgen Inc., USA 
so PCT Int. Appl., 42pp. 

CODEN: PIXXD2 
OT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
--------------- -------- -------------------- --------

PI WO 2008011158 A2 20080124 WO 2007-US16477 20070720 
WO 2008011158 A3 20080605 

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ, DE, DK, OM, DO, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, 
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, sv, SY, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, vc, VN, ZA, ZM, zw 

RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IS, IT, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, SI, SK, TR, BF, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG, BW, 
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW, AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM, AP, EA, EP, OA 

AU 2007275638 Al 20080124 AU 2007-275638 20070720 
CA 2657307 Al 20080124 CA 2007-2657307 20070720 
EP 2057472 A2 20090513 EP 2007-810654 20070720 

R: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IS, IT, LI, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, SI, SK, TR, 
AL, BA, HR, MK, RS 

us 20090173876 Al 20090709 us 2007-880313 20070720 
PRAI us 2006-832625P p 20060721 

WO 2007-US16477 w 20070720 
ASSIGNMENT HISTORY FOR US PATENT AVAILABLE IN LSUS DISPLAY FORMAT 
OSC.G 1 THERE ARE 1 CAPLUS RECORDS THAT CITE THIS RECORD ( 1 CITINGS) 

Ll5 ANSWER 11 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 148:106222 CA 
TI Pharmaceutical compositions containing inhibitors of hi stone deacetylase 

and B vitamins, and methods of use thereof in the treatment of hi stone 
deacetylase dependent diseases 

IN Shultz, Michael 
PA Novartis AG, Switz.; Novartis Pharma GmbH 
so PCT Int. Appl., 58 pp. 

CODEN: PIXXD2 
OT Patent 
LA English 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 
--------------- -------- -------------------- --------

PI WO 2008002862 Al 20080103 WO 2007-US72004 20070625 
W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, 

CH, CN, CO, CR, CU, CZ, DE, DK, OM, DO, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, 
KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, 
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, sv, SY, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, vc, VN, ZA, ZM, zw 

RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IS, IT, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, SI, SK, TR, BF, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG, BW, 
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW, AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM 

AU 2007265190 Al 20080103 AU 2007-265190 20070625 
CA 2660782 Al 20080103 CA 2007-2660782 20070625 
EP 2034978 Al 20090318 EP 2007-798994 20070625 

R: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IS, IT, LI, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, SI, SK, TR, 
AL, BA, HR, MK, RS 
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IN 2008DN10353 A 20090320 IN 2008-DN10353 20081215 
MX 2008016125 A 20090115 MX 2008-16125 20081216 
KR 2009023631 A 20090305 KR 2008-731346 20081224 
CN 101478959 A 20090708 CN 2007-80024079 20081226 

PRAI us 2006-816459P p 20060626 
WO 2007-US72004 w 20070625 

RE.CNT 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS RECORD 
ALL CITATIONS AVAILABLE IN THE RE FORMAT 

Ll5 ANSWER 12 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 148:85733 CA 
TI Transfer factor compositions and methods 
IN Ramaekers, Joseph C. 
PA Ramaekers Nutrition, LLC, USA 
so PCT Int. Appl., 45pp. 

CODEN: PIXXD2 
OT Patent 
LA English 
FAN.CNT 2 

PATENT NO. KIND DATE APPLICATION NO. 
--------------- -------- --------------------

PI WO 2007149287 A2 20071227 WO 2007-US13903 
WO 2007149287 A3 20081002 

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BH, BR, 
CH, CN, CO, CR, CU, CZ, DE, DK, OM, DO, DZ, EC, 
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, 
KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, 
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, sv, 
TR, TT, TZ, UA, UG, US, UZ, vc, VN, ZA, ZM, zw 

RW: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 
IS, IT, LT, LU, LV, MC, MT, NL, PL, PT, RO, SE, 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, 
GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 
BY, KG, KZ, MD, RU, TJ, TM, AP, EA, EP, OA 

us 20090053197 Al 20090226 us 2007-762727 
PRAI us 2006-814777P p 20060614 

us 2006-834739P p 20060731 
us 2007-762727 A 20070613 

Ll5 ANSWER 13 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 147:491621 CA 

BW, 
EE, 
IS, 
LY, 
OM, 
SY, 

GB, 
SI, 
SN, 
ZM, 

DATE 
--------

20070614 

BY, BZ, CA, 
EG, ES, FI, 
JP, KE, KG, 
MA, MD, ME, 
PG, PH, PL, 
TJ, TM, TN, 

GR, HU, IE, 
SK, TR, BF, 
TD, TG, BW, 
ZW, AM, AZ, 

20070613 

TI Nutraceutical composition comprising 
2,3-dimethoxy-5-methyl-1,4-benzoquinone and method of use for 
treatment/prevention of cancer 

IN Mazzio, Elizabeth; Soliman, Karam 
PA USA 
SO U.S. Pat. Appl. Publ., 3lpp., Cont.-in-part of U.S. Ser. No. 233,279. 

CODEN: USXXCO 
OT Patent 
LA English 
FAN.CNT 3 

PATENT NO. 

PI US 20070248693 
us 20060035981 

PRAI US 2003-491841P 
US 2004-540525P 
us 2004-909590 
us 2005-233279 

Ll5 ANSWER 14 OF 88 
Full Text 
AN 147:181566 CA 

CA 

KIND DATE 
--------

Al 20071025 
Al 20060216 
p 20030802 
p 20040129 
B2 20040802 
A2 20050920 

COPYRIGHT 2009 

APPLICATION NO. DATE 
-------------------- --------

us 2007-711883 20070227 
us 2005-233279 20050920 

ACS on STN 

TI Dietary and pharmaceutical compositions using 
N-acetyl-glucosamine-N-acetylmuramyl peptides for management and treatment 
of oxidative stress and conditions with elevated y-glutamyl 
transferase activity and alterations of NF-KB expression 

IN Ellithorpe, Rita R.; Slesarev, Vladimir I.; Dimitrov, Todor V. 
PA USA 
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SO U.S. Pat. Appl. Publ., llpp., Cont.-in-part of U.S. Ser. No. 794,285. 
CODEN: USXXCO 

OT Patent 
LA English 
FAN.CNT 2 

PATENT NO. 

PI US 20070167355 
us 20040258779 
us 20050059579 

PRAI US 2003-455123 
us 2004-794285 

Ll5 ANSWER 15 OF 88 
Full Text 
AN 147:125831 CA 

CA 

KIND DATE 
--------

Al 20070719 
Al 20041223 
Al 20050317 
A2 20030606 
A2 20040308 

COPYRIGHT 2009 

APPLICATION NO. DATE 
-------------------- --------

us 2006-581623 20061017 
us 2003-455123 20030606 
us 2004-794285 20040308 

ACS on STN 

TI Transdermal delivery of pharmaceutical agent comprising genetic molecule 
IN Russell-Jones, Gregory J.; Luke, Michael R.; Himes, Stewart R. 
PA Apollo Life Sciences Limited, Australia 
SO PCT Int. Appl., 12lpp. 

CODEN: PIXXD2 
OT Patent 
LA English 
FAN.CNT 1 

PI 

PATENT NO. 

WO 2007070983 

AU 
us 
EP 

W: AE, AG, 
CN, CO, 
GE, GH, 
KP, KR, 
MN, MW, 
RS, RU, 
TZ, UA, 

RW: AT, BE, 
IS, IT, 
CF, CG, 
GM, KE, 
KG, KZ, 

2006326870 
20070243132 
1978997 

AL, 
CR, 
GM, 
KZ, 
MX, 
SC, 
UG, 
BG, 
LT, 
CI, 
LS, 
MD, 

KIND 

Al 
AM, 
CU, 
GT, 
LA, 
MY, 
SD, 
US, 
CH, 
LU, 
CM, 
MW, 
RU, 

Al 
Al 
Al 

DATE 

20070628 
AT, AU, AZ, 
CZ, DE, DK, 
HN, HR, HU, 
LC, LK, LR, 
MZ, NA, NG, 
SE, SG, SK, 
UZ, VC, VN, 
CY, CZ, DE, 
LV, MC, NL, 
GA, GN, GQ, 
MZ, NA, SD, 
TJ, TM 

20070628 
20071018 
20081015 

APPLICATION NO. 

WO 2006-AU1999 
BA, BB, BG, BR, BW, 
OM, DZ, EC, EE, EG, 
ID, IL, IN, IS, JP, 
LS, LT, LU, LV, LY, 
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CODEN: JLCMAK; ISSN: 0022-2143 
OT Journal 
LA English 
OSC.G 2 THERE ARE 2 CAPLUS RECORDS THAT CITE THIS RECORD (2 CITINGS) 

Ll5 ANSWER 74 OF 88 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 74:40522 CA 
OREF 74:6517a,6520a 
TI Acquired aplastic anemia 
AU Keiser, G. 
CS Med. Abt., Buergerspital, Zug, Switz. 
SO Deutsche Medizinische Wochenschrift (1970), 95(40), 2032-4 

CODEN: DMWOAX; ISSN: 0012-0472 
OT Journal 
LA German 

Ll5 ANSWER 75 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 71:28714 CA 
OREF 71:5289a,5292a 
TI Determination of blood folate activity in humans in healthy and in various 

pathological states 
AU Karlin, Rosalie 
CS Inst. Pasteur, Lyons, Fr. 
SO Internationale Zeitschrift fuer Vitaminforschung (1969), 39(1), 44-64 

CODEN: IZVIAK; ISSN: 0020-9406 
OT Journal 
LA French 

Ll5 ANSWER 76 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 71:11249 CA 
OREF 71:205la,2054a 
TI Vitamin B12 and some indexes of nucleic acid metabolism in leukemia 
AU Sheremet, Z. I.; Myasishcheva, N. V. 
CS Inst. Eksp. Klin. Onkol., Moscow, USSR 
SO Probl. Leikozov (1967), 164-70. Editor(s): Rostovtsev, N. F. Publisher: 

Izd. "Kolos", Moscow, USSR. 
CODEN: 20XPAO 

OT Conference 
LA Russian 

Ll5 ANSWER 77 OF 88 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 70:94909 CA 
OREF 70:1773la,17734a 
TI Uptake of labeled vitamin B12 and 4-iodophenylalanine in some tumors 

of mice 
AU Blomquist, Lars; Flodh, H.; Ullberg, Sven 
CS Dep. Pharmacol., Roy. Vet. Coll., Stockholm, Swed. 
SO Experientia (1969), 25(3), 294-6 

CODEN: EXPEAM; ISSN: 0014-4754 
OT Journal 
LA English 
OSC.G 2 THERE ARE 2 CAPLUS RECORDS THAT CITE THIS RECORD (2 CITINGS) 

Ll5 ANSWER 78 OF 88 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 69:84990 CA 
OREF 69:15874h,15875a 
TI Determination of formiminoglutamic acid excretion as a functional test for 

disturbances in folic acid and vitamin B12 metabolism 
AU Wilmanns, W.; Burgmann, T. 
CS Med. Universitaetsklin. Tuebingen, Tuebingen, Fed. Rep. Ger. 
SO Deutsche Medizinische Wochenschrift (1968), 93(38), 1801-6 

CODEN: DMWOAX; ISSN: 0012-0472 
OT Journal 
LA German 

Ll5 ANSWER 79 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
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AN 63:91925 CA 
OREF 63:16915d-f 
TI Adenosylmethionine elevation in leukemic white blood cells 
AU Baldessarini, Ross J.; Carbone, Paul P. 
CS Natl. Cancer Inst., Bethesda, MD 
SO Science (Washington, DC, United States) (1965), 149(3684), 644-5 

CODEN: SCIEAS; ISSN: 0036-8075 
OT Journal 
LA English 

Ll5 ANSWER 80 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 61:71260 CA 
OREF 61:12425g-h 
TI Some investigations of folic acid deficiency 
AU Kershaw, P. W.; Girdwood, R. H. 
CS Roy. Infirmary, Edinburgh 
SO Scot. Med. J. (1964), 9(5), 201-12 
OT Journal 
LA Unavailable 

Ll5 ANSWER 81 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 60:41018 CA 
OREF 60:7258h,7259a 
TI Serum protein changes and organ dye concentrations in trypan blue 

carcinogenesis 
AU Brown, D. V.; Norlind, L. M.; Adamovics, A.; Bowen, A. 
CS Univ. of Washington, Seattle 
SO Proceedings of the Society for Experimental Biology and Medicine (1963), 

114, 290-3 
CODEN: PSEBAA; ISSN: 0037-9727 

OT Journal 
LA Unavailable 

Ll5 ANSWER 82 OF 88 CA COPYRIGHT 2009 ACS on STN 
Fu11 Text 
AN 60:5296 CA 
OREF 6 0: 96 la-d 
TI Red cell enzymes in anemia 
AU Vuopio, Pekka 
CS Finnish Red Cross Blood Transfusion Serv., Helsinki 
SO Scandinavian Journal of Clinical and Laboratory Investigation (1963), 

Suppl. 15(72), 90 pp. 
CODEN: SJCLAY; ISSN: 0036-5513 

OT Journal 
LA Unavailable 

Ll5 ANSWER 83 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

AU 
cs 
so 

OT 
LA 

Text 
55:18970 CA 
55:3798e-h 
Co58-[Vitamin]B12 absorption, plasma transport, and excretion in 
patients with myeloproliferative disorders, solid tumors, and 
non-neoplastic disease 
Weinstein, I. Bernard; Watkin, Donald M. 
Natl. Cancer Inst. Bethesda, MD 
Journal of Clinical Investigation (1960), 39, 1667-74 
CODEN: JCINAO; ISSN: 0021-9738 
Journal 
Unavailable 

Ll5 ANSWER 84 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 54:131385 CA 
OREF 54:25240i,2524la 
TI Clearance of intravenously injected radioactive cobalt-labeled vitamin 

B12 in chronic myeloid leukemia and other conditions 
AU Ritz, Norton D.; Meyer, Leo M. 
CS Maimonides Hosp., Brooklyn, NY 
SO Cancer (1960), 13, 1000-7 
OT Journal 
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LA Unavailable 

L15 ANSWER 85 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 52:115884 CA 
OREF 52:20584a-b 
TI The diagnostic value of the determination of vitamin B12 in body 

fluids in diseases of the blood and liver 
AU Rachmilewitz, M.; Stein, Y. 
CS Rothschild Hadassah Univ. Hosp., Jerusalem, Israel 
SO Harefuah (1958), 54, 167-70 

CODEN: HAREA6; ISSN: 0017-7768 
OT Journal 
LA Unavailable 

L15 ANSWER 86 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 52:78440 CA 
OREF 52:13964a-c 
TI Serum vitamin B12 concentrations determined by Lactobacillus 

leichmannii assay in patients with neoplastic disease 
AU Mendelsohn, Robert S.; Watkin, Donald M. 
CS Natl. Insts. Health, Bethesda, MD 
SO Journal of Laboratory and Clinical Medicine (1958), 51, 860-6 

CODEN: JLCMAK; ISSN: 0022-2143 
OT Journal 
LA Unavailable 
OSC.G 2 THERE ARE 2 CAPLUS RECORDS THAT CITE THIS RECORD (2 CITINGS) 
L15 ANSWER 87 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 52:46370 CA 
OREF 52:8346c-f 
TI Chromatography of serum proteins in normal and pathologic serums: the 

distribution of protein-bound carbohydrate and cholesterol, siderophilin, 
thyroxine-binding protein, vitamin B12-binding protein, alkaline and 
acid phosphatases, radioiodinated albumin, and myeloma proteins 

AU Fahey, John L.; McCoy, Patricia F.; Goulian, Mehran 
CS Natl. Insts. of Health, Bethesda, MD 
SO Journal of Clinical Investigation (1958), 37, 272-84 

CODEN: JCINAO; ISSN: 0021-9738 
OT Journal 
LA Unavailable 

L15 ANSWER 88 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full Text 
AN 50:90938 CA 
OREF 50:17113g-i,17114a 
TI Pathology and physiology of zinc metabolism 
AU Wolff, H. P. 
CS Univ. Marburg a.d. Lahn, Germany 
SO Klinische Wochenschrift (1956), 34, 409-18 

CODEN: KLWOAZ; ISSN: 0023-2173 
OT Journal 
LA Unavailable 
OSC.G 1 THERE ARE 1 CAPLUS RECORDS THAT CITE THIS RECORD (1 CITINGS) 

=> d an ti in au so pi ab kwic 44 47 

L15 ANSWER 44 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 

IN 
IN 
so 

Text 
124:176815 CA 
124:32818h,32819a 
Preparation of vitamin B12 derivatives as receptor modulating agents 
for treating cancers 
Morgan, A. Charles; Wilbur, D. Scott; Pathare, Pradip M. 
Morgan, A. Charles; Wilbur, D. Scott; Pathare, Pradip M. 
PCT Int. Appl., 101 pp. 
CODEN: PIXXD2 
PATENT NO. KIND DATE APPLICATION NO. DATE 
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PI WO 

us 
us 
us 
AU 
EP 
EP 

JP 
AT 
us 

9527723 
W: AU, 
RW: AT, 

5739287 
5840880 
5869465 
9522835 
754189 
754189 

R: AT, 
10502334 
225799 
6083926 

CA, JP, 
BE, CH, 

BE, CH, 

Al 19951019 
KR, NO, NZ 
DE, DK, ES, FR, 

A 19980414 
A 19981124 
A 19990209 
A 19951030 
Al 19970122 
Bl 20021009 

DE, DK, ES, FR, 
T 19980303 
T 20021015 
A 20000704 

WO 1995-US4404 19950407 

GB, GR, IE, IT, LU, MC, NL, PT, SE 
us 1995-406192 19950316 
us 1995-406191 19950316 
us 1995-406194 19950316 
AU 1995-22835 19950407 
EP 1995-916284 19950407 

GB, GR, IE, IT, LI, LU, MC, NL, PT, SE 
JP 1995-526497 19950407 
AT 1995-916284 19950407 
us 1998-200422 19981123 

AB Receptor modulating agents comprising a vitamin B12 targeting mol. 
coupled to a rerouting moiety (I; Rl - R7 = a linker, through which a 
rerouting moiety is coupled), which are capable of modulating cell surface 
receptors by affecting the cell surface receptor trafficking pathway via 
retaining an agent/receptor complex in an endosome, are prepd. Said 
rerouting moiety is preferably (1) a lysosomotropic moiety selected from 
aminoglycoside antibiotics such as gentamycin, sisomicin, netilmicin, 
kanamycin, tobramycin, amikacin, neomycin, paromomycin, ribostamycin, 
butirosin, and streptomycin, (2) a peptide sorting sequence selected from 
endoplasmic reticulum retention peptides, golgi retention peptides, 
lysosomal retention peptides, organism specific retention peptides, and 
clathrin-binding peptides., and (3) a conditional membrane binding peptide 
selected from charged glutamate, aspartate, and histidine. These receptor 
modulating agents are useful for treating neoplastic disorders such as 
leukemia, sarcoma, myeloma, carcinoma, neuroma, melanoma, cancers of 
the lung, liver, breast, colon, cervix, and prostate, Hodgkin's disease, 
and non-Hodgkin's lymphoma. Thus, a mixt. of 500 mg cyanocobalamin 
monocarboxylic acids I (Rl = R7 = OH, R2 - R6 = NH2; Rl = R3 - R6 = NH2, 
R2 = R7 = OH; Rl - R3 = RS = R6 = NH2, R4 = R7 = OH) (prepn. given) and 
3.6 g 1,12-diaminododecane in 100 mL H20 was adjusted to pH 6 with 1 N 
HCl, treated with 726 mg l-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride, and stirred at room temp. for 22 h to give cyanocobalamin 
monocarboxylic acid N-(12-aminododecyl)amides I [Rl = NH(CH2)12NH2, R2 -
R6 = NH2, R7 =OH] and I [Rl = R3 - R6 = NH2, R2 = NH(CH2)12NH2, R7 =OH] 
(II). II at 10 µM in vitro killed 85% K562 cells. 

TI Preparation of vitamin B12 derivatives as receptor modulating agents 
for treating cancers 

AB Receptor modulating agents comprising a vitamin B12 targeting mol. 
coupled to a rerouting moiety (I; Rl - R7 = a linker, through which a 
rerouting moiety is. a conditional membrane binding peptide 
selected from charged glutamate, aspartate, and histidine. These receptor 
modulating agents are useful for treating neoplastic disorders such as 
leukemia, sarcoma, myeloma, carcinoma, neuroma, melanoma, cancers of 
the lung, liver, breast, colon, cervix, and prostate, Hodgkin's disease, 
and non-Hodgkin's lymphoma. Thus, a mixt .. 

ST vitamin B12 deriv prepn receptor modulating; anticancer vitamin 
B12 deriv; aminoglycoside antibiotic conjugate vitamin B12; peptide 
conjugate vitamin B12; conditional membrane binding peptide 

IT Peptides, preparation 
RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN (Synthetic preparation); THU (Therapeutic use); 
BIOL (Biological study); PREP (Preparation); USES (Uses) 

(peptide sorting sequence (e.g. endoplasmic retention peptides) or 
conditional membrane binding peptide; prepn. of vitamin 
B12-peptide conjugates as receptor modulating agents for 
treating cancers) 

IT Receptors 
RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 
(Biological study); PROC (Process) 

(prepn. of vitamin B12 derivs. as receptor 
modulating agents affecting cell surface receptor trafficking pathway 
for treating cancers) 

IT Neoplasm inhibitors 
(prepn. of vitamin B12 derivs. as receptor 
modulating agents for treating cancers) 

IT Antibiotics 
RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN (Synthetic preparation); THU (Therapeutic use); 
BIOL (Biological study); PREP (Preparation); USES (Uses) 
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(aminoglycoside, prepn. of vitamin B12 
-aminoglycoside antibiotic conjugates as receptor modulating agents for 
treating cancers) 

IT 57-92-lDP, Streptomycin, vitamin B12 conjugate 
59-01-8DP, Kanamycin, vitamin B12 conjugate 
1403-66-3DP, Gentamycin, vitamin B12 conjugate 
1404-04-2DP, Neomycin, vitamin B12 conjugate 
7542-37-2DP, Paromomycin, vitamin B12 conjugate 
12772-35-9DP, Butirosin, vitamin B12 conjugate 
25546-65-0DP, Ribostamycin, vitamin B12 conjugate 
32385-11-8DP, Sisomicin, vitamin B12 conjugate 
32986-56-4DP, Tobramycin, vitamin B12 conjugate 
37517-28-5DP, Amikacin, vitamin B12 conjugate 
56391-56-lDP, Netilmicin, vitamin B12 conjugate 
160927-56-0P 173341-36-lP 173341-37-2P 173341-38-3P 173341-39-4P 
173341-40-7P 173341-41-8P 173341-42-9P 173341-43-0P 173341-44-lP 
173341-45-2P 173341-46-3P 173341-47-4P 173341-48-5P 173341-52-lP 
173341-53-2P 173341-54-3P 
RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN (Synthetic preparation); THU (Therapeutic use); 
BIOL (Biological study); PREP (Preparation); USES (Uses) 

(prepn. of vitamin B12 derivs. as receptor 
modulating agents for treating cancers) 

IT 68-19-9, Cyanocobalamin 99-31-0, 5-Aminoisophthalic acid 

IT 

99-63-8, 1,3-Benzenedicarbonyl dichloride 108-30-5, reactions 
769-39-1, 2,3,5,6-Tetrafluorophenol 813-19-4, Bis(tributyltin) 
1711-02-0, 4-Iodobenzoyl chloride 2783-17-7, 1,12-Diaminododecane 
35013-72-0 110079-43-1 
RL: RCT (Reactant); RACT (Reactant or reagent) 

(prepn. of vitamin B12 derivs. as receptor 
modulating agents for treating cancers) 

72040-64-3P 173341-22-5P 173341-23-6P 
173341-26-9P 173341-27-0P 173341-28-lP 
173341-31-6P 173341-32-7P 173341-33-8P 
173341-49-6P 173341-50-9P 173341-51-0P 

173341-24-7P 
173341-29-2P 
173341-34-9P 
173341-59-8P 

173341-25-8P 
173341-30-5P 
173341-35-0P 

RL: RCT (Reactant); SPN (Synthetic preparation); PREP (Preparation); RACT 
(Reactant or reagent) 

(prepn. of vitamin B12 derivs. as receptor 
modulating agents for treating cancers) 

IT 173341-56-5P 173341-57-6P 173341-58-7P 
RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); SPN (Synthetic preparation); THU (Therapeutic use); 
BIOL (Biological study); PREP (Preparation); USES (Uses) 

(prepn. of vitamin B12-aminoglycoside antibiotic 
conjugates as receptor modulating agents for treating cancers) 

IT 86-38-4, 6,9-Dichloro-2-methoxyacridine 51857-17-1 99008-43-2 
RL: RCT (Reactant); RACT (Reactant or reagent) 

(prepn. of vitamin B12-aminoglycoside antibiotic 
conjugates as receptor modulating agents for treating cancers) 

IT 7657-92-3P 121714-48-5P 
RL: RCT (Reactant); SPN (Synthetic preparation); PREP (Preparation); RACT 
(Reactant or reagent) 

(prepn. of vitamin B12-aminoglycoside antibiotic 
conjugates as receptor modulating agents for treating cancers) 

L15 ANSWER 47 OF 88 CA COPYRIGHT 2009 ACS on STN 
Full 
AN 
OREF 
TI 
AU 
so 

AB 

Text 
119:39993 CA 
119:7079a,7082a 
Vitamins as chemotherapeutic and chemopreventive agents 
Ryan, Donna H.; Starr, Barry 
Pennington Center Nutrition Series (1993), 3(Vitamins and Cancer 
Prevention), 147-60 
CODEN: PCNSEW; ISSN: 1063-8822 
A review with 45 refs. Therapy with retinoids has produced objective 
responses in patients with some types of skin cancer, and tretinoin is 
effective in producing terminal differentiation and complete remission in 
acute promyelocytic leukemia. Cancer chemoprevention trails are under 
way evaluating the activity of multiple vitamin prepns., beta-carotene, 
retinoids, vitamin C, vitamin E, vitamin B12, vitamin B6, and folate. 
Since carcinogenesis is a multistage process that can occur over decades 
in humans, efficient evaluation of chemopreventive agents requires 
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research strategies utilizing intermediate biol. end points. 
Preneoplasia, classically defined histol. cellular change, is being 
redefined by advances in mol. and cell biol. Vitamins have been exploited 
as unproven remedies to vulnerable cancer patients, but now vitamins and 
their derivs. have an emerging role in cancer chemotherapy and 
chemoprevention. 

AB A review with 45 refs. Therapy with retinoids has produced objective 
responses in patients with some types of skin cancer, and tretinoin is 
effective in producing terminal differentiation and complete remission in 
acute promyelocytic leukemia. Cancer chemoprevention trails are under 
way evaluating the activity of multiple vitamin prepns., beta-carotene, 
retinoids, vitamin C, vitamin E, vitamin B12, vitamin B6, and folate. 
Since carcinogenesis is a multistage process that can occur over decades 
in humans, efficient evaluation of chemopreventive agents requires 
research strategies utilizing. change, is being redefined by 
advances in mol. and cell biol. Vitamins have been exploited as unproven 
remedies to vulnerable cancer patients, but now vitamins and their 
derivs. have an emerging role in cancer chemotherapy and chemoprevention. 

IT Vitamins 
RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified); BIOL (Biological study) 

(cancer chemotherapeutic and chemopreventive activity of) 

=> file uspatall 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

DISCOUNT AMOUNTS (FOR QUALIFYING ACCOUNTS) 

CA SUBSCRIBER PRICE 

SINCE FILE 
ENTRY 

149.18 

SINCE FILE 
ENTRY 
-1. 56 

FILE 'USPATFULL' ENTERED AT 23:42:50 ON 31 AUG 2009 
CA INDEXING COPYRIGHT (C) 2009 AMERICAN CHEMICAL SOCIETY (ACS) 

FILE 'USPATOLD' ENTERED AT 23:42:50 ON 31 AUG 2009 
CA INDEXING COPYRIGHT (C) 2009 AMERICAN CHEMICAL SOCIETY (ACS) 

FILE 'USPAT2' ENTERED AT 23:42:50 ON 31 AUG 2009 
CA INDEXING COPYRIGHT (C) 2009 AMERICAN CHEMICAL SOCIETY (ACS) 

=> s 11 
L16 2261 Ll 

TOTAL 
SESSION 

175.76 

TOTAL 
SESSION 

-1. 56 

=> s (vitamin b12 or hydroxycobolamin or chlorocobolamin or aquocobolamin or cobolamin or azi 
L17 6738 (VITAMIN B12 OR HYDROXYCOBOLAMIN OR CHLOROCOBOLAMIN OR AQUOCOBOL 

AMIN OR COBOLAMIN OR AZIDOCOBOLAMIN) 

=> s (vitamin b12 or hydroxycobolamin or chlorocobolamin or aquocobolamin or cobolamin or azi 
L18 888 (VITAMIN B12 OR HYDROXYCOBOLAMIN OR CHLOROCOBOLAMIN OR AQUOCOBOL 

AMIN OR COBOLAMIN OR AZIDOCOBOLAMIN)/CLM 

=> s 116 or 117 
L19 7872 L16 OR L17 

=> s 116 or 118 
L20 2538 L16 OR L18 

=> s (cancer or anti-neoplast? or neoplast? or carcin? or tumor?) 
L21 271712 (CANCER OR ANTI-NEOPLAST? OR NEOPLAST? OR CARCIN? OR TUMOR?) 

=> s (cancer or anti-neoplast? or neoplast? or carcin? or tumor?)/clm 
L22 59768 (CANCER OR ANTI-NEOPLAST? OR NEOPLAST? OR CARCIN? OR TUMOR?)/CLM 

=> s 119 and 121 
L23 4265 L19 AND L21 

=> s 120 and 122 
L24 254 L20 AND L22 

=> s leukemia? 
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L25 72327 LEUKEMIA? 

=> s leukemia?/clm 
L26 8743 LEUKEMIA?/CLM 

=> s 123 and 125 
L27 1851 L23 AND L25 

=> s 124 and 126 
L28 24 L24 AND L26 

=> d 1-24 

L28 ANSWER 1 OF 24 USPATFULL on STN 
Full Text 
AN 2009:145928 USPATFULL 
TI Lipid compositions for the treatment and prevention of proliferative 

diseases and for the reduction of incidences of mutagenesis and 

IN 
PA 
PI 
AI 
PRAI 

carinogenesis 
Yosef, Fabiana Bar, Haifa, ISRAEL 
Enzymotec Ltd., Migdal Haemek, ISRAEL (non-U.S. corporation) 
US 20090131523 Al 20090521 
US 2008-285806 Al 20081014 (12) 
US 2007-960798P 20071015 (60) 

OT Utility 
FS APPLICATION 
LN.CNT 1226 
INCL INCLM: 514/558.000 

426 2 
514/558.000 
426/002.000 

NCL 

IC 

INCLS: 
NCLM: 
NCLS: 
IPCI 

IPCR 

A61K0031-20 [I,A]; A61K0031-185 [I,C*]; A23D0007-005 [I,A]; 
A2 3 D 0 0 0 7- 0 4 [ I, A] ; A2 3 D 0 0 0 7- 0 2 [ I, C * ] ; A2 3 L 0 0 0 1-2 9 [ I, A] 
A61K0031-185 [I,C]; A61K0031-20 [I,A]; A23D0007-005 [I,C]; 
A2 3 D 0 0 0 7- 0 0 5 [ I, A] ; A2 3 D 0 0 0 7- 0 2 [ I, C] ; A2 3 D 0 0 0 7- 0 4 [ I, A] ; 
A2 3 L 0 0 0 1-2 9 [ I, C] ; A2 3 L 0 0 0 1-2 9 [ I, A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 2 OF 24 USPATFULL on STN 
Full Text 
AN 2009:58740 USPATFULL 
TI 
IN 
PI 
AI 
PRAI 

OT 
FS 
LN.CNT 
INCL 
NCL 
IC 

Transfer Factor Compositions and Methods 
Ramaekers, Joseph C., Aptos, CA, UNITED STATES 
US 20090053197 Al 20090226 
US 2007-762727 Al 20070613 (11) 
US 2006-814777P 20060614 (60) 
US 2006-834739P 20060731 (60) 
Utility 
APPLICATION 
1798 
INCLM: 
NCLM: 
IPCI 
IPCR 

424/130.100 
424/130.100 
A61K0039-395 [I,A]; A61P0003-00 [I,A] 
A61K0039-395 [I,C]; A61K0039-395 [I,A]; A61P0003-00 [I,C]; 
A61P0003-00 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 3 OF 24 USPATFULL on STN 
Fu11 Text 
AN 2008:253184 USPATFULL 
TI Advanced drug development and manufacturing 
IN Birnbaum, Eva R., Los Alamos, NM, UNITED STATES 

Koppisch, Andrew T., Flagstaff, AZ, UNITED STATES 
Baldwin, Sharon M., Santa Fe, NM, UNITED STATES 
Warner, Benjamin P., Los Alamos, NM, UNITED STATES 
Mccleskey, T. Mark, Los Alamos, NM, UNITED STATES 
Stewart, Jeffrey Joseph, Los Alamos, NM, UNITED STATES 
Berger, Jennifer A., Los Alamos, NM, UNITED STATES 
Harris, Michael N., Los Alamos, NM, UNITED STATES 
Burrell, Anthony K., Los Alamos, NM, UNITED STATES 

PI US 20080220441 Al 20080911 
AI US 2007-974156 Al 20071010 (11) 
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RLI 

PRAI 
OT 
FS 
LN.CNT 
INCL 

NCL 

IC 

Continuation-in-part of Ser. No. US 2001-859701, filed on 16 May 2001, 
PENDING Continuation-in-part of Ser. No. US 2002-206524, filed on 25 Jul 
2002, ABANDONED Continuation-in-part of Ser. No. US 2003-621825, filed 
on 16 Jul 2003, Pat. No. US 6858148 
US 2006-850594P 20061010 (60) 
Utility 
APPLICATION 
10199 
INCLM: 
INCLS: 
NCLM: 
NCLS: 
IPCI 

IPCR 

435/071.000 
436/501.000; 436/172.000; 436/086.000; 378/045.000 
435/007.100 
378/045.000; 436/086.000; 436/172.000; 436/501.000 
G01N0033-53 [I,A]; G01N0021-76 [I,A]; G01N0033-68 [I,A]; 
G01N0023-223 [I,A]; G01N0023-22 [I,C*] 
G01N0033-53 [I,C]; G01N0033-53 [I,A]; G01N0021-76 [I,C]; 
G01N0021-76 [I,A]; G01N0023-22 [I,C]; G01N0023-223 [I,A]; 
G01N0033-68 [I,C]; G01N0033-68 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 4 OF 24 USPATFULL on STN 
Full Text 
AN 2007:328349 USPATFULL 
TI Modulation of Hyaluronan Synthesis and Degradation in the Treatment of 

Disease 
IN Brown, Tracey Jean, Flemington, AUSTRALIA 

Brownlee, Gary Russell, East Burwood, AUSTRALIA 
PA ALCHEMIA ONCOLOGY LIMITED, Eight Mile Plains, AUSTRALIA, 4113 (non-U.S. 

PI 
AI 

PRAI 

OT 
FS 
LN.CNT 
INCL 

NCL 

IC 

corporation) 
us 20070286856 
us 2004-574903 
WO 2004-AU1383 

Al 
Al 

20071213 
20041011 
20041011 
20070228 
20031010 
20031201 

( 10) 

PCT 371 date 
AU 2003-905551 
AU 2003-3906658 
Utility 
APPLICATION 
8892 
INCLM: 424/133.100 
INCLS: 424/130.100; 424/142.100; 514/044.000; 530/387.100; 530/387.300; 

530/388.100; 530/389.100; 536/022.100; 536/023.200; 536/024.500 
NCLM: 424/133.100 
NCLS: 424/130.100; 424/142.100; 514/044.000A; 530/387.100; 530/387.300; 

IPCI 

IPCR 

530/388.100; 530/389.100; 536/022.100; 536/023.200; 536/024.500 
A61K0048-00 [I,A]; A61K0039-395 [I,A]; A61P0043-00 [I,A]; 
C07H0021-04 [I,A]; C07H0021-00 [I,C*]; C07K0016-18 [I,A] 
A61K0048-00 [I,C]; A61K0048-00 [I,A]; A61K0031-395 [I,C*]; 
A61K0031-395 [I,A]; A61K0031-7105 [I,C*]; A61K0031-7105 [I,A]; 
A61K0031-711 [I,C*]; A61K0031-711 [I,A]; A61K0031-7115 [I,C*]; 
A61K0031-7115 [I,A]; A61K0031-712 [I,C*]; A61K0031-712 [I,A]; 
A61K0031-7125 [I,C*]; A61K0031-7125 [I,A]; A61K0039-395 [I,C]; 
A61K0039-395 [I,A]; A61P0035-00 [I,C*]; A61P0035-00 [I,A]; 
A61P0043-00 [I,C]; A61P0043-00 [I,A]; C07H0021-00 [I,C]; 
C07H0021-02 [I,A]; C07H0021-04 [I,A]; C07K0016-18 [I,C]; 
C07K0016-18 [I,A]; C07K0016-40 [I,C*]; C07K0016-40 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 5 OF 24 USPATFULL on STN 
Full Text 
AN 2007:284140 USPATFULL 
TI 

IN 

PI 
AI 
RLI 

PRAI 

OT 
FS 

Nutraceutical composition and method of use for treatment I prevention 
of cancer 
Mazzio, Elizabeth, Tallahassee, FL, UNITED STATES 
Soliman, Karam, Tallahassee, FL, UNITED STATES 
US 20070248693 Al 20071025 
US 2007-711883 Al 20070227 (11) 
Continuation-in-part of Ser. No. US 2005-233279, filed on 20 Sep 2005, 
ABANDONED Continuation-in-part of Ser. No. US 2004-909590, filed on 2 
Aug 2004, ABANDONED 
US 2003-491841P 
US 2004-540525P 
Utility 
APPLICATION 

20030802 (60) 
20040129 (60) 
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LN.CNT 2576 
INCL INCLM: 
NCL NCLM: 
IC IPCI 

424/725. 000 
424/725. 000 
A61K0036-00 
A61K0036-00 
A61P0035-00 

[I,A]; A61P0035-00 [I,A] 
IPCR [I,C]; A61K0036-00 [I,A]; A61P0035-00 [I,C]; 

[I,A] 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 6 OF 24 USPATFULL on STN 
Full Text 
AN 2007:257306 USPATFULL 
TI COBALAMIN COMPOSITIONS FOR THE TREATMENT OF CANCER 
IN Brown, Chad, Newport Beach, CA, UNITED STATES 
PA BEBAAS, INC. (U.S. corporation) 
PI US 20070225250 Al 20070927 
AI US 2007-627816 Al 20070126 (11) 
PRAI US 2006-762131P 20060126 (60) 
OT 
FS 
LN.CNT 
INCL 
NCL 
IC 

Utility 
APPLICATION 
699 
INCLM: 
NCLM: 
IPCI 
IPCR 

514/052.000 
514/052.000 
A61K0031-714 [I,A]; A61K0031-7135 [I,C*] 
A61K0031-7135 [I,C]; A61K0031-714 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 7 OF 24 USPATFULL on STN 
Full Text 
AN 2007:161483 USPATFULL 
TI Composition and procedure for tissue creation, regeneration and repair 

by a cell-bearing biological implant enriched with platelet concentrate 
and supplements 

IN Gorrochategui Barrueta, Alberto, Bilbao, SPAIN 
Simon Elizundia, Josu, Bilbao, SPAIN 

PI US 20070141036 Al 20070621 
AI US 2007-704784 Al 20070209 (11) 
RLI Continuation-in-part of Ser. No. US 2003-475866, filed on 24 Oct 2003, 

OT 
FS 
LN.CNT 
INCL 
NCL 
IC 

PENDING A 371 of International Ser. No. WO 2002-EP7, filed on 9 Jan 2002 
Utility 
APPLICATION 
1406 
INCLM: 
NCLM: 
IPCI 
IPCR 

424/093.700 
424/093.700 
A61K0035-14 [I,A] 

CAS INDEXING 
A61K0035-14 [I,C]; A61K0035-14 [I,A] 

IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 8 OF 24 USPATFULL on STN 
Full Text 
AN 2007:155116 USPATFULL 
TI 
IN 

PA 

PI 
AI 

PRAI 
OT 
FS 
LN.CNT 
INCL 

NCL 

IC 

Therapeutic molecules 
Collier, Greg, Victoria, AUSTRALIA 
Walder, Ken, Victoria, AUSTRALIA 
Kerr-Bayles, Lyndal, Victoria, AUSTRALIA 
Autogen Research Pty Ltd., North Brighton, Victoria, AUSTRALIA (non-U.S. 
corporation) 
Deakin University, Waurn Ponds, Victoria, AUSTRALIA (non-U.S. 
corporation) 
us 20070135335 
us 2004-545099 
WO 2004-AU147 

Al 
Al ( 10) 

US 2003-446191P 
Utility 
APPLICATION 
6649 

20070614 
20040210 
20040210 
20060504 
20030210 

PCT 371 date 
( 60) 

INCLM: 
INCLS: 
NCLM: 
NCLS: 
IPCI 

514/012.000 
514/044.000; 530/350.000 
514/012.000 
514/044.000R; 530/350.000 
A61K0038-17 [I,A]; A61K0048-00 
C07K0014-435 [I,C*] 

[I,A]; C07K0014-705 [I,A]; 
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IPCR A61K0038-l 7 [I,C]; A61K0038-l 7 [I,A]; A61K0048-00 [I,C]; 
A61K0048-00 [I,A]; C07K0014-435 [I,C]; C07K0014-705 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 9 OF 24 USPATFULL on STN 
Full Text 
AN 2007:30123 USPATFULL 
TI 
IN 

PI 
AI 

PRAI 
OT 
FS 
LN.CNT 
INCL 

NCL 

IC 

Detection of variations in the dna methylation profile 
Berlin, Kurt, Stahnsdorf, GERMANY, FEDERAL REPUBLIC OF 
Piepenbrock, Christian, Berlin, GERMANY, FEDERAL REPUBLIC OF 
Olek, Alexander, Berlin, GERMANY, FEDERAL REPUBLIC OF 
US 20070026393 Al 20070201 
US 2001-240970 Al 20010406 (10) 
WO 2001-DE1486 20010406 

20030711 PCT 371 date 
DE 2000-100190588 20000406 
Utility 
APPLICATION 
16100 
INCLM: 
INCLS: 
NCLM: 
NCLS: 
IPCI 
IPCR 

435/006.000 
536/024.300 
435/006.000 
536/024.300 
Cl2Q0001-68 
Cl2Q0001-68 
C07H0021-04 
C07K0014-82 

[I,A]; C07H0021-04 [I,A]; C07H0021-00 [I,C*] 
[I,C]; Cl2Q0001-68 [I,A]; C07H0021-00 [I,C]; 
[I,A]; C07K0014-435 [I,C*]; C07K0014-47 [I,A]; 
[I,C*]; C07K0014-82 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 10 OF 24 USPATFULL on STN 
Full Text 
AN 2006:248357 USPATFULL 
TI 

IN 

PI 
AI 
RLI 

OT 
FS 
LN.CNT 
INCL 
NCL 
IC 

Use of phenylmethimazoles, methimazole derivatives, and tautomeric 
cyclic thiones for the treatment of autoimmune/inflammatory diseases 
associated with toll-like receptor overexpression 
Kohn, Leonard D., Athens, OH, UNITED STATES 
Harii, Norikazu, Yaminashi, JAPAN 
Benavides-Peralta, Uruguaysito, Montevideo, URUGUAY 
Gonzalez-Murguiondo, Mariana, Montevideo, URUGUAY 
Lewis, Christopher J., Athens, OH, UNITED STATES 
Napolitano, Giorgio, Pescara, ITALY 
Giuliani, Cesidio, Roccamonce, ITALY 
Malgor, Ramiro, Athens, OH, UNITED STATES 
Goetz, Douglas J., Athens, OH, UNITED STATES 
US 20060211752 Al 20060921 
US 2005-130922 Al 20050517 (11) 
Continuation-in-part of Ser. No. US 2004-912948, filed on 6 Aug 2004, 
PENDING Continuation-in-part of Ser. No. US 2004-801986, filed on 16 Mar 
2004, PENDING 
Utility 
APPLICATION 
8384 
INCLM: 
NCLM: 
IPCI 
IPCR 

514/389.000 
514/389.000 
A61K0031-4166 [I,A]; A61K0031-4164 [I,C*] 
A61K0031-4164 [I,C]; A61K0031-4166 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 11 OF 24 USPATFULL on STN 
Full Text 
AN 2006:41329 USPATFULL 
TI 

IN 

PI 
AI 
RLI 

PRAI 

OT 

Inhibition of anaerobic glucose metabolism and corresponding composition 
as a natural non-toxic approach to cancer treatment 
Mazzio, Elizabeth Anne, Tallahassee, FL, UNITED STATES 
Soliman, Karam F., Tallahassee, FL, UNITED STATES 
US 20060035981 Al 20060216 
US 2005-233279 Al 20050920 (11) 
Continuation-in-part of Ser. No. US 2004-909590, filed on 2 Aug 2004, 
ABANDONED 
US 2003-491841P 
US 2004-540525P 
Utility 

20030802 (60) 
20040129 (60) 
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FS APPLICATION 
LN.CNT 1613 
INCL INCLM: 

INCLS: 

NCL NCLM: 
NCLS: 

IC IPCI 

IPCR 

514/690.000 
514/045.000; 514/051.000; 514/027.000; 514/251.000; 424/725.000; 
424/748.000; 424/756.000; 424/745.000; 424/746.000; 424/729.000 
514/690.000 
424/725.000; 424/729.000; 424/745.000; 424/746.000; 424/748.000; 
424/756.000; 514/027.000; 514/045.000; 514/051.000; 514/251.000 
A61K0031-12 [I,A]; A61K0031-7072 [I,A]; A61K0031-7076 [I,A]; 
A61K0031-7042 [I,C*]; A61K0031-525 [I,A]; A61K0031-519 [I,C*]; 
A61K0036-328 [I,A]; A61K0036-23 [I,A]; A61K0036-185 [I,C*]; 
A61K0036-906 [I,A]; A61K0036-88 [I,C*] 
A61K0031-12 [I,A]; A61K0031-12 [I,C]; A61K0031-519 [I,C]; 
A61K0031-525 [I,A]; A61K0031-7042 [I,C]; A61K0031-7072 [I,A]; 
A61K0031-7076 [I,A]; A61K0036-185 [I,C]; A61K0036-23 [I,A]; 
A61K0036-328 [I,A]; A61K0036-537 [I,A]; A61K0036-82 [I,A]; 
A61K0036-88 [I,C]; A61K0036-906 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 12 OF 24 USPATFULL on STN 
Full Text 
AN 2005:69438 USPATFULL 
TI Dietary and pharmaceutical compositions for management and treatment of 

oxidative stress 
IN Ellithorpe, Rita R., Santa Ana, CA, UNITED STATES 

Slesarev, Vladimir I., Coeur d'Alene, CA, UNITED STATES 
Dimitrov, Todor, Chestnut Hill, MA, UNITED STATES 

PI 
AI 
PRAI 
OT 
FS 
LN.CNT 
INCL 
NCL 
IC 

US 20050059579 Al 20050317 
US 2004-794285 Al 20040308 (10) 
SN 2003-10455123 20030506 
Utility 
APPLICATION 
835 
INCLM: 
NCLM: 
[ 7] 
ICM 
IPCI 
IPCR 

514/008.000 
514/008.000 

A61K038-16 
A61K0038-16 [ICM, 7] 
A2 3 L 0 0 0 1-3 0 5 [ I, C * ] ; A2 3 L 0 0 0 1-3 0 5 [ I, A] ; 
A61K0031-015 [I,A]; A61K0031-352 [I,C*]; 
A61K0036-185 [I,C*]; A61K0036-185 [I,A]; 
A61K0038-16 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 13 OF 24 USPATFULL on STN 
Full Text 
AN 2004:18482 USPATFULL 

A61K0031-01 [I,C*]; 
A61K0031-352 [I,A]; 
A61K0038-16 [I,C*]; 

TI 
IN 
PI 
AI 

Additive method of standardized drinks and potable water production 
Costa, Fortunato, Linda-a-Velha, PORTUGAL 

PRAI 
OT 
FS 
LN.CNT 
INCL 
NCL 
IC 

US 20040013784 Al 20040122 
US 2003-239621 Al 20030127 (10) 
WO 2001-PT3 20010315 
PT 2000-102430 20000316 
Utility 
APPLICATION 
1215 
INCLM: 
NCLM: 
[ 7] 
ICM 
IPCI 
IPCR 

426/590.000 
426/590.000 

Cl2C001-00 
Cl2C0001-00 
A23L0001-29 

[ICM, 7] 

A23L0002-52 
CAS INDEXING IS AVAILABLE 

[ I, C * ] ; A2 3 L 0 0 0 1-2 9 [ I, A] ; A2 3 L 0 0 0 2-5 2 [ I, C * ] ; 
[I,A]; C02F0001-68 [I,C*]; C02F0001-68 [I,A] 
FOR THIS PATENT. 

L28 ANSWER 14 OF 24 USPATFULL on STN 
Full Text 
AN 2003:282627 USPATFULL 
TI 
IN 
PA 
PI 

Genostics 
Roberts, Gareth 
GENOSTIC PHARMA 
us 20030198970 

Wyn, Cambs, UNITED KINGDOM 
LIMITED (non-U.S. corporation) 

Al 20031023 
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US 2002-206568 Al 20020729 (10) AI 
RLI 
PRAI 

Continuation of Ser. No. US 1999-325123, filed on 3 Jun 1999, ABANDONED 

OT 
FS 
LN.CNT 
INCL 

NCL 

IC 

GB 1998-12098 19980606 
GB 1998-28289 19981223 
Utility 
APPLICATION 
4299 
INCLM: 
INCLS: 
NCLM: 

435/006.000 
536/024.300 
435/006.000 
536/024.300 NCLS: 

[ 7] 
ICM 
ICS 
IPCI 
IPCR 

Cl2Q001-68 
C07H021-04 
Cl2Q0001-68 
C07K0016-18 
Cl2Q0001-68 

[ICM,7]; C07H0021-04 [ICS,7]; C07H0021-00 [ICS,7,C*] 
[I,C*]; C07K0016-18 [I,A]; Cl2Q0001-68 [I,C*]; 
[I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 15 OF 24 USPATFULL on STN 
Full Text 
AN 2003:112524 USPATFULL 
TI 
IN 
PI 

Compositions for treating animal diseases and syndromes 
Ramaekers, Joseph C., Aptos, CA, UNITED STATES 
US 20030077254 Al 20030424 
US 6962718 B2 20051108 
US 2002-136854 Al 20020430 (10) AI 

RLI Continuation-in-part of Ser. No. US 2001-847036, filed on 30 Apr 2001, 
PENDING 

OT 
FS 
LN.CNT 
INCL 

NCL 

IC 

Utility 
APPLICATION 
2396 
INCLM: 424/093.300 
INCLS: 424/617.000; 424/602.000; 

514/558.000; 514/251.000; 
NCLM: 424/535.000; 424/093.300 
NCLS: 424/093.400; 424/093.510; 

424/094.500; 424/602.000; 
514/251.000; 514/276.000; 

[ 7] 
ICM A61K045-00 
ICS A61K038-52; A61K031-525 

424/094.500; 424/703.000; 514/168.000; 
514/393.000; 514/356.000; 514/276.000 

424/400.000; 424/520.000; 424/725.000; 
424/617.000; 424/703.000; 514/168.000; 
514/356.000; 514/393.000; 514/558.000 

IPCI A61K0045-00 [ICM,7]; A61K0038-52 [ICS,7]; A61K0038-43 [ICS,7,C*]; 
A61K0031-525 [ICS,7]; A61K0031-519 [ICS,7,C*] 

IPCI-2 

IPCR 

A61K0035-20 [ICM, 7]; A61K0035-72 [ICS, 7]; A61K0035-74 [ICS, 7]; 
A61K0035-66 [ICS,7,C*]; A61K0035-78 [ICS,7] 
A61K0038-19 [I,C*]; A61K0038-19 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 16 OF 24 USPATFULL on STN 
Fu11 Text 
AN 2002:337325 USPATFULL 
TI Fluorescent cobalamins and uses thereof 
IN Grissom, Charles B., Salt Lake City, UT, UNITED STATES 

West, Frederick G., Salt Lake City, UT, UNITED STATES 
McGreevy, James, Salt Lake City, UT, UNITED STATES 
Bentz, Joel S., Salt Lake City, UT, UNITED STATES 
Cannon, Michelle J., Price, UT, UNITED STATES 

PI US 20020192683 Al 20021219 
US 6797521 B2 20040928 

AI US 2002-97646 Al 20020315 (10) 
RLI Continuation-in-part of Ser. No. WO 2000-US29370, filed on 26 Oct 2000, 

UNKNOWN 
PRAI US 1999-161368P 19991026 (60) 

OT 
FS 
LN.CNT 
INCL 

NCL 

US 2001-276036P 20010316 (60) 
Utility 
APPLICATION 
1337 
INCLM: 
INCLS: 
NCLM: 
NCLS: 

435/006.000 
536/026.440 
436/505.000; 
435/004.000; 

435/006.000 
435/007.100; 435/007.210; 435/007.230; 436/063.000; 
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IC [ 7] 
ICM 
ICS 
IPCI 
IPCI-2 
IPCR 

436/064.000; 436/164.000; 436/172.000; 514/052.000; 536/026.440 

Cl2Q001-68 
C07H023-00 
Cl2Q0001-68 [ICM, 7]; C07H0023-00 [ICS, 7] 
G01N0033-567 [ICM, 7]; A61K0031-70 [ICS, 7]; C07H0023-00 [ICS, 7] 
A61B0001-04 [I,C*]; A61B0001-04 [I,A]; A61B0001-313 [N,C*]; 
A61B0001-313 [N,A]; A61B0005-00 [N,C*]; A61B0005-00 [N,A]; 
A61B0019-00 [N,C*]; A61B0019-00 [N,A]; A61K0047-48 [I,C*]; 
A61K0047-48 [I,A]; A61K0049-00 [I,C*]; A61K0049-00 [I,A]; 
C07F0015-00 [I,C*]; C07F0015-06 [I,A]; C09K0011-06 [I,C*]; 
C09K0011-06 [I,A]; G01N0021-64 [N,C*]; G01N0021-64 [N,A]; 
G01N0033-52 [I,C*]; G01N0033-52 [I,A]; G01N0033-574 [I,C*]; 
G01N0033-574 [I,A]; G01N0033-58 [I,C*]; G01N0033-58 [I,A]; 
G02B0021-00 [I,C*]; G02B0021-00 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 17 OF 24 USPATFULL on STN 
Full Text 
AN 2002:206597 USPATFULL 
TI 
IN 

PI 

AI 
RLI 

PRAI 

OT 
FS 
LN.CNT 
INCL 

NCL 

IC 

Bioconjugates and delivery of bioactive agents 
Grissom, Charles B., Salt Lake City, UT, UNITED STATES 
West, Frederick G., Salt Lake City, UT, UNITED STATES 
Howard, Allen W., JR., Dexter, MI, UNITED STATES 
US 20020111294 Al 20020815 
US 6790827 B2 20040914 
US 2001-982940 Al 20011022 (9) 
Division of Ser. No. US 1999-202328, filed on 22 Oct 1999, PATENTED A 
371 of International Ser. No. WO 1997-US14140, filed on 22 Aug 1997, 
UNKNOWN 
US 1996-24430P 
US 1996-25036P 
Utility 
APPLICATION 
2337 
INCLM: 
INCLS: 
NCLM: 
NCLS: 

[ 7] 
ICM 
ICS 
IPCI 

IPCI-2 

IPCR 

514/006.000 
514/044.000; 
514/006.000 
424/001.110; 
435/181.000; 
536/023.100; 

A61K048-00 
A61K051-00; 
A61K0048-00 
A61K0009-00 
A61K0038-16 
Cl2N0011-00 
[ICS,7,C*]; 

A61K0041-00 
A61K0047-48 

19960827 (60) 
19960827 (60) 

424/043.000 

424/001.530; 424/001.690; 435/091.100; 435/091.310; 
435/455.000; 514/001.000; 514/002.000; 514/004.000; 
536/024.500; 424/043.000; 514/044.000A 

A61K038-17; A61K009-00 
[ICM,7]; A61K0051-00 [ICS,7]; A61K0038-17 [ICS,7]; 
[ICS,7] 
[ICM,7]; A61K0051-00 [ICS,7]; Cl2N0011-06 [ICS,7]; 
[ICS,7,C*]; Cl2P0019-34 [ICS,7]; Cl2P0019-00 
C07H0021-04 [ICS,7]; C07H0021-00 [ICS,7,C*] 
[I,C*]; A61K0041-00 [I,A]; A61K0047-48 [I,C*]; 
[I,A]; C07H0021-00 [I,C*]; C07H0021-00 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 18 OF 24 USPATFULL on STN 
Full Text 
AN 2002:92630 USPATFULL 
TI 
IN 

PA 

PI 

AI 
RLI 

PRAI 

OT 
FS 

Bioconjugates and delivery of bioactive agents 
Grissom, Charles B., Salt Lake City, UT, UNITED STATES 
West, Frederick G., Salt Lake City, UT, UNITED STATES 
Howard, W. Allen, JR., Dexter, MN, UNITED STATES 
University of Utah Research Foundation, Salt Lake City, UT, UNITED 
STATES, 84108 (U.S. corporation) 
US 20020049154 Al 20020425 
US 6777237 B2 20040817 
US 2001-982968 Al 20011022 (9) 
Division of Ser. No. US 1999-202328, filed on 22 Oct 1999, GRANTED, Pat. 
No. US 6315978 A 371 of International Ser. No. WO 1997-US14140, filed on 
22 Aug 1997, UNKNOWN 
US 1996-24430P 
US 1996-25036P 
Utility 
APPLICATION 

19960827 (60) 
19960827 (60) 
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LN.CNT 2360 
INCL INCLM: 

INCLS: 
NCL NCLM: 

NCLS: 

514/006.000 
514/044.000; 
435/455.000; 
424/001.110; 
435/091.310; 
514/006.000; 

604/020.000 
514/006.000 
424/001.530; 
435/181.000; 
536/023.100; 

424/001.690; 424/001.730; 435/091.100; 
514/001.000; 514/002.000; 514/004.000; 
536/024.500; 514/044.000A; 604/020.000 

IC [ 7] 
ICM A61K038-16 
ICS A61K048-00; A61N001-30 
IPCI 
IPCI-2 

IPCR 

A61K0038-16 
A61K0051-00 
Cl2N0011-00 
[ICS,7,C*]; 

A61K0041-00 
A61K0047-48 

[ICM, 7]; A61K0048-00 [ICS, 7]; A61N0001-30 [ICS, 7] 
[ICM,7]; A61K0038-16 [ICS,7]; Cl2N0011-06 [ICS,7]; 
[ICS,7,C*]; Cl2P0019-34 [ICS,7]; Cl2P0019-00 
C07H0021-04 [ICS,7]; C07H0021-00 [ICS,7,C*] 
[I,C*]; A61K0041-00 [I,A]; A61K0047-48 [I,C*]; 
[I,A]; C07H0021-00 [I,C*]; C07H0021-00 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 19 OF 24 USPATFULL on STN 
Full Text 
AN 87:41588 USPATFULL 
TI Compositions and method for simultaneous multiple array of analytes 

using radioisotope chelate labels 
IN Olson, Douglas R., Doylestown, PA, United States 
PA ICN Micromedic Systems, Inc., Costa Mesa, CA, United States (U.S. 

corporation) 
PI US 4672028 19870609 
AI US 1984-612979 19840523 (6) 
OT 
FS 
LN.CNT 
INCL 

NCL 

Utility 
Granted 
784 
INCLM: 
INCLS: 

NCLM: 
NCLS: 

435/005.000 
435/007.000; 435/017.000; 
436/505.000; 436/510.000; 
436/804.000; 436/808.000; 
436/816.000; 436/817.000; 
435/005.000 
435/007.230; 435/007.400; 
435/973.000; 435/975.000; 
436/536.000; 436/542.000; 
436/811.000; 436/813.000; 
436/818.000; 436/820.000; 

IC [ 4] 
ICM G01N033-53 
ICS G01N033-567; G01N033-536 

435/026.000; 
436/536.000; 
436/811.000; 
436/818.000; 

435/017.000; 
436/500.000; 
436/545.000; 
436/814.000; 
436/826.000 

435/810.000; 436/500.000; 
436/542.000; 436/545.000; 
436/813.000; 436/814.000; 
436/820.000; 436/826.000 

435/026.000; 435/810.000; 
436/505.000; 436/510.000; 
436/804.000; 436/808.000; 
436/816.000; 436/817.000; 

IPCI G01N0033-53 [ICM, 4]; G01N0033-567 [ICS, 4]; G01N0033-536 [ICS, 4] 
IPCR A61K0035-66 [I,C*]; A61K0035-74 [I,A]; A61K0038-00 [I,C*]; 

A61K0038-00 [I,A]; A61K0038-22 [I,C*]; A61K0038-22 [I,A]; 
A61K0038-24 [I,C*]; A61K0038-24 [I,A]; C07F0015-00 [I,C*]; 
C07F0015-00 [I,A]; C07H0015-00 [I,C*]; C07H0015-00 [I,A]; 
C07H0023-00 [I,C*]; C07H0023-00 [I,A]; G01N0033-534 [I,C*]; 
G01N0033-534 [I,A]; G01N0033-60 [I,C*]; G01N0033-60 [I,A]; 
G01N0033-74 [I,C*]; G01N0033-74 [I,A] 

EXF 436/536; 436/542; 436/545; 436/500; 436/505; 436/510; 436/804; 436/808; 
436/811; 436/813; 436/814; 436/817; 436/818; 436/816; 436/820; 436/826; 
435/5; 435/7; 435/4; 435/17; 435/26; 435/810 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 20 OF 24 USPAT2 on STN 
Full Text 
AN 2005:49435 USPAT2 
TI Methods of increasing delivery of active agents to brain comprising 

administering receptor associated protein (RAP) fragments conjugated to 
active agents 

IN Zankel, Todd, San Francisco, CA, UNITED STATES 
Starr, Christopher M., Sonoma, CA, UNITED STATES 

PA Raptor Pharmaceutical Inc., Novato, CA, UNITED STATES (U.S. corporation) 
PI US 7569544 B2 20090804 
AI US 2004-812849 20040330 (10) 
RLI Continuation-in-part of Ser. No. US 2003-600862, filed on 20 Jun 2003, 

ABANDONED 
OT Utility 
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FS GRANTED 
LN.CNT 5335 
INCL 
NCL 
IC 

INCLM: 
NCLM: 
IPCI 
IPCI-2 

IPCR 

514/012.000 
514/012.000 
A61K0048-00 [ICM, 7]; A61K0039-395 [ICS, 7] 
A61K0038-18 [I,A]; C07K0019-00 [I,A]; C07K0014-435 [I,A]; 
C07K0014-48 [I,A]; C07K0014-485 [I,A]; C07K0014-50 [I,A] 
A61K0038-l 7 [I,C*]; A61K0038-l 7 [I,A]; A61K0039-395 [I,C*]; 
A61K0039-395 [I,A]; A61K0048-00 [I,C*]; A61K0048-00 [I,A]; 
C07K0014-435 [I,C*]; C07K0014-705 [I,A] 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 21 OF 24 USPAT2 on STN 
Full Text 
AN 2003:93594 USPAT2 
TI Use of multiple antioxidant micronutrients as systemic biological 

radioprotective agents against potential ionizing radiation risks 
IN Prasad, Kedar N., Denver, CO, UNITED STATES 

Haase, Gerald M., Greenwood Village, CO, UNITED STATES 
Cole, William C., Centennial, CO, UNITED STATES 

PA Premier Micronutrient Corporation, Nashville, TN, UNITED STATES (U.S. 
corporation) 

PI US 7449451 B2 20081111 
AI US 2002-229274 20020828 (10) 
OT Utility 
FS GRANTED 
LN.CNT 1344 
INCL INCLM: 514/052.000 

514/251.000; 
514/474.000; 

NCL 

IC 

EXF 

CAS 

INCLS: 

514/562.000; 
NCLM: 514/052.000 

514/184.000; 514/393.000; 514/350.000; 514/167.000; 
514/458.000; 514/440.000; 514/552.000; 514/276.000; 
514/494.000; 514/574.000; 514/763.000 

NCLS: 514/167.000; 514/184.000; 514/251.000; 514/276.000; 514/350.000; 

IPCI 

514/393.000; 514/440.000; 514/458.000; 514/474.000; 514/494.000; 
514/552.000; 514/562.000; 514/574.000; 514/763.000 
A61K0031-714 [ICM,7]; A61K0031-7135 [ICM,7,C*]; A61K0031-59 
[ICS,7]; A61K0031-555 [ICS,7]; A61K0031-525 [ICS,7]; A61K0031-519 
[ICS,7,C*]; A61K0031-51 [ICS,7]; A61K0031-506 [ICS,7,C*]; 
A61K0031-4184 [ICS,7]; A61K0031-4164 [ICS,7,C*]; A61K0031-015 
[ICS,7]; A61K0031-01 [ICS,7,C*] 

IPCI-2 A61K0031-714 [I,A]; A61K0031-7135 [I,C*]; A61K0031-59 [I,A]; 
A61K0031-555 [I,A]; A61K0031-525 [I,A]; A61K0031-519 [I,C*]; 
A61K0031-51 [I,A]; A61K0031-506 [I,C*]; A61K0031-4184 [I,A]; 

IPCR 
A61K0031-4164 [I,C*]; A61K0031-015 [I,A]; A61K0031-01 [I,C*] 
A61K0031-7135 [I,C]; A61K0031-714 [I,A]; A61K0031-01 [I,C]; 
A61K0031-015 [I,A]; A61K0031-4164 [I,C]; A61K0031-4184 [I,A]; 
A61K0031-506 [I,C]; A61K0031-51 [I,A]; A61K0031-519 [I,C]; 
A61K0031-525 [I,A]; A61K0031-555 [I,C]; A61K0031-555 [I,A]; 
A61K0031-59 [I,C]; A61K0031-59 [I,A] 

514/52; 514/167; 514/184; 514/251; 514/276; 514/350; 514/393; 514/440; 
514/458; 514/474; 514/494; 514/552; 514/562; 514/574; 514/763; 514/188; 
514/725 

INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 22 OF 24 USPAT2 on STN 
Full Text 
AN 2002:337325 USPAT2 
TI 
IN 

PA 

PI 
AI 
RLI 
PRAI 

OT 
FS 

Fluorescent cobalamins and uses thereof 
Grissom, Charles B., Salt Lake City, UT, United States 
West, Frederick G., Salt Lake City, UT, United States 
McGreevy, James, Salt Lake City, UT, United States 
Bentz, Joel S., Salt Lake City, UT, United States 
Cannon, Michelle J., Price, UT, United States 
University of Utah Research Foundation, Salt Lake City, UT, United 
States (U.S. corporation) 
US 6797521 B2 20040928 
us 2002-97646 20020315 (10) 
Continuation-in-part of Ser. No. WO 2000-US29370, filed on 26 Oct 2000 
US 1999-161368P 19991026 (60) 
US 2001-276036P 20010316 (60) 
Utility 
GRANTED 
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LN.CNT 1187 
INCL INCLM: 436/505.000 

514/052.000; 
435/007.230; 
436/505.000; 
435/004.000; 
436/064.000; 

INCLS: 435/004.000; 435/007.100; 435/007.210; 
436/064.000; 436/164.000; 436/172.000 

NCL NCLM: 

536/026.440; 
436/063.000; 
435/006.000 
435/007.100; 
436/164.000; 

NCLS: 435/007.210; 435/007.230; 436/063.000; 
436/172.000; 514/052.000; 536/026.440 

IC [ 7] 
ICM G01N033-567 
ICS A61K031-70; C07H023-00 
IPCI Cl2Q0001-68 [ICM, 7]; C07H0023-00 [ICS, 7] 
IPCI-2 G01N0033-567 [ICM, 7]; A61K0031-70 [ICS, 7]; C07H0023-00 [ICS, 7] 
IPCR A61B0001-04 [I,C*]; A61B0001-04 [I,A]; A61B0001-313 [N,C*]; 

A61B0001-313 [N,A]; A61B0005-00 [N,C*]; A61B0005-00 [N,A]; 
A61B0019-00 [N,C*]; A61B0019-00 [N,A]; A61K0047-48 [I,C*]; 
A61K0047-48 [I,A]; A61K0049-00 [I,C*]; A61K0049-00 [I,A]; 
C07F0015-00 [I,C*]; C07F0015-06 [I,A]; C09K0011-06 [I,C*]; 
C09K0011-06 [I,A]; G01N0021-64 [N,C*]; G01N0021-64 [N,A]; 
G01N0033-52 [I,C*]; G01N0033-52 [I,A]; G01N0033-574 [I,C*]; 
G01N0033-574 [I,A]; G01N0033-58 [I,C*]; G01N0033-58 [I,A]; 
G02B0021-00 [I,C*]; G02B0021-00 [I,A] 

EXF 536/26.44; 514/52; 436/505 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 23 OF 24 USPAT2 on STN 
Full Text 
AN 2002:206597 USPAT2 
TI 
IN 

Bioconjugates and delivery of bioactive agents 
Grissom, Charles B., Salt Lake City, UT, United States 
West, Frederick G., Salt Lake City, UT, United States 
Howard, Jr., W. Allen, Dexter, MI, United States 

PA University of Utah Research Foundation, Salt Lake City, UT, United 
States (U.S. corporation) 
US 6790827 B2 20040914 
us 2001-982940 20011022 (9) 

PI 
AI 
RLI 
PRAI 

Division of Ser. No. US 202328, now patented, Pat. No. US 6315978 

OT 
FS 
LN.CNT 
INCL 

NCL 

US 1996-24430P 19960827 (60) 
US 1996-25036P 19960827 (60) 
Utility 
GRANTED 
2388 
INCLM: 514/006.000 
INCLS: 424/001.110; 424/001.530; 424/001.690; 435/091.310; 

435/181.000; 435/455.000; 514/001.000; 514/002.000; 
536/023.100; 536/024.500 

NCLM: 514/006.000 
NCLS: 424/001.110; 424/001.530; 424/001.690; 435/091.100; 

435/181.000; 435/455.000; 514/001.000; 514/002.000; 
536/023.100; 536/024.500; 424/043.000; 514/044.000A 

IC [ 7] 
ICM A61K038-16 
ICS A61K051-00; Cl2N011-06; Cl2P019-34; C07H021-04 

435/091.100; 
514/004.000; 

435/091.310; 
514/004.000; 

IPCI A61K0048-00 [ICM, 7]; A61K0051-00 [ICS, 7]; A61K0038-17 [ICS, 7]; 
A61K0009-00 [ICS, 7] 

IPCI-2 A61K0038-16 [ICM, 7]; A61K0051-00 [ICS, 7]; Cl2N0011-06 [ICS, 7]; 
Cl2N0011-00 [ICS,7,C*]; Cl2P0019-34 [ICS,7]; Cl2P0019-00 
[ICS,7,C*]; C07H0021-04 [ICS,7]; C07H0021-00 [ICS,7,C*] 

IPCR A61K0041-00 [I,C*]; A61K0041-00 [I,A]; A61K0047-48 [I,C*]; 
A61K0047-48 [I,A]; C07H0021-00 [I,C*]; C07H0021-00 [I,A] 

EXF 424/1.11; 424/1.69; 424/1.53; 424/9.361; 424/193.1; 435/6; 435/91.1; 
435/91.31; 435/455; 435/181; 514/1; 514/2; 514/4; 514/6; 514/44; 
536/23.1; 536/24.5 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L28 ANSWER 24 OF 24 USPAT2 on STN 
Fu11 Text 
AN 2002:92630 USPAT2 
TI Bioconjugates and delivery of bioactive agents 
IN Grissom, Charles B., Salt Lake City, UT, United States 

West, Frederick G., Salt Lake City, UT, United States 
Howard, Jr., Allen W., Dexter, MI, United States 

PA University of Utah Research Foundation, Salt Lake City, UT, United 
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States (U.S. corporation) 
PI US 6777237 B2 20040817 
AI US 2001-982968 20011022 (9) 
RLI Division of Ser. No. US 202328, now patented, Pat. No. US 6315978 
PRAI US 1996-24430P 19960827 (60) 

US 1996-25036P 19960827 (60) 
OT Utility 
FS GRANTED 
LN.CNT 2410 
INCL INCLM: 435/455.000 

INCLS: 424/001.690; 424/001.110; 424/001.730; 424/001.530; 435/091.100; 
435/091.310; 435/181.000; 514/001.000; 514/002.000; 514/004.000; 
514/006.000; 536/023.100; 536/024.500 

NCL NCLM: 435/455.000; 514/006.000 
NCLS: 424/001.110; 424/001.530; 424/001.690; 424/001.730; 435/091.100; 

435/091.310; 435/181.000; 514/001.000; 514/002.000; 514/004.000; 
514/006.000; 536/023.100; 536/024.500; 514/044.000A; 604/020.000 

IC [ 7] 
ICM A61K051-00 
ICS A61K038-16; Cl2N011-06; Cl2P019-34; C07H021-04 
IPCI A61K0038-16 [ICM, 7]; A61K0048-00 [ICS, 7]; A61N0001-30 [ICS, 7] 
IPCI-2 A61K0051-00 [ICM, 7]; A61K0038-16 [ICS, 7]; Cl2N0011-06 [ICS, 7]; 

Cl2N0011-00 [ICS,7,C*]; Cl2P0019-34 [ICS,7]; Cl2P0019-00 
[ICS,7,C*]; C07H0021-04 [ICS,7]; C07H0021-00 [ICS,7,C*] 

IPCR A61K0041-00 [I,C*]; A61K0041-00 [I,A]; A61K0047-48 [I,C*]; 
A61K0047-48 [I,A]; C07H0021-00 [I,C*]; C07H0021-00 [I,A] 

EXF 435/6; 435/91.1; 435/91.31; 435/181; 435/455; 514/1; 514/2; 514/4; 
514/6; 514/44; 424/1.11; 424/1.53; 424/9.361; 424/193.1; 536/23.1; 
536/24.5 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

=> log y 
COST IN U.S. DOLLARS 

FULL ESTIMATED COST 

DISCOUNT AMOUNTS (FOR QUALIFYING ACCOUNTS) 

CA SUBSCRIBER PRICE 

SINCE FILE 
ENTRY 
32.58 

SINCE FILE 
ENTRY 

0.00 

STN INTERNATIONAL LOGOFF AT 23:45:29 ON 31 AUG 2009 

TOTAL 
SESSION 

208.34 

TOTAL 
SESSION 

-1. 56 
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Sheet 1 of 2 

NOT A USPTO FORM Atty. Docket No. Serial No 
X14173B 11/776329 

INFORMATION DISCLOSURE CITATION First Applicant 
IN AN APPLICATION Clet Niyikiza 

Application Date Group Art Unit 
July 11, 2007 
US N at'l Entry (if applicable) 1614 

U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, 
Initials* No. l Number-Kind Code2 (if known) MM-DD-YYYY Applicant of Cited Document Where Relevant Pages 

or Relevant Figures 
Appear 

AA us 

FOREIGN PATENT DOCUMENTS 

Examiner Cite Foreign Patent Document Name of Patentee or T6 
Initials* No. 1 Applicant of Cited Pages, Columns, Lines, Where 

Country Code3 -Number 4- Publication Date Document Relevant Passages or Relevant 
Kind Code5 (if known) MM-DD-YYYY Figures Appear 

/K.W.i BA WO 95/27723 10-19-1995 

NON PATENT LITERATURE DOCUMENTS 
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item T6 
Initials* No. l (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s) publisher, 

city and/or country where published. 

/K.W./ CA POYDOCK M. Effect of combined ascorbic acid and B-12 on survival of mice with 
implanted Ehrlich carcinoma and L 1210 leukemia. Am J Clin Nu tr 1991; 54: 
1261S-5S, 

CB POYDOCK M, et al. Mitogenic inhibition and effect on survival of mice bearing 
L1210 leukemia using a combination of dehydroascorbic acid and hydroxycobalamin. 
Am J Clin Oncol 1985; 8: 2666-269. 

cc POYDOCK M, et al. Influence of Vitamins C and B 12 on the Survival Rate of Mice 
Bearing Ascites Tumor. Expl Cell Biol 1982; 50:88-91. 

CD TOOHEY J. Dehydroascorbic acid as an anti-cancer agent. Cancer Letters 2008; 
263:164-169. 

CE SALLAH S, et al. Intrathecal methotrexate-induced megaloblastic anemia in patients 
with acute leukemia. Archives of Pathology & Laboratory Medicine 1999; 123(9): 
774-777. 

CF NISHIZA WAY, et al. Effects of methylcobalamin on the proliferation of androgen-
sensitive or estrogen-sensitive malignant cells in culture and in vivo. International 
Journal for Vitamin and Nutrition Research 1997; 67(3): 164-170. 

CG TSAO C, et al. Influence of cobalamin on the survival of mice bearing ascites tumor. 
Pathobiology 1993; 61(2): 104-.8 

CH KAMEI T, et al. Experimental study of the therapeutic effects of folate, vitamin A, 
and vitamin B12 on squamous metaplasia of the bronchial epithelium. Cancer 1993; 
71(8): 2477-83. 

CI SHIMIZU N, et al. Experimental study of antitumor effect ofmethyl-B12. Oncology 
1987;44(3): 169-73. 

\ I CJ HERBERT, V. The role of vitamin B12 and folate in carcinogenesis. Advances in 
Experimental Medicine and Biology 1986; 206 (Essent. Nutr. Carcinog.), 293-311. 

/K.W./ 
CK KROES A, et al. Effects of 5-fluorouracil treatment of rat leukemia with concomitant 

inactivation ofcobalamin. Anticancer Research 1986; 6(4): 737-42. 
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Sheet 2 of 2 

NOT A USPTO FORM Atty. Docket No. Serial No 
X14173B 11/776329 

INFORMATION DISCLOSURE CITATION First Applicant 
IN AN APPLICATION Clet Niyikiza 

Application Date Group Art Unit 
July 11, 2007 
US N at'l Entry (if applicable) 1614 

CL KROES A, et al. Enhanced therapeutic effect ofmethotrexate in experimental rat 

/K.W./ leukemia after inactivation of cobalamin (vitamin B 12) by nitrous oxide. Cancer 
Chemotherapy and Pharmacology 1986; 17(2): 114-20. 

/K.W./ 
CM BARAK A. Vitamin B12 as a possible adjunct in prevention ofmethotrexate 

hepatotoxicity. Biochemical Archives 1985; 1(3): 139-42. 

CN HERBERT V. The inhibition and promotion of cancers by folic acid, vitamin B 12, 

/K.W./ and their antagonists. ACS Symposium Series (1985); 277(Xenobiot. Metab.: Nutr. 
Eff.), 31-6. 
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1Applicant's unique citation designation number (optional). 2 See Kinds Codes ofUSPTO Patent Documents at www.usnto.u•JV or MPEP 901.04. 3Enter Office that issued the document, by the 

two-letter code (WIPO Standard ST.3). 4For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document 5Kind of 

document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check markhere if English language Translation is attached. 
Burden Hours Statement: This form is estimated to take 2.0 hours to complete. Time will vary depending upon the needs of the individual case. 
Any comments on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC 20231. DO 
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CERTIFICATION OF FACSIMILE TRANSMISSION 

I hereby certify that this paper is being facsimile transmitted to the Patent and Trademark Office on the date shown below. 

Type or print name of person signing certification 

Signature Date 

PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Applicant: Clet Niyikiza Group Art Unit: 1614 

Serial No.: 11/776,329 Examiner: Kevin E. Weddington 

Application Date: July 11, 2007 Confirmation No.: 6568 

For: NOVEL ANTIFOLATE COMBINATION THERAPIES 

Docket No.: X14173B I 

REPLY UNDER 37 C.F.R.1.111 & AMENDMENT UNDER 37 C.F.R.1.121 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In response to the Office action of September 8, 2009, please amend the above-identified 

application as follows: 

Amendments to the Claims are reflected in the listing of claims, which begin on page 2 of this 

paper. 

Remarks begin on page 5 of this paper. 
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Serial No. 11/776,329 

Remarks 

Thank you for taking the time to discuss this case with me earlier today. I look forward to 

a timely allowance of this case. Please call me at the number provided below if during final 

review of the files an issue presents itself. 

Claims 1-39, 45, and 46 have been cancelled. Claim 40 has been amended to a) introduce 

a new limitation, pretreatment with folic acid, b) remove the requirement for cyclic 

administration, c) to include cobalamin and cyanocobalamin in the Markush group, and d) correct 

spelling errors. Applicants submit that no new material has been introduced through this 

amendment. This amendment finds support at least at page 7, lines 5-8, page 9, lines 1-11, and 

page 15, line 20. Claim 41 has been amended to include a space between "vitamin" and "B12" 

and to add the term "acid" to the phrase "methylmalonic lowering agent." Claims 47, 49, and 52 

have been amended to correct claim dependency. Applicants submit that no new material has 

been introduced through these amendments. Claims 53 - 62 are new and find support at least at 

page 13, lines 21 to 25, page 6, lines 3-5; page 7, lines 20-27; and page 14, line 3. No Claims are 

allowed and all claims stand rejected under 35 U.S.C. 103(a). In view of the reasons set forth 

below, Applicants submit that the rejection is improper and should be withdrawn. Entry of the 

amendments and reconsideration and allowance of the present application are respectfully 

requested. 

Rejections Under 35 USC §103(a) 

All claims stand rejected under 35 U.S.C. 103(a) as allegedly being unpatentable over 

Taylor (5,344,932) in view of Tsao et al., "Influence of Cobalamin on the Survival of Mice 

Bearing Ascites Tumor,'' Pathobiology, Vol. 61, No. 2, pp. 104-108 (1993), further in view of 

Worzalla et al., Anticancer Research, Vol. 18, No. 5, pp. 3235-3239, and further in view of Cleare 

et al. ( 4, 149, 707). Applicants submit that the Examiner meant to cite to Cleare et al. at 4, 14Q, 707 

("Malonato Platinum Anti-Tumor Compounds") and not 4, 142., 707 ("Spring Device"). 

Applicants address the Examiner's concerns below based upon the belief that Cleare et al. refers 

to US Patent #4,14Q,707. If this is incorrect, Applicants reserve the right to address the new art in 

a future communication. 

The presently claimed invention is directed to improving the therapeutic utility of 

pemetrexed disodium by administering to a patient a methylmalonic acid lowering agent and folic 

acid followed by administering an effective amount of pemetrexed dis odium. Applicants have 

discovered that the claimed method reduces mortality and nonhematologic events, such as skin 

rashes and fatigue events without compromising pemetrexed disodium's efficacy, see page 3, 
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lines 5-15 of the Specification. Prior to Applicant's invention a skilled artisan would not have 

been motivated to combine pemetrexed disodium with a methylmalonic acid lowering agent, such 

as vitamin B 12, and folic acid and there would have been no reasonable expectation in the art that 

the claimed treatment method would provide a viable chemotherapy regimen, let alone reduce 

toxic events related to administration of pemetrexed disodium. 

The Examiner alleges that in view of Taylor, Tsao, Worzalla, and Cleare a skilled artisan 

would have "assumed the combination of three antineoplastic agents into a single composition 

would give an additive effect in the absence of evidence to the contrary." Office Action (OA) 

dated 9/8/2009, page 4, paragraph 3. Applicants respectfully assert that the Examiner's 

obviousness rejection is inappropriate and should be withdrawn. 

The Graham v. John Deere Co. of Kansas City, 383 U.S. 1 (1966), factors control an 

obviousness inquiry. KSR International Co. v. Teleflex Inc., 127 S.Ct. 1727 (2007). Those 

factors are: 1) "the scope and content of the prior art"; 2) the "differences between the prior art 

and the claims"; 3) "the level of ordinary skill in the pertinent art"; and 4) objective evidence of 

nonobviousness. KSR, 127 S. Ct. at 1734 (quoting Graham, 383 U.S. at 17-18). 

The Court in KSR acknowledged the importance of identifying "a reason that would have 

prompted a person of ordinary skill in the relevant field to combine the elements in the way the 

claimed new invention does" in an obviousness determination. KSR, 127 S. Ct. at 1731. KSR also 

did not disturb the longstanding requirement that an obviousness determination requires that a 

skilled artisan would have perceived a reasonable expectation of success in making the invention 

in light of the prior art. In re Kubin, 561 F.3d 1351, 1352+ (Fed. Cir. 2009) (quoting In re 

O'Farrell, 853 F.2d 894, 903-904 (Fed. Cir. 1988)). 

Rejection based upon Taylor in view of Tsao 

The Examiner alleges that pemetrexed disodium and vitamin B 12 were known to be 

"antineoplastic agents" and therefore could be combined "into a single composition [that] would 

give an additive effect." OA, page 4, paragraph 3. However, the Examiner appears to have 

misinterpreted the understanding in the art concerning vitamin B12 antineoplastic activity and the 

teachings of Taylor. Particularly, the rejection overstates what Tsao as a whole fairly discloses. 

Tsao teaches that conflicting results have been found for the use of vitamin B12 as an antitumor 

agent in animals and in man (see page 104, column 1 at about line 13 through column 2 at about 

line 18). Tsao states: 

"the results of two survey studies using data from several hospitals 
failed to confirm that B12 therapy was effective either when it was 
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administered alone of in conjunction with X-ray or 
chemotherapeutic agents ... Experiments with laboratory animals 
also showed conflicting results." 

(seep. 104, col. 1, lines 15-21). In fact, Tsao reports that cyanocobalamin "did not affect cell 

growth at a daily dose as high as 1,000 mg/kg body weight." Tsao, page 105, last paragraph. It is 

therefore submitted that when viewed as a whole, a person of ordinary skill in the art reading Tsao 

would not have perceived a reasonable expectation of success in making Applicant's invention in 

view of the scientific uncertainty concerning vitamin B12 and its use as an antitumor agent. In 

fact, Applicants submit that the activity of B 12 as a potential antitumor therapeutic is still 

inconclusive even as of today (see Volkov 2008, attached, introductory paragraph, page 324, 

"Researchers have attempted to correlate vitamin B12 with malignancy ever since the 

multifunctional role of cobalamin has begun to be understood ... There are many hypotheses about 

the role of vitamin B12 in growth of malignancy, but we still have many more questions than we 

have answers."). 

Additionally, page 3 of the OA asserts that Taylor discloses certain glutamic acid 

derivatives, including pemetrexed disodium, as effective antineoplastic agents and that 

pemetrexed disodium can be combined with other antineoplastic agents. The OA admits that 

Taylor "does not teach the addition of a methylmalonic acid lowering agent." However, the OA 

goes on to suggest that "the secondary reference, Tsao et al., teaches a methylmalonic acid 

lowering agent such as cobalamin (vitamin B12) is effective as having antitumor activity (see the 

abstract)." OA, pp 3-4. The rejection particularly notes column 8, lines 64-68, of Taylor, which 

merely states the compounds of the invention "can be administered ... with other therapeutic 

agents, including antineoplastic agents [which is another genus of compounds], steroids, etc. to a 

mammal suffering from neoplasm ... " As discussed supra, at the time of Applicant's invention 

there was scientific uncertainty concerning vitamin B 12 and its use as an antitumor agent. In fact, 

as will be further discussed below, the skilled artisan would have expected a decrease in the 

antineoplastic activity of pemetrexed disodium when administered in combination with vitamin 

B12, see Specification page 3, lines 7-8, not an additive or even a synergistic effect for 

antineoplastic activity, see Specification page 16, lines 6-9. 

Applicants respectfully assert the Examiner has not made a prima facie showing of 

obviousness, at least because the rejection lacks support for why a skilled artisan would have 

combined pemetrexed disodium with a methylmalonic acid lowering agent and folic acid as 

claimed and that there would have been any reasonable expectation the claimed method would 

provide a viable chemotherapy regimen and reduce toxicity associated with pemetrexed disodium 
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administration. In view of the comments made supra, Applicants respectfully request 

reconsideration and allowance of the present application. 

Although the Examiner has not set forth a prima facie showing of obviousness, to expedite 

allowance of the application, Applicants make the following additional remarks. The Supreme 

Court's ruling in KSR states that prior-art elements "work[ing] together in an unexpected and 

fruitful manner" is an indicia of nonobviousness. KSR at 416. A skilled artisan would have 

understood at the time that pemetrexed disodium is a multitargeted antifolate having specific 

activity at three enzymes in the biosynthesis of nucleic acids. The enzymes are dihydrofolate 

reductase (DHFR), thymidine synthase (TS), and GAR formyltransferase (GARFT). (Shih, 1999 

and Shih, 1997, attached.) All of these enzymes need a folate derivative to function. DHFR 

obviously has dihydrofolate as a substrate; TS needs N 5
, N 10-methylenetetrahydrofolate as a 

methyl source (returning folate as dihydrofolate); and GARFT has N 10-formyltetrahydrofolate as a 

formyl source returning it as tetrahydrofolate. (Kisliuk, 1999 and Kisliuk, 1984, attached.) 

Pemetrexed disodium is, in simple terms, a folate analogue and acts by competing with folate at 

each of the enzymes' folate binding sites. If there is an excess of the natural ligand (the natural 

folate source) for the three enzymes then the effectiveness of pemetrexed disodium is reduced. 

This is shown for example in Table 1 of Worzalla. It can be seen that for the five cancer cell-lines 

reported, increasing the folic acid concentration from 1 µm to 10 µm gives up to a 14-fold 

decrease in efficacy of pemetrexed disodium (14-fold increase in IC50). The skilled person, if 

they indeed had all of the knowledge of Taylor, Tsao, and Worzalla, would understand that by 

adding vitamin B 12 they could be releasing the pool of N5 -methyltetrahydrofolate so causing an 

effective increase in the concentration of the natural folate substrate, thereby decreasing the 

efficacy of pemetrexed disodium. The skilled artisan would not have expected the reduction of 

severe toxicities associated with pemetrexed disodium, such as patient death, without the expected 

effect ofreduction of pemetrexed disodium's efficacy. 

At the time of the invention, the skilled artisan would have been aware it was standard of 

care to avoid vitamins in patients undergoing chemotherapy, because the usage of vitamins could 

decrease the effectiveness of the chemotherapy. See for example: 

1. AstraZeneca's compound, Tomudex® (raltitrexed), is a TS inhibitor approved in 1995 in the 

United Kingdom and marketed in Europe for the treatment of colorectal cancer. The 

monograph as provided in Martindale's 1999, "The Complete Drug Reference" (attached) 

states that "Raltitrexed should not be given with folic or folinic acid which may impair its 

cytotoxic action." (page 560, Interactions.) 
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2. Methotrexate is a DHFR inhibitor that was approved in 1959 in the United States. The 1999 

monograph as published by the "Physicians' Desk References" clearly states: 

"Vitamin preparations containing folic acid or its derivatives may decrease responses to 

systemically administered methotrexate. Preliminary animal and human studies have 

shown that small quantities of intravenously administered leucovorin enter the CSF 

primarily as 5-methyltetrahydrofolate and, in humans, remain 1-3 orders of magnitude 

lower than the usual methotrexate concentrations following intrathecal administration. 

However, high doses of leucovorin may reduce the efficacy of intrathecally-administered 

methotrexate. Folate deficiency states may increase methotrexate toxicity." (pages 1398-

1399, Drug Interactions, attached.) 

3. Fluorouracil (5-FU) is an inhibitor of TS. In the 1998 monograph as published by the 

"Physicians' Desk References" for 5-FU, there is a warning that the administration of folinic 

acid is associated with increased toxicity "Leucovorin calcium may enhance the toxicity of 

fluorouracil." (page 2463, Drug Interactions, attached.) 

Leucovorin or folinic acid is a 5-formyl derivative of tetrahydrofolic acid. The 1999 monograph 

from the "Physicians' Desk References" describes leucovorin as "one of several active, 

chemically reduced derivatives of folic acid. It is useful as an antidote to drugs which act as folic 

acid antagonists,'' and "[a ]dministration of leucovorin can counteract the therapeutic and toxic 

effects of folic acid antagonists such as methotrexate, which act by inhibiting dihydrofolate 

reductase. In contrast, leucovorin can enhance the therapeutic and toxic effects of 

fluoropyrimidines used in cancer therapy, such as 5-fluorouracil." (page 1389, Drug Interactions, 

attached.) 

Applicants unexpectedly discovered administering vitamin B12 and folic acid as claimed 

reduces toxicity ofpemetrexed disodium. (See Specification at pg 15, lines 21-25 and pg 16, lines 

6-9.) This is clearly demonstrated by the examples in the specification wherein treatment 

toxicities were reduced in tumor bearing mice with or without the addition of folic acid. For 

example, the Specification at pg 15, lines 24-25 states, "Vitamin B 12 supplementation with 

ALIMTA has a moderate effect on drug related toxicity, lowering drug related deaths to 3% and 

severe toxicities by about 25%." Page 15, lines 25-27 of the specification states, "The 

combination of vitamin B12 and folic acid with ALIMTA has lowered the drug related deaths to 

<l % in over 480 so treated." The specification also explains that pilot studies in humans 

established that vitamin B12 given to patients receiving ALIMTA experienced fewer side effects. 

Clinical studies sponsored by Eli Lilly (Lilly) confirmed less overall pemetrexed disodium-related 

-9-

Sandoz Inc. 
Exhibit 1002-00449 

Teva – Fresenius 
Exhibit 1002-00449



Serial No. 11/776,329 

toxicity. Specifically, as is shown in the table below, reductions in Grade 3/4 hematologic and 

nonhematologic toxicities such as neutropenia, febrile neutropenia, and infection with Grade 3/4 

neutropenia were reported when pretreatment with folic acid and vitamin B 12 was administered. 

Tab.le 1 

r"·---·--·~"'"'""·-"'"·"·'·'· ... Pr:r.:::~nt pf occ:un:-e:n~ P~>Ct'l.Ut d OCCU)'rollt~\~ post 
pcim: ':fl l~ l2if>'ik w.:;id .B 12/foik >idd trootn:iem 

"~···~--"--~"""""'"""'"""" "~~~~~! (N:;~:4""· 6..,.) -+----"'~·-"''_1S"")---~ 
.Het~ttil!'.)gt.t:: "f(lJticityrNm1~ ~'H% 6:.4'~' 

__ J!~:g_~-~~1z~t<?J:s~S~:m: __ "" .. --.·.·.·.·.-.···-···-~-~-.....~~~~~~------. 
···-... - N~l!tf.\):l,~~a . ._ ____ .. _ .. _ .. ·.·.·.·.·--------__ii~J.J::'. .. ~.~~---·-··'"' ·~·-·.·.·.·.···"""'""'.1:§.'.~L ...• """··-·.·.·.·.·.·.·.·.·.·.· 

h-11J:.-;o~~~ "'"""~"'·"~5:~._. .. """"'"" __ """-- LV:~,;- ~"""""" 
m~r.m¢~ 6% 2.6fk· 

-~'''''''''''''''"_._,,,,,,,,,,,,,"_ ......... ....-.. , .. ,,,,,," ........................................................ __ .._ ...... ... 

Neuu · i~.cia and Mucusfus 3% 0% 
" ' . ~----" '""'"""'-'....""""'"-j' 

,, N-~~~~~~E .. t~~~~~~~ .. [~~~~ ,,,, .... _ .. ,, ............ 3~ ............. ~-.-.-.... .. ........ -.-.-.-.~.---.-~;~~'. ........ -··· ... . 

. . . Nrutt:l'if :<t:!!-l~-~<d t~t~~~km .......... ·-----~__;~~; ____ , ____ ..... ·········"'"""'·'···-~l:t"·'···""'···········= 

(See Specification, Table 1, page 16.) 

Today, Lilly's pemetrexed disodium product, ALIMTA®, is an FDA approved product in 

the United States and its prescribing information (attached) includes the following information on 

the need to administer B12 and the effects of vitamin supplementation in reducing toxicity. 

Need for Folate and Vitamin B12 Supplementation Patients treated with ALIMTA 

must be instructed to take folic acid and vitamin B 12 as a prophylactic measure to 

reduce treatment-related hematologic and GI toxicity [see Dosage and 

Administration (2.3)]. In clinical studies, less overall toxicity and reductions in 

Grade 3/4 hematologic and nonhematologic toxicities such as neutropenia, febrile 

neutropenia, and infection with Grade 3/4 neutropenia were reported when 

pretreatment with folic acid and vitamin B12 was administered. 

(Approved Label for NDA 021462, lines 118-122.) The Approved Label goes on to 

instruct that "Patients must also receive one (1) intramuscular injection of vitamin B12 

during the week preceding the first dose of ALIMTA and every 3 cycles thereafter." 

(Approved Label forNDA 021462, lines 33-34.) And that "Patients treated with 

ALIMTA must be instructed to take folic acid and vitamin B12 as a prophylactic measure 

to reduce treatment-related hematologic and gastrointestinal toxicity [see Dosage and 

Administration (2.3)]." (Approved Label forNDA 021462, lines 696-697.) 

Table 8 of the Approved Label compares the incidence (percentage of patients) of CTC 

Grade 3/4 toxicities in patients who received vitamin supplementation with daily folic acid and 

vitamin B12 from the time of enrollment in the study (fully supplemented) with the incidence in 
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patients who never received vitamin supplementation (never supplemented) during the study in 

the ALIMT A plus cisplatin arm. 

T;ihle S:: S-el-ected Grnde .Y4 A.dw·ne E nr.ih Compiidng .Fnlly Snprilemented Yentn "."l'eve-r Sltppl~mn1ted Patiu1ts in tlie 
ALlMTA pln> C:lwhti11 :mu(% iudtl<ti<'~.l 

Fltlly S&ippl~men~t.~d Patll'nt~ N11:nr St1ppl<m-ei1wl Pa:lifiit<; 
A.ifo;~~::-&:e Ev-e.nf' (~·~} {N=16:::s__i ('N=32) 

.l.3 J8 
.5 9 
l l ~t 

-•'l. 

9 
0 6 

Diarrhes 4 9 

Clearly, Applicants have made a significant discovery not obvious in view of the 

references cited in the Office Action. A skilled artisan would not have expected the reduction of 

severe toxicities associated with pemetrexed disodium administration, such as patient death, 

without reduction ofpemetrexed disodium's efficacy. (See Specification at pg 15, lines 21-25 

and pg 16, lines 6-9.) Under the Supreme Court's decision in KSR, the combination of a 

methylmalonic acid lowering agent, particularly vitamin B12 or a pharmaceutical derivative, and 

pemetrexed disodium does more than yield predictable results, the combination works together in 

an unexpected and fruitful manner. Therefore, the rejection is clearly improper and should be 

withdrawn. 

Rejection based upon Taylor in view of Tsao. Worzolla, Cleare. and general knowledge in the 

prior art 

Because the combination of a methylmalonic acid lowering agent, folic acid, and 

pemetrexed disodium is not obvious to one of skill in the art under 35 U.S.C. 103(a), then the 

additional limitation introduced by the remaining dependent claims cannot be held obvious. (See 

Callaway Golf Co. v. Acushnet Co., 576 F.3d 1331 at 1344, 91 U.S.P.Q.2d 1705 (Fed. Cir. 2009). 

Furthermore, the Examiner has misinterpreted the teaching of W orzalla. In addition to the 

arguments made supra, Worzolla et.al. discloses that the addition of folic acid may reduce the 

effectiveness of pemetrexed disodium. (See for example table 1 of Worzalla: for the 5 cancer cell­

lines reported, increasing the folic acid concentration from 1 µm to 10 µm gives up to a 14-fold 

decrease in efficacy of pemetrexed disodium.) W orzolla provides no suggestion that lowering 

methylmalonic acid levels would further reduce associated toxicities while maintaining the 

therapeutic efficacy of pemetrexed dis odium. Cleare does not disclose or provide rationale for the 

combination of platinum anti-tumor compounds with Applicant's claimed method of treating 

patients with pemetrexed disodium. 
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Additionally, the Examiner has presented no reason, as is required under KSR that the 

claimed dosing cycles and ranges are obvious. A prima facie case of obviousness requires 

supporting objective evidence to be sustained. An examiner must substantiate his or her 

"suspicions" or "hunches" on the basis of facts drawn from the prior art. Application of Lunsford, 

53 C.C.P.A. 1011, 357 F.2d 385, 391, 148 U.S.P.Q. (BNA) 721, 725 (1966). Applicants 

respectfully assert that the Examiner's allegation that "readily optimized effective and concurrent 

administration dosage forms" are available in the art or are within "the ability of tasks routinely 

performed ... without undue experimentation" does not rise to the level of "supporting objective 

evidence" under Application of Lunsford. Applicants respectfully submit that the Examiner could 

not arrive at the presently claimed invention, its dosing ranges and/or its cyclic administration. 

Conclusion 

Applicants respectfully contend that a prima facie case of obviousness has not been 

established, the Applicants' claimed invention is unobvious. A skilled artisan would not have 

expected the reduction of severe toxicities associated with pemetrexed disodium, such as patient 

death, without the expected effect ofreduction of pemetrexed disodium's efficacy. The rejection 

is improper and should be withdrawn. 

Entry of the amendments and allowance of the claims in view of the amendments and 

discussion supra are respectfully requested. 

Eli Lilly and Company 
Patent Division 
P.O. Box 6288 
Indianapolis, Indiana 46206-6288 

November 13 2009 

Respectfully submitted, 

/Elizabeth A McGraw/ 

Elizabeth A. McGraw 
Attorney for Applicants 
Registration No. 44,646 
Phone: 317-277-7443 
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Amendments to the Claims 

The following listing of claims will replace all prior versions, and listing, of claims in the application. 

Listing of Claims: 

Claims 1-39 (Cancelled) 

40. (currently amended) A method for administering pemetrexed disodium to a patient in need 

thereof comprising administering an effective amount of folic acid and an effective amount of a 

methylmalonic acid lowering agent followed by administering an effective amount of pemetrexed 

disodium in eombination vlith a methylrnalonie aeid lmvering agent, wherein.; 

the methylmalonic acid lowering agent is selected from the group consisting of vitamin Bl2, 

hydroxycobe_!!lamin, cyano-10-chlorocobe_!!lamin, aquocobe_!!lamin perchlorate, aquo-1 O::cobe_!!lamin 

perchlorate, azidocobe_!!lamin, cobalamin, cyanocobalamin, or chlorocobe_!!lamin;-

the methylmalonie aeid lmvering agent is administered from about 1 1Neek to about 3 v«eeks 

prior to the first administration of the pemetreJ(ed disodium; and 

the methylmalonie aeid lmvering agent administration is repeated about e1«ef)' 6 to about e1«ef)' 

12 v«eeks until administration of the pemetreRed disodium is diseontinued. 

41. (currently amended) The method of claim 40, wherein the methylmalonic acid lowering 

agent is vitamin_B12. 

42. (previously presented) The method of claim 41, wherein the vitamin B12 is administered 

as an intramuscular injection of about 500 µg to about 1500 µg. 

43. (previously presented) The method of claim 42, wherein the vitamin B12 is administered 

as an intramuscular injection of about 1000 µg. 

44. (currently amended) The method of claim 41, 42 or 43, wherein the vitamin B 12 

administration is repeated about every 9 1Neeks 6 to about every 12 weeks following the administration 

of vitamin B12 until the administration of the pemetrexed disodium is discontinued. 

45 - 46. (cancelled) 
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4 7. (currently amended) The method of claim 46 44 wherein the folic acid is administered 1 to 

3 weeks prior to the first administration of the pemetrexed disodium. 

48. (previously presented) The method of claim 4-+ 44 wherein the folic acid is administered 

from about 1 to about 24 hours prior to administration of the pemetrexed dis odium. 

49. (currently amended) The method according to any one of claims 40-4346-4&, wherein 

between 0.3 mg to about 5 mg of folic acid is administered orally. 

50. (previously presented) The method of claim 49 wherein about 350µg to about 1000 µg of 

folic acid is administered. 

51. (previously presented) The method of claim 50 wherein 350 µg to 600 µg of folic acid is 

administered. 

52. (currently amended) The method of claim 40 eF-4§. further comprising the administration 

of cisplatin to the patient. 

53. (new) An improved method for administering pemetrexed disodium to a patient in need of 

chemotherapeutic treatment, wherein the improvement comprises: 

a) administration of between about 350 µg and about 1000 µg of folic acid prior to the first 

administration of pemetrexed disodium; 

b) administration of about 500µg to about 1500µg of vitamin Bl2, prior to the first 

administration of pemetrexed disodium; and 

c) administration of pemetrexed di sodium. 

54. (new) The method of claim 53 further comprising the administration of cisplatin to the 

patient. 

55. (new) The method of claim 53, wherein vitamin B 12 is administered as an intramuscular 

injection of about 500 µg to about 1500 µg. 

56. (new) The method of claim 55, wherein vitamin B 12 is administered as an intramuscular 

injection of about 1000 µg. 
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57. (new) The method of claim 56, wherein between 0.3 mg to about 5 mg offolic acid is 

administered orally. 

58. (new) The method of claim 57 wherein about 350µg to about 1000 µg offolic acid is 

administered. 

59. (new) The method of claim 58 wherein 350 µg to 600 µg offolic acid is administered. 

60. (new) The method of claim 59 wherein folic acid is administered 1 to 3 weeks prior to the 

first administration of the pemetrexed disodium. 

61. (new) The method of claim 59 wherein the folic acid is administered from about 1 to about 

24 hours prior to administration of the pemetrexed di sodium. 

62. (new) The method of claim 53, 59, or 60, wherein the vitamin B12 administration is 

repeated about every 6 to about every 12 weeks following the administration of vitamin B12 until 

administration of pemetrexed disodium is discontinued. 

63. (new) The method of claim 62 further comprising the administration of cisplatin to the 

patient. 
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(~mm'ocaproir nc1rlJ I~1JecL1on 15 admrnistere0 bj 
utJUt.ing the, usual Compatible intt·a,.·en(JUS Ye· 
:; Sterile "-'a:ter-for Injectwn, Sodium Chkil·kk~ for 
50:, PextrQSe ~r'Ringid's foJecliilbl. Although Stur­
'for 'I11Jection· h; ciim1:iatible for_ in,trairenous iiijec' 

ntaht solutfon j~ Jiypo-osrilolar. RAPID h"!JEC­
MIOAR · IN.JECT!ON UNDILUTED INTO A 

J'10T RECOMMENDED; . , 
re'\.tJl1ent·0f acutitbleecllng s'.vndromes due to ,e!e­
... nglytic activity, it is siiggested 'that 16 to 20 mL (4 
AMI CAR Iiijection in 250 niL of dilueilt be adii\in: 
· • irifiisiori'during the first 'J1orli of treatth~nt; ro1: 

conJin~1lng ilifooi9u !It tfiri·iate of 4 mL (~ glf!er 
L of diluent. This method of treatllleut would 
,conti,nu~d for 'aboul 8 hours,or until the bleed-
, as'bee.n}q;itroll;d. · , , « . " · ' 

oduct~ ~b_oujd be· inspected visuillfy for 
and discblor'ation'. pi1or to 'ad1nfoistra­
tjon ~rid ~ontai.n~r pem!i~, . ' ' ' ,, · 

t 'is. able 1'0' fake meditatiori bv mouth,' an: lde'n' 
refii\J.\en niiiy be ,followed bv administe1:ing 

rlblet~ 01• AMICAE,S#Jq); 25% a~ follows; 'For the 
,ofactite bleeding syndromes diie to. elevated fi­
activity, it is stlggestecFtl!at'io'tabietS (5 g) or 4 
ls ofsyrup l5 gl ofAMIQAR be administered dur-
hour of treatm,ent, .followed )ly a ~ontmufug, rate 
(],"g) or 1 teaspooiifu1 '~f s,Yrup (1.25' g) f!er hour. 

e~ho'd of treatment \vould 'ordinarily lie continued for 
8 hours or until tf1e bleeding situation has been cone 
>''',:·,' '\,,. '; ' ' ' 

·~.yPPLIED , , · , ·' . . .. 
®, (aminocaproic acid)' Injection, supplied ·as fol-

', fuL ~;~ cont~ins s'.~ ~f ami~~c~iii~ic ~~ld (2150 fugf 
,an aqueous ~olutimi.with benzyl alcohol 0.9%'/lB pr,e, 

~· ~. ' 20 mLvial,, NDC 58406-Bl0-12 , , . 
mL single-uiie infu.\jion vial contains 24 g of amino-

acid (250 ~g/m:Ll as an, aqueous sofotiou with hen, 
ol 0,9% as-preservative. . . . 
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Leuoovorin Calcium fo'r bijection 
Leucovorm Calcium for Injection ic, indica!Bd for intrave­
nous or in~ramuseu}ar administrntion .and is ,supplied ,as a 
~terilelyophilized po~der. The 3,50;rng,vial.is pre~ervafive 
free. The i11a.ctiv~ ing'redie!'t is sorli,mp;c.hloride 140 nig(vJ1il 
fo': th~ 350,mg vial. 89,dium hJi:l~oxide aqcV01· hydrochlo!'Jc 
ac~d.a:i·e.usec! to,n'cljust tl1e pH to 'lPJlroxi~tely 8,1 during 
manufacture. One milligram of,Jeucovorin calciun1 contains 
0.002 fdmol of leticovori1rnnci 0.002 inniol of'calChun. '' 
c1:.~cAf. PiWWAcoi.oGY:. , · · , 
~ucovorin is',. mixture' of the diastereoisome1·s oftlie 5-for­
myl derivative of'teti'ahydrofolic 'acid (Till'). The l:iiologi: 
cally active compound' of·the'iniiim:ii'is the (-)'I-isomer, 
kI,JojVn as Citrovcimm f;ictor or. (' )·foliiric acid. C'el1covoifu 
d~es not r~quire reduction by the enzy\ne clihydrofolate, l'e' 
~Jl!:~ase, in 0rder ~?.Paryi)iPate)ii i;~a~tion~.i~J:i\,j~ini;i/ol!JY,s , 
a~.~ sou~ce, 0f one:~ar,bPI)~ !'1o!.e~1.e~,,,MJ~tj~.'!"A.r!n C{-5 · 
formylt~trahyd~ofolat~J i~. ra.pidly ~~~abo)\~_ed ;~".ia. §.f~ 
, Il\ethe?yltetral)ydrofol!!;t• ~!1<'µ. l')flO·rn.~thylerfot!)~aliydfo.;. , 
folate) to Z.-r> mi>thyl\e,trah~tl_ro,fol!':te,: 1-~'ll:f<ithylt~trahydro· 
folate can m·t= be metabolized via· other pathways back•to 
5,lO·methyle.n.etetxahydi:cifofate; ·which :is. converted '.to 
5-metliyltetrahydrofolate by an iITeversible,.ehzyme::cata­
lyzed'recluction usmg the cofactors FADH2 and.NADPH. 
Adnlinistratio.n cifleuco..lorin caii'i:ounter'act the tl).erapetitic 
and toxic effects offolic-iicid antagonists tiuch as methotrex­
ate~ jVhlch act by inhibiting dihydro(ofote,reductase.' 
In ·contrast, leucovorin' can . erihance the therapentic , and 
toXic effects of :lluoi;opyrilnidines' .used: in cancer therapY, 
such•a:f 6,fluorouraciL Conciirient administration,of leucO: 
vorin d~~s not ~ppear to ,"1ter th.e ·plasma'ph,;,.macokinetics 
of 5-fluorotiracil. ·5-Flnorciuracil is 'metabolized ·tci fluorode­
oxYuHcfylic licid, •which bmds to and 'inhihits;the enzyme 
thymidylate synthase (an en~yme important in, DNA repair 
and,replfoation)."" ' ", , · · " '" 
Leu~o:Vcirin is readily conv,erteiJ. to another red.iced folate, 
5,10 methylenetetrahydrofolate, which a'cts.to stabilize.the 
binding ofliuotocleoxyuridylic acid to thymidylate,syfithase 
ancHhereby.erihan.ces the. inlµbitiop otthis, enzime. '" . 
The pharµiacokine,tics after. intravenous, intraµmscular, 
and, oral administriltion of a 25 mg dose ofleuccivorili were 
stuclii!d':in· .male' yplunteers, 'After -intravenous admimstra­
tion, serum total reduced folates (as measured by Lactoba­

' cillus casei assay) reached a mean peak of 1259 ng/mL 
(range 897-1625), The mean time'to peak was 10 minutes. 
ThiS initial rise in total reduced fol ates was 'p~ai'ily due to 
the parent compouµd 5-formyl-THF (measured by Strepto· 
coccus faecalis assay) which rose to 1206.ng/mL at 10,mnF 
utes. A sharp drop in parent compound followed, and.coin-
c,ided with the appearance of the active metabolite 5 methyl­
THF which became the predominant circillating foi:m of the 
drug. ' ' ', '' ',' 
Th,e mean peak qf 5-methyl:TIW wa8 258 ng/mL.ancl oc-, 
cnrred at 1.3 hours. The,terminal half-life for total r:e,duced 
folates was 6.2 hours. The area wider the concentration ver­
sus time curves (AUCs) for 1-leucovoriri, a:Ieucovorin,and 
5-methyltetrahydrofolate were 28.4 ± 3.5, 956 ± 91 and 12!) 
± 12 (mg.min/L ± S.E:). When ahigher dose of d,l,Ieucovo' 
l'ij! (200 mg/m2) was used; similar, results were obtained. 
The d-is~mer persisted in, pl'!~ma at concentrations greatly 
exceeding those of the I-isomer. ., ,, · 
After: intramusculai· injection, the meM peal< of serum total 
reduced, foiafos was 4S6 .ng/mL'/range 240, 725), and oc­
curred at 5:\ millute~._Similar to IV' ailiriiriistration; the iii: 
itiaJjharp rise \ia.S due_~9-th.~ parent.cqmpol!fld: T.he !Jl~ 
,peak of.6-fonnyl~'.l'HF was 3.60 ng/mL,and,occurred.at.213 
minu.te~. The.·:level. qf t])e, metabolite 5-methyl-THF in­
creased.subsequeµtJy.over,time until at 1.5 hours it repre­
sented 50% of the circulating total folates. The mean peak of 
5-methyl-THF" was 226 ng/mL at 2.8 hours. The terminal 
half-life of total reduced folates was 6.2 hours. There was no 
difference of.statistical sigoificance between iM and IV ad-
ministration in the AUC for total reduced folates, 5-formyl-

, THF, or 6.methyl-THF. , , · .'' , 
lY , Ail:er ·oral administration of.leucovorin reconstituted with 

aromatic elixir, the mean peal< concentration of serum total 
reduced folates was 393 ng/mL (range,160-550). The mean 
time to peak was 2.3 hours and. the termmal half-life 'Was 
'5.7 hours. The, niajor component was the metabolite 5-me­
thylteh'al1yclrofolat1' to wh1ch.Jeucovoriu is prin1mi!y,c<i1F 
verted in the intestinal muro3a. The mean peak of5-methyl· 
THF was 367 ng/mL at' 2.-l hotU'S. The peak level of the. par­
ent compound was 51 tighnL at 1.2 hours. The AUC of totru, 
redured folates after oral admimstration of the 25 mg cloe-o 
WEl:i D2t;t 'of the AUC after int~·av~non:: adminisLn.1Lion. 
Following oral mlministration, Ieucovorin is rapidly nb. 

· is one of several active, chemically reduced de­
f fo1ic acid. It is useful as an antidote to drug3 

a& folic acid antagonists. 
as folinic acid, Citrovorum factor, or 5-formyl­
iytlrofolic acid, this compotmd ha3 tht> chemical 
of L-Glmalliic acid, N-[4-[[<2-amino-5-fo1•mvl­

.·h~xahyclro-4-oxo-6 pteridfuy\lroelhvllaminc>lkn· 
foin ;alt ! 1:1). 'The formula weiqht is 511.51 and 

ructural formula of leucovorin calcium is· 
e th~tuki:! ..,trndur<- at top of ne:.t columnJ. ~'orbi?d rmd t:xponds l1'1i;- st:ncn pool of r~ch1i:ed fobtf:·' At ::-1 

lhf' d·t~umer :ih::>o1bad Ornl 
~~u:urnhlB B/, di0~1~s t1buv1.: 215 mg. 
ity Vfl~ucovorin ;q,1~ 97(1, for 2G mg~ 
Wr 100 mg. , 
In a r8nd6foizBr1 clinical btudv conducted bv the Mnvu C1inre 
an,<l the North Central Ca~cer Treq!mei1t G!'<,up <Maw/ 
NGCTGI in palieilts with adv::tnced meiaatutfo colorectol 
ciuicer tlii·ee treatment regimens' we1'e coinpared: Leucovo­
rin (LV) ~d~ m#i11: ancl 5-fluq1·o~racil (5-FUl'370 riig/1112 
ver.sus LV·2o·mg/11r and 5-FU -120 mg/m2 versus 5-l!'U 500 
111g!m2"A~ <liugi{were aclininiSforecl by slow illt!'avenous in­
ftisiii1,1'daily.for ~'.days i·~pei'ted every 28:35 days. R~sj:ionse 
r":t~s' vier!' ~~%Jp "' o.p4 vel'S!)~ ~-FU alopeJ, 4.3% (p = ·0.001 
v~rsus' 5-)l'U' ?fo\l~J.itnq 10%'for'the high dose leuc\)1·onn, 
fow, dose lehco,vprirr iiiid 5:FU aloi1ii grqups respectively. Re­
spective'•medi:hi ~uryival ,ti~es'}Vere '.12.2'· ry.'.diiths r p = 
0:037 J, ~2 months Ip "'~ 0;050l, .and 7:7 montlis:The liJw dose 
LV regimen gave it statistiC1;1fly significai1£ 1mproveme!J.t in 
weight'gain of more thmi' 5%,' relief of'sYmfitoms; and im· 
prMement' m peJ':fqrmance statJis: The filgh dose LV: regi­
n;en g.ave a' St";tistica.J!Y siglljf\c~nt imi,i~ovemei:t In j1erfor-
11Jance, ~ta~ns and trende.d toward ,ifilpro-.:einent.in weight 
gain rul:dciri' relief ofllymptoms but these were not statisti-
cillly significant.' , , ' · ' , · ,. , , · · 
Iri:'ii:'secqnd Mayo/NCCTG 1·andoinfzed clinical study' the 
5-FU 'alone' arm ·Was-replaced by a reginien of sequentially 
e\driif6ist;l,re'd>1ri8th&tre'xafu (MTXl; 5'FU, ,filidLV. Response 
rdt.!s ~fthLV'2oo mi\'lm2 akl 5,,FU 3'10 mWm2 versus LV 20 
mi!m; }uid '5:Jl'.P 425 ~llii:i.· vei's!JS, segU:enl;ial MTX aild 
5-FT,J: ::ind:W were respectively 31% (p =. <.01!, 42% (p "' 
<;.()1)~ and·r4%/Re~pective'm'ediansiirv'ival tiines were 
12. 7 months (p ;,; <.Q4);"f2. 7 months '(p' ,;; '<'.01), 'and 8.4 
mcinths. Nci statistically 'sigil;fic'a!J.t wfference·fn weight 
gam' of more than '5% 'or ih' :ii:nj)rovement m ·performance 
statuswas' seeh' lletween'the 'treatn1ent 'arins. ,· ' 

'r"', ,, , 

INDICATIONS :AND'USAGE 

Le~covorln,. c;aicium rescue is indicated' ~fter high:do~e 
methotrexate therapy in osteosarcoma. Le'ucovonn calcium 
is Jil~C. in~cat~~ l:,ci.cli,rirlllisii,;the to~~.i~ and ~ount~ract the 
effects of unP'!U:ed methotrexate ehmmation and of inadver· 
ten~ overi:Jo.~ages o( follc'ai:,id Wit~gQ4ists.' ' '. ' ' 
LeiJ.c?,vorffi, ~Ciriill i,sjnc!i,ci!,tJcl'.in the ti;eat~e~t ofmegal~­
blastic.!!Il~nnas,,dl!e ,tii, folic acid deficiericy'wlien oral tber­
a~y !s~qf~~~,s\ple:;.,',: " .. " ' '..'· .' · . ' :· · , , 
Leuccivorin.is. also indicated fo:i ,nS., iri combi!J.atiori with 
.5:~~iji:9£,;~~!.~o)i~4!b"ii"i,si~lfi'va!Jif i)i0,~~1!liit};Ye t~~iify:\ent 
of patients ;w1tli advanced ,CQlorectitl cancer. Leuccivorin 
sb.o@d.iii{fbe,ilixe'd.in;~™"" siinie illfuslon' as 5-lfuorouracil 
~~=;~~:~Wil·, .. , ... " ., . . . . 
Leuc~v~rln i; ~pr~per therapy for perniciouii'ahemia and 
other i:negalqbliiimc aneinfos s'e.condary to tile· lack' of v'ita­
miri'Bh:'A: h'ematOIOgi.c remission inay occut whlle )1e'urci­
J.ogic 'ri:mhifestatiop~ contiriue to progress. · 

w~(}s ,· · ... ; ,,,· ;, , ,,. ;: ,, , 
In th~ treatment of accidental overdos~ges. of folic acid an­
tagonists, intravenous leticovorin should ,be administered as 
pron;ptly. as· p9~~!ble. As. the time interval,between anti­
folate administration [eg; methotrexate (1\1T.l{)] •and leuco­
vO:iill r0SCue increases, Ieucovorin's~etreCtiveness m cOW:iter­
actin.g toxicity decreases. In' the treatment of accidental 
o:-~rdosi!~~ ofin,t;>;~hecaJ]y ~,clmini~te.r!1c! fo)iC acid ifiliago­
fllsts; c\o not· administ~r leucovorijl• intr~tl1~cally. LEUCO­
VORIN MAY BE HARMFUL' OR FATAL IF GIVEN m: 
TRATHECALLY. . -
M;ol)itiiiing of the serii\n,· M'l'X eoncentration: is essebtial in 
.d~t~pn!Jii~g'the o'ptirii'iii'.dose .and dfu:a'tfon of treatJIJ.erit 
with IeuCOvorj.ri:,-, 1 ,_' "' , ~• -r , , , , 
Delayed ,M'!'Xexcretjon may:be'causeclby a third.space fluid 
accumulation (ie,. ascites;i:plemal.'effusion),· renal insuffi· 
ciency, or inadequate hydration. Under such circumstances, 
higher.doses ofleucovoiin or;'prclonged administration may 
be indicated.: Doses,hi,gher.th;i,n those.recommended for oral 
use must be given intravenously. · . · " .. c /; '· 
Because of th~' benzy} alcoliol contained in certain ciiluents 
used for Leucovorin C~lduin for Injection, '~hen doses 
greater than 10 mg/m2 are administered,,Leucovorin ;Cal­
cium for Ii\iection.:9hould be reconstituted"with,Sterile;l'/a­
ter for Injectipn, USP,:and used immediately. (:'lee D.OSAGE 
AND ADMINISTRATION.) . 
Bec~use of the calcium cont,ent ofthe.leucovorin solution, no 
more than -160 mg,ofle.ucovorin shoul!l be injecte_d ii\!J'ave' 
nously per minute H.6 mL o{'>i lO;mg!Jitl,, or 8 mt. of a 20 
mg/J1JL solution per minul:\l}., . " , · ... o , ": , , 

Let1covorin enhanoe& the· toxicity .of 5,JhiOrouracib, When 
these drugs are administered'~onCµrmritlyJn·tJie·.pallfativ~ 
therapy of advanced· coloroot~l cqnre•, the do;;ilge of .5·fluo· 
rouracil must ·be lower Jh<m·usµally adm.illist,;red. Although 
the toxidtieo ol:>servod •in. PAiients tre::i!(e.d with the 'comb,. 
nation of foncovorin plus, 5,fluw<>urncil are ·qtmlita1iYdv 
similar to those: (lbSefved in-,patientP ~ented ,~,~ith 13Alunr0-
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Leucovorin Calcium for lnj.-Ccmt. 

uradl alon~, gastrointestinal toxicities (particularly stoma­
titis and diarriiea) ar~ ob•orved more commonly and ii]ay be 
mor~.s~yeie,and ~f prol9n1;1ed d~tration, in patients t1·eated 
with fhe combination._ ,' ,, ' ' ' 
Jn th,eJirst Milyo/NCCTG coriti'olled tifal, toiiCity, primarily 
gastromtestin~I; reslllted iii. 7% ofpatien~ requiriqg h<)spi­
tt\Jization .·when treated with. 5-Jluorouracil alone or 5-f!uo­
rouracil in cofobination with 200 mglm2 of le)icovo1in, and 
20% wllen t£eafod,with 5-Jluorouracil in combillation with 
20 mgtm2 of Ieucovoriii. 1n the,se~ond Mayo/NCCTG trwl, 
hospitalizatioiis,reJ~t.i4, to ti'.e~bnent toXicity a)so appeeyeq 
to occur more often in patients Jreated with the, low <lose 
fou~~v,Qi'in15~fl.UorQU:~acil co'mhinatioll. than' ill._ , pati~llts 
treated With the liigh do~e combination - {f'!'d versus 3%. 
Therapy With leucovorin/5,-tluorow:acil must not be initiated 
or'coil,tinued hi_'patients iv'!lo'naye symptoms 9f gast~iiinte•: 
tinai· .foxl~lty '.Pf any' s4verity,' '.unti,l, those, sympfoini,have 
ccinrpl~i;;ly r ' ' ' atients witli marrheaiinisfb'e' riioni-
tored With \1aie until the 'diarrhea ha$ resoiv,ed; 
as rapid clinicar orafion'ieaciinffu 'deatli'caii'occu/rri 
an: additioghl,stiiCly utilfaing higher ;;.,eeldy dose~ _of' 5,·FlJ 
and leuco~orin; elderly analor d~bilitated. patje_~t.{ were; 
found to be at grea~r l,'isk for severe gl'Strointei!tiiial tqXi.c-
ity. " ' ' ' ' " ' ' " ·, ' 
Seizlirefs,and/or syncope have been r,~parled i:arely in;cfil\c~r 
Pati~p.~ :epei;rl~~: l~U,c,ov~r;in,: ~~u~1y, ~-:1 ~ ,aSso~atjO~ ~~~~ 
fiuoropyr1midme administration, and most commonly. in 

those With c~s metastas'e's ~~'other,' predisposing fa Ct; rs, 
however,,!! ca';'~!'h~Ja_,tio.n,ship ~as ,i;iqt b,een. ~sta,bJi,shed. 
The .,ccincomitant, use of Jeucovorin with trimethoprim-sUJ­
famei.h'oxazole for the' a:~i;,te treatment ,of PileukocyStis ca'. 
rinli pneumollia in 'patients With mv infection was'' assoCi­
ated \villi iricreasecr rates of'treatment'failure ancr morbid­
ity in a placebo-controlled ·studY.' ' , , , ' ' •· 

PRECAlJ'l1qNS 
Gen!!r~I .. ., _ . ,... , . , , , . 
Parenteral"admi:tiistratio:ti is preferable to oral· dosing if 
tlier~ 1.8 ii· iJo~siliiHt:Y ~hat t~ J,a:ti~n.t: :~aY: v~mi~ oi not ~l,r 
sorb the leucoyorin. 'Letlcovorin·has no' effect o\1 non:-hema-
to ' of.MTx such as'th'.e hephi-ot<lXlclfyreslllf: 
mg dioi· ni;,tAbollt~:,Piecipitaflori fri the ltidn~i 
Sine· ·,enhances iii;, 'ioii1c1t\t' Cit fillorouracil~' 1eu; 
covorin/s'"tiuo;o;;racil coniliihation 'th!.'ripv'io't il:clvar\:&eci 
C101,9r!~t_~~~ ~,ne~r ~6C?,1;11~"b~~,~~~i~i~~~.8.d ~~~CJerio~~~-<~,~,~~er: 
vision 'oh phYsiciaii experienced' in the' use of antimetab­
orite ~~ricer cliemotherapv: Pbrticplafila're:iiilould bii.taken 
in "the trelitmii'ni: of elCilirlv "or a~'bilttated'coloreOtal cancer 
patientS~ &S th&se patientS ,may:a;:e' BttiriCt085e(f risk~ of S~ 
vere toxiciiy, "' · - " " · · • • -- · 
U.bor,~to~;.T"!'t,s :,,; •. ·"' '· , ·, " ;:. '. , ,, . , . 
Patients, being .treated with.the le,ucovorin/5,ftuorouracil 
combillation should hav~ a CBC Witli dilfere11ti8! a;;(fpfote· 
le£S'ilrior 'fu "each treatment. i>Urilli theJrrsI tWo couraes a 
CBC with differential' and piatelets' has to ,be repeai;;;d 
weekly,and,thereafter.once each cy<;Je at the time'of'antici­
pated WB.G: nadfr.:' Electrol;Ytes .and liver function tests 
shoulddie-P,,rformed prion.to.-each •treatment for,·the •first 
three cycles'then prior to every.other cyCle:Dosage'modifi• 
cations of, fiuorouracil:'should be instituted• as follows, based 
on the most severe toxicitiesc 

Da.n1~o,hr··~~,·.,_' '• ' ,, . ,•" 
~· . .W,l!Cf~3 , Plateletslmm3 

, ,5cFY Difae. 
Stqm~titis,, ,Na~r , :Naill,~ < · 
Moderate 
severe, 

'1,000-1,900 
<~.ooo , · 

25,75,000, 
<25,ooo .. 

· decrea~ ~0%' 
dectease 30% '" ,. ' ,, ' 

If no toxicity occurs, the 5-fluorouracil dose may increase 
10%: Treatment should 00-.ilefecred until'WBCsare '4,000/ 
mm~, and platelets f30,000/mm3;•Jfblood counts do' not 
reach'these·leye1s within tw<i weeks, treatment;shollld be 
discontinued. l?atients :sliould,be followed up with physical 
exami:riation pri,cir to', each treatmenfcourse.and appropriate 
radioiogical e"'!mination' as ·needed. Treatment 'should be 
discontinuedwhen ther_e is clear' evidence of tumor progres-
siOn.', ," 2 , - ' " · 

Drug' Interactions 
FoliC acid in lai·ge arommts may counteract th~ antiepileptic 
effect of phenbbarbitaJ/.pheiiytoin and primii:lone, and in­
crease the frequency of seizures in susceptible pediatric pa' 
ti en ts. , · 
Preliminary animal and human1 studies hav'e shown that 
small quantities of systemically administered leucovorin en­
ter the CSF primal'ily as 5 methyitetral~drofolate and,-in 
humans, remain 1-3 orders:of magnitude .lo;ver tliml -the 
usual methotrexa.te c-0ncen.trations following intrathecal ad~ 
ministration.' However, high doses or'leucovorin may reduce 
the efficacy ofinfrathecally administered·metholrexale. 
Lcucovorin may Dnhance the toxicity of 5-fiuorourncil. <See 
WARNINGS.) 
Pregnancy: Teratogenic Effect:?: 
~·Pregnancy C[ltegory C.'' Adequate ~mimal reproduction 
::i.Hdh.•s l1m€ uot bmm conduded \.,.·ith foueovorin. H is nle.D 

not known whether Jeucovorin can cause fetal harm when 
administered lo a pregnant woman or can affect reproduc­
tion capadty. Leucovorin, should be given to a pregnant 
woman only if clearly needed, 
Nursing Mothers: It is not known whether this drug is 
excreted in human milk. 'Because many drugs are excreted 
in human milk, caution should be exercised when leucovo­
rin is administered to a nursing roQther. 
Pediatric Use: See Drug Interactions. 

ADVERSE REACTIONS 
Alleri!ic s~risitization, induding "nnphylactoid reactions 
ancl'urticruja, has beeri' teport<id folloWing adillfuistreytioii of 
both' oral imd parenteral leucovoi:m. No other adverse reac; 
iiclris have been attributed 'to the "use of leucovorin per se. 
The folloWing table summarizes signtlicant adverse' events 
occuhin:g':ill' 3i6'patients treated' with tlie leucovorin-5: 
fiuorouhicil "conibinatioris compared "against 70 patients 
tr~ated_ with_ 5,,-fluorouracil,.alql)e.- fqr:J•\h:ariced c0lorectal 
carcinoma. Th!ise'data are.taken from the Mayo/ij'CC'_\'G 
large inillticenter'. ,11iospective trial evaluating the efficacy 
~~-s~fety,of We ,~o'mbmatfon, re~men. 
!~eii l?tf,st tab!e.,~el,owl ' .• 
OVERDOSAGE " 
EX:~~i\'.e"ani'ount's of fotlco;vorin may nullify the chemother­
apeutic effect oHolic acid~aiitagonists. 

DO~AGEA~~ .4i>~STitATIO~ ' 
Advanced. ·colorectal' Caneer: , , Eithe1· of the , follo,Ving. two 
regimens"is·reconimended: "' :' " "· , , ' 
1. Leucovorin is administered at 200 mglm2 by slow.inLra­

venous"injeCtiOn oVeT a 'lllinimum of 3, filinuteS; followed 
by' 5-fiuorouracil at 370' mg/m2 by intravenous injection'. 

2, ·Leucovorin is administered: at 20 mglm2
· by' intravenous 

. injection followed by 5-Jluorouracil at 425 mg/m2 by intra-
vent)Us injeCtion'., ' ' 

5'Flu'rouracil.and leucovorin shollld be administered:sepa­
ra,tely fo avoid the formation of a precipitate: 
Treatment \is repeated <laily for .five·: days.- This. five.day 
treatnient'course ma;)C be repeated at' 4 week (28'day) inter­
viils;: fol-'.' 2 .Cotlrses; and then repeated' at 4--5' week (2~35 
day)•irite,Vi\]s providedtllat the patient has"completely re­
coY'ered':rroin ·tlie 'toxic effec,ts, oftJie pnor treatment oourse; 
In stlbsequent treatment ·courses, the dosage of 5-fiuorotira' 
cif should beluijust'ed based' on patient.tolerance of the prio'r 
treatment,cou1'Se. Tne druly dosage ·of 5-'lluorouracil should 
be.reduced,bY,20% for pati_ents "'.h~ experie~ced'mode'rate 

PHYSICIANS' .DESI( REFERENCE@ 

hematologic OF g1!5trointestinal lrix:icity· in the prior, treat­
ment course,, anu· by 30% for 'patient_nvho experienced se­
vere tor.idfa\see,f1RE0AU'rION$:Laborato1')' Tests). li'o~ 
patients wl;o experien,G~d nQ toxicity h1 tlw pripr treatment 
course, 5-flum·ouracil dosage may hefocreaseil lly 10%. Leu: 
covorin dosages are not a<ljusted for to~;dty. ' ' ' 
Several other doses and schedules ofleucovorin/5-fluoroura­
eil therap:/11ave also b<ien evai\lated' in paiients with acl: 
vanced coforectal cancer; some olthese alternative regimens 
may D.lso have efficacyin.'the liintment of this, disease. How­
ever, furt)ier di' n,ica,1. researc)i' ,v;n lie. requfred t.~ cqnfirn:i 
the safety: aµd etre,tjveµes,s .of·t\)ese !ll~J'!lative. leu~ovorin/ 
5-fiuorouracil treatment regimens. , . , '-, 
Le,ucovo~in !;'l~s•ml' After ~igh~D~\W Me,th(/trexate Therapy, 
The recommendations' for leucovo1in rescue are based on a 
methotreiat<i clClS!' ofl22f5 gi·amsiri.2, ad~sterea"b/in- " 
tr'&venouS' i'aj:µSipn~o·yer 4 "hqµrs (~~~ n;i.0th~trex9.te pa_ckS.ge 
insert fo'r'full prescribing iilforriiatioii). :',. · · ,·· · · , 
Leuc6Yoriff feseui;at a <lose 'cit is"mg,(approidinately io:Di[1: 
n12)~yeti,6 lii\u'rs f?r1ti ~os~~ ~tarts·~~· µo,uis ~r \;~,.; 'J)f 
ginning pf the"inetllot;rexate iiiftisioii. pi the pre8eg"!' ,of gas,~ . 
trointestinal"foxicity, nausea' ol-voIDiting, leucovoru1 slloulcl ' 

f;i&a~a~t~~~ ~~~~te:al~:· f)o no~ ~:d:j~is~r l~ii,Cl)xoit 
1

; 

Serum creatinllie and' methotJ:exate· level,s s.houlo;J.~IJe 'd.et_er­
mijle.d ,iit)east ?!lce_ ~'lily. :L,~µc~vqrin adpiirustr~,~on,, hy­
dratipn,. an,d ,;unn,~. ~q!µuzat,1pn (pH;Rfi 7,0 o:,gr~a~r) 
should·lie continued' until the methotrexate level is below. 5 
x'lo'..s M cil.o5" 1nicromola~): The leu~ovorln do;e sliCi'uid be 
ad,!rst?d 'orj~u~ofonn'.res~u~:extriided based on lh~ ali~ve ' 
gie1delmes. . , . · , · 
!See seco,;d taJ)le belO\_;J • . , , , . . 
Patient~ '.who~Xp~;.;,e~~e.'aMq.Y,eCl ~ar)y '1\eth?fo•xate e)imi'. 
nation are likely to develop reversible i:e!lal failure. In ad, 
ditton' to .. ~iJ~ropri!'lt8:10u~y§iici;t~~riiPY. 'tlie~e._p~ti~!1~ i_e: · 
quire oontinuillg hydration and urinary: a}kalinizatiog, '!Ild 
close monitoring 0ffluid and electrolyte_ status,, .~i:til, ~~e · 
se11llll,methotrexate level has fallen to below 0.05 nncrorrio-
lar and.the·renal faililre·liasl'esolved': · "'" ', ·,, :. ' 
Some patients will have abnormalities in methotrexate 
elimiliation ·or renal· furi:ctioii.,:following methotrexate' ad, 
mirustratioil;'whlch are significaht bu'Hess'.severe thail"the 
abnorni'aJifles deseriiled in the 'table above. These" abhor: " 
malities"may'or.rii~y not Ile iissociated"Wlth sigllificiu'lt clin-' 
ical tOidcity.·If significant clinic'a!-toxicity is ollserved;' le it co' 
vorin·reflc~e shoUldbe,,extei,idedfor all adclitfo~,al 24·ho~rs 
(total of 14 doses over 84 hours) in' subseqiiiint courses' of 

J ' 'I'-; s' ,i ', . -

, PER0ENTAGEr OF l?ATIENTS TREATED WITH LEUCOVORIN/FLUOROURACil? .. 
» . , · · · FOR ADVANCED COLORECTAL CARCINOMA 
REPORTINGADVERSE EXPERIENCES OR HOSPITALIZED FOR TOXICITY· , 

5-FUA!one' ,. , . . (High, Lvl/~-FU , , , (Lo,w J;.VJL5-Fl! 
• (N=l55)' -CN=l61) '"· .--

Uukopenia 
TJu·ombocytopenia , 
Infection 
Nausea 
Vomitfug 
Diarrhea 
Stomatitis 
Cbristipation· 
Lethargy/Malaise/Fatigiee 
Alopecia ' 
Dermatitis 
Aiioiexiii:" , , 
H<i~pit8lizatici? for Toxicity , 

' ' ' 

Any · Grade 3+ Any · Grade 3+ 
(%) (%) ' ' (%) < (%) 
69 14 83 23, 

8 2' 8 1. 
8 1 3 1 

74: 10 80 9 
46 8 44, 9 
66 18 67 14 
715' 2,7' 84 29 
3 ,0 . '4 0 

13 '3' '12 2 

: ~ ; } 
. 14 5% 1 22,, ·15% 4 

'(N:7oj" 
Any Grade s:ic '.. 
(%); (%)'-;. 
93 48 
18 3 
7;,, 2 

60 6 

40. ""'"'' 43 11.' 
59 16' 
1. 
6 

37 .. 
13 
14 

-7%_, 

Hlgh. LV A ,Leucoyorin: 200 mg/m~; L<lw LV, = Le~coiionn 20 mglm2 

Any'= percentage of-patients 'reporting toxicity of· any severity 
Grade 3+ = percentage of patients" reporting toxicity of Grade 3 or higher 

, , ,-- , , , , ~ ,, i , • - • / , ' , · 1, , , 

Clinical 
Situation 

Normal. 
Methob-exate 
Elimination 

Delayed Late 
Methotrexale 
Eliminatiol! 

Delayed Early 
Methotrexate 
Elimination and/or 
Evidence of 
Acute- R.;)nnl 
Injury 

GUIDELINES FcilfLEUCOVORIN DOSAGE AND ADMINISTRATION 
. DO NOT' ADMINISTER LEUCOVORIN INTRA~CALLY , 

Laboratory Findings · 

Se1:um ;,,,ethotrei<ate level approxiniately 10 
micromola1; at 24-hours after administration, 1 
micromofar·at 48 ho\irs; and·less than'0,2 
micromolar at 72 hours, 

Serum methotrexate level remnining above 0.2 
mforomolar at 72 hours, and more than 0.05 
micromolar ot 96 hours.after administration. 

Serum metlloirexate level of 50 micromolor or more 
at 24 hours, or 5 micromolar or more at 48 hours 
aft<3r administrution~ OR; n lOO'it> or greater increa:5e 
in St?T~llU Cl'-0::t.tlmne level at 2·f hours anel' 
;:ncthotrexr.ie mlminfotr.?..!.ion (<:g, :.m increi1SE- fron; 
0.5 ing/dL to a fovcl of 1 mg/dL or more; 

Leucovorin Dosage 
and Diiration 

15 mg PO, IM, or IV q 6 hours for 60 
hours (10 do~~s ~tarting at 24 hours,. 
after start of methotreiate infusion) ' 

Continue, 15 mg PO, JM. or IV q,6 hou,:~;.):·, 
wtiil metholrexate level is less, than O.Ql>, "" 
micromolar.- , 

150 mg IV q 3 hours, until mcthotrexalQ 
level is less than 1 micromolar; lhen 15 
mg IV q 3 hours nnt.il methotrexatc 
is less than 0.05 micromolar. 
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~h-ei.:i.py. The µo~s1bi~iL} that the poti.e11 t is takmg (•ihii!r IJebyed MTX Czfrdion r:1c1y be Ca-l~"~~·,d 1;:, 1~ iiuid 
F'lt dierdwns wh1d1 tni(m:tct with methotre:-~afo (eg. medif';z. /l 1~, arcumulatfon lie-, a,:;r·1tes; r:foural ~ffns;;iouh\. !nsuffi~ 
frJ<l'" \.•:hirh may into1 fore r.'ith mt'thohcxnk <:J!i.winuti1m r..r , i c1C>ncy, Qr inndtiqualc hyorabou. Unui?r sue c1rt,..(HlHlr3\cn., 
hfoding to serum a1humin1 shonld nlway~ he tr~t:onsiderctl HzN, ],..,/ tl· '(I .... r·h .. ,j higher doses of leucovorin or P»ofonged ::'dr_ninistt.itfon mny 
wbPn 1nhoretory :nhnormnlitiec. Ol' dinicnl toxie1lios m:.: ob· / r be indkatei.L Doses higbt'r dual those reconunen<l. .. ~ for Or'1l 
2er:'f"d, !J"

01
f 'Ll//HO' 'Cll,rJH-.~·-))-corlll! use rnu8J he given intrnV@ousl;;'. . . 

!mpa_ired M~th<?trexate Elimination or. Inadvertent Ove:" , --=-' L"1ucovorln ruay enhance the toxicity of ll\!f1rouracll. Deutb 
dosage. 1':ucovorin rescue sbould,begm as soon as poss1· from severe enterocolitis, diarrhea; and dehydl'aiion have 
ble,aifor au ina~ve1'lont oyerdos~ge.and within 24hours of fOOGCH,Gf·l;·y-·COO'f been reporte,d ln elderly patients recefrmg weekly leucovo-
roethotrexitte 'ai:liafo.istratiOJI when there is de)ayed excre· H rin and· fiuorotiracil.1 Concomitant granulocytopenfo and 
tion (se~ WARNINGS1. 1.Bucovonn 10 mg/rr? shouli:l be ad· fever vrere·present fu some but not all of the patients. 

d, 'nT'IM" PO 6 h · t'l' th S•izure's·and/ors<,;,copebave~repor,t,edrar.'elyincancer ministere n. ;or' every ours un 1 e serum ciwn) and the following inactive ingredients: Lactose, Mag- ~ , •• 
·th tr' , ·~ 1 J · J th 10·-s· •1 I "t' he pres•n •f " · , .. · , , patients teceivinli leti,C:,ovorin, ,· u,sually' in· association wit,.h me , o, eimw,. ~v~ '~, ess , an " · n · , " ce v nesiufu SteaJ-ate, Microcrystnlline CellUJose, Pregelatillized - · · · , 

gastroiii,t~,stinal"'toricity, 'pausea~ o,r vomiting, .Ie.ueovorin St~rc.h, .;;iJ. SodiuillSiarch GI.vcolate: · J!udropvnniidihe administratioh, and most commonly m 
"·"'-'' ·" ._ ll D t d t I ~ = - those ~th CNS metastases' or other, predisp0, s,ing: factors, should be auilUWster~-u,paren..,.~a Y. 0 no a nums er eu· r ·u•ovorm· Calcium Tablets are'indi~aWd for oral adroinis- • 

· " " ·, "h'" 11 '" " = ~ · however, a causal relationshin has not beeri established.-eov~rin:intrat eca Y.,' ", , · tr,a,ti,·.o.n __ onl,y,'. ,, , ·, .· , ,',,,' " · " , , ,, , "'" . ,c. " , 
Se.tfoin ci-eatiniiie ilhd m¢hotrexate leyels should be det,er- . ', PREc.A.UTioN~., , 
nun'ld·nt.~4Jiolll')I!tel"'."1ii.Iftjle24hour.serilm'ereatinine CLlNIC;µ,,I!~COLOGY General . . I. ' 

hriB i'ncrease<I 5,0% over.baseline.or.if the U"hour metho- Leuco'vorin isa mhture of the diastereoisoniers of the 5-for· Pa(enteraI)drilinisJ:fation is,preferabla 1'lJ,oxru dosh:ig if 
trex11te;l~y11fi!l gre_atei :th!jll: 5 x· 19:~,.M;bi'.:the 1~. hl1Uf leyel iriyl"dariviitive ¢ "jftraliydrofolic . acid: The, biologically ac: there is a possibility. that 'the·patient may v~mit.oi; I\<it ab-
j& i!.l'!itll!";tl;l;m ,!!, >.<,.!9'

7
,J\1:; the flo!':" of,l~JJ,~9,yo~ s~oujd Qe tive cgniiione!!t':oqheznn;tllre is the (-J-1ri~omei;".known, as sorb th.eleu®vot'.in; Leµcovorin1hlis.no:ef\ect onothei'estab-

mcieased to 100 mg/m~ IV every 3.hours·\Ultil the metho· Citrovoiimrfactor; or (-),folinic acid .. Leue,o'vorin does not re- Jished toxicities ofMTX such as the nephrotoricity resulting 
trexate fevefis lea~ thari':io·• M. , . ,, ', , . '. , , quire reduction by the enzjme diliydrofolate reductase tit frol)l drug and/or metabolite precipitation ,in the ki,dney., 

>" ,' Hydration'(3 Ud)'ruid unnary Slkalinization with sodium on:ledoparlicipatein,reactionsutilizingfolates•ii!lasource Qrug Interactions .·' '.,: ' . ' " ' " " 
~5\. :·bicarbonate solution shoiild be employed coneoin#ilhtly. The . oe,'one,carbon" moieties'> Foll9,wing oral achninfatration, lfl.u- lr,olic.aci.din l,.arge amountsmay,~Ullteract the ;mtiepileptic 
.. '' .. , , : biearp6niite dpse,. shquld be a<ijuste~t<><ii);tln.tairi the. Urin£,. covorin1is rapidly absorbed and enters the geIJei'!I body pool effe.:t, .0f pheno):>arbitaj, phen.Ytoin and ptjrilidoi;ie,,. and in-
1~ ''\.'." ;pH.at 1710;or.grea,,~r.'<-,1 ,_•,: ... ,, '> ~. ,,~::1.- • : :,"' , 'ofTedµcedSQlates'!,'-'" ,; " '. · ·. , " , ,,.. crease thafrequency ofseizures ih susceptible children. ,, 
,i;c.', 'Megaloblaitij:Anen:iia;D!JetofoliG.AcidDeficien~y: UptQ The increasfl. in plasma and serum r~duced folatii activity Pr!l~~;,;uµmai at1d·hµinan sttidies have showll: that 
;t1c'::: 'Lffi.g daJy .. ',l'li~_re:ifl, IJ.O .ev'i.9,ence.tJiat'. d9ses gffl.ater th;m 1 ,(deternlined microbiologic La ').s,e~n sinal],qu!\lltitjfl,$Pf,mJ:emicajly·adm~s~rl)dJ.~ucovo~ e?:-
~~£~> m.Jll'.d'li,~a;~ r:trr.£~".."% .. than t1J9~elif°1i mg3 •=tjo):i~ ~i~rt!!~ ' '' . ;rhi '' <

0 
' I ' ~r,tlifl.,q~~,prim,llri!y !,1~' .. 5·!)i~thylfetj:;iliyclrof~l!!te.i!1Jl.d,,,Ul 

, aJ]y,;.)?,•~ <>,,, o~ ,!!' ppn~ ~COl\'~S i;</l!g y ogan ' c ¥ F~Jici~g~ a ',20, '!'g,.,dose;of lfl.~fQY~fk ~alciu~;L'.t~~"i§~iln lis~~tiittia~:Zo~t~f~~~f oill"!oWi~!fui~t:1~:-::~ ~-f,~.. :k\1~'i~~i'Viiil ,1,1 ~f9~iiij~~~il~h~IJ. ~~~10:.t,\llt'· ~·~3t~\alj1e.24.u1,cedn . ..:f3.~":teat/2o.n0c,~n~ti0o.0n7~.hv:0e.ur.r.e5: ministration,'HolVever, high dosesofletic .. oyorlj;tm~heduce 
'.c ' i:econstituted,Witli 17 niL Of hieiit"yields,:a leucovo: ...... .,,. "' !;'llLU ~ the efficiiQy.o(intrathecitlly admifilStered'methotrejmte, .. 
'·?'." , .Hn ;Ci>~c~~~ra~on :<lr,~~:mi:, , . ~<>1il' 6?r ;/:"~· Leuco~orin Oral Solution · a75 ± 12.s ngiiliL at 2;1: .' '"'.!'. o.tliiolirs Leucovoiin.may"enhance, the toxicity .. of ft!1

9
roufacil(see 

,, , , , 'Calcium:for'Inje,ction containS n9 pteservative:,Reconstitute; Parenteral 355 ± 17 .2 ng/mL at'0.9.IV .±.ti.IQ, )lo'U,l"s WARNINGS), ., " 
~:,;;. ;s \vith Baeterlostati.!\Watetror Irijection, U:SP,:Y,liich'~optaiits Tlie;Jiiilf-life of plasll,a.5!fo'imyltetrahy_qrofo.late.. was-f.5 ±' P~egnancy::.'Teratogenic Effects . , · "' ,,,,;, , : , " . 
;:~·,: i; ',Jiiin~'v1·iilcoh&li'or'Witli 'Steiile Wat'er forinje~i~n,' USP. 0.08 liours and fuatoftlie 5'm'ethyltetrahyclrofolate wa$'3:0 "Preghancy Category,C." Animal reproduction stµdies_-have 
,.•:"' 'Whe~'reconstitutei:l\vith Biicteliostatic Watet'forinjecti6n; + 0 09 hours' " ' , ' '"' ' ,, " '"' , · ,; · not •been' conducted with· leucovorin. It.is '!lso not known 
~l:-%:J:, '.U,SJ:', 'the resulting solution l)lJ?.Bt be ,used Wltbin 7 days. If Orai 'tablets'~rodnced equiv'Sient bfoavaiJabi'qty (8%"'differ: wJietJier;;le_uro~piin ,,C~_Cause.Jet~ bat:m"~hen• adn;tinis~ 
)~}:':;:1, ,, ' 'duct·is·re:co.f\sµt;uted:,.wif!rSter;iJe·water fo't;~njection; ericel"when'coillp~ed tii'the'p;ffi;nfuI."ilJ admiiiiStratio,n: Tl)'e tered to a pregriantwoman 

0
rcan affect reproduction cap!!c-

,,,i .. ;~: '" \istf,be .use'd .imme\Jiat,ely, , . , ,, . , ' · · · · so pfoV:ided 'e llal ·iy to i,tv:.·Leilcovo,iip, should b, e .nv, en to a pre~ant w_ oman o,i;ily if 
"'' . l ed B t" . . ... 'steri!d'orall ce).'QiaJ ,, o· ' ' ~li~Y;:, . , .(~he,:f1~ncyl~lcoho3,epn~n. ,in!; acenostatig 'Ie'u"c"ovo"nn'""·'i"s''s"a"tur:"a''"b'le"·a o"v'e;,.

25
.,,mg''": clearlyneeded. " , ""', : ' 

~fl,;:6;1 «i,¥i'.'l-;,.Pfo.f,Ip.i~ctio.n,, :c.)'SP, Wl)en,.l\qs~sgre'!ter,tJ1~ io.mglm, , Nu..Sing·MOiliers: · It'is not known \vhetJierthis drug is ex-
'*''j'..'£:".'.~re:J!AmP!ist~r~<l;:LeucllYOi;u) Qaj~um, for IDJeCt!O!l s),tou,Id The appil,r~ntbioavirilability: 9r'Je~~v~i:iil"w~s~97%'1fiir:2~ ereted iii·humruiinilk. BeCimse' miiri:rdtugs are excreted in 
"'" '1' • p;,reconstituted with Sterile Water' for ·Injection , USP and mg;''7&~',f<ir 50 nig ancf'37%, for lOO'mg, .. ·: 1

, !" : funriiiliinilkf cantifui sh,ohld'be exercised when leucovorin is 
'
10

;:· ;,:·'·~u~timi)i~fJi~~elY.' 4~~;)'7.A1~,W'.Wq;8..l ~ec,!1{ise ~t'.th't~ai~ mi;iic.AT!o:Ns , ' , ·, 
1 

.. :, : ,. , . : · ' .:dnilhistetM tCi a ititrsiiig"mother. , .. , , 
' ' "ciJntentof;theJeu~9vorin"solution;I\o,,mor~rth!!!!)60 '· ''" " , ·" PediatricUse:''seeOruglnteractions . 

. ~~qovoi-m," · ,sli,ould l/~,injected,,intriiy~noti~ly Jle(ffilii~ Leucovorin;:;calCiillll rescue .. is indicated, after.,high-dose . , .,,, ,, , .. , , 
'" ofa'lOlligtmL;ors"'lnLofil20mg/mLwlution methotrexate.therapyin'.osteosarcom.a: Leucovorin:iaalso Al)VERSEREACTI~'ljS , ,., . , , :. 

, " • , , , • ·,, ,. ', , • '· • • , 1;,. • ·, indicated to.diminish the toxicity· and coilnteract the ,effects Allergjc.;sensitiz,'!tion, :inclu:di11g anaphylactoid reactions 
;::f%,~~t;,;al'.dillgyp~~dµd~ sl).oijl~'~e in.sP."7.ted . vis~~y" f~~ of impaired' mi:thotrexa~ eli~iµ'!tio,,n and ot ina,diertent and ~cfil-ia; 111.S.:been reportea .follciy;ing tl;te administra-
"··'f~icu,Iate inatte,r and.ocliscolorati?!i'Pnor ~ 'ach:iii~!~,,t_ra- overdosages of foli.c acid '!"tagonists. , " '.. · :, ' tion of,.both oral and parenteral leucovorm. ,; · 

. siJlµtion and ,cont,ainer per!'l't .. Leµ~ovonn CONTIWNnICATIONS · , · ·" '.· OVEIIDO~AGE · 
be:mixedmtlie 8ame'illfusio:ii'as5-ftuorolirfiei1, ie';iiciyoifu.:is-ihipr~per th;iapy.for perb,iclo~~,~eriria arid · , •" "· '' '

1
' · "" """"" "'" " flifyth ch 'th 

·s,.may lead to'the formation of a precipitatet" cithet megBJbbl.Sfic arieffiias secondary t~ the lijC!< of vita· Excessive am~\UltS 9f ~ucovorjn.may nu , " e emo er-
, ""' · · · , , " , · .. , apeutic effect offolic ai:id"antagoiiists.' '. , , UPPLIED min',~;;, .. A Aein;iJologjqJ~pnssiqn ,m~:Y:occur, whil~ ri~~<l- , · , , . · " ., . · .. , · · . . • . · 

.,,/., • .,., : .• ' ,. ' · •" "'' , " ;·, lo'gicmallifestations'remainprogfess1ve,,· · , " DOSAQ'EANDWMINISTRATION. 
:ri.~:!<,~l~!~!J!,for.ilnie~io~is 9\,\PPli~d. in •t,•rile,,"sir>· , ' "'""' "'' "' · · '' , ,, , " '" · Leucovorin Calcium Tablets are intended for oral adminis-

vlals ' · ' " ·, · ' W~GS' ' ' ' ' tration. Because absorption is.saturable, ora'l administra-:?4Q§:6;:la;!J7.:,350 ll;igY,iaL , , .. , ,, In theb:~atinent'ofcticci~tal ove1'dosages offolicacid an-
AT "25°C (77°F); EXCURSIONS. PERMITTED TO tagonists; lencovorin should be admiuistereci.as propiptly as tion o~ d9i;e,~ gre~ter •. th,~-25, mg is notrecommended. 
'.{59•'.:iJ6°F): · '. · · · possible. ,As the time interval between antifolate' adminis- Leucovori~ ,,' Rescul!, · a(t!'r ,t!igh-Dose. Methotrexate 

"T·FROM LIGHT. tration:·[eg, r:itethotrexate '(MTX)] and leµcovoi::in r~scue·in- Therapy: Tlie'recommend!lt.ions for leucov<1rin rescue are 
~,' ,,, "' • ' '

1 
• 'ct' · 't based" on a methotrexate dose of 12-15 "'ams/m2 adminis-" ed for , ' c~ea_~e.s,.leucovo~'s effectiv,eness• in countera mg '.to;ric1, Y - , , , b· , 

X' CORPORATION" ' diminishes: . , ', . , terl.d by intravimou~,illfusiop, pve• 4 hours (see me!hotrex-
9S101 · " " Monitoring' of serum MT.Ji; concentration is e~sential iii ~e~ at,e package inserj; for :(WI prescribing information). , Leuco-
E 'PARENTERALS, INC., termining the optimal dose and dur";tion•of,treatment Wlth 

Piierto Rico 009,87' Jeucovorin'. , , . Continu(ld on n'1xt pag" 
'IDihli0'i:'corporation ~"'-~~~~-"''-~'--'-__;~~~..,...,-~ .......... ~..._.;._~.:...~~::--.:."'.":::".'.'.~!:'t:::::::::-,...~~~.;...~~~-

,4 ' . "" , , GUIDELINES Fj)R LEUCOVORIN DOSAGE AND :ADMINIS'JiMTION •· 
~6~:94'' . ,•Issued 12197 ' ' no, ~OT ADMINISTER LEUCOVORIN INTRATHECALLY,. ' 

, or! " . . . 
i~,iii:~ of, sever~ actiy~; ~h~!flica)lyr~du~d,de­
fQlic :apid. "It is useful as aµ antidote to, drugs 
' qlje: <1$id an,t~gonists. Also known as folinic 

m.factor, or .5-formyl-5,6;7,8-tet;rahych:ofolic 
und has the chemical designation of,L-Glu­
·i[(2-amino,-5·f(\rmyl:l,4,5,6, 7,8-hexa hydro,, 
,n,YDpi'ethyl]aminq]1:ienzoyl]-,calcium, salt 
. a weiglit·is 511.51 and the structural, for-
. calcium is: . " 

~,at top of ue1d .column] , 
ablets, 5 mg, cont,ain 5 pig of!eucovo­
mg of.anhydrous leucoyorin calciUOj) 

ctive ·ingredients: Corn Sta,rch;. Dibasic 
Magnesil\m Stearate. nnd Pregelati· 

;.lclum Tablets, 15 mg, c~~tain 15 ~~ ;fleuco­
, .ent'to.16.20 mg of anhydrous Jeucovorin·rnl-

Clinical 
$1tuation 

N~ri!iai · . 
Methotrexaj;e 
Elimination 

Delay~d Late, 
Methotrexate 
Eliminati,on . 

D~l~ycid 'J.i!arly 
Methotrexate 
Elimination 
and/or ,, 
Ev':idence of 
Acute Renal 
Injury 

, s~rfuh~piethotr~x;ate le"'.el. 
appro:pmaftely 1Q .microinolar at 24 
hours after administration, 1 
micromoiar rlt 48 hours, and less than 
o.~·Jm'er9molar' at 72 ho,urs.. ' 

' serun:: i'.nelliotiexate level remainillg 
above o:Z mi'cromolar at 72 hours, and 
more tlian 0.05 micromolar at 96 hours 
· Bft:er ~~nistrati~n. , 

Ser~m metboti;exate level of 50 
micromolar.or more at 24'hours, or 5 
rnicromoJar or more at 48 hours after 
adilirustration, OR; a 100% or greater 
inCrease! in seru'm creatiiiine level at' 24 
'hours after inetholrexate. · ' 
adi:iill:Usti•ation'(eg, an increase from, 
0.5'rog/dL to a lev,el ofl ingrdL 
or more). ' 

Le~~ovorin Dosage 
and Duration· , 

15 ~g PO, IM, 9r IV q 6 hqurs fo~ 60 
hours (10 doses sta.rting·at 24 
hours after start ofmethotrexate 
1inf\tsioll).' , ' 

Continue 15 mg PO, IM, or IV q 6 
hours \Ultil methotrexate level is less 
than 0.05, micromolar. 

150 mg IV fl 3 hours, until 
methoh-exate level is.less than 1 , . 
micromolar; then 15 mi IV,q 3.hotirs · 
until methotrexate level is.!es,s 51,\!Jn, •. ' 
0.0'5 microm~13r. ,- ' 
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iRrun soo1uM TAsilis , , ~ 
~~TE;~?~iUMi=Qfl ~lllJECTION .~ 
R~~ATE,.LPl"®SOD!UM3 , , , . . • I;, 
):)(ATE Sodi4ITT \n~~o~l-Q11d 

:1:~~T.E~SOQ1i.Jrf1.~~i;C:rfqN· ·, . ,~ 

GS- '•:-
TREXATE SHOULD BE USED: ONI.Y BY 

, . S WHOSE KNOWLEDGE'AND EXPERI­
. CLUDE·THE USE' OF AN'VIMETABOLITE 

,, f'J"'l' 

SE 01" THE POSSIBILITY OF' SERIOUS 
REAC'J!IONS (WH1€H CAN BE FATAL): 
. OTREXATE,SHOuLD BE USED: ONLY IN 
. THREATENING ·NEOPLASTIC. DISEASES, · 
, PA'l'IENTSW!Tff PSORIASISpR,RHEUMA-·. 
. ARTHRITIS ,WITR:!SEVERE,: .RECALCI-> 

; DISABhlNG DISEASE·WIDCH· IS· NOT AD, 
TELY RESPONSIVE TO .O'mIER FORMS OF· 

.OF·rMETHOTREKATE HIGH' DOSE REG!;. 
OMMENDED FOR OSTEOSARCOMA RE-.: 

Gl:JLOUS- CARE:·.(See DOSAGE AND ' 
. ON:), HIGH!DOSE .REGIMENS FOR· 
,•NEOPLASTIC DISEASES· ARE INVESTIGA· 
.ANp,cA,THERAPEUTIO ADVAfjT,AGE HAS 

EEN:ESTABLISHED; , . . , 
O.TREXATE.·FORMULATIONS AND DILU­
PNT~NG PRESERVATIVES MUST NOT• 
D FOR INTRATHECAL OR HIGH DOSE 

TREXATE.THERAPY. · 
otiexate. has been- reported to cause fetal death . 

or congenitalal).omalies; Therefore, it is hot rec: 
ended for· women of childbearing potential un­
there is clear medical evidence that the benefits 
be,. expected to outweigh' the -considlir~d risks." 
· '.women ·with- .psoriasis or. rhe\imatoid ar. 

uld:riot receive methotrexate. (See OON-
. ICATIONS.) . , · , . 
otr~xate elimination is" reduced. in patients 

·impaired reruil function; ascites, or pleilral·ef· 
·l'P~ions. Such patients require especially careful 
Ji><ifiltoring .for toxicicy; and require dose reduction 
or,· in some cases, discontinuation of methotrexate 
administration. ' 
. Unexpectedly severe (sometimes fatal) bone marrow 
l"'PPression and gastrointestinal toxicity have been 
f,<lported with concomitant administration of meth-· 
ptrexa.te(usually in high dosage) along. with some 
.nop.steroidal anti-inflammatory drugs (NSAIDs). 
'.(Sre PRECAUTIONS, Drug Interactions.) 
~fd:ethotrexate causes hepatotoxicity, fibrosis and cir· 

·'» rhosis, but generally only after prolonged use. 
·~zAcutely, liver enzyme elevations are frequently 
. .:cecen. These are usually transient and asymptom­

also do not appear predictive of subsequent 
disease. Liver biopsy after sustained use of­
ws histologic changes, and fibrosis, and cir· 
ave been reported; these Jotter lesions may 

1Jl.~tcbe preceded by symptoms or abnormal liver 

fu.nct;on t::-::J.;, in lh!i.! p;:.(ll'!fi~+:: 1,.i:;pqfri.,Vi~l. i:'.c1t th!~; 
H?<Json, p21'iodk liv~r lnr"lpstcs nre 
irn.tncbd fo1 pHiriatk lJ~!~E'nfa:, -Vh') ai·~ k•Hg· 
ii;rin tr~atmn~t. Pend~tent ~,}mn1'nt.nlities in lh.-er 
function tesls may pr.ccede ~ppe.drnni:B of fibrosi3 or 
drrhosis in the rh<:uruatoid artlnit.is population. 
(See PRECAUTIONS, Organ System Toxicity, HP· 
p('lic.1 

5. Melhotrexat'J·inducod lung disesse is a potentially 
clange!'ous lesion, which may, QCcur acutely at any 
time during thempy and which has· been reported nt. 
doses tis low as 7.5 mg/week. It is not always fully 
reversible. Ptilmonary symptoms (especially a· dry, 
nonproductive cough) may require interruption of 
t-reatment and careful investigatiom · . " · 

6. Diarrhea and ulcerative stomatitis teqllire interrup­
tion, of therapy; otherwise, hemorrhagic enteritis, 
and· death from intestinal perfor4tion may, occur .. 

7. Malignmit lymphomas, which may regress following . 
withdraw~ of m~thotrexate; may"occur in patients ' 
receiving low:d~se methotrexate and,'thus, may,not. 

·require cyt.otoxictreatment. Discontinue methotre'x--. 
ate Jirst and, if the lymphoma does not ref;:i;ess, ap-: 
propriate treatment should be instituted.'. " . : 

8. Like otlier cytotoxic drui:s; methoj;i:exate.may·in·' 
.. duce· ~tmiio,r Jysis ,syndrome~ in p~tiente-with rap.-. 

idly growing;;tulliors;,,Appropri\lte supportive'.and ·. 
. p~col~~ 'me\l~wi•;.W,ay,.iJievent.,_cir 'allem'\te . 
"thiscompl1cation.·,._i.--, '''"~'•'"""""" · . ._., .. ,., 

9. Seveni~'occasionally:fatal, skln reactionsliave liee1( 
reJ!Orted folloWing smgle or intiltipfo dosesCofmeth" '" 

: o.treltllte.- Reactio.ris th ave, occurie!l.- Within Clays· .o:L 
oral, intramuscular, intravenous, 'or-imtraihecal. 
methotre'ifate adminiStration. Recoverili.as been:re-.- · 
ported,With·dlseontinuation of therapy; (See' PRE•,, 
CAUTIONS, Organ System:ToxlcftY;-Skin)'; 

10, .Potentially·,_ fatal ·opportunistic ~fections, especially: 
" fne!'macyslis'earinti;p-µ'euinoniii, .. niay occur·,with . 

methot'rexate therapy; . , • · 

DESCRIPTION ""' 
Metho~te. (formerly Am~thopterine),is ·ilil antimetabo, 
lite.1!9ed,i.n,,th~" t~eatment·.of~cert$ llelJP)/ls~\l; dµieas~s; · 
sever psoriasis, and adult· rhewnatoid. IU'thritis•• • , .. , . 
qheDiically metho4:!'.i<R~ i.t &:t4[[\2,fdiruumo-6:pteridin:Y1) 
methy!Jme_thylamino}~nzoy!J·L-glutwli,ic .a<;id, ~- struc­
tural formul,a ,is: 

H,N~QCN .0
1

N~ ':,!::~-• '.,· ·> 
, N N~PJ;12N~,9CfNt! 

I• ',. '" ·',' '' ·.-· I.'-· ;, 
NH2 , 1 ,H?OC~~~tjo··yc·COOH, 

H 

Molecular weight 454 45 : " 'C::.oH..Na0s ~ 1 

M~thotrexate Sodium Tablets· for. oral administratio,;:,are 
available in bottles of 10,0 and in,a paclreging system desig­
nated as the RHEUMATREX® Methotrexate Sodium.Dose 
Pack for therapymith a weekly dosing schedule of 5 mg, 7 .5 
mg, 10 mg, .12.5 mg and 15 mg. -Methotrexate .. Sodinin Tab-. 
lete contain an amount of methotrexate sodium equivalent 
to 2.5 mg of methotrexate and the following.inactive ingre; 
clients: Lactose, Magnesium Stearate and Pregelatinized 
Starch. May also contain. Corn Starch. , , .. 
Methotrexate. Sodium Injection and fo~ -injection products 
are sterile and non-pyrogenic and may be given by the in· 
tramuscular, intravenous, intra-ru:i:erial .or· intrathecal 
route. (See DOSAGE ANl> ADMINISTRATION.)' How: 
ever, the preservative form~ation contains,,Benzyl Alcohol 
and inust not be used for intrathecal or.high dose therapy. 

Methotrexate Sodium I,njection, , lsotoni~ .Liquid, Contain~ 
Preservative is available in 25 mg/mL, 2 mL (50 mg) and 10 
mL (250 mg) vials. · " · 
Each 25 mglmL, 2 mL and 10 mL vial contains methotrex" 
ate sodium equivalent to 50 Dlg 'and 250 mg methotrexate 
respectively, 0.90% w/v of Benzyl Alcohol as a preservative; 
and the following inactive ingrediente: Sodium Chloride 
0.260% w/v and Water for Injection qs ad 100% v .. Sodium 
Hydroxide and, if necessary, Hydrochloric·Acid are added to 
adjust the pH to approximately 8.5 .. 
Methoti·exate -LPF®. Sodium (methotrexate sodium fojec· 
tion), Isotonic Liquid, Preservative Free; for single use on]y, 
is available in 25 mg/mL, 2 mL (50 mg), 4 mL (100 mg), 8 
mL (200 mg) and 10 mL (250 mg) vials. 
Each 25 mg/mL, 2 mL, 4 mL, 8 mL and·lO mL vial contafus 
methotrexate sodium equivalent to 50 mg, 100 mg, 200 mg 
and 250 mg methotrexate respectively, and the following in· 
active ingredients: Sodium Chloride 0.490% w/v and Water 
for Injection qs ad 100% v. Sodium Hydroxide and, ifneces­
sru·y, Hydrochloric Acid are ndded to adjust the pH to ap­
proximately 8.5. The 2 mL, 4 mL, 8 mL.and 10 mL solutions. 
contain approximately 0.43 mEq, 0.86 mEq, L72 mEq and 
2.15 mEq of Sodiam per vial, respectively, and are isotonic 
solutions. 

Ea<-h 20 rng fd1d l fl: vi.hi uf lyophiHzi....,ll pmvder '>:>n1;:,,in0 
mE-thoti;1;:n::~u·e fui:1<lilff!t equiwit~--nl to 20 mg ~md 1 g n11•lho~ 
t~exate respedh dy. Contains iw pceservative. Sodium Hy­
drmdcle and, if neCessa('/, I-Iydrochlvric Add aJ"e atltlfd i.lm­
ing manufadtfre to urijuSt the' pH. 'I1he 20 mg vfoJ contains 
Of)proxlmately b.fJ.' tiiEq o(~odium «nd the 1 g vial contaius 
approximately 7 mEq Sodittm. 

CLINICALP~CpLOGY 
Methotrexate inhibits clihydrofolic acid Teductase. Dihy­
drololates must be .. reduced to tetrahydrofolates by this en­
zyme before they. cllri be utilized as-cai1iers of one-carbon 
groups.in the synthesis of purine·· nucleotides and thymidy­
late. Th~refo1•e; methottexate interferes with DNA synthe· 
sis, repair,c and· cellular replication.-Actively proliferating 
tissues sttcli'. as n;ialignant 'eells, bone marrow; fetal cells, 
buccal and intestinal: mucos!ll, and cells of the urinary bl ad· 
der ·are iQ. general more' sensitive to this effei:t ofmethotrex­
ate;»When cellular. proliferation: in malignant tissues is 
gr'eater. thari in most-normal tissues; inethotrexate inay im· 
pair malignant growth Without irrevlersillle damage to nor-
mal •tissue8, l '"'; ". , :, ;; · ,,. 
The.meehM!sni.cof Mticni in»rheumatoid»-artlllitis is un· 
k!io\vl!, it may affe~t. Uruiiun¢·furiCtinn:Two reports de"scribe 
in vilr'!•m<rthoj:l'<1Xa.tEf,u;ihibitionol'DNA ~reeursor uptake by 
stimula~monmiuclear cells,;and·another dilscribes in iui­
ima:l :p~lyarthriti!i'rp'ilrtial correction by methotrexate Of 
spleen e~Ji.;hyPOresi>onsiveriess and suppressed IL 2 produc­
tion: Othe!!.Jalloratinies,;frt>wev:er; have been unable.to dem­
onstrs,te;si'iriilari e£f00t.i.c,Cl!Uifl.clrti~n of meth~trel:~te's' ef­
fect on imnl.ilne activity' and its relation to:rheumato1d ·im-
munoP,.ihogenesls 'a\vait further studies.. "· · · 
In pa:tiente :witlt;rheumatoid· arthritis, effectS of inethotrex­
ate ·on· artIBl!lar .. swellingr_ and: tenderness ·can ·be seen as 
early as 3 t<M wet!kS ... AJthougli'methotrexaterefearly ame­
liorates symptoms'- ofiriflammatiolj (pain,.· swelling, stiff­
ness), there -is"no evidence,that it mauces r0mission ofrheu­
mafuid· arthpti& ·nor lias.a' beneJicial effect.,been demon­
Stratild.<in"bone erosiorui and other iadfologic changliS which 
result lliiimpfili-ed joiiit, use1lfunctional disability, and defor­
mity.-r • r; ·c' .;<,-.-,'·"' -.-.:'·,,'!l"l\' "'," '. .. ·. ·' . 
Most 'studieg of?niethotreiafe':in'patiente witll'. rheilmatoid 
arthritis are:relatively short term'(3 to,6'months);·Limited 

' dat,a:froinclong-,te'rm sfudies'indicate'that an•initial clinical 
: imP,r'<!vfll!leiit is mailitairied,!Or at'least two-years with con• 
tinued:lli.erapy>i.:· :.: ·"' · " ,::.,. · .. . ·: · . · 
In psoriasis,-the rate,ofpr()duction of epithelial cells in.the 
sJtin.is greatly increased over normal- skill .. This differential 
in'prollferati!in·~tes is the basis for.,the.iise o~ methotrexate 
to, contro!'t!le,psoriatic·pl.'ocess • .,,.,. " 
Methotrexate 'in hfagh .. d<ises; followed· by l<!ucovoriD. rescue, 
is used as·:a part• oNhe·treatm'ent ·t>f patients· with ·non­
metastatic .osteosarcoma'. The' original ration'ale' for high 
dose methotreXate therapy was-based on, the: concept of sec 
lectiv:e .rescue of normal tissues by leucovorin~ More recent 
evidence suggeste that 'higli· dose: methotrexate, may ... also 
overCOl'.n.e. methotrexate resistance caused by imprured ac· 
tive-transport,.deci'elised affinity of dihydrofolic acid reduc­
tase· for rmethotrexli.te, ·increased- levels of dibydrofolic acid 
reductase·resulting·from: gene. amplification, or decreased 

· polyglutamation of methotrexate. ·The actual mechanism' of 
action·is unknown.:' 

,. 'l\vo Pediatric Oncology Group studies (one randomized and 
one· !1on·rand6mized) demonl!trated a. significant improve-: 
ment in relapse-free survival· in patients 'with non•meta· 
static osieosarcoma.when 'high dose methotrexate with leu­
covorin-resctle was usectin ci>niblnation·with 'otlier chemo­
therap'eutic"'agentllt following surgical reaection of the 
primaty twilOr. Tlie8e studies1were hot designed to demon­
strate the: specifle contribution of high dose methotrexate/ 
letlcovbrin reacue.therapy"to the efficacy of.the combination. 
Hoviever,' a colitributioll'·i:an be inferred from the reports of 
objective responses to this therapy iil patients with meta­
static' ostecisarcbnia:, 'and from reports to extensive tumor 
necrosis ·followirig pteoperati\.e administration of this ther­
apy to patients: viith non-metastatic osteosarcoma; 
Pharmacokirietics 
Absorption' - In aditlts', 'oral absorption appears to be dose 
dependent. Peak serum'levels. are reached within one to two 
holirs: At doses' of 30' mg/m2 or less, methotrexate is gene,.., 
ally well absorbed, with· a mean bioavailability of about 60%. 
The absorJ>tio!j.· of. doses· greater than 80 mg/m2 is signifi-
cantly less, possibly due to' a saiuration effect. ' 
In leukemic pediatric patients; or~! absorption has been re­
ported to' vary widely (23% to'95%). A twenty fold difference 
between highest and lowest pe.U,, levels (C,,,.r 0.11 to 2.3 
micromolar after a 20 mg/m2 dose) has been rejlorted.' Sig· 
nillcant interindividual variability hail nlso be<qn not.ed iri 
time to peak c,onceiltration <T .... : 0.67 to 4 hi:a. after.a 15 
mg/m2 dose).and fraction of dose,nhscrbed, Food has be,an 
shown to delay absorption and reduce peak concentration, 

Continued on next page 
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Methotre.xat~ ~odium-Cont. 

Meih9trexate is geJ\~\-ally compl<1tely ~bsorbed, from paren­
teral routes ofinjecti~n. Aft:'lr int~~muscular injection. peak 
serum concentrations cx;c\Ir in 30 to 60 minute~. , 
Distrib11ti01i, -Mterinttavenquii,adri:iinistl'.'\tion, the initial 
volwue of distribution is approximately O.lBlJkg (18% of 
body weight) 8,id stel\dy-stnte vollplle ~f distributipn1,~~ ap­
proximately 0.4 to 0.8' Ilkg (40% to 80,% of b~dy we1ght). 
Metbotrexate competes witli reduced' folates' for active 
transport across cell membrruieiby: inean's 'of a sfugie earri­
er-roediate,clactive transport' procesg, ,At serum concentra, 
tions· greater tMD, 100 mic,romolar,, passive diffusion be­
comes a major pathway by:wbicheffilctive intracellular con• 
centrations can< be achieved. Methotrexate in serum is 
approximl\tely1~o~:protei!l bound. ~bon;to<Y, ~tudies ?em: 
onsti:ate, tb11~ ~t,in,ay, be .displac"'1, froi:n pll\smn albwnn!- by, 
varioue ,COmpo1111dl\,including sulfonamides., salicylates, tet· 
raeycllc11ei»·chlorainpJieniool_, !"'d ph~nytoin.,,,,, :. . 
Methotrexate does not penetrate , the blood-cerebrospmal 
fluid barrillll ,m, therapeutic amounts when, given orally or 
parenterally. High,.CSF concentratiollS of thMlrug: may ~ 
attained by .intratheeal administratioa.,·,, : ': ., .. 
m dogs, synovial fluid concentrations after oral dosing w,ere 
higher in,JnllameHhan,unin11amed joilltsrAlthough salicyl•' 
ates did not interfere witJi,.this. penetration,,, prior: predni, 
sone treatment.redµced penetration,into inflamed joints to 
the level ofnormatjoints.. . ' : ,, " : , 
Metabolism, ;,.- After absorption; ,metho~te. wid~rgoes 
hepatic and ·intracellulm: ,metabolism:. Jo· poJyglutamated,, 
fofll'.ll! whicb.cll!l b.e converted hack. to:methott-exate by hy, 
drolas1> eiizYIDesd'heee polyglutamates•act as inhibitors of 
dil\ydt;Q)aj!e reductase. lllld thyinidylate'synthetase. Small 
amounts ofmetho~tepolyglutitmates may remsin,in tis­
sues for extended, periods. 'l'he retenti\>1t lllld 'prolo)jlged drug 
action of these active metabolites,v!icy among dilferent collil, 
tissues ·and' tun> ors. A small, amoilnt o£JD.etabt>Jism to 7-hy" 
dtoxymethoitexate, may,,ocCUl'.:.at. doses, commo.nly•pre" 
scribed. Accumitliltion of this 1Jlfltabolite may.beoome signif­
icant it the high' doses, usedi.in osteogenic:sarcoma;.,The 
aqueous 9olubilitYo~l7:hy,drJ)l!YlJletho~j;e,is, lhto: 5 .fold 
lower than,the,parent compoll1ld, :Meth!>trexateis' p.mifilly, 
metabolized by intestinal flora after ~ral adinilii~trationi:" 
Half Lif•8 The terminal half life<1:0portedfor.methotrexate 
is ,approXimately three t.o .ten houl'l! fur pi\tien:ta recei'Ving 
treatment,fo;r.psoriasis,, or rhewnatoiJl aitbrij;is•or low'dose 
antineoplastje:tberapy· (less tbin» 30, ,mg/m.,._,, For' pati~ts 
receiving high doses of methotreXate, th<i'terminaJ,half.Jife 
is'eightto·l5,houni1 , , .': .- ( " "" , 
Excretion +--- Renal· exC;retion is the ,primary1 r0ute ,of elimi­
nation and is dependent upon dosage.llJld, route·ofa<lmh:\is" 
tration. With IV administration,, 80% t.o 90%, of tile. admin· 
istered dose is, excreted ~angedAn:the urine.·withifi,24 
hours; !l'bereJs, limited 'hiliaeyJ excretion, 11IDounting ,to, 10% 
or less oftha administel'f"l.dose: Enterohepatierecirculation 
of methotrexate has been proposed.,,n ._ " "" , 
Renal e11;cretion occurs by,glomerular nitration and active 
tubular ,secretion, .Nonlinear, elimination du& to, saturatjon 
of renal tubular.reabso'rption.has been observed in psoriatic 
patients,,at doiies· between 7 .5 ,and, 30 JD.g•' Impajred renal 
functiolli as well as concurrent use:o,f di:ugs such,aii weak 
organic acids. that also, undergo tubular secretiollj can mark, 
edly inl'!'eo.se methotrexate, se:i:umJevels. ~el10ntcol'.fcla· 
tion bas been reported between methotrexate dem-ance:and 
endogenous,~learance.,/ \,' :',,', ' r, i: ; 
Methotrexate Clearance rates vary widely anp'a:re gen,erally 
decreased at'higher doses. Delayed drug clearance has been 
identilied,as one, of ,the major1 factors1 resP'!nsible for meth· 
otrexate totlcity. It has been pQst11lated that the toxi!Jity of 
methotrexate for normal tissues ,is more dependent,,upon 
the duration of exposure to the drug rather, t)l~ .the' peak 
level achieved. When a patient has deJay:ed drug elimina, 
tion due to compromised renal functiqn, a thir<j space effu­
sion;: or other causes,, methotrexate serum, concentrations 
may remain elevated for prolonged periods. , 
The potential for toxicity from. high dose regimens or de­
layed excretion is reduced by the adlninistration of leuoovo­
rin calcium during the final phase of methotrexate plas'fla 
elimination. Pharmacokinetic monitoring of roetho,trexate 
serum concentrations may help, iden~ify those patients at 
high risk for methotrexate toxicity and aid in proper adjust­
ment ofleucovo1in dosing, Guidelines for monitqring serum 
methotrexate levels, and for acljustrnent of leucov<irin, dos­
iug to reduce the risk of rnethotrexate toxicity, are provided 
below in DOSAGE AND ADMINISTRATION. , , 
MBlhotre1:uLe tlas been detected in human breast u1ilk The 
highest breast milk to pfo.srnn corire-ntrn~ion tatio reached 
0,03:1. 

INDICATIONS AND USAGE 
Diseases 

i'1<''°'""'"'~'° is h1dkm.ed in Ute h..:..::traent \H~ 6"<::: ... bth.,nal 
( lwr-iu1·cu'(·in0mo, choriooderiorna destl u~ns and hyd~tidi­
fo~·m mol0. 
111 aotle l'lnlMIOC\'LIC 

tennnce ther.::ipy in eombination with other ;::hemotherap~u­
tio 2gents. Methotrexate is also indicated h1 the trcatmeut 
of meningeal leukemia. 
Met hotrexnte is used alone or in combination with other an­
ticancer agents in the, treatment of breast cancer, epider­
moid cancers of the head ruid neck, advanced mycosis fwi­
goides, lllld lung cau<!er, parUcitlarly squamous cell and 
small cell, types. Methotrexate is also used in combination 
with other chemotherapeutic agents in the treatment of ad·'. 
vanced stage non-Hodgkin's lymphomas. 
Methotrexate in high doses followed by leucovorin rescue in 
combination with other, chemotherapeutic agents is effective 
in,,prolonging relapse-free survival in patients with non-' 
metastatie,osteosarcoma who have undergone surgical re­
section or amputation 'ror the primary tumor. 
Psoriasis , " , " : 
Metliotrexate ,is indicated in the symptomatic control of se­
vere, recalcitrant; disabling psoriasis that isnotadequatel)'. 
resJIOnsive to,other forms· of therapy, 'but only when,tlie di­
agnosis: has been established; as bf biopsy and I or after der­
matologic cansi.tltation. 'It is im'portant'to ensure that a pso-, 
riasis "llare".is,not due,lo an undiagnosed concomitllllt dis1 
e~S!, affecting immune responses.: 
Rheumatoid Arthritis, ' 
Methotrexate .is1 indicated m the management of selected 
Mults with severe;, activer classical or pe:finite, rhewnatoid, 
iuthritis (ARA criteria) "'ho have had an,insufficient.thera-, 
peutic response to, or are intoletlant of, an adequate.trial of: 
first-line therapy including full dose NSAIDs and usually a 
trial, of at, least one, or, more disease-modifying: antirheu-: 
matic. drugs. : " ' ' 
Aspirin, nonsteroidal anti,inJ!anlmatory agents, and/or low, 
dose steroi\IB.may be continued, although ,the possibility of 
inereasedJtoxicity·with'.concomitanti u8e otiNSAIDs includ­
ing salicylafos ,has not been fully explored. (See PRE.CAU· 
TIONS, Drug. Interactions;) Steroids, may be redueeli grad­
ually ino patients. who .respond to methoti:emte. Combined 
use of methotbrexate with gold; J)enicillamine, hydraxychlc­
roquine, sulfasalazine, or cytotoi<ic· agents; has not been 
studied and.may .increase the incidence.of adverse effects. 
Rest arid physiotherapy as indicated shouldb,'l contiµu,ed; ':, 

CONTRAINDICATIONS!' : ; 
Methotr.ixate''can°eause fetal' de'atli or teratogenic effectii 
when ~tereHo' a pregriant'womau. Mellioti'exate is 
i:onti-amdiciu:ed 'in pregnahtwonien:Witli psGriasiS'·orr1teu~ 
matoid arthritis and'should'be used,iil the treatment of neo­
plastic diseases only when the potential benefit' outweighs 
the· risk to the fetus. Women of cliildbearing potential 
should not be started on methotrexate until 'pregnim.ey is 
exciudecl and shoitld be fully counseled'on the serious risk to 
the fetus (se& PRECi\.lJTIONSl sh<iitld they beeome preg· 
nant while lindergoipg ,treatment, PiegnSJ!-CY should be 
avoided if either pSrlD:er is receiving methotrexate; during 

, and for a rDinimum of three months after therapy for male 
patients, ,and.during ll!ld for at let\st one ovulatory cycle af· ' 
ter therapy for female patients. (See Boxed WARNINGS.) 
Because of the pcitential for seriohs'adverse reactions from 
methbti-ellaW in breast•fed infants,.it is ·contraindicated in 
nursingmotliera:;, ','' 'L~" i. ': '',, • , :·, , , 

Patients with, psoriasis 'or 'rheumatoid arthritis with alco· 
holism,'alcoholic liver disease or other chronic liver disease 
shlluldinot'iecelve'methotrexate, ·" , , , 
Patients· with psorµ..is or rh'eumatoid ·arthritis who have 
overt' or laboi-atory''~'Videiiee 'of ·immrinodeficiency' syn• 
dromes shoulcl not receive methotrexate. , ' 
Patients: with» psoriasis.or rheilmatoid arthritis, who ,bllve 
preexisting blood dyscrasiao, stich as bone marrow hypopla· 
sia, leukopenia, thron:ibocytopenia ,or significant anemia, 
should' not rec.live. methotrexate.. ";' ' 
Patients with\ a knom hypersensitivity to niethotrexate 
should not receive the dn/g. 

WARNING~EE BOXED WARN1NGS •. 

PRECAW'IONS 
General, 
Methotrexate has the potential for serious toxicity, <See 
Boxed WARNINGS.) Toxic effects may be related in fre­
quency and severity to dose' qr frequenry of adzniilistration 
but have been seen at all doses. Because they can occm· at 
any time during' therapy, it is necessary to foll?W patients 
on methotrexate closely. Most adverse reactions are revers­
ible if detected early. When such reactions do occur, the dn/g 
should be reduced in dosage or discontinued and appropri­
nL~ corrective measures should be laken. !fneeessary, this 
could include the use of leucovorin calcium. (See OVER· 
DOSAGE, l If methotrexate therapy is reiMtituted; it 
should be carl'ied out ;1ith caution, with 1dequate consider­
ation offllrther Med for Lhe drug and witl»increasecl alert· 
m:ss as tQ po'3sihle rcrurrl;;!nce of to:ddt~v. 
The C'.linical phnrmaeology of metholrexale bas, not been 
W~'H .~tudied in older !ni!ividu&ls. Du~ to ~dn1in.ishod hi:patk 
nnd l'enal fm1ction as well o.s <lecr.:,.asetl folnb iiil-Ores in this 
population, relatively low dose~ sh1Ju1d l:e considf:'recl, .::nd 
these ~Dticnv; :::ho111d h~ cl0~ely monitored for Barly ::.i1lt1s of 
toxk:1ty 

PHYSICIANS' DESK REFERENCE® 

h•formation for Potients 
Patients should be inforru.ed of the em·ly, signs and Zymp· 
toms of toxicity, of,\he need to see their physician 'Promptly 
if they occur, and the need for close follow-up, including t:ier­
iodic laboratory tests t-0 monitor toxicity: 
Both the physician, and pharmacist should emphasize to the 
patient that the recommended dose is taken weekly in rheu­
matoid arthritis and psoriasis, and that mistaken daily use 
of the recommended dose has led to fo,tal toxicity. Patients 
should be encouraged to read the Patients Instructions 
•heet within the Dose Pack. Prescriptions shOuld not be 
written or refilled· on a PRN basis. 
Patients should be informed of the potential benefit and risk 
in the 'use«>f methotrexate. The risk of effects on reproduc­
tion sliould be discussed with both male and,female patients 
taking methotrexatef ' · 
Laboratory Tests . . 
Patients undergoingmethotrexate therapy should be closely" "', 
monitored·so that toxic effects are detected promptlyi Base': 
line asseesment·should include a complete blood' count with 
differential and platelet counts, hepatic enzymes, renal." 
function tes~,. ~<! a ,ch~~ ~-r:-y. ~g .the~ap;v ~ rheu; ,., 

· matoid arthritis ,l1Jld<psonas1s(momtormg of llieee pariun:; ''-,, 
eters is recommen,de<b hematology. at least,mo;ntQly, ren•l ·'' ' 
ru'neti~n and h'Ver iulld.ion liver;Y f to 2 months. Miire ff::>, 
quent monitoring iS'iiSimlly indicated during antineoplastid :,;,,, 
therapy. During Initial or cliitnging'iloses, or dilling peribi!S 
cf increased risk, of.elevated,methoti;exiite blqpd levels 
dehydm1ion), more frequent niOllitaring may 'itlso be i . 
cated. 
Transient liver function test abnormalities are observed 
'quently after methotrexate administration and'are' 
hrit cauile-for modification of methotreiate therapy. Persis-j0 
tent. lived\mrition test abhimnalitiea,. andloi 'depreesionfo£; 
serum albumm may be indiCat.ol'll 'of serioos liver toxicitil." 
and require evaluation. (See PRECAUTIONS;'!lrgan SVs-J · 
tern Toxii:ity, Hepatic . · • • • : ' ·' , " ''!'..'.,, 
A relationahip.betWeen abnormal liver functiob,tests.and fi!' 
brosis ot cllThosis of the liver hlls noti bei!n.establiilhed 
patients. With' psoriasis: Persistent :abiionitalities iii li 
function tests may 'preceile appearance.of fibrosis: or cirr 
sis in th8 rheumatoicfartluitiS' j>opulatiriri.1 : • . 
Pulmonary fuDction'testS' may, be uiiefulifmethotremte 
duced lling,diSease iii suspecle'd; esJ)eCially ifbaselin 
surements are available. """ 
Drtig.lnteractions' - ' <" · , : 
Ncinl;t:eroidal lllltl'inilaminiitory drti.gs should not 
isteredi'prior to: or' concomitantly wit,h· the, high , 
niethotrexate used in the treatment of osteosareom&:, 
comifill:lt acfuimiStrlitiiln of some NSAIDS with high' 
me~ate,tllerapY'has:been'.f!'pOrl<id to elevate and; 
hlng serum methotrexate.Jeveis:·zeswtingin'deatlls from 
vere',heniatologiC-and gastrofutestinal•toxicityi ·, _ ' 'f 
Cautfon:should be used when NSAIDs: ll!ld salicylB. 
iidmini$tered concomitantly With lower: doses• of·met 
ate. These drugs have been reported to redti£e 
secretion of'methOtreiate in llll anixnal model and 
hance its toxicity. , . ' 
Despite the,jiotential interactions,:studies o'fmet 
in ,patients With rlietiniatoid:artbrltiS hav,e,wnially" 
conofurent · u$e orconstwit'"dosage regimens, of, 
with,mt apparent' problems.: It Shoutil b~:a1pp1reciiat 
ever, that the doses used in rlieuinatilid. arthritis ( 
mg/week) are somewhat lower'tnan those' used in 
!ID'.d: that 19.i:ger dOseif cotild .lead· to ®expected to; 
Methot;rexate iS partially bounp to·.seium 'albumin, 
icity may be increased because of dilipl!ieeinent b 
drugs, 'stich,as•salieylates; phenylbutazone, ·phe 
sulfonamides. Renal tubular transport is, also dim· 
probenecid;.use, of'methOtrexate'Witwthis,drug 
carefully monitored; ' '~ v' 
In the, treatment of patients with osteosarcoma, 
oiust be exercisedifhigh-dose,methotrexateis adm· 
in combination witli,a,potehtia!ly'nephrotoxic c 
peutic agent (eg, cisplatin), '." , ,.' ! 
Oral antibiotics such as tetracycline; chloramp 
nonabsorbable broad spectrum antibiotics, may deer 
testinal absorption of methotrexate or interfere wit 
terobepatic circulation by inhlJjiting bowel flora a 
pressing metabo).ism of the drug, by bacteria.> 
Penicillins may reduce the renal clearance of 
increased serum concentrations of methotr 
comitant hematologic and gastrointestinal toxicity 
l1een observed with high and low close methotreimte,, 
methotrexate with penicillins should be carefully, 
tored. , · 
Patients receiving concomitant therapy with metb 
and etretinate or other retinoids should be r-:10 

closely for possible increased risk: of hepatoloxicit_y. 
Methou"Gxate may decrease the clearance of 
lheophylline levels ohoul<l be monitored whoa 
r.:ntlv wlth methotr<u..nte. 
Vitru~i11 prqK1ratiotki c.011tuh1ing folic ~"l.\.id vr ib 
may decl'er.s~ i'esponses to systomkslly ziclmini.st(~~er!. 
oh'(.l:>:Bk. P1elin1ina1·y nnimal ::ind human st tK1:1·: 
,::,hown ihl•t sm;lll qu:m1if,ie$ of intra·~·.tn1Jujy ~d..w:-ii. 
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nia:Jnhud~ 
l'dJH11u:·d~0t1-:i\:"IV U.i><:<:nt1·~:11_,nr i;,Jfr.,-:,!nt.; 

irHrn~b0tH1 [ldrrnm?>tri1l10n. I-fo"NGY(';J', high <l0i:,2-; nf \.eur.;v1;-
,- li;.f;'l.f' r1..:dc.ci~ tl1oe (:ffiei:1c,r of httrath(~eifly .J~hnhlFte-1\:\.1 
u1~£hotrexnt.f.:. 
~nh1.tc dBfo:·hmcy 2b:ite.; mny incrcnse methotl'('Ju1te tc;:dcit_v. 
T:dm:Cthoprim/sulfametl10xaiole has be en repo1 ted r0r.s•ly Jo 

- rii\.tEfl'<'"'.; l,•)t1B marl'ow snpprcqsfon. in pati<:.>11ts rec':!btin? 
n1dhotrex:i.ti:. proh~1bly by nn addHiv13 <:1nUfo1ate ell-set. 
carcillogenesis, Mutage11esis, a,nd Impairment of fertility 
fro' controlled human d~tn einst regarding lhe risk of neo· 

. plash> with m~thotrexnte.,Methotrexate hns been evaluated 
· lrl a number of animal studies for carcinogenic potential 
,.dthoinconclusive results. Although there is evidence that 
methottexate causes .ebr=osonutl damage to animal .so­
il1atic ,eells and htllllan bone )UID'l'OW cells. the. clinical sig­
i!lJicmice remains uncertain. Non-Hodgldn's lymphoma and 

· ol:her ,tumors, h!)ve been reported in patients receiving low-
, · (lnse or at methqtrexnte. lfowever; there have been instances 

of malignant lymphoma arising during treatment with low 
''.•: dd~'orntl niethQtrexate, ·which have i·egressed completely 
·; ':folio;vil)g withdxawal ofmethotrexate, without requiring ac· 
:.·t1ve·.anti·lymphoma, treatment,. Benefits should be. weighed 
.;0gainSt·the potential risks before using methotrexate alone 
'·,<ij::jjj;combinntjon.with otbe~ drugs, especially,in..pedilltrlc 
··>patients.or young adults, Methottexate causes embryotoxic­
·:itJ, ~abortjoufand ,fetal defects inJ:iumansdt has alsa been 

:, reported ,to cause impairnient oc:ferj;ility, oligospermia and 
';menstrual ·dysfunction in humaJl&; during, and for a short 
·ifllrlild after eessatiqri•ofthe~apy,·: • 
Pregnancy . . 

dlsoriasis:· and rheumatoid· arthritis: Methotrexate is ·in 
, Bi!!gnancy: Category X. See CONTRAINDICATIONS. 
· ·.Nursing Mothers . · , : 
'See CONTRAINDICATIONS 
.PJidiatric Use ,, , .. , ,. ,. , , 

-:: SafetJr and effecthreness,in pediatric patients· Wave not bee1;1 
,,: , established, other than' in cancer chemotherapy. ' 

Ckg.1111 SV.stem.Toxlcity ,,., ' '/· ·., · ;: . .,: , . , ,, ,:, .' 
. , , , Gastrointestinal If vomiting, ·diarrhea. or sj',omatitis occur; 
.·~wlJich:may result·in;,dehyi!ration/,methotrexate should he 
',.:'discontinued until recovery occurs. Methotrexate should be 
~Viised with extreme caution m' the presen,ce. of,peptic ulcer 
':disease or,ulceiative:colitis;;..· ·,, ,, ,,, · . . 

'Hematologic: ,.Methotrexete; can suppress:· hematopoiesis 
and ,cau,~ anemia; leukopenia, and/or thrombocy:topenia. In 

',patients with. malignancy .. and, pre.existing. hematopoietic 
ri!!lpaipnent, the.ilrug shonld;)le use!\ with caution, if at all. 
. lii\controlled clinical trials in rheumatoid arthritis (n=128), 

,;:Jeukopenia (WBC <3000/mm~) .. wa~, seen in 2 p:;itients, 
:·:'tiiroll!bocytopenia·(platelets ... '.:'.100,0!JO/mm3) in 6 patiepts; 
'·:'lll)d pancy:topenisiin 2 ,patients .. , , . . .. , , 
'" m.psoriasis:and.rheumatoid arj;hritis; methotrexate should 
'·be stopped immediately if there.is a significant,clropJn blood 
CQunts. In the treatment af neoplastiC, \li,seases, methotrex­
ate should be continued only if the p,atentia! benefit ,war­
rants the risk of l!evere, myelosuppreseion., Patients with 

•, profoumLgrsnulocy:topenia· and fever should be evaluated 
· immediately and· usually require ·pl\l'enteral broad-spec-
, , tfum antibiotic•therapy. ' .• "• ' , ' , 

Hepatic: Methotrexate has the·potentia1 fur.acute (elevat­
ed transaminase•) .and;c)lronic (fibrosis and cirrliosisl'·hep­

, atotoxicity. Chronic toxicity is potentially fat!!l, it generally 
',has ,occurred after, prolonged use (generally two, years or 

, mo;re) and after a total dose of at least .. 1.i> grams. In studies 
, in. psoriatic patients, hepatotoxicity aweared to be a func­
tion <>f total cumulative dose. and appeared to. btl enhanced 
by alcoholism, obesity,. diabetes .and advanced age. An accu­
ia\e incidence rate has not heen determined; the rate of pro­
gi:ession and reversibility of lesions, is not known. Special 
Caution is indicated in the presence of preexisting liver dam-

, ·age or impaired hepatic function .. • · , . · 
lit'· psoriasis, liver function tests,inclucjjng serum albumin, 
.should be performed periodically prior to dosing but are of­

,,,, l~n ·norm?l in the face of developing'.fibrosis·or ch;hosis. 
."> •• ~seJes1ons may be detectable o11ly by.biopsy,.The·usual 
·:.:tJ;commendati,an is to obtain a liver biopsy at 1) pretberapy 

1 ··: or shortly after initiation of therapy (2-4 months), 2) a total 
·'cumulative dose of 1.5 grams, and 3) after each additional 

1.o. to· 1.5 grams, 1 Moderate fibrosis or any cin·hosis nor­
mally leads to discontinuation,o£the drng; mild fibrosis nor­
mally suggests a repeat biopsy in 6 months. :Milder histo­
lofiic findings such. as fatty change and low grade portal in­
ftnmmation are relatively common pretherapy. Although 
tlrese mild changes are usually not a reason to avoid or dis­
continue methotrexate therapy, the drug should he used 
with caution, 
In.rheumatoid arthritis, age·at first use of methotrexate and 
duration of therapy have been reported as risk factors for 
?epatotoxicity; other risk factors, similar to those observed 
m p;;oriMis, may be present in rheumatoid arthritis hut 
have not been confirmed to date. Persistent abnormalities 
U:·liver. function tests mny precede appearance of fibrosis or 
~11'rh<;sm in this population, There is a combined reported 

, eJtpenence in 217 rheumatoid arthritis patients w:ith liver 

hior;::,iH bo1 h h<---ifon:li ;;1n,J 
h~r.~ r[(t~'{' of .ot !00.sl 1.5 '!) ;>mf 71,! 
u;'!y b·<.'2.~H!"'JlL""The!t> '1f1:> <Jt fibrrJ'Jt:: 
a'l.1d l l -c-::i....;i;:, c,f {'h i'h-o~,b. or thC' G ~ -:·o:<f-,::. cf hbrci-h~- 1y_. 
·.vv!,., de1;n~{'d mild, Th~ i.e-lku!m ~,h1in is ruore bO::n:.,.ifr10 i1;t 
earl/ fihw.,is ti.ncl ii~ use may ine1 ease lhese fig1.Il'es. 1t i::; 
unknown whether i:ven longer use wiU increas~"') the.;;e risks. 
Liver function tests .s1~-0uld he perfbrrned at baseline arid nt 
-1-B. 1::et-k in.{~1 . .,;al~ in patiQnts 1·cc2kit1g n'l-cthntr<.:-;.~'lfo {iw 
rheumatoid anluitis. Pl'~treatment liver biopsf should Le 
performed for patients w:ith a hislorv of exeessiVe alcohol 
con5umpLion, persistently abnormal baseline liver lhnction 
test values or chronic hepatitis B or C infection. Dudug 
therapy, liver Mops)( shou!cl be performed if there are per­
sistent- liver fu.udfon 'test abnormalities or the1•e is a de~ 
crease in serum albumin below the nGrmaJ range fol. the set­
ting of well ·controlled rheumatoid arthritis>: 
If the results of a liver bfopsy' show mild ehnnges lROenigk 
grades i, II; IIJa), methotrexate ri:my be. continued.and the 
patient monitored as peF. recommendations listed· above: 
Methot:rexate should be discontinued ,in any: patie,nt who 
displays persistently abnormal liver function'. tests, and re­
fuses liver biopsy or in any patient who~e li-:er hlop.Y.shqws 
moderate to severe changes (Roenigk grade Jllb or IV).2 
Infection or lmm1t11ologic States: Methotrexate should be 
used with' extreme caution ,in the presence of active infec­
tion~ and is tisunlfy,Cdntrruri.dicated id i)ati~tits with fivert or 
laboratory e~dence of inummodeficiency s)!Ildromes. 'rmniu-

. nization m~y be ineffective when g;ven durini.methotrexate 
th~raP,Y. Immlljtizf!tiop. with live Vims vaccines is generally 
not recommended There have been reportil Of disseminated 
vaccinia infections·after smallpox immunization in--patients· 
receiVing metliotrexate therapy. Hypogammaglobulineinia 
h.as been ~ep~rte«Irarel.ir: · · · ··. · · ·· ·, ' • 
Poteritially''fataf opportunistic infections, 'esJleclallyJl,.ifi: 
m-Ocystis ~arinii pneumonia, may oecul' with niethotrexate 
therapy. Whe,ii a patient pr<lsents with pu!ln:onar:Y 8y1i:npc 
toms; the· possibility of, Pnmmocyslis 'caiinii ·'pn'.eumoma 
should be considered: · 1 

r · . 

Neurologic: ·There have been'report>hfleukoencephluopa­
thy following intravenous admitiistmti0n of methotrexate to 
patients' who·liave had craniospinal irtadilltion.- Senous 
neurotOxicity, frequently. manifested ills geiie~alized · ar'locaf 
sefames,' hu been ·reported With cinexpectedl.Y. increaaed 
frequency among pediatric patients With' acute lymphob!as, 
tie leukemia .who were treated wtih ,intermediate-dose in­
travei;ic)us· m~lh~~xete (1 limf¥>2), S:Yniptom\lti,iiipatienu; 
w:!"'.~m:°'only.. no~d, t?, ~~~e l~l,lk~~n,,~epli_al~I? .. ~~y am!forr 
~cro~gi0pf!thic c~cifications oi;i ,di~~ostic uitagmg stud­
fo.s. Chi:onipJeuko~p.i:epM!opatl).y..hns ~so b,eei;i report"(l,in 
patient!! who receive\! ~epeated: doses of high:dose inetho­
trexilte'Wi\;h leilcovorin rescue even Without''cranial lrtadi: 
ation. Discontinuation of methoftfute doesnOt 8Iways ]l.,:: 
siilt iri' cdrilplete h!cove&.:' , , ;" r , ,, , , , • , ,. 

A trarlsient acute neurdlogic syndrome h~ J:ieiln obsi!rvi!d in 
pa~e6.ts treated with high'dCisagi!'rEiginieils. Manifestations 
of this 1str'ok&.like encepjialoplithy may iridude ·confusion:,' 
he!J'.lipffi:esis,' sei;ures and··coma; The exact 'Caus~'is·un-
known; " " 
After the:intrathecal use of li.ethotrexate> the1 cenh'il! ner­
vous 'system, toxicity which lliay occur· ciin be clll!lsiii.ed 'a& 
follows:, 8C1.!te chemical arachnoiditis manifested by such 
sYmptoms as headache, back pain, nuchal ngidity, and fe­
ver; sub-acute myelopathy· characteri2edoby: paraparesis/ 
paraplegia associated with involvement With .one or 'more 
spinal nezye roots; chronic leukoancephalopathy mamfusted 
by confusion,. irrita]lility, somnolence, ataxia, dementia, sei-, 
zures and' coma. '.\'his condition Cat\ b.e pro~ssive and ev~n 
fatal •. , ' , . ; , , ', 
~ulmonary:. Pulmoi;iary symptoms (especially. a clry non­
prod11ctiv0 cough) or. a nonspecific pne"¥1onitjs oC!'lllTing 
during methotrexate therapy may be it,ldicative of a.paten: 
tially dangerous le~jqn and require futerrupti9n of.tieat­
ment and:carefUI, investigati~n. Alfho'!gl,i clinic!!1ly varfable, 
the typical patient '~ith methotrexate inifoced'hing disease 
presents with .fever, cough;,dyspne'a, hypoxemfa, f)iid !In in­
filtrate on: cliest x~ray; infecti\ln needs to be excluded: This 
lesion'. 'can occur at all dosages. · · " · ' 
Renal: ,High doses of metho!~exiite us~d' in the' tieatmeiit 
of osteosarcoma may cause renal damage leading to acute 
renal failure. Nephroto:ticity is du~ primarily to 'the precip­
itation of methotl'exate and 7-hydroxymetliotrexate' in the 
renal tubules. Close attention to renal function including 
adequate hydration, urine alkalinization and measurement 
of serum methotrexate and creatinine levels nre essential 
for safe administration. 
Skin: Severe, occasionally fatul, dermatologic reactions, 
including toxic epidermal necrolysis. Stevens-Johnson syn­
drome, exfoliative dermatitis, skin necrosis, and erythema 
multiforme, have been reported in children and adults, 
within days of oral, intl'amuscula1; intravenous, or intrnthe­
cal methotrexate administration. Reactions were noted af­
ter single or multiple, low, intermediate or high doo•s of 
methotrexate in patients with neoplastic and non-neoplastic 
diseases. 

0'h•'r (1 .,ir,,, 1 :<, \I.:d.1.'lr ~-.: 
fre1w-· ~rP~3ion hi r112 ·)i•kh1l~t'/. 
!\fotll'1tr<?<.;,:"1b e'(iiA.~ from 1!1i1.l ,p<J.f'1.., r{ "'1f'.-"l'""i',: 
h•g, t)k•rn ~il ~fftfrl{J.n1t, or 1 .tHd,1, 'rub 1<:'::Ult~, .. \ 1n'f1[hh{:;Nl 

Ltinnirnll pillSiU~t lM!f-hf~ m1<l u110x!J!:'Ctr'd l!:.1\'.ic;1 y. IH µn~ 
tienl.;; \';. ifh signlficnnt l hird spDC\? (t.;1:tmndatjri1B, il I~ ad* 
vi~able to en1(.'lio.i.€ Lhe ilui1l before h'L~oLuF:nl ond lo rno11i­

LoJ' vJasma meth1Jl rexnitt Jc\ 1,:1$ 
L,2,sfon:s. of p:s.1Jri[lsh may be <:1gg.ravalHl by con~oru.itunt ex­
prJJlU'e to oltra\do]et' !' .. 1<lifltiun. Hndicttio~1 derma!ili~ nud 
SU!lbum may be "rocallecl" !)y th~·use ofmethotre;mle, 

ADVE,RSE REACTIONS 
IN GENERAL, THE INCIDENCE AND SEVERITY OF ACUTE 
SIOE EFFECTS ARE RELO.TED TO DOSE AND FREQUENCY 
OF ADMINISTRATION. THE MOST,SERIOUS REACTIONS 
ARE DISCUSSED ABOVE UNDER ORGAN SYSTEM TOXIC­
IT'l IN ·THE PRECAUTION SECTION. THAT SECTION 
SHOULD ALSO BE CONSULTED WHEN LOOKING FOR IN· 
FORMATION ABOUT ADVERSE REACTIONS WITH METHO-
TREXATE; ' I ;• , 

The most frequently reported aclverse reactions include ul­
cerative stomatitis, leukoperua, nausea, 'and abdominal diS­
tress. O~her frequently reported adverse effects are· nlalaise, 
undue fatigue; chills alid fever, dizziness and decreased re-
sistance to 'infection: · 
Other adyerse reactions that have been reported With meth­
ottexate are. listed below ·by organ· system; In the· oncology 
setting, concomitant treatnient and the underlying disease 
make<specifio·attriliution 6£a reaction: to methotrexate dif" 
ficult;''' ·-:· ,.-, .. '. - : . ,, , · · ' · 
Alimentary Syitem: gmgivitjs; pharYngitia1 stomatitis; ano-

, rexia'., 'nausea, vomiting, ,diarrhea;, hemateinesis; melena, 
gastrointestinal ulceration arid bleeding, enteritis, pancrea-
titis." 1. , , 

CardiOuascular: pericarditis,, pericardial efiilaion, hypoten­
sion, and thromboembolic events (including arterial tbrom• 
bosis, cerebral thrombosis, deep vein thrombosis; retinal 
vein thrombosis, thrombophlebitis, and pulmonary embo­
lus). ' ·" · ," ·, · · , 
Centr:a! Ne~ous System: headachils, drowsines.S; hliiir'ed vi­
sidii: Ap!)asia, 'hemiparesls, paresis 'and convulsions hav~ 
also oi:curred following adroinistiatioii of methiitrexate. Fol­
lowirlgl(W d~~s,'there have beerroecasiatlal reports of tran­
sient subtle cognitiVe dysfunction, mood alteration tinusual 
cr.inla! 'sensation; leukoencephalopathy, or enc'ephalopatlly. 
lnfectianf There have been case ·reports of'sometimes fiital 
6pporfuni8tic infections in patients receiVing mllthotrexate 
theriipyfor 'neoplastic .and non-neoplastic' diseases: Pneu­
mocystis'caiinii pneumonia was the most common illfectiou' . 
Other reprirted infections induded 'nneiirdiosis; histoplas­
mosis; cryptoc°"cosis, Herpes zoster, H. siTfiplei.· hepatitis, 
and'dis'seminated H. simplex: ' · 
Ophtli'almfr; c<injunctivitis; serious 'visual changes of un· 
known etiology.· " · ·· · · ' • 
Pulfriimary System: intestinal prieumonitis'deaths'have 
been: reported, and chronic interstitial obStructive pulmo-
ruiry disease has oecasiona!ly ~. '· : 
st.in:, ·erythematous rashes, prUritus, urticaria, photosensi­
tivity,: pigmentary changes; afopecia, ecchymosis, telangiec­
tasia, '.acine' furuncUlosis, erythenia inultiforme, toxic epider­
mal necrolysis; Stevens-Johnson syndrome; skin necrosis, 
and exfoliative· dermatitis: · '· ' 
UrogeiJital· System:'severe nephropathy or renal failure, 
~zoteniia; 'cyiltitis;·hematuria; defective oogenesis or sper­
lhat'ogeiiesis, transient . oligospermia, menstrual dysfunc­
tion, vaginal discharge, and gyneriomastia; infertility, abor-
tion; fetal defects: , . , . ·" 
Other rarer reactions related: to or attributed to the use af 
methotrexate such as nodulosis, vasculitis, arthralgia/myal­
gia, loss· ofJibidolimpotence,,diabetes, osteoporosis; sudden 
death, reversible lymphomas, and, tumor, lysis syndrome. 
Anaphylactoid·reactions have been reported. 
Adverse Reactions in Double-Blind Rheumatoid Arthritis 
StudiE!ll-. ~ , . . .. 
The,approximate .. incidences Jlf methotrexate,attrihuted (ie, 
pla!!ebo rate sub1jr£!cted) a,dverl!e reactionsdn, 12, to. lS:week 
double-blind studies of patients (n=l28) with rheumatoid 
arthritis treated with low-dose oral,(7 .5 to 15 mg/week) 
pulse methotrexate are listed ·below, Virtually all of these 
patients were on concomitant noristeroidai' anti-infima­
tory.dn\gs and some were also taking low dosages. of co1-ti-
costeroids. , · 
Incidence-. greater than 10%:'E\e\>at~d liver nmction tests 
15%, nause,oJVomiting lOf,'li,3. : .: ' ' , •, 
Incidence 3% to 10%. Stomatitis, thrombocylopenia (platelet 
count Jess than 100,000/mm3

), '· , ,, 

Incidence 1% to.3%: Rash/pruritus/dcrmatitis,,dim:rhea. al­
opecia, leukopenia <WBC less than a·ooo/mm'), pancytope­
nia, dizziness, 
No pulmon~ry toxicity was seen in thesa two mnl,s. Tj:Jus, 
the incidencei~ probabl;Y less than 2.5%(95',f C.L.t Hepatic 
histology w11s not. examined in ·uhoAf' shorMerm studi<>s. 
(See PRECAUTIONS.I , 

Continued on·next page 
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Methotrexate Sodimn--Ccmt. 

Other less· common rnactions included decreased [1~mnto.­
crit, headache,. upper respiratmy infection,. anorexfa, ar­
throlgias; cl\est·pain, coughing, dysuria, eye discomfort,"!'!" 
istaxis, fever, infection, sweating, tinnitus, and vaginal d.is-
chnrge. · · 
Adverse Reactions in Psoria•is . . , 
Ther~ are no recent placebo-controlled·.trial~, in patients 
with psoriasis. There are t,vo l)t<mtture reports lRo~nig~, 
1969 and Nylors, 1978) describing larg,e. sei;ies (n=20,4, 248) 
of psoriasis. patients treated witli' methotrell'.ate. Dosages 
ranged up to· 25'i:rig·per week l:uid'treatriient was•aifuiinis:. 
tered for up to four:years. With: the exceptiorr·ofii\lopecl:i'; 
photosensitivity, and·"bummg of·skin lesions"· (each 3% to 
10%),' the adve1·se reaCtion rates 4i tbese'reports were very 
similar lo those in the rhetimatofd iuthritis ~tudie~·'.'. 

OyE~(?cSAGE '. . , , ., , . . . , . ... . . 
Leueovorin is indicated to diminish the toxicity and.coun' 
teract the effect of inadvert,ently. administerec;!. Qverdo.sages 
of methotrexate. Leucovorin administration should begin as 
promptly as possible. As ,tbe time interv"1,between .methQ-< 
trexate administration and leucovorin mitiation' inpr~11·~·;­
the effectiveness of Jeucovorin in counteracting toxicity, de-. 
creases, Monitoring of the set1!ln methotrexate. concentra• 
tion is essential fu,determil}ing the .optimal dose ahd dµra•. 
tion of treatment witb-leucovori.n.-- ;, ... · , 
IJI :cases· of.. massive overdosage;. hydratiori·and .uiiriary•al­
kalinization may be necessary to prevent tbe precipitation 
ofmethotre>:ate arid/011 its metabolites.in the renal.tubules1. 
Neitbe:t> hemodialysis· nor- peritoneaLdialysis have been 
shown to impro~e nwt11otriiltate elimination.' i' ' 

Accidental iritratbecal overdosage may reqwre intensive· 
systemic support, high-dose.,systemici leucovorin.-•alkaline 
diuretics and rapid <!JSF drainage:·and· ventricttlolinnbar 
perfusion1• --

nosAaE ooAI>MiNisTRA.Ttc.N 
Ne~pJasti~~is~~~S.·v ,.- .' ·" , ','·'~.'t ~,~ 
Oral adiiilnistraffon'. i,n tablet .form ia often, prefened,.when · 
low:do's~;~~ befug !'dtµjnister'¥1 slncffe absorption j~~~apid 
and ejlMiv:e serum.levelfa ru;e obtain~d. M~tho,~a~,51>­

.dium uijection.and. for injection may, he given by the ,intra, 
muacular, iDtravenous; intra-arteri81 Of; intrathecaJ.route, 
However, ihe preserved' (onnuiation,contains )3enzyf ~co­
ho! and.In~ not)•, ~.sedJpr intrl\itlwcal iir hlg~,d~s('-J<her~ 
apy. Parel)wrar dl'Ug prqducts should b• inspected visµ,ally 
fo)' particulafe' matter:.and discolqraticin ilrior to ad\t>inistra.~ 
til!n; :wiiimeyer. so)tttion m:\d container penmt.. . . : . ; . 
CJ:.iori0cW:cfu.~a and: ~imiliir tropho~iasti~ diseases.: ~eth~ 
otrexate is administered•oraJly or intraDJUscµlarJy,in doses 
of 15, to. 30 .mg d111ly. for a, fiv...da:,HourSjl: S.t1ch Cj!ur¢es-~~; 
usually repeated for 3 to 5 times as required, 'lrit!:r·rest pe-; 
rio!ls of one. or, more weeks intelJ>Osed. betwffn COUI'Se~, un­
til any mani,f'esJ;\i!g toxic sympt9ms .subside. The, elfectiyec 
ness of therapy is ordinarily eva!uated by 2'.1:· hour quantj,. 
tative analysis, of urinary chorionic g0nadro~ropin (hCG), 
which shoul.d return to norm.al or less than ~O;IlJ/24 hr usu-. 
ally after tbe third o-,: fow::t;h ciiurs~ and us.ually be fo)lqwe9,i 
by a· complete fj<SO)ution of, DJ0a5Wabl!j Jesipns. in. 4 to 6 
weeks. One to two cow·ses of methotrexate after normaliza­
tion of hCG is usu(i)ly recommended:,Betore,efl.ch !'Purse of 
the drug careful .,l,inical assessment is essential., Cyclic,cm­
bin:iti.on the1;ari;y: of n;ietho~ex.!lte .with other aptit~ml!i: 
drugs has been reported !IB being us.efµl: . -. : , . .. . 1 • 

Since hydatidiforme mole may Precede chorioca'rcinoma, 
prophylactic chemotherapy with methotrexate has been rec-· 
ommended. · · 
Chorioadenoma destruens is considered to- be• an invasive 
form ofhydatidiform.mole·.- Methotrexaie-is admihistered in­
these disease states in· doses. similar to those recommended 
for choriocarcinoma. 
Leukemia: Acute lymphoblastic leukemia in pediatric pa­
tients·and young adolescents· is the·niosb 1·esponsive to pre­
sent· day cbeinotherlipy. Iri young adults' ancl olde1·patientS,' 
clihical remission is more difficult to obtain and· early re-
lapse is more comtnon. ' ' 
Methotrexate alone or in combination with ste1'ofds was 
used initially for incluCtion of remission in acute' lynipho~ 
blnstic leukemias. More 1·ecently corticosteroid therapy, in 
combination with other '1Dtileukemic drugs or in cyclic com: 
binations with methotrexate included, has apperu·ed to pro­
duce rapid and effective remissions. When used for induc· 
tion, methotrexate in doses 'of 3.3 mg/m2 in combination 
with 60 mg/m2 of prednisone, given. daily, produced l·€mIB­
sions in 50% ofpaiient" trearnd, usually within a period of 4 
l(I G '.vceks. 1Hvthorrexate in combination with oth0r agents 
app&al's to be the drug of choice for :~ecuring majntenvnco of 
drng~induccd remissions. \V1it:n tem1r-:&ion is aehie7<:d nnd 
supportive care hus iJtvdm.:ed gu10r.1l clinical imp11.r;erw2m .. 
m:tinki1ci11.'-'"? Uit:rapy ls initich.xl~ ~'ls foHo'>'·L: J:',f(:!lhotrexati.:. 
j.., .Klmii1bh!11:d :! ti1lH:.s \\€''l:ly ('iiher l;y tilc.mtb 01 intia­
rtw~~ruhrly in (1;t::iJ ~v:;r;-k]v r]r.sc·s i)f 00 m:r'1n2 It h:~s :tl~o 
f)'Y~ n gh ')~t i~1 \.krs;~ of 2 5 i;r;ll=.g if1irm 12;10u9ly e~·0ry 1-1 

days. If and when relapse does occur, rGinduction of remis .. 
2i9n. can agnin usually be obt.ahF~d by repesting the initfal 
induction· regimen. 
A vruiety of combiJ1atio11 chemotherapy regimens have been 
used for both 'ii1duction and mailitenanee therapy in acnt.e 
lymphoblaatic leukemia. Tlie phySician should ba familiar 
w itlt the new adVances in ilntileukemic therapy. 
Meningeal Le1ikemi~: In the treatment ofprophylruds ofme­
ningeai le~kenlia, meth~lire::rate m1,1st be .adiniilistefed in­
trath~c<illy. Preservativ~ free methotre~ate is diluted to a 
concentratiOn -of 1 mg/mL in. an appropriate sterile,. preser­
vati;i&tree medium such as 0.9% Socll~m Chloride Ini.ectiqn; 
USP.:. " . . · ' 

The cerebrospin~l llui.clvoiume is depe.{de11t ~n age ond n~t 
on body surface <1rea.· The CSF is at 40% of the adult volume 
at birth and reaches the adult volume in several years. 
Intrathecal methotrexate. administration at a dose of 12 
mgfm2<(maximun:Ll5 mg) ha8 been•reported to result in lowi 
CSF' niethotrexate. concentrations ·and reduced·. efficiicy in: 
pediatric patients· and· higlrconcentrations: and neurotoxic~ 
ity in adults, T!1e follilViliig dosage regimeii is· based on age 
insi;ead: oFliody stirf!!9e ~ea: ' · 

Age (year~). 
'' 'j 

<1,,.. ... ' 
1 
2. 
Sor older 

Dose:(,;.g) 

6 
8 
m. 
!2. 

·~ o;J:e' stii'.iy in patie;;:t.';,,].der the age of 40, tlili! dos;g~ 
. ~eg4n.en app~lµ'ed to, ~esult. ~ m9r.0:c~w,isterlt ,CSF ir\•.~h(i: 
' tre.:a~ c~n9entrilti0lls and f~s~ n~ui:;\>toxicity.:Ap.otlier sru,di 

in pediatric patients with acute Jymphocytic leUkemia com, 
p~d this :i:egrtiien. ;tel~ dose.0(12 mitim2 (ni'.~m:H5 mgi; 
a significant reduction iri the rate of CNS ,re)ap5e, W!lf!; oq, 
se,ryefl ~the grollp,fpOf!e,t:Jos~J waij ,based 9ri, age .. , p • • !, 
:Elecaµse \lie .<::SF :Vol\lme jmd J;w;nover:may, ,\]ecrea~ with 

! age, a dose,..teduction··maYil:Je: indi.cl\ted in.elderly. P.atients, 
FOi' the, treatment-of II)e'ningeal leukemia, ,intratbecal meth­
otrexate may be given.at i'nterials of-2 to·5. days; However, 
administration·at.intervalsrnfless than-l week mayiresullt­
in ·increased: subac-\ife, toxicity!' Methotreltate is •admihi&: 
tared until the celt cbiinf of tbe cerebrospfual llwil:rettii'ns 
to rtoi'mBJ,:At this poiiit'one iidditfo~ dos'e is ~dvisa'b!B: For 
propbylilxiS againsfmeningeal leUlteiiii~ tbe dosage' is tbe,­
slime as l'oi- tteatnient'exefept for tile lhterv'a:iS of'adIDinis!l 
:::::~~Nm!i!~;~~yi~IVoftJ'le tiliY,~ici~ ~ 

·, u;;:tJ\Vara· sid~ ~ffects ~ay' ~beili-'wii:~ ~Y,!ii~~i,i in~;am~#!' 
inj~~tiol).. a.nd are Cl)mm~y q.e~logical in <:)jljl'licter. ;r..¥g<l 
d~~es.~~t i:a~~e .c<ii:>;,~ii~op'S)v!e~~p:exate.~v~n .h~ ~,~~~, 
tra~\.!ec'!i. f<!ute: appeljl's si~~tly h~ .the .•ystell\lc .cir~' 
latjpl'.! and .WN Ca)lSe systei:pi~ ineW;io~xate ~oxi~ty. Ther~i'' 
fore, systemic antileukemic therapy with the drug should b'I 
app!oprja,te!y !lcl,j,'!s)-ed, red,>Jced; 1)1; disc~q.tiµu~d. Focal leu,~ 
kemic involvement. of the. central ne.cvous. system may, not 
respond tp int~athe.ca! .chemotherapy ~d- is. be~t treate!l 

· witluadiothenpy.,;. 
[-Oimphomas: In. Burkitt's· tunior, Stages I-II, methotrexate 
has· pro.duced prolonged remissi6ns 'in some· cases •. Recom, 
mended dosa'ge,is•iO to 25 mg/day•orally for Ho 8'days" In' 
Stage 'ill! 'methotfeXate i's commonly. g{veri colicomitil.ntly 
with other fuititufu0r. agentS• Treatnient in all' stages usu~ 
ally consists of several courses of the drug interposed with 7 
to 10: day rest periods, Lymp1iilsarcoinaif in Stage III may 
respond to con\bineifdTUg therapy With metllotreiate give# 
in doses of 0:625 to' 2.5 miifkg daily. • . ' ' '. 
Myco;is Ji'u/igdldes: Tlierapy :,;,;th met!iotr<ii<ate ap~ljl'• to 
produce clinfo81 remissions in one half of tbe cases' treated. 
Dosage is usuaily ~·~ tO lO mg daiJy .by mo ... ~h. tor weeks ~r 
months. ·nose levels of.dnig anCI adjustment of dose i·egimen 
by reduction or ~e~sati~n of drug. are guided by pal;ient re-: 
sponse and .hematol.o!(ic. II),onitorlng. Methotrexate has also 
been given intramuscularly in .doses of 50 mg once weekly or 
25 mg 2 tim,es. weekly. 
Osteosarcoma: .Ap. ~ffectiVe adjuvnnL chemotherapy regimen 
reqwres the acb:ninisti-ation of several cytotoxic chemother­
apeutic agents. In addition to high-dose methotrexate with 
leucuvorin rescue, these agents may includ\j doxorubicin, 
cisplatin, and the combination of b1eomycin, cyclophospha­
mide and dact.inomycin IBCDl in the doees and schedule 
t:howo in the tabla beJcNJ. The starling dose for high dose 
mi?thotrexate treatment is 12 gramf:/m:.i. If t11is <loEe is not 
snffidont to produce a peak senim melhotn?:<~1te concentra­
tion of!,000 micromolar<lO 3 mol/L) ot ihe r,nd of the meth­
ulr12xntR infi1sfon, the d•)02' maybe escnfntcrl to i5 gr.:m:i.shn2 
in <ml1sf·trwnt uentments. If tho pa1 ;~ nt. "•:011111ine tw i;; 
t11Hhle 1" toler.a:t-P ornl 1PE'dicntion, leur:ovmin js ;:;ive>n JV or 
Ill.I at th<? ~0.ml? dQ2i..l ,1nd schl?duh~. -

PHYSICIANSt.DESK REFEREN · 

I Drug* 

Metllotrexate 

LeucoVorin 

Doxom}jicint as. 
a single m:u1f 

Doxombicint- ··· · 
Clspfatint· 

Illeomycint · · 
' ;, ' " 

Cyclophos~halnidet 

Dactinomycint· . 

Dose* 

12 g/rn2 IV as ,1 
hour infusion 
<starting dose) 

15 mg orally every 
sb: horn's for 10 
doses starting at 
24 hours after · 
start of .. 
methotrexate 
fuftlsion." 

30 mg/m2/day IV 
x.adays , 

50'mg/m;I\I! 
100 nigfni~ IV · 

· 15 unitS!m•rv x 
2days:. . . 
-600 mgfrn.2 •IV x •. 
2 days. · 
o.6'mg/m2 w. ><' , 
2days.• 

. . n:. 

817 :, ' 

* Link MP, Gooliri AMpMiseri AW," et al: ·The· effect'of 
vantcliemother<ipy on relapse:-free survival in patient 

· osteosarcoma of the ·extremity. N Engl- J: of Med 
314(No.25):1600-1606. 
f. See each rei;pective package ins'erli for full prescri 
formatioil\:IDosageni'oi:lifle'atforill :rriay,'he necessary 
of drug-induced· tOxicity. · ,\; · · 

When these higher doses of metbotrexate are to' be· a' 
istered; the'following.s~fety>guidellnes sho\i!d be clo 
served. _;t:,r··<~-b,: "'·~, - ';- _. 1 
GUIDEtlNES 'FOR METHOTREXATE 'THERAPY' WITH 
COVORIN·REsCUE .. sfl<·;iL " .. ' . < 

L Admiriistration:·hf·methottexate··should be delayed'.' 
"',<recov0rY if,' ;_1;" " • ' • 

o.the•WBC count fu·Jess 'thon 1500/microliter· ' ·· 
• the neutrophil coiirit ls less tlian :iOO/microhter. 

'• the·plilteleiroount is less·than·75;000/iiiicroliter 
· ·.•ctheilerum1bilit.Ubhi'level is greater than t.·2 mg/dL 

· ·· • the· SGP'll foviil' is greater than 450' ·u · .. ·: . · !~, 
.• mnoositis'is present/uritil'there is·evidence'ofhe' 

.; persiste11bipleural'effusion· is present; this.,sho 
-drailleddi'y'prior'to'infusion'.·i" ·: ~;· ' · :• 

2; 'Ade'qri'at<»renal:func'tiorl mlist·b~ docum:el\ted:. 
a: serum·creatinine must«be.·nonruil/and•crea 

,.r-r:<:reara'hce 'iiiust1be;greiiter thm60 mI/ni!n; lltlfi 
:. ·1: 1tiatio11;oftllerapy.·• .; ,('i'·"'": . · -: 1 

... 

b. :serum cieatirilrie must be·in:easiired-prior t.o'·ea 
, ',"sequent <ioti.tse-0fth~r8.'pyl If Serum treatiDine 

' creased by 50%.or more oompared to a priot val 
'''creatinine' cle'a1·ance1 must be measured· and 

niented to· be greater: than :60" mL/inin (even 
serum creatinine is still' Within ·the nol:nial'ra 

3. Patients must Ile well hydrated, and must be·Erea 
sodium· bicarlionate fot minary allmllnization.• ' . 
a. ·Administer l,000 mL/m~ 'of ilitravenou1{ fiµic;! 
·hours prior to·-initiation of tlie'.methott~:iattf' 

Gontinue·hydhftfon at 125· mIJrii.'/hr (3 literal 
- • ·duriilgtlle metbotrell'.ilte.·irifilslon, an<i for•2·tl 

, tlie lnj'usio11> has· b~en'cllinpleted: ' · ·· · . 
b •. Alkalillize·urine to·'maintain"pH above 7:0 

methotrexat<> irlfU.slon and leticovorin·calciuni ti 
Tlus·can lJe:aceomplislied by the,administrntio 
dium bicar}jbnate oriiliy-or by.incori}oi'ation• into 
ai-ate intravenous solution:' · 

4. Repeat·sevuln!·c)'eatinine•and·sernm m . 
hours after atmtiJig methotreY.ate and at least once:. 
until the methotrexate• levens below (0:05' microm 

5. T11e talile· befow· provides guidelines' for leucovori~ 
eium-dosage hased·upon se1'Ulll methotrexate·levels: 
table below.iJ · · · 
Patients wh.d experience· delayed· early· methotre. 
elimination are likely to develop nonreversible o: 
renal failui"e. In adClition! to appropriate leucovorirl 
apy, these patients· require continuh1g hydra · 
nary alkalinizatioil, and close monitoring 
electrolyte status; until the serum meihotrexate 
fallen to below 0.05' micromolar and the renal fr 
resolved. 

6. Some patients will have abnormalities in met 
elimination, or abnonualilfos in n:iual function 
.:n~thoti'exni~ administration, which ure signi 
1~s&i s,evere than Lha abnormalities describt:d in 
below. These abnormalities may or muy not be 
v. ith significa..~t dinical toxkity. If $ignJficnnL di 
;citv L; ob~a1Tiad !cucovorrn ru:.(U.J :;,hi:mkl lm ex~Gn.<lfd 
an ·DdJitfonal 24 hours <totnl 1-1 do.:es over' 3,1 h1; 1u·i 
suhd'2quent \Olli'Z<.is nf J..hernpy. Tho 1.1ussihility Lh:lt t, 
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oret: ,, . , . 
ltl iluratiotf oHlierapy• iS' unknown. LiDiited date'. 
Ji")ill) loilg-teI'pi' studies indfoate• thilt the ihltial 
'. h!vijnien:t. is nlhlntained 'for• at 'l~ast tWci' years 

'' · · · • · !Y- When niethotrexate is'discinitfu.-' 
\J:iti~'"'{;§~ili)l.·worsEiriB 'Within a to Ii wl!lltrs:• · 
ND DISPOSAi.:'' , ' ,: .. '' · .. 
r proper. handling and· disjiosru of anticancer 

•be considered. Several guidelines on this sub­
n publisherua-a There is no·general-agreenient 
e. proceilures ·ieeommended in the gilldelliies 
or appropriate. . 

TIOl'il-OF LYOPHILIZED POWDERS '· 
lmniediat(lly pn9r to u~e, · . : · 
Sodium for:Jnjection slfould be reconstituted 
,. riate sterile, preservatwe 'free tiiedium sucn 

Solution;USP, or Sodium Chloride Injec­
stitute the·20 mg.vial. tti. a concentratio!lino 

. 5, )l!g/n)L., T~~: 1 gram,.vial .sh,o.uld be. (OC!Jf!· 

· 19.4. ml: _,o, a, coni:"l1~fati~'! p~.so mfi/,ml,. 
sea of methotrexate are admirustered by IV 
otal dose is diluted in 5% De>.'trose So!Utioii.. 

iajectioh, reconstitufe to a·concentration of 
an appropriate sterile, preservative free me­

·um Chloride Injection, USP. 
UCTIQNS FOR LIQUID 

TE SODIUM INJECTION PRODUCTS 
odium Injection, Isotonic Liqrtid, Contains 

' solution may be further diluted with 'a com· 
. m· such as Sodium Chloride Injection, USP. 

hours at a temperat11re of 21 to 25•c results 
hich is \vi thin 90% oflabel potency: 
LPF® Sodi/tm (methotrexate' sodium injec· 
Liqtiid, Preservatiue Free, for Single Use Only 
solution may be further diluted immediately 
ith an, approplia!e stelile, preservative free 

slich as 5% Dextrose Solution, USP or Sodium 
l)ljection, USP. 

LmJCOVGFUN A~$Cl~E SCHEDULES FOU .. CV'iJH\10 Tl1EATfv1t:NT' V1ffH H~GN[;P. DOSES Of f.rll!~°fliOTMtXffl'F. 
C!inkai SHnutiion laDofatot'V Findings l!8iJ.tt3VOrin Oosag<? 

ond Ouroi:i9n 

,3erum methotr~~x.nte level 
appl'O:dmBfoly 10· micrornolar at :14 
hours aftf:lr adr:i1inhtration, 1 
mforomol'1r at 48 hours. nnd less t.lrnu 
0.2· micromolar at 72 hours. 

15 mg P01 Hvi 01· fV q 6 h«•1 rT- ilir (:if) 

hOUl'S (lQ dVS~S storting at 2.j l1Gurs 
Dft~r ~tad of rneilwt rr.-xnt-a infi1sion,1 

Delayed Late Methotre:>ate 
Elimination 

Serum methotrexnte level remaining 
above 0.2 micromolar al 12 hours, ~nd 
more than 0.05 micromolru at 96 hours 
after administration. 

Continue 15 mg PO, Il\I or IV q six 
hours, until methotrexnte level is less 
than 0.05 micromolar. 

Delayed Early Methot1·exate . 
EliininniiOrl and/or Evid~ilce of Acute 
Renill Inj_tlry. · 

Serum methotrexate level of 50 
micOOmofru: or more at 24 hours, or 5 
micromofoi- or ''frioi-e at 48 hours after 
admillisfratioi1;• OR; a 100% or greater 
increase ii;t 

1
seriin creatini!)e, level at 24_ 

_lio~ ~r methotrexate . , · 
adininisthition '( eg, an iilerease from 
O.S· m'g!dL to ii level of 1 mg/dL' or . 
niore_t ... · · ,, ..... 

150 mg IV q three hGurs, until 
methotrexate level is less than 1 
micromolar; then 15 mg IV q three 
hours, until methotrexate level is less 
~him· 0.05 micromolar:. · 

. HOW SUPPLIED· 
P~rentei'al~ . 
Metlio/f.X'qi,e Sodi~inif<!~ {~ectfo~: . . 

. Free, for. S,{'ngl!' !'.Tse. Oiil:Y,. EE!& 20. · vial o~ lyoph-
ili~ed '1lowcilir ·contirili:i\xuithli€rexa ium equivaient to 
io '!1!l:.~li~,'~J(.Ili~~;.t~f~~ti.f~sn1.C~v~1y, : , .• 1 , 

20 mg, Viii!j....,.,1'f!;'C 58406;~.'7,3;0f glark, l)foo;.<;:ap) 
lgVl~-;J)lt,j05~~61,1.:qM~ed,CapL, .. _,, • , 1 

Methot~·~~~' LPF® Sq,f1.ilf"11 (lfletlwt~~ate .~od,irtTIJ. iwec-
. c L(qu!d,. P~p~roff~fo9,lf're9, fq,; §.(11g/e Uaep~ly., 

~ •. 2,iru;,, ~mi:,., 8 mL!Ul4·W.i;tiLYiaj.cont.fili;ta 
metho sodium.equi,valent to 50 mg,.100 mg, 200 mg 
aud,250 mg ~thoti-e¥t.e re'!pe,ctively. • :·~. J ' ' ' • ' 

5\1 'mg . .,.:' 2:~.\iiiiJ-;+:NJ;>Q'. 584os.ss3;i5;(B1:0n~n Cap) . 
100 mg- ·4 mL Yia;I-; NDC 58406.(lS~~ll:l (Light·~lue;Cap) 
200 ,mg-.,., 8 mL Via\..,,- WJQ.5840,6-683'12,(0l:,ange C1>p). 
250,mg·,.-10 i.nt:Yi/ll-;-r~C58406·61!3-16·<Yiolet·capl' , 
Methotrexate·S,or#urn.Injeciipn, Iiotoiiic ./;iqu(d,. Contain,,. 
P,reserw;¢ive:.El11ch 2~.mglmL,,2 ]1111.anii:lO mL:vial«ontain,i! 
methotrexate so!fhm1 eqµivalent to ,50 mg_ and 250 mg·metl\.,-
otreiraf:.'l respectively. · · ... • . . · 

5on)g.::.:. 2 mLViaI.= Ni>o ss4oi.aa1"14 <Rea c.;i>> .,. 
250 tng.::....,·1o·mL Vlal-NDC·58406-681-17:~Brown Cap),·. 
Store at·:2fi.'C '(77'F)i excursiorui pennitted to.t5?'-30'0 
(59°"86.F.Hsee USP Controlled Room TemperS:ture]; Pro,· 
teOIJ from· light.· . " ' 
IMMUNEXIPJ.· ·,,·· 
Manufactured :f~r · • · . 
IMMUNEX'<ilORPORATION, Seattle, WA:9810f· 
by, , ~:J 1> I< ~,~ 1 " ' 

LEDEllliE .PARENTERALS;• ING., Carolina;- Puerto·. Rico 
00987 . . 
Oral:. 1 ·'' 

Descr'iption ,: ,~ ' 1
, 

Methotiexate Sodium·Tablets contain an amount.ofmetho-. 
trexate s0dium eqwville11t tO 2:5 .mg Qf m,ethotrexate· and 
are round;·conveii:; yellow> tablets; engraved with.LL, on one' 
side;, scored in.half.on the other side, and engraved With M 
above'the score1.and lbelow.-.: 

NDC 0005-4507-23..:... Bottle of 100 .... 
RHEUMATREX® Methotrexate SodiUl'.1l TaDiet 2.5 mg Dose . 

· Paclci L: (each tablet'eqliivalent to 2.5· mg of methotrexl · 
ate)',.. . • '•l 

NDC 0005-4507-04-,,RHEUMATREX® Methotrexate · 
Soilium. Tablets Do3e ·Pack-"-4· ·; 
·cards eaCh·contalning twO 2.5 mg·· 

. tablets,.ie, 5'mg per.week:·' 
NDC 0005-4507,05-.,RHEUMATREX®•Met11ot1-exate • 
·.. ' Sodium: Tablets· Dose Pack··'-'4e 

cWXfs each containing three 2.5 mg 
, · ·, tablets;•ie; 7.5'mgpev·week.i." 

NDC.0005-4507-07-RHEUMATREX® Methotrexate: ' 
' Sodiuni Tabletli' Dose Pack'-4· · 

cards each containlng.four:2.5 mgi · 
tablets, ie, '10 mg per week. : 

NDC 0005-4507-09-RHEUMATREX® Methotrexate, 
Sodium Tablets Dose Pack-4 
cards: each containing Jive 2,5 mg .. 
tablets, ie, 12.5 mg per week; 

NDC 0005-4507-91-RHEUMATREX®Methotrexate ·" 
Sodium Tablets Dose Pack-4 
cards each ·contaiiling siX 2.5 mg 
tablets, ie, 15 mg per week. 

Store at 25•c (77°F);. excursfons _permitted to 15'-ao•c 
(59'-66.F) .[see USP Contro!Jed Room Temperature]: Pro· 
le.ct. from light. 
LEDERLE PHARMACEUTICAL DMSION 
of Aniedcan Cynnamid Company 
Pearl River, NY 10965 
CI 4814-3 Revised 11J97 
REV0168-04 
101997 
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WARNING;. 
NOVANTRONE® (mifoxantrone for injection concim­
trateJ should be administered under the supervision of a · 
pJJYsician e\tperiiiriced iD: the Use of cancer chelriothera-

. neutic ~gents. . ' . ' ' . . 
E:~cepti for the tre~tmeiit of acnte nonlymphocYuc leu~ 
kem~a,, :~o.\f ~o~® thera?Y, generallY .. sqo\iJd nqt 
be given to. patients with basehne neutrophil counts of 
less than 1,560' ceifStmm3• In ~rder to monito~ the occur· 
i.;_nc.e ofbone.~~supp;ession, primarily,neutiope-, 
ni_a,, wl:lish,m11-y be, severe. and. result in infection, it i,s. 
re.cQmmended tJiat frequent peripheral blood cell counts 
be. ·performed on all patients receiving NO­
VANTRONE®. 

DESCRIPTION· 
NOVANTRONE® (mitoxantrone hyd1~ochloride} is a syn­
thetic' l)lltineoplastic anthracenedione for mtrav:euous use. 
Tpe mole,cnlar formula' is C22H28N406•2HC1 and t~e moJe~, 
ullirweight is 517.41. It is supplied as a concentrate wliich 
M.UsT J;!E ,DILUTED PRIO~ TO rNJlj:CTION. >f9e concen: 
trate is a sterile, nonpyrogenic, da~ blue aqueous solution 
containing mitoxantr9ne hydrochlodde, equ\".!'le.nt . to. 2 
mg/mL mitoxantrone free. qase, with. sodiwn·chloride (0.Sp<lk 
w/v), sodium acelate,(0.005'0 w/v;J; and acetic acid (0.Q46~ 
w/v) as inactive ing~edients;The solution h'ls a pH of3_.0 to 
4.5 and cohtains 0.14·mEq of eodium per mL,·The product 
does not cont'!-in preserv;itives. Tho chemical name· is· 1,4-

Con,tinued on ne'xt page 
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Folic Acid Supple~entation Prevents Deficient Blood 
Folate Levels and Hyperhomocysteinemia During 
Longterm, Low Dose Methotrexate Therapy for 
Rheumatoid Arthritis: Implications for Cardiovascular 
Disease. Prevention · 
SARAH L. MORGAN, JOSEPH E. BAGGOTT, JEANNETT'll Y. LEE. IUld (iRACIELA S. Af./\RC6N 

ABSTRACT. ObjectntJ. To determhte the .:!Teet uf longterm metbouex:ire (MTX) lhempy Hnd folic acid supple· 
mcntntiun on folate nutriwre oncl hnmocysteillc levels in patients will'l rbe11ttlllh>id 111thritis. 
Methndl. A double blilld, placebo cnntrolled lri11l l11stiug one ye:i.r wn.~ conducted 11t 011c 11cad~'Jt1iu 
mcdfoul centu. A tnt11l of 79 patients liWus lmv uui;e MTX were !ulluwcd up (0 one year. The 
patients were rnndomi:r.cd w rci:civc placebo or S or Tl .S mg rulic. ucld supplcmcnratlon per week.. 
H.u1'1ts. Plasma and erylhsvcyte fol111c lc:vcls and plasma bomoc)'llteinc level11 wore dcccrmincd. 'the 
folatc nuttirure of p:u:ientr; tHkine lnw rinse MTX <ff!cUl\ed wltlloul Colic llcid supplcmcn1:1.tinn_ 

Plo~mn homucyslcinc levels increa.c:ed i:ignilicsintly uvur u one year period in the pfacebo gmul'· I .riw 

folate nutritun: and hypcrhomocystcioemia occurred wirl1 grc:i1lcr fn:Qucncy In !be pJacebo group 
th311 in the folic acid tiuppkmcntcd groups. 
Co1u:h1rion. Por longcerm, low dMI!! MTX lhcmpy, lhcrc are now at least 3 rC<lllons lO ~)n~jder 
supplementation with follc acid (a low cosq1re.11crip1i1.1n}: (1) lo im:vcnt .MTX toxicity, (2) to.prevent 
ur iceal Cuhtlc deficiency, and (3) to prevent hyperhomocysieinemi~. wusidercd by many investiga· 
!uni tu be a ri~k. ruuiur (llT cnrdiov11!1Cuhn: llisc1:1sc. (J Rhcummol 1998~:441-ti) 

Key 1/11/P.xillg TemL\·: 
HOMOCYS"mlNe MRTIJOTREXATB 

Metholrellalc: (MTX) is 1ta. wtliic.>Jutc widely u11ed in tow 
doses in the therapy of autoimmnne disease.c;, psoriasis, 
inflammatory bowel di~a.«;c, and asthnia1- 6• lt is uow I.lie 
lending disease modifying nntiJheumatic drus for the tt'ent­
mem of rheouunoid arthritis (RA), a disease that a!l"c:cts 
roughly I% uf Che uclult population uround the world'""'· 
About 184,000 patit'Jlt11 with RA wen: tre111ed wilh MTX in · 

.. ,'-n tlllJ !JMSlon of Cllllkol N111rilhm cu11l llkktiis Md Ute lliVislc>n ef· 
NuJriliunol /Ji«:hemislry. 'J.hpanment of Nutrition. Sc:ie11ce11, Scliools of 
Meffrdne, /Im/th Re/med Pm/08i0fl1, and lhnzi.flry. Vivis;/on t1f 
Huna1olollJll'Oncolat,7 and Dlvi.rlon '!/Clinical Jmnmnolagy and 
RheumatoloD, Depa~nt of Medic:ine. the Univenity of Alabama at 
Birmi1tghaln, Blmti1f8/td#I, Alahtutttl, I/SA. · 

.~"l't"'rllttl hy JP'-9 ~R4J.674 t'1rt•uqla ,,.,. Nttlic1ru;1l Tn~llu1af hf A•d1ri/Lr 
<1t1d M1ar:uum-,klal and Sk1ll Dlscw'CS and lllll OJ!lcr of Dh!IOty 
Supplcmen/11 crnd in part by tlw Nc.Ucmal laui1ures r.if" Hr.ulth Dtpurlmem 
uf Rt:ttarc:h RuouTUs <.:llntcal Re:1rarrls C.itnt8' grmit Jtl<-32-JJS J. 
S.L. M<1rt:0n, MD, RD, Auoc/4/r PrrJfuzor: J.E. Bot:gott, P.h/J, /&.rmta111 
Pro.feuor; Dl111.slM of H111rl1w111Jl l31ochemi~ ~eru Qf Nutritim1 · 
Sciences, Schools uf Medicine; Heallh Related Prr(l'.srlr>1l!f, a'fll/ l>enri:rrry; 
J. l Let, PhD, SBnior Biu1luli~1ician, Division <.If Her1141t"1ogy 1Jtu1 
Of'IC(l/oty, Depd¥1111cm of Me.tlirinc; O.S. Alan:a11, Mn, MPH, P~f<1&&11r 
onJ h6ociare Dim:ror. Multip11rpon Mhrili.r und MusCkkl':ktltlcll. 
Di..r,t11r Centti; DiVLTinn fl/ Cli11lcal lmmunoloifY and Rhcuma1olugy. 
UepaTtlrWlt n/ MedicW. . · 
A~!Treprlru req114st1 ro Dr. s.r .. MnTBfDI, 2.5dA Wrllb, 1675 UnllHfnity 
Boukvunl, Binrr1'rllb"""' Af, il~2994,.J360. f,-Mail: 1t111r>fRan.~u11,lud11 
Submittrd.Ar»:fl 24. J991•N\linon aj!tirpttJ S11J!fem~.rJ8, 1997. 

'" 
..... OM ,•, 

~. . . . . . 

FOIJCAClD RHHUMATOJD ARlliRITI~ 

1995 (Wyeth-Ayem, personnl communkntion) 1u· the 
United Stites nlone. We have sllow11 thal the resUtting inter­
ference with folate metaboli:sm i:s wnelated with toxicity 
and that folic acid (pteroylglutnmic ncid), in dosell of 5-27 .5 
mg/week. lowers the toxicity of low dose MTX therapy for 
RA7.a, We a!.so politullltc lhnt folutc mcdiutcd processes arc 
ii)volvtld in mechanisms of dfiU!ICy and loxil.-i.ly of MT"'.'. 
Homocyi1tcine is :l. i1ulfur-containing amino acid that rnny be 
remethylated via 11 fola.te dependent re::i.ction to t'onu 
methionine. Folate nutritura ·is ~ major determinnnt of 
pJa.'iTna homncysteine. leveh: and blood fol om li:wels ace 
generally inversely correlated (o homocj:c;teine level11IO-h'l, 
Plasma hnmacyi;teine leveli; > 15 pmol/I have been impli- · 
cared as ·an independent risk facmr for C11rdiov'11scular 
diseese11-27, 

·: ·necnu·se of these relatiOL\sbips •. tilo~itoring of. blood 
folales {plllsma and erythrocyte:) and homocysteine levels 
·c1Uring longterm MTX thernpy nuty hnve important c.IUiif.!lU 
implicHtion!I. Wo report plasma and erythl'C?C.)lle tred blood 
ce1J11, RBC) folateS md plallma homocyslt."iric levels during 
a one ~r randomi1.ed, duuhle blind, placebo· L'Onlmlled 
bial· to i;tudy_ the. effect of folic acid supplemcntation .durins 
fow dose 'M,TX therapy for RA11• We hypclthe.'117.ed that · 
chronically Jow folate nuu.irure 1lnd chronic hyperbomocys­
teinemia would be more freql.1erit in tbe non-folic acid 
suppLcme~lfXI group. 
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MATRRIAl.S AND METHODS 
Pnr1ici{1tmt11 anti stl.ldy r/e.rif!,n. ·r'llc !tlUlly w11., appmveci l1y rile l11Srinttif)l'l<ll 
Review aosnJ (If tha llnlvc 111iiy of A l~T.1am~. As doscnooo'. the participruits 
were 79 pntieut!l ngell 19-'tll ycurs of age: whu fulfilled the Amcrialn 
Cnllcgc: of RhcumaflJlogy rcvi~ crJteria ((Jf RA21• nic priunuy UUl1.'UW"5 

ur lhul sJudy were 1he eff'ect of lolic ncid £upplcmc11m1ioa on mcat:Urcr of 

roxicily 11nd efficacy'. Patients were cnn:>llcd ln none year, double blll1d. 
placebo contmlled trial tu evaluate l11c: elTc:c:I.~ uf 5 ms (li>w f111ii: acid {f'A) 
group] or 'J.7 _'i mg (high FIA. gmup) folic acid s11pplementation pet Wilek 
during tnw dooc MTX trwrApy•. "llie pa1ients Looi. !oJic ui:1CJ or ldc:nUc:Ol 
pll\Ct'bu ~upuul=s OD the S da)'!I of the W®k whCI\ MTX WDS nnt ing.c~t~. 
MTX W:l'I r:itc11n in ,, ~ingJE! cJos11 011 one day uf the w~ 'J'here wen: nu 
slgnificunt ilifl'c:rcnc:cs bi:rwccn the :i RnrotL, rcprdiris: me.·m a.v.e. sex. 
niclol 1Jillrrih11tinn, m"m1 disca~ dumion, previous use of follc acid 
cont11hli11g vitamins, l'gM rl11:um11tolu f11:11>T po!idviry defined 1L• > 3U 
JU/ml or > 1: 1110 drcr. cnncum:nt U.'le of aspirin or nD.llSle.roldol illllWt­
fllll11111:1.t11it 'lmg:;, me<<•n pnodnl:;one dCXIC, or cumulative MTX dose ot die 
end or tlu: trial. 'l11c mean (:t ,11111dllrd dcvintion) aa,e of the e11tlre po,11uhl­
tion WllS 53.7. (:t 13.6) ye311. Se.,,enty-lii.\ percent of the '[lllticnlll were 
\\IOllllllL Scmmly,ix pc:rc:cnt af the paliCM' wero Cm1ca5Jan, SIXl.)'·lWO 
pc:rcc:nt were CQlleurrcnlly r11ki11& prt.dnisc.ne 3.ll\I ~ were lgM rllcumu­
t11id (~c:tot jMiilivi:. If JTdticms hml 11bnnrmnl vn!nca nn a vi!Rmiu p.,ncl 

nin A, pl:i.qma and RRC fofalc, vilumin B11, vitamin H0, 

lll1uuliue/rlbofh:ivin, und vitumi n Cl o.thct· than fo!Are.,_ the abnormality was 
tn:u.ted wilh llflpiapnlltC :ringlc vitt1niin suppleJOOllation. No orhcr vi1nmin 
rrupptcmcnrs were pe1~1titt«l except 118 nutctl. 

I'uiierus wen: ex11mined tmmcdla.ti:ly before MIX i11ltiati011 (Visit 1) 
ut4 11ftcr o n1can tll' I 3, 26, 39, :ilff.I 5) woeka of tber.ipy (Yuitli 2-5, tespcc­
llvely) for clinii:ul evafwuicm and vcnipnni:n1n1. A Oil'! 1by dielllt)' recull 
u!!init the Mill.lleSClttl N11tririon Dor..'\ Sy51em HOfkwan:, food Oaialn'llC 

version 6A, Nulricm IJ111Kba~c vcnlnn i;:t], was perfonned at each vJsil 1u 
llli5eU nu~t inlll.ke.•ZI>. 

Vllamln urzcl hrnnac~tt:ine u11S11JL At Vi.sit 1, hl<1od WRS drawn for lbe 
mo~cml ot vitamirur B6 and vit~min R11 nuttltuie-1n.i1• Ulood for p1.11tm11. 
uid RBC folate levelr. wu clrnwr1 S .1. duys after MTX dosing in a 111hc 

eontalniog EI>TA and llli51lyed · uc all viait11 11,h1g ~ MTX resistllll 
liictubaciUu.r ca.rti micmbiologiClll 11ssay11.ll. Tu.. blood w"" druwn 5-7 
du)'ll after MTI< ctaslng. Ctlterla !ac aclc:quw:y or (ollltC 11111111.~ W<".rt based 
011 !1111 categories of folate adequocy c~wbliHhcd by l\ClllP b and 
R.0$enbctg;1o1, Smvm foLnlc lcvcltl were en11~idcrctt to be lCJW when values 
were < 6. 7 nmnln end R RC toJ.'l!e le\lds were c,'Ul!Sidered low when v:ituc.q 
Wll!G ~ 31S runolll''. Homoc)181elne ·level\ were assayed usl~ h..itth pet!Ol­
maoce Iiquid cllllllll.iltogniphyl<. Vlllucs > 151-1mol/1 were awsl.dcred lube 
c:lc:vutcd:IOI. lifnrul WllS gc:ru:rally processed lVilhin 30 min or phlcbncnmy 
and plMm11 Ctozcu al . 70"C uulil time uf anulysia. 

;ic:ul urzaljsts. 'l\lru wwy repeated rr.Cruiurcs nnalyses oC v~ were 
UlaXi to cvaluaCD rha cfl'ectr. of tn=vJruent grotlJ). dmc, ruul i1ll iritcnu~tlon on 
ptnsma and RBC folruc lc:vcb. •ml on pbmua homoc:ysrei.nc lc:vela after 
~- Jf'a aignitic11nt·rrc11.r~r llffec:t WllS de!clclcd. Tukcy's imidcnri1.cd 
ritngc IC6t w1111 llllCd rn cvaiu11tc p&rwise comJlllliaung. betwccn Cl'CllCl'Jlent 
grm.ipil! •. 

Fi~'a C?Jl&et teat w•~ u!!Cd 1a couap~ Lhe l ll'elltll'lent gn:n1J,l.'I wiill 
~.r. rn rhl! i1tt1Jlllrfi1>1111 uf paticnu wlio had 0, I, nr Rll)r!! 11\lln J occur­
iel!ce bf d~dcnl plm;ma or IU\C fol3te levels 0r elevllled plums ltomo­
c~nc levels (sec Thb~ I oad Z). 

· . Linear se~itm analyses ~ 1lelfonned lO evalWlte the cl11111gc in 
hwuo.x;ybtcinc )cvcl~ <Jvc:c dmc nltf:! basdine in each =•tmcru group. 

1'e:ltsou IX>m::Julion lllllllyac:,, wco: done to evillual.CI lhc bii:ielioc: rein· 
liariahip nf RJit and pi.1sm11 folalc lcvds with J1111RmA h11111ocysteine level& 
and the c:orn:l4~un u(uiclllT)' fnlale. vifllmili B,2: and villl1ilin 86 intAw 
wJth pJum1a hmnncl'llfl:ine kvels.. 

RF..SUJ,TS 
Plasma and RlJ.C falate kvels durin8 tlte lriaL. Figm;s I a~ 

2 show plasma and RBC folate levels at each visit. There 
were no ~ignificanl diffeterices betweeu plasma and RBC. 
folalc levels al ba.'ieline (p :> 0.05). '.fhere were srriking 
differences between treatment groups with teRpCCt to 
plnsma and R.BC folate levels 11Cmss followup visitli. For 
Dlasl11.ll and RBC folate levels. significant differences (p < 
0.001) were found for all J pairwise comparisons (low FA 
vs high PA, high .E'A vs ptacebo, 8.Jld low FA vs placebo) at 
followup vi!-!iL~. Significatlt tt'C!llmeur-visit interactions 
were ohservcd fnr pJ;u,mll fol ate (p < 0.00 I) and RBC foL1ce 
(p =0.003). 

Multiple instllnces of a low blood fohite level ate likely 
to be more clinically signltlcaut than au isolated. low blood 
Colatc level. The number of paticncs with 0, l. OT more thau 
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1 low blood folulo ~vel duriug Vi11ili; 2-5 is shown in 1'.ible 
LA clear majurily uf lhe pulienla in the: placebo group had 
2 or 1non:. deficient lcvel:t. while the vast majority in lhc 
folic acitl :mpplemented group:1 111aiu1<1h1cd uurwttl bluutl 
folate levels lhroughout rhe srudy (p < 0.001). 

25 

Pla.fma homocysteine levcb during the trial. There were no 
significant differences in ha.~cline plns111a bomocysteine 
levels between groups at Visit l (p > 0.0.5). Nom1al mean 
homacysteiue h.:vcls in 40-70-year-old women and men 
1'!lngc from 8.0 to 10.3 µatol/P~·"'· The mean values in the 
plncelx1 group were in the range of 13.6-'2.J.7 µmol/l at 
Visics 2-5 (Figure 3), substantially above die range of 
normal means. After baseline, for Visits 2-5, the 1neru1 

overall plasma homocystcine level was 17.4 µmolll in the 
placebo group. The mcan1'1 in the folic ucid supplemented 
groupi; at almost all visiCR were comparable with the above 
population nonns2"-18• 

5 ._._ ____ ....._ ___ __.. _____ ._ -~--~ 

3 4 5 

V111t Number 
Fi~u.re 3 .'!hows plasma homocysteine levels over time. 

. A; Vlsit 1, significant treatment differences were 
observed with respect to homocyi:Leinc levels. The low FA 
and high FA groups differed significantly from die placebo 
groups acrn;fl Visits 2-S (p < 0.001). 

Pi~re J. l'IL'lllll homncystcinc (Jlmoln) lcvclH in Lht: Luw FA, lligh FA. 
and Pl.-u:ebo groups dUri11g on11 ye.v cif MT.X tllcnipy. Vil:lilll BR 3 month& 
lllJwi. 

Multiple im;tanccs of hyperhomocystelnemia are more 
likely to be sigDjfJcant than an isolated clcvaa:cl humueyM­
ieinc level. The peTCentage of pa.liant11 with more than one 

clcv11lcc.1 pwwll bu1uucy11lc:iuc: level, w;suycd evrery 3 
months, i11 shown in Tublc. 2. Aboul 40% of lhe placebo 
grout> had 2 or more. elevatEd plasma homncy.'ltcine levels 
<luiiug llle course Llf dtc trial. In contra.-;t, chron:ic hypcrho-

'Jubie f, CJircmic dcficicnl fnlatc nuuilurc in MTX tn:111eoJ pa1ieu1S wiU1 RA L'e«'Jvlag .blgll and l(IW dose fol&: 
ocld supplemelit5 iw.I placebo. 

Om11p 
Low FA 
High PA, 
Placebo 

Nwnber ('I) or Pnlle111& with O, J, 2, 3, or 4 Deficient Pis$1111t nr RBC 
Foluu: A&Sll}'s Dwin~rFulkl\)ILIP Visits 

0 I 2 J 4 

J9 (76) 
'20 (77} 

7 (25) 

:1 (20) 
6 (23) 
2 (7) 

I (4) 
0(0) 
s (18) 

0 (0) 
0(0) 
7 (25) 

0 (0) 

0(0) 
7 (2!!) 

The bgu m111.1ber of d6ficien'r r1e-u ancJ/or <.lclicicnl llBC tol:nei nssl\)'S WRS u~c!1; plaslllll fol1UC < 6.1 MlOlll 
aucl RBC folate < 3 lS nmolll ~ CUDSid«ed deficient. PiAhllr'11 auct rcaq1 < 0.001, wos Ustd to c:nmpan: the · 
:i treatment gn>upll wilb respect to the fll'l)poninnH l!f O. 1. ur mure lil1JJl l occnrrenco nf dcflc:ten1 ft1lll1C levels. 

'ibble 2. Chrunic llyperhomoeys1r.incmi11 In MTX lrealed patlems with RA raz:iyini: low um:l bJgh dOse folic llCid 
supplem~tll and plm:~ · 

Number (~) nf P1tien111 with II. l, 2, 3. 01· 4 Elevated Hn1ncicy~lnc 
Alallys Dlll'itlg PollOWQ{l Vl~·iYt . 

0 . 2 . l . 4 

Group 
· LowPA. 

ffigll P.A 
Plncobo 
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I (4). 
... 0 

S,(lll) 
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3 (ll). 

0 
J (41'. 
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' i-(01T10C)'lltcinc le\lels »'J5 iimoVl llJ'D CUtW<!eted eJCVllfCd. Pl1hef'& eilael. res!,~ <-0.()01, W~K w;c:d lU C:Ulllplllll 
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mocysrefuemia w-.is found in lc.1111 than 5% of the i;uhjects in 
the folic acid Sl'Pl'lemen led groups (p < ().(IO I). 

Figure 3 shows that h.omocysteine levels decrensed with 
time for the folic acid :n1ppleme11red grciups (p < 0.001 low 
11A; p = 0.023 high FA). but not in the placebo group. Th~ 
raw of decline wu.ci -·4.64 µmol/Vycar for the low PA, --2.88 
µmol/l/yesr for Lhe high I~A gniur. imd 0.20 ~lmOl/l/y~r for 
dle placebo group. 
Dietary intake and c:orirlotio11.r wUh bior.llemJcal i1ulic:es. 
MctLn diernry fohw:, vitami.o Bw und vitamin H, intakes 
were not sig11ilicantly differcnl withi11 iu-oups al llllY visit or 
between groups. Diet;iry folatc. vitamin B 12, and vitamin D6 
intakes were not signJficantly correlated with hornocysteinc 
levels fk.Tuss groups or fur any individual treatment e:ruup. 
CurreiationJ of yifamin level3 with hnmocysteine. At Vi~it 1 
(ba.'!cline). plasma folate (.N = 79: r = -0.334, p =· 0.002), 
RBC folate (N = 79; r "" -G.344, p = 0.00::\) we1"e ~ignifi.­
cantly cori-elal.ccl with plasma homocysteinc levels. Ar Visit 
• vitamin .06 and viralllin B12 status wa.ci not c:ort-elalcd with 
_ .• seline plasma homocysteine levcb1. In the placcbti gro11r>. 
there w~'IS a relatively We<lk negative colTelation bel'ween 
plastna folate and pla.'111111 homocyNLeine levels at. Visit.s 2-5 
(r = -0.2.\ p= 0.025). 

DlSCUSSlON 
MTX is incn:a11ingly being used for lrcutm.ent of different 
chronic disotdcrs, including RI\~ therefore, the metabolic 
cons~uences of chronic au:lmitiliitl"ation are in1porta.nt1-6. 
Low dose MTX therapy, given over a one year period, 
n.dvcrnely affects both plnsma and RBC fulate levels. This 
cftect was most pronounced in the placebo trente4 group and 
pr-oduced ch_ronic deficient blood folatc levels. We have 
shown that the C1 index, a direct measure of the folate 
dependent formation of serine from formate and glycine in 
lcukocyres, is lower in p1ilicnts wlth RA treated wilh MTX 
comp11rerl to patients with .RA not receiving MTX39. Folic 
acid Rupplementation (both .S and 27.5 mg per week) 
orevcn~ me decrement in rotate status8. 

:)ur data indicate that both plnSllla and RBC folate are 
primary dctenninnnrs of liomocy11tcirie levels in· prulents 
wi.th l:lA laking MTX; lhls agree.~ wi.1h the observations in 
popol.nlioni> not trentcd with anlifulates11 ·

1
". The.re were nu 

significant. relatiom1hips between virrunin 8 6 :md vitamin 

I B 11 levels nod homocysleillc levels at· Visit I. This indicates I 
llml folar.e was fi1c predominant vitllrilin tllct.ot regulaling die 
plll.oi~~~e~u~ le~.cls i~ our group of patients :witb. · 
RA.~ the·uuuat10n ofMlX thcn1py. 'lhe finrlUls.ofno 
a11socialion between vi~lln1in· 1J6 and· homocysteiue levcl11 
differs trum Roubcn!Jf'f, et cu, who found low pyritloxa1 
phosphate leveb in patients with AA 4fi. We did not have ll 

: control: group for comparison ln th,is trial and mcthfonine 
loading teats were not petf ormed durl,ngthis protocol. which 
may ~xplain di:ff.ereuccs •. Tn additjon, there wcm no signifi­
c~t rc:lationships beLwc:en ~Ietery folate UllskCll and plasma 

homocysLeine levels in any of lhc groups at VlsiL~ 2-5. This 
may reflect that naturally occurring food folate has her.n 

·shown to be relatively ineffective at increa.'!ing folncc stat\1ll 

and perhnps Hitt.Ting nomoc;ysreine levcls~ 1 • On the ocher 
haud, our previous fiuru.ogs suggest that. food folate ioUlkr.s 
of> 400 µ.g/dny nre effective in lowering the probabilily of 
MTX toxicityll. 

A substanciaJ number of pati.enL'i in Lhe placebo group 
developed M'fX indu.ced ~Die hyperhomocysteine1uin, a 
condition hir!,rely prevented by fnlic ;u:id supplementation in 
lhe other treOJtment arrns. There i.s evidence suggesting that 
hypcrhumocysteinemia is directly involved in the etinlottY 
or va.'lcnlar ntherosclerotic disease17-30, early onsel venous 
and arterial Q(.'Clu.~ion21 21, coronury artery disea.'IC1~· 21i_ and 
carotid artery stenosis17• It follows tbal MTX treHted 
patients with RA should also ha.ve asi increased lil\k · for 
coronary anecy disca.'le, peripheral va...cular disease, nnd 
1.-en!hrt.wascuJal' disease. There arc data suppo1ti11g the rela· 
tinnsbip between hyperhontocystcinemin and. thrombosis in 
patients wiLh systemic lupu.'1 erythemarosos42• Hyperhorno­
cysteinemia has also been ubserved in a :.1nall g.roup of 
paticnL~ with RA in Swcden41• Specific epidentloJogica1 data 
for i.upportlng the above assertion are, with one: cxceptlon"". 
lacking in Mtx trented parlent'!, ln the one albeit small 
i>tudy speciCically nddres.~ng MTX as ~ risk factor for 
cardiovasc11far disease, MTX tl'Cated patients with KA were 
con1parcd to the healthy populalionH. Standardized 
mortality rates were 2.9 and 1.4, respectively, but the c:onl'i~ 
dence intervals encompassed the unity (0.6-!!.6 and 0.6-2.6, 
tellpectively} a111l by definiliun cannoc be regarded ns sUtti~­
tically signilicant, which likely relates to the relatively small 
size or the cohort scudied. 

HyperhomocyHteinemia in tlle low dot1e MTX treated 
population may be due to the interference in folat.e metabo­
lism by the drug irsclf or to drag induced f0Jate·c.lcficle11cy, 
or a combinntion of both45• It is intdguing that low scrum 
folute levels, per sc, were found t.o be associated with 
increased risk of fataJ henrt disease. in the Nutritio11 Catlllda 
survey:!6. · 

lt is kTlown thll.l folic acid supplementati(ln lowers hom<>­
cysteine levels in au"'at riNk" population, such as in pat~ents 
during~ posL-myocordial i.nfnrcdon period4"1. HSKcd on our 
findings, low dose MTX. treated plll:ients should be added to 
the "at risk"' popu1ation for increased cardiovascular risk 
due to hyperhomocyste1nemia.. 'Tile ce.real grain fortification 
mandllled by ·I.he_ Food end Or\lg Admini&tnulon, in large 
part to .Prevent ncu ml rube defects, al so has the possibility of 

. benefiting lhc population taJcing .antifofatc drugs by 
preventing ~ncicicy, incteasing folate leyclli,. and decreasing 
homocysteine Jcv.e1s7·11.47,411. flolic acid supplements rather 
tbaJl fo~ folntcs may ,have a more ·predictable effect in 
inc~c11: .. ing blood folate levels''. It W(lald stil111ee)i1 prudent .. _ 
to evaluate vitmnin 8 12 starus before prosi..-noing longterm :;i 
fnlic acid suprlemenlAtion·becawie of a high prevalence of.::~· 

Cl s 
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viC8Jllin 8 12 dclicieucy ln clle RA populatio11.Jv and 1..-uncerns 
of mnsking the nuhiliom1..I anemill of B12 tlcficii:nc)"47

-'0 • The. 
preva!e11cc of the thennnlahile mutation in methylenete­
ltnliydrofolate reductase or hetero"T.ygosity foe cystatllio­
nine-1.i synthase deficiency in the population caking low dose 
MTX may merit further investigation, since Lhc..;c contlilions 
produce hyi>emomucystcincmia anti may have an cff!!!ct on 
1-ecu1ru11ended fofa: acid K«pplcment dosei:...s'-''· 

We ncklt.owlcdge tllnt problems 1n sample handling crut 
produce spurious increases ln the homocysceloe leve1s:i,~-r1• 
ll hO.'I be.eO Shown thal ll:Unples [Ot hOmucysL.c1nc levC\S 
should ~ placed immediately 1m ice w prevent homncys. 
tcine from leaclllng from RBC intn pl:u;ma and falsely 
elevating plasma homocystelne levels. In our srudy, samples 
were genernlly centrifuged and frozen at -70"C within 30 
mln so thnt <lrt.efactual hypcrho1nocysceiuemia should be 
equal in all groups. All pat.ient t.rrmtps wen: cnmllctl simul­
ta111>ously; thcrdore the blood was stored abol1t the same 
lt. .1 of time in all groups before e.nalysis. It ls al!!o very 
unlikely l:hnt sample handling could account for the obser­
vation of chronic hyperhomncystdncmia fowul only in the 
placebo group. · · 

These ohMcrvations regarding homocysteine levels 
during low dose MTX lhcmpy do nol agrtt: with om· 
previous observatiom1 lh11.t humocys1.ci11c levels ilitl uul 
becnmc elevated after 6 months of low <lose MTX LhcrapyS~. 
11le timing ofbluod sampling mny hnve been a factor in the 
prevtous study; must !mmpl~ were t.lnt.WIJ 5:-7 days afle:r 
MTX administration, when liomucysteiue l~vels have been 
:ihuwn lu n:1.un1 to n.oranal after a lnw dme of MTX4~. The 
failure lo ilclecl MTX .IJldu«<t hypcrhnmocylltcinemiu in 
our previous study may also be due to a snorter irial nf MTX 
iu the previo118 study (6 nionthli vs une tear) nnd a smaller 
uuwl.xa- ur palient.~ ju that study. 

Io :iuuu1111ry, there ate 11ow 3 rea.<inn:; to n:commencl 'low 
cost folic acid i.-upplements in patientS receiving longtcm\, 
lnw do11e MTX therapy: (l) folic acid llUf'lplemcntation 

i~ -"S· M1'X to1dcity7·~; (2) folic ·a\.id· supP,le1T1enta.tj(1n 
should prevent clirouic hlood fnJatc Uefici~nC)' duriog 
tbemp1; 1U1d (JJ Colic acid IJUf'IJ'llemcntation lower& ·the 
prcvttlcncc of chronic hyperhom~teinemia. which has 
been linked to cardi~va.~cuh1r dis~1se risk in die general 
po(lulation. · · · 
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PROPHYlACTIC MASTECTIJMY (PMJ AHD OOPHORECTOMY CPO) IN WOMEN 
UNDERGOING BRCAl/2 TtSTING. D. SchnlJl, KJ. Kalkbrenner. T.L· Light, 
K.A. Schnelder, J.E. Garber. Dana Farber cancer Institute, Boston; MA. 
Women tested for BRCAl/2 mutations may consider PM and/or PO bas8d 
on the results of genetic testing f0t prec;llsposlng mutations. A cohort of 88 
women with at least 10% risk of Inherited breast/ovarian cancer provided 
Information about attitudes towards PM and PO before testing and again at 
mean 5.5 months following results disclosure. 46 women. had prior 
breast/ovarian cancer CCAl; 42 women·had not had cancer (NC). BefQ1'8 
genetic testing, 8 women had had· PM, 12 PO and 5 therapeutic 
oophorectomy. At basellne, 37/80 had discussed P~ with a physician and 
33fll had d~ PO 8180 were considering PM and 24fll PO. 
following BROA disclosure, 6 women underwent PM (3 CA, 3 NCJ and 5 
had· PO (2· CA, 3 ·NC); one woman (NC) had both procedures. Mutations 
were Identified In all·women having prophylactic surgery following results 
dlscfosura except. for 2 Who. had PM with .Indeterminate results but 
abnormal breast biopsies. In addition, 13 were still considering PM (8+, 
'4?) and· 19 were considering PO (12+, 67, 1-) For the entire cohort, no 
cancers have been detected at PMi one borderline ovarian cancer was 
found at PO. PM and PO are often considered by women who have BRCAl/2 
mutation testing even with Indeterminate test results. 

*2t40 
P.JfASE'l.CHEMIJBR£VQll10N:CUNICA1:1Rlll:Df CURCUMIN A.L. Cheng. .J.K. 
Urt:M:M; Hsu.-r.s. Shen,.J.¥.10,JiTilln,<B.J. Un, M.S. wu,H.S.'t1J, S.H. 
Jee, a:s.- Ohen,·T..M •. Cflert,,.ftA. Cl!en,-M.K. _Lai, Y.~. Pu, M.H.-Pan; Y..J. 
wang,.C.C. Tsai, C.M Hsieh-. 'Ntttlona/ Ji/wan University College of Medl-
1;~~,'l'i!.IJH/, Talwan!,ant!~llf!IM.ed/~JCollego, Ksohslu~ Taiwan. 
Curcrimln: (dlferuloylmethane), a yeHow>substance from the root of the 
plant CUJtuma -loop. Linn., has been demons11'8ted to· Inhibit murlne 
carcfnogenesfs of skin, stomach, Intestine and oral cavity. A phase-I clfnlcal 

. . trla~·was;conducted to ~mine the toxicology, .the pharmacoklnetlcs and· 
the·~blologlcally effective dose of curcumlo In humans. Ave types of 

. high.risk' :llldfvfdaal were eligible:. l, recently-resected urinary bladder 
cancer-tBC), 2. arsenic Bowen's disease (BD), 3. uterine cervlcal lntraepi· · 
thellal. neoplasla (Cl N), 4: oral leukoplakla (OU, and 5. Intestinal ·metapla­
sla of~ mucosa CIMJ. The starting dose was 500 mglday, taken OISl/y 
for 3 months. If no ariy ~ Grade 11 toxicity was noted In at least 3 p'ts, the 
dose· was escalated successively to 1000 (level II), 2000 (level Ill), 4000 
(level IV), and aoocrmwday (level V). Lesion sites~ biopsied before and 
3-months after taking curcumln. Sen.im curcumln was quantitated by HPLC 
method.·ln a total of 2& p'ts·enrolled, no treatment-related toxicity was 
noted up to 8000 mgld81 (level V). Serum concentration usually peaked at 
1 ti;> 2 hours after 9ial Intake, and gradually declined within 12 hours. The. 
average peak seri,im concentrations after taking 4000 ·mg, 6000 mg·and 
8000 mg of-curcuniln were 0.41 .:1: 0.07 ,..M, 0.57 :!: 0.05 fi.M, and 
1. 7 5 % 0.80 ...,M, respectJvely. Although 3 of 25 p'ts proceeded to develop 
frank malignancies, hlstotoatcal Improvement of the precancerous lesions 
was seen In 1 {level Ill) of the 2 p'ts with BC, 2 <!lath level IV) of 7 p'ts with 
_OL, 1 (level II) of 6 p'ts with IM, 1 (level ll of 4 p'ts with CIN; and 2 (level I 
and 111) of 6 p'ts with BO. Although curcumln Is probably non-toxic even up 
to more than 8000 mg/day, the bulky.volume of drug tablets became a 
limiting fiictor Itself. Therefor&, for future phase II studies, doses close to 
8000 mg/day may be ~mended. · 

09 
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LY231514 CMTAJ: RELATIONSHIP OF VITAMIN METABOUT! PROFILE TO TOXIC­
ITY. C. Nlylkfza, J. Walling, D. Thornton, D. Seltz, and R. Allen. Eli Ul/y and 
CcmP8f1y, tndlanapolls, IN, Bf!d Univ of Colorado Health Science Center, 
Oenver, CQ. . 

. LY231514 (MTA) Is a new generation multltai'geted antlfolate anttmetabo­
llte with Inhibitory activity against ~Jdylate synthase, dlhydrofolate 
reductase end glyclnamlde rlbonucleott e Wmyt transferase. Of a total of 
246 patients (pts) in phase II trials treated with MTA (600 mg1m2 IV DVl!r 
10 minutes once every 21 days) 118 pts also had vitamin metabolites 
measured. Because earlier studies with other antifolates had suggested 
that nutritional status rnay play a role In the likelihood that a patient Will 
experience severe toxicity, levels of the.vitamin metabolites homOcystelne. 
cystatfllonlne and methylmalonlc acid were measured at basellne and once 
each cycle thereafter. A multivariate statistical analysis of the data was 
conducted In order to determine which among a set of pre-specified 
predlctOts Ccri!.atlnlne.clearance, albumin levels, !Iver enzyme levels, and 
vitamin metabolites) might correlate with t!lltlclty. There was a strong 
correlailon sem baseline homocysteln~ levels and the development of 
the following ll»cicltles at any time during. the study: CTC Grade 4 
neutropenla (57 pts, p < 0.0001), Grade 4 thrombocytopenla {13 pts, 
p < O.OOOU, Grade 3 or 4 mueositls (8 pts, p <·0.0003), and Grade 3 or 
4 dlanhea (8 pis, p < 0.004). Cystathlonlne levels did not correlate with 
hematologic toxicity or mucosltls but .were moderately correlated With 
fatigue (p < 0.04). Maximum cystathlonlne levels doubled from baseline 
during treatment with MTA. No correlation between toxicity (CTC Grades~ 
defined above) and the remaining p11Hipeclfled predlc:tois was seen. 
Toxicity was seen In all patients with homocystelne levels above a threshold 
concentration of 10 14M. A correlation over time between homocysteine­
levels and CTC Grade 4 neutropenla and thrombocytopenia and CTC Grade 
3 °' 4 mucosltls was also observed, but only in the first two cycles of 
treatment. Maximum homocystelne levels did not"appear to change from· 
baseline during treatment with MTA. 

~™ ~. 
FACTORS INFLUENCIN8 TIIE ll!CISION TO UNDERSO BRCA 1J2,GEHE :rESTING'~A 
STUDY or ASHKOIAZJ JEWISH WOMEN WlT1f A PERSONAi; HISTORY OF.BREAST 
CANCER· {BC), ENROUED IN AH ·OKTARIO. CANCER GENETICS NETWORK 
PROTOCOL K.A Phillips, J. Hunter, E. Wamer, w. Meschino, G. Glendon, 
l.L. Andrulis and P.J. Goodwin. Mt Sinai Hospital, Princes!; ·Mstgaret 
Hospital, Toronto-Sunnybrook Regional Cancer Center. North Yo.rlr ~I 
Hospftsl, Toronto, Ontario, Cllnada. . . . '. 

The purpose Of this stucly" was to examine the contribution of demographic. 
medical,· psychosocial, and culturaVrellglous factors In decision making 
regarding testing for BRCAl and BRCA2 mutations, In canadlan Jewish 
women with BC, unselected forfaml/y history. A self-administered question­
naire was developed and distributed, (after genetic counselinS), to !a4 
lndlvlduals enrolled In a researctH>ased testing program for: Ashkenazl · 
women. Data for the flfSt 52 participants are presented. The response·rate 
was 40 (77%). Respondents had the following demographic features: age. 
40-75 year.i (median ... 59), married 83%,. had children 92%, post· 
secondaiy education 55%, practicing Jew 88%, extla health Insurance 
77'Jo, median age of BC diagnosis = 50. No patient had ovarian cancer 
(OC). 45% had at least one 1st degree relative with BC or OC <median 
perceived risk for being a gene catrler.50%). 35% had no affected relatives 
(median perceived risk for. being a carrier .. 15%). The 5 factors most 

. frequently· Identified as "definitely an Important factor ·1n piy decision 
makl11g• were. desire to contribute to research (90%), curiosity (77%), 

· potential ·benefit to other family members (64%), potential for personal 
cancer prevention (59%), and Impact on ovarian cancer screening practice 
(41 %). 53% and 38% of We>men respectively, Identified a potential change 
In their perspecilve on prophylactic oophorettomy and mastectomy as at 

. least "somewhat lmportant.n Main concerns related to insurance dlscriml· 
nation ·(35'%); confldentlallty (30%), accuracy and lnterpn!tabUlty of 
results (33%), potential Impact on marriage prospects for: family members 
(20%), and focus on the Jewish communlty.(15%). Potential-employer_ 
discrimination and impact on life planning were "not a factor" for most 
(90%,82%). The focus on factors -unrelated to personal physical health Is 
notable. The generallsablllty of tliese results to women not affected by ec· 
requires further study. Final results for the 134 patients wlll be '3resented. 
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.560 Antineoplastics and l111munosuppressants 

rnlrodnction to t11is chapter as mdicated by the 
cross-1efe1ences given below. 
Doses of procni bazine hydrochlolide are calculated 
in te1ms of procmbazine. In many of the combina­
tion regimens it lws been given to adults and chil­
dren in doses of the equivalent of procarbazine 
I 00 mg per m2 body-surface on days I to 14 of each 
4- or 6-week cycle. If used as a single agent a dose 
equivalent to 50 mg of procarbazine by mouth daily, 
increased by 50 mg daily to 250 to 300 mg daily in 
divided doses has been suggested in the UK, while 
111 the USA the recommended regimen is 2 to 4 mg 
per kg body-weight daily for the first week, subse­
quently inc1eased to 4 to 6 mg per kg, doses being 
given to the nearest 50 mg. These doses are contin­
ued until maximum response is achieved or Jeucope­
nia, thrombocytopenia, or other signs of toxicity 
ensue. Maintenance doses are usually 50 to 150 mg, 
or 1 to 2 mg per kg, daily, until a cumulative dose of 
at least 6 g has been given. In children, initial daily 
doses of the equivalent of 50 mg per m2 have been 
suggested (some sources snnply suggest a dose of 
50 mg), increased to 100 mg per m2 and then adjust­
ed according to response. 
The haematological status of the patient should be 
determined at least every 3 or 4 days and hepatic and 
renal function detennined weekly. 

Blood disorders, non-malignant. Combination chemo­
thernpy with regimens including procarbazine has been em­
ployed in a few patients wllh refractory idiopathic 
thrombocytopemc purpura (p.1023), and has produced pro­
longed iemiss10n although in most cases of the disease such 
aggressive therapy is difficult to iusttfy. 

Malignant neoplasms. Procarbazine is a component of the 
MOPP regimen which was the first combination regimen to 
be widely and successfully employed to treat Hodgkin's dis­
ease (see p.481). Procarbazine has also been used in the lreat­
ment of mycosis fungoides, other non-Hodgkin's 
lymphomas, and tumours of the brain, as discussed under 
Choice of Antmcoplastic, p.482, p 482, and p.485. 

Preparations 
USP 23: Procarbazine Hydrochlonde Capsules. 
Proprietary Preparations (details are given in Pan 3) 
Aust.: Natulan; Austral.: Natulnn; Belg.: Natulan; Canad.: Natu­
lan; Fi:: Natulan; Ge1:: Natulan; Ital.: Natu!an; Netlt.: Natulan; 
Nonv.: Natulan; S.A,fi:: Natulan, Spailt: Natulan; Swed.: Natula­
narj·; Switz_: Natulan; UK: Natulan; USA: Matulane. 

Raltitrexed (11782-z) 

Raltrtrexed (BAN, USAN, rlNN} 
ICl-D 1694; ZD-1694 N-(5-[3,4-Drhydro-2-methyl+oxo­
qurnazolin-6·ylmethyl(methyl)amrno]-2-thenoyl)+glutamrc 
acrd. 
C21H22NP6S = 458.5. 
CAS - 112887-68-0. 

Adverse Effects, Treatment, and Precautions 
Raltitrexed produces bone marrow depression, usually mild 
to moderate, with leucopenia, anaemia, and, less frequently, 
thrombocytopenia. The nadir of the white cell count usually 
occurs 7 to 14 days after a dose, with recovery by the third 
week Gast10-intestinul toxicity is also common, with nausea 
and vomiting, diatThoea, and anorexia: mucositis may occur. 
Reversible increases in liver enzyme values have occurred. 
Other adverse effects include wealmess and malaise, fever, 
pnin 1 headache. skin rashes, arthralgia, muscle cramps} 
weight loss, peripheral oedema, alopecia, and conjunctivitis. 
The use of folinic acid 25 mg pe1 m2 eve1y 6 homs intrave­
nously has been suggested in patients who develop very se­
vere toxicity. 
Ra!titrexed should be given with care lo patients with im­
paired hepatic function and should be avmded 1f impainnenl 
is severe. It should also be avoided in !>evere renal impa.11n1ent 
nnd be given in reduced doses in modernte impainnent of re­
nal function. Care is also mlv1sable in debilitalecl or elderly 
patients 
Roltiticxed is terntogenic: p1egnancy should be avoided if ei­
th~r pmtner is ieceiving the drug. It may impmr male fertility. 

interactions 
RaJt1t1e ... ed should not be given wnh folic or folinic acid 
which mny imp[lir ils cy101o;dc .iction. (For the <lehbern1e use 
•Jf folillh..' n1..1d w Cl)ttnk1.it.t 1lle effeClS of tnllitrehed in pa­
uents \\Hh ~-e\~1~ tox1dty see above l 

f'hm·1Ytacohinetics 
rL•llv\,l!li; l1Jlltl\'\:'J10l!~ ddl1lJ!llS.ll'-lUOll ralUtre~,ed eAhibits 
wphd~H 11h,1111ld•J1Lrnc1k<-, \\ itlr .111 mitmJ 1:ip1.J (kc line- f10111 

peak plasmJ concentrnlions followcU by a slow teumnal clin1-
ination phase. Raltitrexed is actively trnnsported i1110 cells 
and metabohsed to active polyglutamate fonns. Tile iemam­
der of a dose is excictcd unchanged, about 50% of a dose ap­
pearing in the urine, and about 15% in the faeces. The! 
temunal ehmmat1on half-life is staled to be about 8 days. 
Clearance is markedly reduced in rena] 1mpmunent. 

Uses and Administration 
Ra!titiexed is a folate analogue that is a potent and specific 
inlubitor of the enzyme thymidy!ate synthase, which is in· 
volved in the synthesis of DNA. It is used in the treatment of 
advanced colorectal cancer and has also been lried in breast 
cancer 
The recommended initial dose is 3 mg of raltittexed per m2 

body-surface, given by intravenous infusion over 15 minutes. 
Subsequent doses, which should be reduced by up to 50% de­
pending on the severity of initial toxicity, may be given at in­
tervals of 3 weeks provided toxicity has resolved. Doses 
should be reduced by 50% and repeated at4-week intervals in 
patients with creatinine clearance less than 65 mL per minute; 
the dmg should not be given if creatinine clearance is below 
25 mL per minute. 
A full blood count should be performed before each dose and 
treatment withheld if the white cell count 1s below 4000 per 
mm3 or the platelet count less than I 00 000 per rrun3• Hepatic 
and renal function should also be tested. 

References.'-' Although clearly active1·3 against colorectal 
cancer (p.487) raltitrexed does not seem to provide much im­
provement in survival-time for patients with metastatic dis­
ease.4.5 However, it may well improve quality of life for these 
patients, since it 1s associated with Jess gaslro-intestinal and 
haematological toxicity than some conventional tluorouracd 
regimens,2 and is more convenient to administer. 4 Raltitrexed 
is also active against some other malignancies, notably of the 
breast3 (p.485). 
I Jackman AL, et al. ZD1694 (Tomudex): a new thymidylate 

synthase inhibitor with activity in colorectal cancer. Eur J Can­
cer 1995; 31A: 1277-82. 

2. Cunnmgham D, et al. Tomudex (W 1694): results of a ran­
domised trial in advanced colorcctal cancer demonstrate effica· 
cy and reduced mucos1tis and leucopema. Eur J Cancer 1995; 
31A: 1945-54 

3. Cunningham D, et al. Tomudex (ZD1694) a novel thymidylnte 
synthase mhibitor with clioicaJ antitumour activity in a range 
of solid tumours. Ann Oricof 1996; 7: 179-82. 

4. Mead GM. Raltitrexed, n. new drug for advanced colorectal can­
cer Lancet 1996, 347: 1568-9. 

5. Anonymous. Raltitrex:ed in colorectal cancer. Drug Ther Bull 
1996; 34: 78-80. 

6. Gunasekara NS, Faulds D. Raltitrexed: a review of its pharma­
cological properties and chnical efficacy in the management of 
advanced colorectal cancer. Drugs 1998; 55: 423-3.5 

Preparations 
Proprietary Preparations (details are given in Part 3) 
AustruL: Tomudex; Fr.: Tomudex; Ir/.: Tomudex; Ital.: Tomudex; 
Neth.: Tomudex; UK: Tomudex. 

Ranimustine (3170-w) 
Ranimustme (r/NN). 
MCNU; NSC-0270516; Ranomustine. Methyl 6-[3-(2-chlo­
roethyl)-3-nitrpsoureido] -6-deoxy-a-D-glucopyranoside. 
C 10HreCIN 30 7 = 327.7. 
CAS - 58994-96-0. 

Ranimustine is a nitt·osourea derivative with general proper­
ties similai to !hose ofcannustine (see p.511). It is used intia­
venous!y in the treatment of malignant neoplasms in usual 
doses of 50 to 90 mg per m2 body-surface every 6 to 8 weeks 
according to haematological response. 

Preparations 
Proprietary Preparations (details are given in Pai1 3) 
Jpn: Cymerin. 

Razoxane (1861-r) 

Razoxane (BAN, r/NN}. 
ICl-59118; ICRF-159; NSC-129943 (r)-4.4'-Propyleneb­
ts(piperazine-2.6-dlone). 
C 11 H 16N.p, = 268.3. 
CAS - 21416-87-5. 

Razoxane is an antineoplastic with inlubitory activity dudng 
the pre-mitotic and early mitotic phases of cell growth 
(G,-M). It enhances the effects of radiotherapy. It has been 
used Ill association wuh radiotherapy in the treatment o[ snr· 
comas. incJudmg .Kapom's sarcoma Rnzoxane has ah.a been 
tried m other malignant diseases including ncute Jeukaemins 
and non-Hodgl in's l;mphonw.s. l-Iowev~1~ il is 110 longer 
widely employed. Rnzo:.nne was fo1mer1y used 1n psotinsis, 
but its ct1rcmogemc p10pe1 lies mjlllate against such use. ris 
discussed below. 
fn lhc tlf':tllllCIH Vf :..~llL'UllW::. il hm, gen~niJly lrC-i;-Jl gJ\i:U by 
mouth in closes of I'.'.!5 mg twice d'.'lily: higherdo~es l:a\'C bee11 
given 111 the mnnng~lll~lll of ucuk leul.:aenuas and Kaposi's 

sarconrn. The penphernl blood count should be momto1ed 
during treatment. 
The pnncipal adverse effects of razoxane mc!ude bone-mai­
row depression. gnstro~mtestina] distu1bances, sl<ln reactions. 
and alopecia. It may enhance the ndve1se effects of radiother­
apy. Razoxane thernpy has been associated with the develop­
ment of secondary malignancies: it is contra-mdicuted in the 
tieatmenl of non-malignant conditions. 

Ca1·diotoxicity. Dexrazoxane (p.978), the (+)-enantio­
morph of razoxane, is reportedly effective in preventing dox­
ombicin-mduced card1otoxicity when given concomitantly.1·2 
It has been suggested that the beneficial effect may derive 
fiom chelation of body iron by dexrazoxane and mimmising 
the fonnatton of reactive hydroxyl radicals 3 

I Speyer JL, et al. Protective effect of the bispiperozmcdione 
ICRF-187 against doxorub1cin-mduced cardiotoxic1ty in wom­
en with advanced breast cancer. N Engl J Med 1988, 319: 
745-52. 

2. Kolanc K. ti al. A phase I1 tria] of cardioprotection with Carw 
dioxane (ICRF-187) in patients with advanced breast cancer re­
c,i.ving 5-fluorouracil. doxorubicin and cyclophosphumide, 
Oncology 1995, 52: 251-5. 
Seifert CF, et af. Dexrazoxane in the prevention of doxoru­
b1cin-induced cardiotoxic1ty. Ann Pharmacother 1994; 28: 
1063-72 

Malignant neoplasms. Razoxane in associallon with radi­
otherapy produced partial response in 12 of 25 patients with 
liver metastases from gaslro-intestinal or lung cancers; 1 4 fur. 
ther patients had minor responses (less than 50% reduction in 
hepatic tumour load) and 2 had disease progression. Therapy 
consisted of razoxane 125 mg three times daily and then 
125 mg daily for I month with radiotherapy on days 4 to 8. It 
was considered unlikely that such results could have been 
acrueved with this dose of radiotherapy (4 Gray daily) or ra­
zoxane if either was given alone, but it remained to be seen 
whether responses would translate into improved long-term 
suryi,val. Quality of hfe was excellent in most patients al­
though 2 showed evidence of radiation hepatttis. 
1 Hellmann K, et al. Responses of liver metastases to radiother-

apy and razoxane. JR Soc Med 1992, 85: 136-8. 

Skin disorders, non-malignant. Razoxane was formerly 
used in the systemic treatment of psoriasis, and has been 
found to be extremely effective, with an initial response rate 
of 97% overall. It was found to be of use in all forms of cuta­
neous psoriasis and psonatic arthropathy.1 However, the de­
velopment of acute myelo1d leukaemias and other 
malignancies in pattents given razoxane1-s has led to its being 
conlra-indicated in non-malignant conditions. 
For a discussion of psoriasis and its management, see p.1075. 
1 Horton JJ, Wells RS. Razoxnne: a review of 6 years' therapy in 

psonasis. BrJ Dermatol 1983; 109: 669-73. 
2 Horton JJ, et al Epithehomas m pa.t1ents receiving razoxane 

thcrnpy for psonasis. Brl Dermatol 1983; 109: 675-8. 
3. Lakham S. et al. Razoxnne and leukaemia. Lancer 1984; ii: 

288-9. 
4. Caffrey EA, et al. Acute myeloid leukaem1a after treatment 

WI!h razoxane. Br J Dermatol 1985, 113: 131-4. 
5. Zuiabie AG, 1t al. Rnzoxane and T-ceU lymphoma. Br J Der· 

matol 1989; 121: 149. 

Preparations 
Proprietary Preparations (details are given in Part 3) 
UK: Razoxin. 

9·cls-Retinoic Acid (15789-p) 

Alitretinoin. 

9-cis-Retinoic acid is a retinoid related to tretinoin (p.1093) 
that is ltnder investigation by mouth in acute promyelocytic 
leukaemia and some other malignancies, and topically, as a 
0.1 % gel, in the management of Kaposi's sarcoma and other 
cutaneous neoplasms. 

References. 
l. Miller WH, et al 9-cis Retinoic acid induces complete remis· 

sion but does nol reverse clinically acquired retiuoid resistance 
in acute promyelocytic leukemia. Blood 1995; 85: 3021-7. 
Weber C, Dumont E. Pharmacolaneucs and phannncodymnnks 
of 9-cis-retmoic acid in healthy men. J Clin Plw1 marol 1997: 
37: 566-74. 

Rituximab (17534-n) 

Rituximab (BAN, USAN, rtNN). 
IDEC-102; IDEC-C2B8. 
CAS- 174722-31-7. 

Ritux1mab is a chimeric monoclonal nntibocly to CD20 nnti· 
gen used m the hentment of non-Hodgl:in'~, lymphnma 
cp.-132). Recommended doses me 375 mg per 1112 body-'!tl· 
tace by intravenous infu5ion once weekly. for ~l dose-~ .. The 
111 st infusion is give>n initially nt a rnte of 50 mg per hour: snh· 
~1~t1uen1ly 1h1s ni.1! l>.; i11c1ensed in mc1e-me1111 0f 50 mg pll' 
liour evcty 30 miw .. ttes to a n1nhunum of 400 mg per hour. lt. 
~-. . .:-11 toleraled. Subsequ~m Uo~es m~1y tie begun nt u 1.1te 1•

1f 
100 mg per hour. nnd inc1ementecl ton nrn·dm111n of ...i.no m:! 
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1. INTRODUCTION 

Since the early 1950s, extensive research efforts have been devoted to the discovery 
and development of antifolate antimetabolites as chemotherapeutic agents for the man­
agement of neoplastic diseases. However, it was only in the last 10-15 yr, because of the 
rapid advances of medicinal chemistry, X-ray protein crystallography, molecular biol­
ogy, pharmacology, and clinical medicine, that a significant number of new generation 
antifolates were brought forward for clinical development. Several folate-based an­
timetabolites are currently being investigated in clinical trials. These include lometrexol 
(6R-5,10-dideazatetrahydrofolic acid) (1-3), LY309887 (4), and AG2034 (5), which are 
potent and selective inhibitors of glycinamide ribonucleotide formyltransferase 
(GARFT), an enzyme in the purine de nova biosynthetic pathway; trimetrexate (6), eda­
trexate (7,8), and PT523 (9) which act on dihydrofolate reductase (DHFR); raltitrexed 
(10,11), AG337 (12), BW1843U89 (13), and ZD933 (14) which specifically target the 
enzyme thymidylate synthase (TS) involved in pyrimidine biosynthesis. 

N-[ 4-[2-(2-amino-3,4-dihydro-4-oxo-7H-pyrrolo[2,3-d]pyrimidin-5 -yl)ethyl]-ben­
zoyl]-L-glutamic acid, L Y231514, is a structurally novel antifolate that possesses a 
unique 6-5 fused pynolo[2,3-d]pyrirnidine nucleus instead of the more common 6-6 
fused pteridine or quinazoline ring structure. L Y23 l 5 l 4 was discovered through struc-
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MTA (LY231514) 

Fig. 1. The structures of lometrexol (6R-5, 10-dideazatetrahydrofolic acid, DDATHF) and MTA (N­
[ 4-[2-(2-amino-3,4-dihydro-4-oxo-7H-pyrrolo[2,3-d]pyrimidin-5-yl)ethyl]-benzoyl]-L-glutamic 
acid). 

ture activity relationship (SAR) studies of the novel antipurine antifolate lometrexol se­
ries, by eliminating the C5 methylene of lometrexol and converting the sp3 center at C6 
to sp2 geometry (Fig. 1) ( 15, 16 ). These modifications give rise to a very potent cytotoxic 
agent (IC50 = 15 nM) against human CCRF-CEM leukemia cells in culture. However, 
the end-product reversal pattern of this new pyrrolopyrimidine-based antifolate was 
completely different to the GARFT inhibitor lometrexol. The purine precusor hypoxan­
thine (100 µM) or aminoimidazole carboxamide (AICA) (300 µM) was incapable of 
protecting the cells from the cytotoxicity of LY231514. In contrast, thymidine (5 µM) 
was able to provide partial protection to the cells up to lOX IC50 concentrations of 
L Y231514. The replacement of the tetrahydropyridine ring of lometrexol with a pyrrole 
moiety caused a major loss of activity in the inhibition of purine biosynthesis and shifted 
the major site of action of LY231514 to the inhibition of pyrimidine biosynthesis 
(thymidylate cycle). As a "classical" antifolate, LY231514 was found to be one of the 
best known substrates for mammalian folylpolyglutamate synthetase (FPGS) ( 17) and it 
is believed that polyglutamation and the polyglutamated metabolites of L Y23 l 514 play 
profound roles in determining both the selectivity and antitumor activity of this novel 
agent. Recent studies have shown that the polyglutamates of L Y231514, (e.g., the triglu­
tamate glu3 and the pentaglutamate glu5) potently inhibit several key enzymes of the fo­
late metabolism, including TS, DHFR, GARFT, and aminoimidazole carboxamide 
ribonucleotide formyltransferase (AICARFT) (18). As a result of this activity against 
several enzymes, L Y23 l 5 l 4 has become known as MT A, multi targeted antifolate. 

The phase I clinical evaluation of MTA began in late 1992. Objective tumor responses 
were observed in patients with colorectal cancer and pancreatic cancer, some of whom 
had failed treatment with other TS inhibitors such as 5FU and raltitrexed ( 19-21 ). Phase 
TI studies have shown activity in a range of solid tumors, including colorectal, breast and 
nonsmall-cell lung cancers ( 22-2 7). The purpose of this chapter is to comprehensively 
r~view the unique biochemical and pharmacological modes of action, and the recent 
phase T and TI clinical findings of [his novel multi targeted antifolate, MTA. 
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Table 1 
Inhibitory Activity ofMTA, Methotrexate and Their Polyglutamates Against rhTS, 

rhDHFR, rmGARFT, and rhAICARFT (Ki [mean ± SE, nM]) 

185 

Compound rhTS rhDHFR rmGARFT rhAICARFT 

MTA 
MTA-glu3 
MTA-glus 
MTX 
MTX-glus 

109 ± 9 7.0 ± 1.9 9300 ± 690 3580 
1.6 ± 0.1 7.1 ± 1.6 380 ± 92 480 
1.3 ± 0.3 7.2 ± 0.4 65 ± 16 265 

13,000 0.004 80,000 143,000 
47 0.004 2500 

2. PRECLINICAL PHARMACOLOGY STUDIES OF MTA 

2.1. Folate Enzyme Inhibition Studies 

56 

The inhibition of recombinant human (rh)TS, rhDHFR, recombinant mouse 
(rm)GARFT, and rhAICARFf by MTA and its polyglutamates (glu3 and glu5) (18) is 
summarized in Table 1. The parent mono glutamate MTA inhibited rhTS with a Ki of 109 
± 9 nM. It has been well documented that mammalian TS shows a strong preference for 
polyglutamated folate substrates. The longer chain 'Y-glutamyl derivatives of MT A had 
significantly enhanced affinity toward rhTS. The addition of two extra 'Y-glutamyl 
residues (glu3) to MTA resulted in 68-fold reduction of the Ki value (Ki= 1.6 nM). Fur­
ther extension of the glutamate tail (MT A-glu5) only slightly increased the affinity to­
ward rhTS (Ki = 1.3 nM). MT A was also found to be a very potent inhibitor of human 
DHFR (Ki = 7.0 nM). In contrast to rhTS, attachment of additional 'Y-glutamyl residues 
to MTA had little effect on the inhibition of DHFR; MTA-glu3 and MTA-glu5 exhibited 
identical Ki values against rhDHFR, 7.1 nM. Tight-binding analysis showed that MTA­
glun inhibited both TS and DHFR competitively. When MTA was tested against the en­
zymes along the purine de novo biosynthetic pathway, it only demonstrated moderate 
inhibition toward rmGARFT (Ki = 9.3 µM). The triglutamate and pentaglutamate of 
MTA had significantly enhanced inhibitory activity against GARFf, with Ki values of 
380 nM (24-fold) and 65 nM (144-fold), respectively. The pentaglutamate of MTA also 
inhibited human AICARFT with a Ki of 265 nM. Kinetic analysis confirmed the com­
petitive inhibition pattern of MT A polyglutamates against both GARFT and AICARFT. 
Finally, MTA and its polyglutamates were competitive inhibitors of both the dehydro­
genase and synthetase domains of Cl tetrahydrofolate synthase. The K, values for the 
mono-, tri- and pentaglutamyl derivatives of MTA were 9.9, 3.9, and 4.7 µM, respec­
tively, for dehydrogenase and 329,25,4 and 1.6 f.LM for synthetase. MTA was a relatively 
less potent inhibitor of Cl tetrahydrofolate synthase than other enzyme targets such as 
TS, DHFR, and GARFT. However, cell-culture experiments have suggested that the in­
tracellular drug concentration of MTA can reach levels of 50 µM (RM Schultz, unpub­
lished observation), and at these concentrations the activity of C 1 tetrahydrofolate 
'>Ynthase can also be greatly suppressed by MTA polyglutamates. The important role of 
rs in serving as a rate-limiting enzyme in folate metabolism, as well as the rdative or­
'kr of inhibitory potency toward TS by MTA-glu,, indicate that TS is a major site of ac­
IHln for i\,ITA. fnhibition of DHFR ;md other .:·.1zymcs in the de noro purine biosynihetic 
pathw;rv ,n11y :1!·;;0 1:1mtribnte :~igrnticantiy io fhe overall antiproJiferatiw effect of MTA 
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Multitargeted 
Antifolate 
(LY231514) ) TS I 5-FU, Tomudex® 

dUMP dTMP--+ ___.. DNA 

10-CHO-THF 5•10 2-T~HF 
( "' ~¥ NADPH 

PRPP "'-. ~I ~,I DHF~ Methotrexate 

GAR~ THF NADP+ 

fGAR 
L Y309887 -..... _AMP, GMP 

TS: thymidylate synthase (5-FU, Tomudex) 
DHFR: dihydrofolate reductase (Methotrexate) 
GARFT: glyclnamide ribonucleotide formyltransferase 

DNA, RNA 

Fig. 2. Inhibition of multiple folate enzymes (TS, DHFR, and GARFT) by MTA and its polygluta­
mated metabolites. 

(Fig. 2). This unique mode of action was further supported by additional cell-based stud­
ies (vide infra). 

As a reference for comparison, the polyglutamates of methotrexate (MTX) also in­
hibit multiple folate-dependent enzymes. Chabner et al (28) reported that the pentaglu­
tamate of MTX (MTX-glu5) demonstrated a significant increase in affinity toward rhTS 
(Ki = 47 nM) and AlCARFT (Ki = 56 nM) when compared with the parent monogluta­
mate. However, the affinity of MTX and its polyglutamates for DHFR (Ki = 4 pM) was 
several orders of magnitude (> 12,000-fold) higher than its affinity for TS and 
AICARFT, suggesting that the primary intracellular target of MTX may still be DHFR. 

2.2. Cell-Based End-Product Reversal Studies 
MT A is very cytotoxic against CCRF-CEM leukemia cells in culture. This potent an­

tiproliferative effect of MTA can be prevented by leucovorin, whereas only partial pro­
tection was observed with thymidine. In the presence of 5 µM thymidine, the IC50 of 
MTA increased only 6-10-fold and this was significantly less than that of a pure TS in­
hibitor such as raltitrexed. This reversal pattern of MT A was further characterized in var­
ious human tumor cell lines such as GC3/Cl colon carcinoma and HCT-8 ileocecal 
carcinoma (Table 2). It was observed that 5 µM thymidine fully protected the cells from 
cytotoxicity with raltitrexed, whereas similar treatment with thymidine only increased 
the IC50 of MTA by 18.7-fold (GC3/Cl), and by 15-fold (HCT-8). Hypoxanthine (100 
µM) alone did not markedly influence the cytotoxicity of MTA. Similarly, AICA (300 
µM) did not modulate cytotoxicity. However, the combination of thymidine plus hy­
poxanthine completely reversed the cytotoxicity of MTA in all cell lines (IC50s > 20 
µM). The reversal pattern of MT A was also significantly different from that of MTX. 
Neither thymidine nor hypoxanthine could protect the cells from the cytotoxic actions of 
MTX at all drug concentrations. The unusual reversal pattern observed for MTA sug­
gests that in addition to TS, other important inhibitory sites may exist for this agent. The 
higher degree of protection by thymidine at low drug concentrations indicates that TS is 
::i major target for MT A. Addition of hypoxanthine together with thymidine fully re-
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Table 2 
End-Product Reversal Studies with MTAa (IC50 (nM)) 

MTA dThdb Hypoxanthinec 
Cell line alone (5 µM) (JOO µM) dThd and Hypoxanthine 

CCRF-CEM 25 138 32 >40,000 
GC3/Cl 34 637 34 >40,000 
HCT 220 3104 1077 >40,000 

acytotoxicity detemrined by MIT analysis after 72 h exposure to drug, SE of triplicate detemrinations 
did not exceed 10% of mean. 

bWith the addition of 5 µM ofthymidine. 
cwith the addition of 100 µM of hypoxanthine. 

Table 3 
Substrate Activity of MTA and Other Antifolates for Mouse and Hog Liver FPGS 

Compound Km(µMt rel. Yma/ rel. v ma:IKmc 

Mouse Liver FPGS 
Lometrexol 9.3 ± 1.6 1.0 1.0 
MTA 0.80 ± 0.11 0.63 ± 0.18 13.7 
Methotrexate 166.0 ± 14 0.50 ± 0.09 0.031 

Hog Liver FPGS 
Lometrexol 16.4 ± 1.0 1.0 1.0 
MTA 1.9 ± 0.5 0.74 ± 0.10 6.40 
Methotrexate 116.0 ± 14 0.51 ± 0.08 0.07 

avalues listed are mean ± standard error for n 2:: 3 or± 1/2 range for n = 2 replicate experiments. 
bThe ratio of V max for a substrate to the V max of lometrexol with either mouse or hog liver FPGS. 
cThe Ymax of a substrate relative to lometrexol divided by the Km of a substrate relative to lometrexol, 

the kinetics of a standard compound was measured in each experiment to allow accurate comparisons among 
substrate. 

versed the cytotoxicity of MT A, suggesting that at higher concentrations, inhibition of 
DHFR and/or purine de novo biosynthetic enzymes were responsible for other secondary 
cytotoxic actions of the drug, a conclusion that is consistent with results from enzymatic 
studies. Recent finding that H630-Rl0 cells (29) (resistant to 5FU with a 39-fold ampli­
fication of TS protein) demonstrated a significantly reduced resistance to MT A (fivefold 
vs 6900-fold for raltitrexed) further support the conclusion that TS is not the sole molec­
ular target for this novel agent. 

2.3. The Role of Polyglutamation and F olate Transport 
Polyglutamation plays an essential role in determining the overall biochemical and 

pharmacological properties of the classical antifolates. The formation of polyglutamates 
leads to the accumulation of polyglutamated metabolites to levels that are significantly 
higher than could otherwise be achieved at steady state by the parent monoglutamates, 
and thus serves as an important cellular retention mechanism for folates and antifolates. 
Studies have shown that MT A is an excellent substrate for mammalian FPGS. The sub­
strate activity of MTA and several orher amifolmes for mouse and hog liver FPGS 
( 15, I 7) are listed in Table 3. Both the substrate con:;,tants (K,11) and the felative first--order 
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Table 4 
Antiproliferative Activity MTA Against ZR-75-1 Human Breast 
Carcinoma Cell Lines with Differing Transport Characteristicsa 

Cell Line 

WT-AA6-FR+ 
Wild Type (WT) 
MTXR-BB3-FR + 

Transportb 

RFC+,FBP+ 
RFC+,FBP­
RFC-,FBP+ 

MTA, /C5o(n!vl) 

22.7 
110.2 
1190.6 

acytotoxicity determined after 72-h drug exposure by MTT assay. Assay 
medium contained 2 nM folinic acid as the sole folate source. SE of triplicate de­
terminations did not exceed 10% of mean. 

bReduced folate carrier (RFC); folate binding protein-a (FBP). 

rate constants (k', V maxi Km) have revealed the superior propensity of MTA for polyglu­
tamation by mouse and hog liver FPGS. Recent studies indicate that MTA is an even bet­
ter substrate for recombinant human FPGS (R.G. Moran, personal communication) and 
this makes MT A one of most efficient substrates for the enzyme FPGS studied to date. 

To evaluate the role of FPGS in the cytotoxicity of MTA in cells, the CR15 line, a 
lometrexol-resistant CCRF-CEM subline, was utilized. Impaired polyglutamation in 
CR15 cells was identified as the primary mechanism of resistance to lometrexol (30). It 
was estimated that CR15 cells had approx 10% of the FPGS activity of the wild-type 
cells and were markedly cross-resistant to MTA (>7800-fold increase in IC50 vs the par­
ent CEM line), suggesting that polyglutamation is a major determinant in the cytotoxic­
ity ofMTA. 

To investigate the mechanism for MTA transport, a panel of ZR-75-1 human breast 
carcinoma sublines, prepared by Dixon( 31) and colleagues, with different transport 
characteristics was utilized (Table 4). The MTX-resistant cells (RFC+, FBP-), defi­
cient in folate binding protein (FBP) activity, demonstrated only a 4.8-fold decrease in 
sensitivity to MTA, when compared to wild-type AA6-FR +cells that expressed both re­
duced folate carrier (RFC) and FBP. Resistant cells (MTXR-BB3-FR +) deficient in 
RFC exhibited a much higher resistance to MT A (52-fold) than the wild-type cells. 
These data, plus the finding that MT A had rather poor affinity toward folate binding pro­
tein( s) in general (Ki = 99.7 nM vs Ki= 0.29 nM for lometrexol), suggest that RFC plays 
a predominant role in the transport and internalization of MT A. 

2.4. Effects of MTA on Folate and Nucleoside Triphosphate Pools 
The effects of MTA and several other antifolates (MTX, L Y309887) on cellular fo­

Jate and nucleotide metabolism have been examined in CCRF-CEM cells( 32 ). Exposure 
of cells labeled with IOO nM 5-formylTHF to 0.1 µM MTX caused the loss of 10-
formylTHF, THF, and 5-rnethylTHF and a concomitant accumulation of dihydrofolate 
(DHF), metabolic responses consistent with the blockade of DHFR by MTX. The 
GARFT inhibitor LY309887, on the other hand, caused accumulation of 10-formylTHF, 
a direct consequence of the inhibition of GARFT, which utilizes 10-forrnylTHF as the 
·Jn.~-·-·:1dx1n donor for i15 enzymatic reactions. These effects are t'ully consistent with the 
Lnn'vn ;n.~chanisms uf :1ction of MTX and L Y.309887. 
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Because of the assay's inability to distinguish THF and methyleneTHF, the effects of 
MTA on cells could not be readily studied. However, exposure of cells to MT A (300 nM, 
also 10 times the IC50) can trigger a slight decrease in THF and a compensatory increase 
in the level of 10-formylTHF. In light of the observed accumulation of 10-formylTHF 
by the specific GARFT inhibitor L Y309887, it is tempting to attribute this small, yet sig­
nificant, increase of 10-formylTHF to the inhibition of GARFT and AICARFr (an­
tipurine effect) by MTA-glu11, a hypothesis that can be verified by direct measurement 
of the effect of MT A on the metabolic flux from glycine to inosinic acid. 

In the ribonucleotide pool studies, it was discovered that both MTX and L Y309887 
caused rapid depletion of both purines, ATP and GTP, and had moderate effects on the 
pyrimidines, UTP and CTP. However, MTA produced no significant effects on any of 
the ribonucleotide triphosphates at concentrations 10 times their IC50 in CEM cells. In 
contrast, all three compounds demonstrated more dramatic effects on deoxyribonu­
cleotide pools. In response to LY309887, dATP declined rapidly, followed closely by 
dCTP, and then later by dGTP and dTTP at a slower rate. MTX rapidly depleted all four 
deoxyribonucleotide levels. The effect of MT A on deoxyribonucleotide levels is consis­
tent with reports of other TS inhibitors ( 33 ). It was found that MTA was able to induce 
rapid losses in dTTP, dCTP, and dGTP. However, an increase of dATP level was ob­
served for cells treated with MT A. It will be interesting to examine the difference of the 
rate of accumulation of dA TP induced by MT A or by other specific TS inhibitors, since 
Chong and Tattersall( 33) reported that the combination of a GARFr inhibitor and TS in­
hibitor prevented the rise in the dA TP pool seen with the TS inhibitor alone. The mech­
anism for the changes in dATP levels induced by TS inhibitors has not been well 
understood. However, it is noteworthy that for MTX, a drug with both antipyrimidine 
and antipurine effects, depletion of dTTP occurred without a concomitant increase in 
dA TP. In summary, these studies showed that MT A exhibited unique metabolic effects 
that were quite distinct from those of MTX and LY309887. The folate pools (accumu­
lation of 10-formylTHF) data suggest that in addition to the primary effect on the 
thymidylate synthesis, MTA may produce an antipurine effect by interfering with the en­
zymes along the de novo purine biosynthetic pathway. 

2.5. Effects of MTA on Cell-Cycle Alterations and Cell Proliferation(34) 
MT A affects the growth rate of CCRF-CEM leukemia cells in a concentration­

dependent manner. When CEM cells were treated with concentrations of MT A greater 
than 100 nM, cell growth was completely inhibited and apoptosis occurred within 36 h 
of drug treatment. Multiple cell-cycle alterations occurred in CCRF-CEM populations 
when cells were treated with either a sublethal (30 nM) or a lethal (300 nM) dose of 
MT A. Within 8 h of drug addition, both treatments synchronized cells into G 1 or G 1/S 
population. At the sublethal dose, the cell population was distributed throughout S phase 
after 24 h of drug addition, and was able to complete DNA synthesis. In contrast, the 
population treated with 300 nM of MT A was effectively synchronized into early S phase 
after 24 h and was unable to complete DNA synthesis. Further studies also showed that 
levels of cyclin E, a G 1/S-specific protein in cell-cycle control, were dramatically in­
creased relative to control in cells treated with either sublethal or lethal dose of MT A. 
Dual parameter flow cytometry confirmed that cyclin E levels were 2-5-fold higher in 
treated vs. untreated cells. Jn contrast, cyclin A levels did not begin to increase until :if-
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Fig. 3. Antitumor activity of MTA (LY231514, B) or CB3717 (J) against L5178Yfl'K_/HX_, in 
DBA/2 mice. Both MTA and CB3717 were administered ip, daily X 10. 

ter 24 h of treatment. These observations indicate that both lethal and sublethal concen­
trations of MT A are able to cause an initial blockade in the cell cycle prior to the G l/S 
checkpoint. This is followed by synchronization of the cells into the S phase under lethal 
concentrations. Continued exposure of the drug triggers major apoptotic events that 
eventually lead to cell death. 

2.6. The in Vivo Antitumor Effects and the Role 
of Folic Acid in Modulating the Efficacy and Toxicity of MTA 

MTA was found to be highly active against the L5178YffK-/HX-lymphoma in mice 
(35) (Fig. 3). An excellent therapeutic index was seen, along with antitumor activity in 
this thymidine kinase-deficient murine model, a result that is consistent with TS inhibi­
tion being the primary mode of action of MT A. Good antitumor activity was also ob­
served for MT A in other human tumor xenografts that expressed normal level of 
thymidine kinase, including VRC5 (colon, 80% growth inhibition) and GC3 (colon, 
94% growth inhibition), BXPC3 (pancreas), LX-1 (lung), and MX-1 (breast) xenografts 
(Table 5). 

To evaluate the importance of dietary folate in modulating the toxicity of MTA, LD50 

values were determined in mice maintained on standard diet (SD) or on a special low­
folate diet (LFD) (35). MTA was administered ip daily for 10 d. It is estimated that mice 
on LFD consumed an average of approx 0.003 mg/kg/d of folic acid vs 0. 75-1.5 mg/kg/d 
for mice on SD. Thus mice on SD had a daily intake of approx 250-500 times more folic 
acid than mice on LFD. MT A was more toxic to several different strains of mice main­
tained on LFD (Table 6), with the LD50 values being 30- to 250-fold lower than mice 
maintained on SD. A similar effect had been observed for antipurine antifolates such as 
lometrexol. The MTD oflometrexol on LFD was 1000- to 5000-fold lower than in mice 
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Table 5 
Comparison of Antitumor Activity of MTA with DDATHF 

and Methotrexate Against Human Tumor Xenografts 

Xenograft Model 

GC3 colon carcinoma 
VRC5 colon carcinoma 
BXPC3 pancreatic carcinoma 
LX-1 lung carcinoma 
MX-1 mammary carcinoma 

+++: 95-100% inhibition. 
+ +: 80-94% inhibition. 
+: 60-79% inhibition. 
- : <60% inhibition inactive. 

MT A a DDATHF" 

+++ +++ 
++ +++ 
+ + 
+ ++ 
+ + 

aMT A was given ip, qd X 10 at doses up to 300 mg/kg/dose. 
bDDATHF was given ip, q2d X 5 at doses up to 100 mg/kg/dose. 
cNCI data. 

Table 6 
Effect of Dietary Folate on the Lethality ofMTA 

Strain 
of Mouse Diet Route, Schedule W5o(mg/kg) 

DBN2 Standard diet ip qd x 10 approx 600 
Low folate diet approx 10 

CDl nu/nu Standard diet ip qd x 10 approx 400 
Low folate diet 1.56 

C3H Standard diet ip qd x 10 >1600 
Low folate diet 50-100 

191 

Methotrexate 

c 

c 

Ratio of Wso 
(SD/LFD) 

approx 60 

approx 250 

approx 30 

maintained on SD ( 36). DHFR inhibitors such as methotrexate had a similar effect but 
to a lesser extent (50- to 100-fold, J.F. Worzalla, unpublished observation). The thera­
peutic index of MTA against the L5178Y /TK-/HX-tumor was greatly diminished when 
the mice were put on a LFD (2 wk) with no folate supplementation. Good antitumor ac­
tivity was observed at 0.3 mg/kg and 1.0 mg/kg (ip daily X 10) doses only, and signifi­
cant toxicity was observed for MT A at higher doses (Fig. 4 ). However, if daily folic acid 
supplementation (15 mg/d/mouse, po) was given in conjunction with MTA, excellent 
anti tumor dose-response ( 10 mg/kg to 1000 mg/kg, with anti tumor activity ranging from 
80 to 100%) and no lethality were observed. This antitumor dose response (with folate 
supplementation) is identical to the dose response that was observed for MT A on mice 
fed with SD (Fig. 3). These data suggest that folate supplementation not only modulates 
the toxicity but also slightly enhances the antitumor response of MT A. 

2.7. Drug Disposition and Metabolism of AITA 
The metabolism and disposition of MT A was studied in mice and dogs ( 37). Some se­

lected phamiacokinetic parameters are summarized in Table 7. Intravenous injections of 
MT A gave high plasma levels of the drug, resulting in an A UC value of 30-D 1.tg-h/mL 
for mice and clogs after 20 and 7.5 mg/kg doses, respectively. 1n vitro protein binding of 
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Fig. 4. Antitumor activity of MTA against L5178Y ffK-/HX- lymphoma for mice on low folate diet 
(LFD) with no folate supplementation (J) and for mice on low folate diet that received 15 mglkg/d 
daily folate supplementation (B); vertical dashed lines represent percent lethality in mice on low fo­
late diet with no folate supplementation. 

Table 7 
Pharmacokinetic Parameters for Mouse and Dog with MTA 

Mouse Dog 

Sex M F M F 
Dose (mg/kg) 20 20 7.5 7.5 
Route iv ip iv iv 
!max (h) 0.083 0.25 0.083 0.083 
Cmax (µg/mL) 41 33 38 :±: 2 49 :±: 9 
t112 (h) (interval) 7 (1-48) 7.8 (2-48) 2.8 (1-24) 1.8 (1-12) 
AUC (µg/h/mL) 31 44 33 :±: 1.9 30 :±: 2 
Cl (mL/h/kg) 645 230 :±: 24 246 :±: 29 

[ 14C]MTA in plasma was estimated at concentrations of 0.5 and 5 µg/mL using an ul­
tracentrifugation procedure. In mouse plasma, the binding of [14C]MTA was 54-58% 
and in dog plasma it was 46-47%. The binding was notably higher (81 % ) in human 
plasma. MT A was primarily eliminated unchanged in feces ( 57 % ) of mice after a single 
iv dose of e4C]MT A. Urine was the major route of excretion (69%) in dogs. Half-life 
values were approx 7 and 2.8 h for mice and dogs, respectively. 

Unchanged MT A accounted for the majority of urinary radiocarbon in mice (90%) 
and dogs (68%), although two minor metabolites were found in these species. The first 
metabolite, LY338979, was formed by oxidation of the pyrrole ring of MTA (position 
6) giving the corresponding lactam (Fig. 5). This type of oxidative transformation is also 
seen with tryptophans and other indole-containing compounds. Further oxidation of the 
lactam ring of L Y338979, followed by one-carbon extrusion, gave a second metabolite, 
L Y368962, with a complete loss of the pyrrole ling strncture. The strnctures of both 
metabolites were confirmed by total synthesis and NMR (long-range heteronuclear cou­
pling) experiments. Testing of the major metabolite L Y338979 showed that this agent is 
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Fig. 5. Structures of the two minor metabolites of MT A isolated from the urine of mice and dogs, 
L Y338979 and L Y368962. 

biologically inactive as a TS inhibitor (using a rhTS assay) and has no antiproliferative 
effects on CEM cells in culture. 

2.8. Preclinical Toxicological Findings of MTA (38) 

Genetic toxicology studies indicated that MT A is negative in the Ames test, in vitro 
chromosome aberration test, and mammalian HGPRT+ locus forward mutation assay. 
In acute toxicology studies, it was found that the iv median lethal dose (MLD) of MTA 
for female and male Fisher 344 rats was> 1574 and 1322 mg/kg, respectively. In com­
parison, the MLD of MTX in rats is 6 to 25 mg/kg. The iv MLD for female and male 
CD-1 mice was> 1574 mg/kg. The LD 10 for mice could not be calculated, but was esti­
mated to be > 1574 mg/kg. The MLD of MTX for mice was 94 mg/kg. 

Single and repeated dose studies of MTA were conducted in CD-1 mice and dogs. In 
pilot mice studies, groups of five mice of each sex per dose group were given daily ip 
doses of 0, 50, 100, and 150 mg/kg MTA for 2 wk. Daily doses were well tolerated by 
mice, all mice survived to study termination and had no clinical signs of toxicity. In 
longer duration studies, 10 mice/sex/dose group were dosed ip with 0, 10, and 25 mg/kg 
MTA daily, 105 mg/kg twice weekly, or 315 mg/kg once weekly for 6 wk. Again, all 
mice tolerated all doses and schedules with no compound-related mortality or clinical 
signs of toxicity. Intestinal necrosis was slight and was limited only to male and female 
mice treated daily with 10 and 25 mg/kg MTA. The higher levels ofthymidine (1-5 µM) 
in mice is thought to reduce the impact of MT A on the proliferation and function of nor­
mal cells. 
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Dogs are more sensitive to MTA. Single iv slow-bolus doses of 10, 25, 50, or 100 
mg/kg of MTA can be tolerated by dogs. Up to five daily doses of 5 or 10 mg/kg were 
given to one dog/dose and the dose of 10 mg/kg proved to be toxic. Dogs given single 
doses of 50 mg/kg or more had modest lymphopenia and leukopenia 6 d after dosing. 
The leukopenia was neither consistent nor dose related, and values returned to the refer­
ence range within 10 d of dosing. There were no important effects on erythrocyte or 
platelet parameters. For longer duration studies, one dog/sex/dose group was given ei­
ther daily iv slow-bolus doses of 0.1, 0.5, 0.75, or 1.0 mg/kg MTA or 10 mg/kg twice 
weekly for up to 2 wk. Dogs treated with 0.75 or 1 mg/kg died after 7-10 daily doses. 
Mortality was preceded by clinical signs of decreased food consumption, hypoactivity, 
dehydration, emesis, abnormal stools, and increased salivation. 

In summary, the toxicological profile of MTA is consistent with the known antipro­
liferative activities of folate antimetabolites. The major pathological effects associated 
with MTA occurred in the intestinal tract and lymphoid tissues; bone marrow was only 
minimally affected in dogs and mice given repeated doses. No hepatic or renal toxicity 
was observed in these preclinical toxicology studies by histopathalogic evaluation. 

3. CLINICAL STUDIES OF MTA 

3.1. MTA Phase I Experience 
Three dosing schedules have been investigated in the phase I setting. In study JMAA, 

patients received MTA once every 21 d. Study JMAB looked at administering the drug 
once weekly for 4 wk out of every 6, and study BP-001 investigated a schedule of daily 
times five every 21 d. 

The daily times five every 3 wk schedule resulted in a maximum tolerated dose 
(MTD) of 4 mg/m2/day (21 ). Dose-limiting toxicities on this schedule were reversible 
neutropenia and elevated liver enzymes. Nonhematologic toxicities were mild and in­
cluded mucositis, diarrhea, rash, fatigue, and elevated transaminases. Minor responses 
were observed using this schedule in one patient with colorectal cancer and one patient 
with nonsmall-cell lung cancer (NSCLC). Phase II studies are ongoing to assess the ef­
ficacy of this schedule. 

Studies JMAA and JMAB used the Modified Continual Reassessment Method for 
dose escalation. This involves treating a single patient at each minimally toxic dose level 
and adding more patients once significant toxicities are observed at a dose level. A min­
imum of three patients are treated at a dose level once moderate reversible toxicity is 
demonstrated (grade III hematologic toxicity or grade II nonhematologic toxicity ex­
cluding nausea, vomiting, and alopecia). Dose-limiting toxicity (DLT) was defined as 
grade IV hematologic or grade III nonhematologic toxicity, excluding nausea, vomiting, 
and alopecia. A minimum of six patients are treated once dose-limiting toxicities are 
demonstrated. In this manner, the number of patients exposed to lower, potentially less 
effective doses of drug is limited and more patients are treated at doses approaching the 
MTD (39). 

The DLT on the weekly times four, every 6 weeks schedule (study JMAB) was 
myelosuppression, particularly leukopenia and granulocytopenia ( 19 ). Inability to main­
tain the weekly treatment schedule because of neutropenia limited dose escalation on 
lhis schedule. This schedule is not cuITently being pursued in phase II trials. 
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Table 8 
Initial Phase I Experience 

BP-001 JMAA JMAB 

Schedulea Daily X 5, every 21 d Once every 21 d Weekly X 4, every 6 wk 
Number of patients 38 37 24 

treated 
Dose range 0.2-5.2 mg/m2 50-700 m~/m2 10-40mg/m2 

Recommended 4mg/m2 600 mg/m 30 mg/m2 

phase II dose 
DLT neutropenia neutropenia, mucositis, myelosuppression, 

fatigue particularly 
granulocytopenia 

Responses Minor responses in Partial responses in Minor responses in 
colorectal (1) and pancreas (2), and colorectal (2) 
NSCLC (1) colorectal (2) 

a All doses administered as a 10-min infusion. 

The once every 21 d schedule has been evaluated in phase II trials (20). In the phase 
I trial investigating this dose (study JMAA), 37 patients were administered drug at doses 
ranging from 50-700 mg/m2

• Dose-limiting toxicities on this schedule were neutrope­
nia, thrombocytopenia, and fatigue. The MTD on this schedule was determined to be 600 
mg/m2

, and of the 20 patients treated at this dose, Common Toxicity Criteria (CTC) 
grade IV neutropenia and CTC grade IV thrombocytopenia occurred in four and one pa­
tients, respectively, in the first cycle. CTC grade II toxicities included rash, mucositis, 
nausea, vomiting, fatigue, anorexia, and elevations of liver transarninases. Patients ex­
periencing rash were treated in subsequent cycles with 4 mg dexamethasone twice daily 
for 3 d, starting the day before MT A therapy. The severity of the rash was reduced or the 
rash prevented in these patients ( 19). The phase I experience is summarized in Table 8. 

Pharmacokinetic determinations were made in 20 patients who were treated at the 
MTD (600 mg/m2

) in study JMAA. A mean maximum plasma concentration of 137 
µg/mL was attained, with a mean half-life of 3.1 h (range 2.2-7.2 h). Mean clearance 
and steady-state volume of distribution values of 40 mL/min/m2 and 7.0l/m2 were also 
measured. This mean clearance value is similar to that of creatinine clearance in the age 
range of the patients enrolled (approx 45-55 mL/min/m2

) and the volume of distribution 
reflects limited distribution outside the bloodstream ( 40 ). 

Samples collected from the first dose in each course of therapy showed the disposi­
tion of MTA to be linear over the entire dose range (0.2-700 mg/m2

). The clearance of 
the drug is primarily renal, with 80% or more of the dose recovered unchanged in the 
urine during the first 24 h after dosing. No accumulation appears to occur with multiple 
courses, and the disposition of MT A does not change after multiple doses. Gender does 
not appear to affect MTA disposition. MTA clearance appears to decrease with age, al­
though this decrease is most likely to be related to decreasing renal function (-/.0). 

Partial responses were seen in one of the phase I studies (JMAA), with two in pan­
creas cancer patients of duration '2 and 6 mo, and two in colorectal cancer patients of 
duration 7 and 11 mo. Both patienls with colorectal cancer had received prior 
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chemotherapy, one with intrahepatic FUDR and one with raltitrexed. One of the patients 
with pancreatic cancer had received prior therapy with 5FU. 

3.2. Phase II Experience 
Two phase II studies in colorectal cancer, one in pancreas cancer, two in NSCLC, and 

one in breast cancer began in late 1995. These studies were designed to include patients 
with advanced disease who were either chemonaive or had received prior chemotherapy 
in the metastatic setting, with a starting dose of 600 mg/m2 once every 21 d. Results from 
these studies are preliminary. 

Clinical activity of MT A in metastatic colorectal carcinoma has been demonstrated in 
two multicenter trials performed in Canada (23) and the U.S. (24). Prior adjuvant 
chemotherapy was allowed if completed at least 1 yr prior to study entry. In the Cana­
dian study, the starting dose of 600 mg/m2 was reduced to 500 mg/m2 after dose reduc­
tions were required in five of the first eight patients. Toxicities leading to these 
reductions included rash, mucositis, neutropenia, and febrile neutropenia. Responses 
were seen at this reduced dose in six patients for an overall response rate of 21 % 
(8-39.7%) (23). In the U.S. colorectal study, objective tumor responses were seen in 6 
of 39 patients for an overall response rate of 16% (24). 

Two responses, one complete and one partial, were observed in 35 evaluable patients 
in the pancreatic cancer phase II study for an overall response rate of 6% (25 ). Impor­
tantly, there were 13 addilional patients with stable disease lasting for over 6 mo of treat­
ment, suggesting a clinical benefit not immediately apparent from objective tumor 
measurements. 

A phase II study in patients with locally advanced and/or metastatic breast cancer is 
ongoing and includes patients who have received prior adjuvant chemotherapy as well 
as one prior therapy for metastatic disease. Fourteen of 22 patients had received prior 
chemotherapy, 10 as adjuvant treatment, 7 for metastatic disease, and 3 patients who re­
ceived both. Of the 18 patients evaluable for response, 1 complete and 5 partial re­
sponses have been documented for an overall response rate of 30%. Responses have 
been seen in pulmonary and hepatic metastases. Three of the six responding patients had 
received recent prior therapy with paclitaxel, docetaxel, or an anthracycline for 
metastatic disease (27). 

One multi-institutional study in NSCLC has been completed in Canada (26) and an 
additional study is ongoing in Australia and South Africa (22). All patients were 
chemonaive. The majority of patients on the Canadian study used the lower starting dose 
of 500 mg/m2

, which was reduced from 600 mg/m2 during the course of the study after 
one of the first three patients experienced CTC grade III mucositis and grade IV vomit­
ing and myalgia. Seven partial responses have been observed in 30 evaluable patients for 
an overall response rate of 23.3% (95% CI 9.9-42.3%) (26). All responding patients 
were treated at the 500 mg/m2 dose level. 

The second NSCLC study, which is being carried out jointly between Australia and 
South Africa, has emolled 21 patients to date, with 20 evaluable for response. All pa­
tients are receiving 600 mg/m2 every 3 wk in this study. Five partial responses have been 
noted for an overall response rate of 25% (22). The phase II experience to date is sum­
marized in Table 9. 
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Table 9 
Phase II Experience 

Study JMAC JMAD IMAN JMAO JMAG JMAL 

Site U.S. U.S. Canada Canada U.K. Aus/S Africa 
Tumor site colorectal pancreas NSCLC colorectal breast NSCLC 
Number of 39 35 30 29 18 20 

evaluable patients 
Median cycles 4 2 3 3 4 4 
(Range) (l-12) (1-12) (1-8) (1-8) (1-9) (1-9) 
CR 1 1 0 1 1 0 
PR 5 1 7 5 5 5 
Overall RR(%) 16 6 23 21 30 25 
(95% CI,%) (9.9-42.3) (8-39.7) 

Table 10 
Laboratory Toxicity (n = 209) 

Grade I(%) Grade II(%) Grade III(%) Grade IV(%) 

AlkPhos 49 13 4 
ALT 33 26 22 0 
AST 42 30 10 0 
Bilirubin 18 7.3 2 
Creatinine 13 5 0 0 
ANC 9 21 27 27 
Hb 34 43 12 2.4 
Platelets 31 6 7 8 

A total of 209 patients have been treated on the once every 3 wk schedule in the phase 
II setting at 600 mg/m2 and are evaluable for safety analysis. The most frequent, serious 
toxicity has been hematologic in nature. CTC grade III and IV hematologic toxicity in­
cluded neutropenia (25 and 26%, respectively) and thrombocytopenia (7 and 10%, re­
spectively). Although severe neutropenia is common, the frequency of serious infection 
has been low (grade IV infection 2% ). Likewise, thrombocytopenia has been apparent, 
and yet serious episodes of bleeding have been rare ( < 1 % ). Whereas 8 % of patients ex­
perienced grade III (4% with grade IV) skin rash, prophylactic dexamethasone is re­
ported to ameliorate or prevent the rash in subsequent cycles. Other grade III and IV 
nonhematologic toxicities included stomatitis, diarrhea, vomiting, and infection. As seen 
in clinical studies of other antifolates, transient grade III and IV elevation of liver 
transaminases are common but not dose limiting. There have been no cases of persistent 
transaminase elevation. Tables 10 and 11 summarize the laboratory and nonlaboratory 
toxicity data from the phase II studies conducted at a starting dose of 600 mg/m2

. 

4. CONCLUSION AND PERSPECTIVE 

Extensive biochemical and pharmacological evidence has demonstrated that MTA is 
rr novel antifolate that differs in its mode of action from other antifolates etmently un-
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Table 11 
Nonlaboratory Toxicity (n = 209) 

Grade I(%) Grade II(%) Grade lIJ (%) GradeN(%) 

Cutaneous 19 39 11 5 
Diarrhea 17 11 4 3 
Infection 13 8 2 2 
Nausea 33 30 9 0.5 
Fatigue 13 11 6 0 
Pulmonary 0.5 7 2 2 
Stomatitis 23 16 6 1 
Vomiting 13 30 2 3 

dergoing investigation. MT A is transported into the cell mainly through the reduced 
folate carrier system and extensively metabolized to polyglutamated forms. The poly­
glutamates of MTA inhibit at least three key folate enzymes: TS, DHFR, and GARFf, 
and to a lesser extent AICARFT and C 1-tetrahydrofolate synthase. The combined effects 
of the inhibition exerted by MT A at each target give rise to an unusual end-product re­
versal pattern at the cellular level that is distinct from those of other inhibitors such as 
methotrexate and the quinazoline antifolates. MT A is broadly active against murine 
solid tumors and human tumor xenografts in vivo. Many lines of evidence indicate that 
MTA does not behave like a pure TS inhibitor nor does it act like a conventional DHFR 
inhibitor, such as methotrexate, which also inhibits multiple folate enzymes. The im­
portant biochemical, pharmacological and clinical characteristics of MT A include: 

• Potent inhibition of TS, DHFR, and enzymes in the de novo purine biosynthetic path-
way including GARFT, with TS as the primary target. 

• Unique end-product reversal pattern which is distinct from all other antifolates. 
• Different cross-resistance pattern to cells resistant to TS inhibitors. 
• Distinct metabolic effects on folate and nucleotide pools compared to other anti­

folates. 
• Early evidence of clinical activity in NSCLC, a tumor type considered resistant to TS­

based antifolate antimetabolites. 
• Single-agent activity in phase II studies in patients with a broad spectrum of solid tu­

mors including colorectal, breast, nonsmall-cell lung, and pancreatic cancers. 

MT A is, therefore, a novel antifolate with unique biochemical and pharmacological 
properties. The efficient polyglutamation, longer cellular retention and multiple folate 
enzyme inhibition mechanism may contribute directly to the exciting antitumor re­
sponses now being observed in patients. Specifically, the multitargeted inhibition mech­
anism of MT A is intriguing. This new level of mechanistic insight evolving and around 
MT A prompts us to challenge the traditional approach to antifolate drug discovery and 
development, which has focused on developing potent and selective inhibitors of a sin­
gle folate enzyme target. Given the complex nature of folate metabolism and the role of 
folates in maintaining the physiological functions of living systems, it is reasonable to 
expect that agents that can interfere with multiple enzymes in the folate pathway may 
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trigger more biochemical imbalance of the cellular DNA and RNA synthesis of malig­
nant cells than agents acting on a single control point. 

In conclusion, MT A is a new generation antifolate with inhibitory activity against 
multiple folate enzymes including TS, DHFR, and GARFf. In current phase II studies, 
MT A is broadly active as a single agent and has shown encouraging antitumor activity 
in multiple solid tumors. More advanced and extensive clinical trials of MTA are cur­
rently in progress, including trials in which the effects of MTA in combination with 
other agents such as cisplatin and gemcitabine are under investigation. The combination 
of a novel mode of action, preclinical and clinical activity, manageable and tolerable side 
effects and a dosing schedule that is easy to administer, indicates that MT A will play an 
important role in the treatment of patients with solid tumors. 
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Summary Vitamin B12 plays a functional role in a variety of organs and body systems and the list of these organs and 
body systems is growing. According to our working hypothesis ("Master Key Effect") vitamin B12 has some unique 
functions, which are still not accepted; vitamin B12 functions to keep body systems in balance, even under the stress of 
severe pathology. What is the explanation for elevation of cobalamin level in oncological patients? 

1. It is well known that there is a high level of vitamin B12 in different kinds of malignancy. 
2. There is a positive correlation between level of vitamin B12 and the severity of the disease, the more severe the 

disease the higher the level of B12. 
3. A number of the experimental laboratory studies indicate an inhibition in the growth of malignant cells upon use of 

vitamin B12. 
4. There are no experimental results indicating the opposite, that vitamin B12 stimulates growth of malignant cells. 
5. There is no data about toxic effect of vitamin B12 in the treatment of various diseases. 

As yet I have not been able to find another explanation for high level of vitamin B12 in oncology patients other than 
that it is a compensatory mechanism. 

Perhaps following this body's "warning sign'', we should start treatment with high doses of vitamin B12 to try to 
help the stabilization of normal function of the organs and systems. Laboratory researches should be continued to sub­
stantiate introduction of cobalamin as preliminary treatment of particular diseases. 
© 2007 Elsevier Ltd. All rights reserved. 

Researchers have attempted to correlate vitamin 
B12 with malignancy ever since the multifunctional 
role of cobalamin has begun to be understood. 
Much research has been performed in laboratories 
in vitro and in vivo. There are many hypotheses 

* Tel.: +972 8 6431530; mobile: +972 54 7829623; fax: +972 8 
6413135. 

E-mail address: r0019@zahav.net.il 

about role of vitamin B12 in growth of malignancy, 
but we still have many more questions than we 
have answers. What is the explanation for eleva­
tion of cobalamine level in oncological patients? 
Is it a risk factor or an indication of developing neo­
plasms? Is it a result of liver cell damage, resulting 
in the release of free vitamin B12 in the serum? 
What about patients without hepatic damage? Is 
it marker of malignancy? Maybe human body is 

0306-9877 /$ - see front matter © 2007 Elsevier Ltd. All rights reserved. 
doi: 10.1016/j.mehy.2007.05.029 
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cleverer than we have thought and elevated vita­
min B12 is a sign that the body is fighting disease, 
and that as result of this "battle", there is a mobi­
lization of resources, and an attempt to compen­
sate by activating biologically active substances 
for "repair" of defects!? 

Multifunctional systems in the human body need 
to maintain homeostasis. Man is an ideal example 
of a system that constantly aspires to attain opti­
mal regulation, even under the stress of severe 
pathology. There seems to be universal, inter­
changeable, biologically active substances that 
regulate the system and keep it in balance. I pro­
pose that one of these substances is vitamin B12. 

Why vitamin B12? Vitamin B12 plays a functional 
role in a variety of organs and body systems and 
the list of these organs and body systems is grow­
ing. It affects the peripheral and central nervous 
systems, bone marrow, skin and mucous mem­
branes, bones, and vessels, as well as normal 
development during childhood. Vitamin B12 (cobal­
amin) is unique among all the vitamins in that it 
contains not only a complex organic molecule, 
but also an essential trace element, cobalt. Vita­
min B12 plays an important role in DNA synthesis 
and has important immunomodulatory and neuro­
trophic effects. According to our ''working hypoth­
esis" vitamin B12 has some unique, but still 
unrecognized functions. It is possible that even 
when the serum cobalamin level is normal, treat­
ment with vitamin B12 can correct defects caused 
by other biologically active substances. In our stud­
ies treatment with vitamin B12 has been successful 
in the treatment of recurrent aphthous stomatitis 
of any etiology, irrespective of B12 level in the 
blood before treatment! We call this phenomenon 
the "Master Key Effect" [1]. In this article I would 
like to review known data concerning the connec­
tion between vitamin B12 and malignancy and I will 
attempt to explain this according to the "Master 
Key Effect" hypothesis. 

Elevated levels of serum cobalamin may be a 
sign of a serious, even life-threatening, disease. 
Hematologic disorders, like chronic myelogeneous 
leukemia, promyelocytic leukemia, polycythemia 
vera and also the hypereosinophilic syndrome, 
can result in elevated levels of cobalamin. Not sur­
prisingly, a rise of the cobalamin concentration in 
serum is one of the diagnostic criteria for the latter 
two diseases. Several liver diseases, like acute hep­
atitis, cirrhosis, hepatocellular carcinoma and met­
astatic liver disease, can also be accompanied by 
an increase in circulating cobalamin. This phenom­
enon is caused predominantly by cobalamin release 
during hepatic cytolysis and/or decreased cobala­
min clearance by the affected liver. Altogether it 

can be concluded that an observed elevation of 
cobalamin in blood merits a full diagnostic exami­
nation to assess the presence of disease [2]. 

Carmel et al. studied 139 patients with non­
hematologic malignancy in order to define the inci­
dence of vitamin B12-related abnormalities and 
correlate them with clinical findings. High serum 
vitamin B12 level usually implied a poor prognosis 
in a patient with cancer. However, while most such 
patients had hepatic and other metastases, hepatic 
involvement was not universal nor did most of the 
patients with hepatic disease have high vitamin 
B12 levels [3]. 

The relationship between vitamin B12 levels and 
survival was studied in a group of 161 terminally ill 
cancer patients. Their average age was 74. 7 years. 
The length of survival decreased with the increase 
in serum vitamin B12 levels. In multivariate analy­
ses, C-reactive protein was the most important 
prognostic factor in this population, and vitamin 
B12 provided information independent of CRP in 
predicting survival. These data indicate that an 
elevated serum vitamin B12 level is a predictive 
factor for mortality in patients with cancer, inde­
pendent of CRP or other factors [4]. 

In one prospective study [5] researchers found 
high vitamin B12 levels in patients suffering from 
prostate cancer, and their conclusion was that 
cobalamin stimulates prostate cancer develop­
ment ... 

The effect of cobalamin on the proliferation of 
malignant cells has been examined in vivo and 
in vitro in numerous studies [6---8]. Methylcobala­
min inhibited the proliferation of androgen-sensi­
tive SC-3 cells (a cloned cell line from Shionogi 
mouse mammary tumor, SC115) in culture at the 
concentration of 100-300 µg/ml. An inhibitory 
activity of methylcobalamin on the proliferation 
was also observed in other cell lines (estrogen-sen­
sitive B-1F cells from mouse Leydig cell tumor and 
MCF-7 cells from human mammary tumor) at the 
concentration of 500 µg/ml. Moreover, large doses 
of methylcobalamin injected intraperitoneally 
(100 mg/kg body weight/day) were non-toxic and 
suppressed the tumor growth of SC115 and B-1 F 
cells in mice fed a vitamin B12 deficient diet. These 
results indicate that methylcobalamin inhibits the 
proliferation of malignant cells in culture and 
in vivo and propose the possibility of methylcobal­
amin as a candidate of potentially useful agents for 
the treatment for some malignant tumors [ 6]. 

Malignancies are common in the digestive tube, 
although with unequal distribution among seg­
ments. The aim of a study conducted by Kurbel 
et al. was to compare available interpretations of 
the low cancer incidence in the small bowel and 
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high incidence in the large bowel. Small bowel mu­
cosa is the main absorptive part of the digestive 
tube with absorption rates for various nutrients so 
high that they can even be considered as clear­
ances from the intestinal content. Consequently, 
these nutrients are not present in the large bowel. 
An alternative explanation is that an absorbable 
protective substance from the intraluminal content 
might protect the mucosa from malignant transfor­
mations. It can be speculated that if there are any 
cytoprotective substances in the digested food 
their effect would be expressed mostly in the 
absorptive small intestine, leaving the large bowel 
mucosa unprotected. Vitamin B12 might be a possi­
ble candidate for this role. The results indicated 
that cobalamin availability showed similar distribu­
tion, available in low incidence segments and 
unavailable in high incidence segments [9]. 

Cobalamin carrier proteins, the transcobalamins 
(TC), were found to be elevated during trauma, 
infections and chronic inflammatory conditions. 
This remains un-explained. It is proposed that such 
TC elevations signal a need for cobalamin central 
to the resolution of inflammation [1 O]. Animal 
and human clinical data suggest that high dose 
cobalamin may prove a promising approach to sys­
temic inflammatory response syndrome (SIRS), sep­
sis, septic and traumatic shock. Septic shock has an 
extremely high mortality rate, with approximately 
200,000 people dying from sepsis annually in the 
US. The high mortality results in part from severe 
hypotension secondary to high serum nitric oxide 
(NO) concentrations. Initially, vitamin B12 was pro­
posed for use as a scavenger and cytoprotective 
agent to bind and inactivate NO [11]. The use of 
vitamin B12 as a carrier to deliver nitric oxide into 
tumor cells is novel [12, 13]. A number of studies 
have demonstrated that cobalamin is important in 
maintaining differentiation, proliferation, and 
metabolic status of cells. NO inactivates vitamin 
B12 and methionine synthase, thereby impairing 
DNA formation and, consequently, new cell forma­
tion. The vitamins: folic acid, B12 and B6 and B2 
are the source of coenzymes which participate in 
one carbon metabolism [14]. The overall functions 
of vitamin B12, as a source of coenzymes in intra­
cellular recycling of methionine, in methionine 
synthase reaction, in the prevention of chromo­
some breakage, in methylation, and in maintaining 
a one-carbon metabolic balance, have been re­
viewed. NO can cause both apoptosis and necrosis, 
making it a good candidate for antitumor therapy. 
In one investigational study it was shown that com­
plex NO-cobalamin inhibited tumor growth in vivo 
and in vitro by activating the extrinsic apoptotic 
pathway [12]. Inhibition of methionine synthase 
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also creates a "methylfolate trap", analogous to 
what occurs in vitamin B12 deficiency [15, 16]. Hae­
matological sequel of vitamin B12 deficiency are 
attributed to disturbed DNA synthesis, but vitamin 
B12 itself plays no role in DNA biosynthesis. A pro­
posed explanation for this is the methylfolate trap 
hypothesis. This hypothesis states that B12 defi­
ciency impairs overall folate metabolism, because 
5-methyltetrahydrofolate (5MTHF) becomes meta­
bolically trapped. This trap results from the fact 
that 5MTHF can neither be metabolised via the 
methionine synthase pathway, nor can it be recon­
verted to its precursor, methylenetetrahydrofolate 
[17]. Methionine metabolism and transmethylation 
are frequently altered in cancer cells. The alter­
ation is often expressed as an inability of the can­
cer cells to grow when methionine is replaced by 
homocysteine in the culture medium, a condition 
that allows the growth of normal cells. This meta­
bolic defect is termed methionine dependence 
[18]. Methionine dependence is unique to cancer 
cells and defined as the inability to grow in a methi­
onine-deprived environment, even if supplemented 
with the metabolic precursor homocysteine. Cobal­
amin-dependent methionine synthase catalyses the 
formation of methionine and tetrahydrofolate from 
homocysteine and methyltetrahydrofolate, thus 
linking the methionine and folate pathways [19]. 

Interactions between adaptative and selective 
processes are illustrated in the model of recursive 
causality as defined in Rupert Riedl's systems theory 
of evolution [20]. One of the main features of this 
theory, also termed the theory of evolving complex­
ity, is central to the notion of recursive or feedback 
causality - the idea that every biological effect in 
living systems in some way feeds back to its own 
cause. There is a hypothesis that "recursive" or 
''feedback'' causality provides a model for explain­
ing the consequences of interacting genetic and epi­
genetic mechanisms, which are known to play a key 
role in development of cancer [21 ]. Epigenetics in­
cludes any process that alters gene activity without 
changes of the DNA sequence. The most important 
epigenetic mechanisms are DNA-methylation and 
chromatin remodeling. Hypomethylation of so­
called oncogenes and hypermethylation of tumor 
suppressor genes appear to be critical determinants 
of cancer. Folic acid, vitamin B12 and other nutri­
ents influence the function of enzymes that partici­
pate in various methylation processes by affecting 
the supply of methyl groups into a variety of mole­
cules which may be directly or indirectly associated 
with cancerogenesis. The enzymes also play a role in 
development and differentiation of cells and organ­
isms and thus illustrate the close association be­
tween evolutionary and developmental 
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mechanisms. This enabled new ways to understand 
the interaction between the genome and environ­
ment and may improve biomedical concepts, includ­
ing environmental health aspects where epigenetic 
and genetic modifications are closely associated. 
For example, recent observations showed that 
methylated nucleotides in the gene promoter may 
serve as a target for solar UV-induced mutations of 
the p53 tumor suppressor gene [22]. This illustrates 
the close interaction of genetic and epigenetic 
mechanisms in cancerogenesis resulting from 
changes in transcriptional regulation and its contri­
bution to a phenotype at the micro- or macro-evolu­
tionary level. The above-mentioned interactions of 
genetic and epigenetic mechanisms in oncogenesis 
defy explanation by simple linear causality, like 
the continuing adaptability of complex systems. 
They can be explained by the concept of recursive 
causality and has introduced molecular biology into 
the realm of cognition science and systems theory; 
based on the notion of feedback or recursive causal­
ity, a model for epigenetic mechanisms with rele­
vance for oncology and biomedicine is provided. 

As was mentioned above, every system in 
mechanics and nature seeks some sort of balance. 
The human body, as an example of a multifunc­
tional system, is no exception to this rule. Upon 
an imbalance or disease, the organism tries to com­
pensate by mobilization of its inner resources. 
There is an on-going process of accumulation of 
biologically active substances to fight disease. Par­
enthetically, one of conventional, as well as non­
conventional, ways of treating diseases is using a 
medicine (substance) or different physical methods 
which are able to activate these substances. The 
human organism has been evolved over millions of 
years and thus, it is reasonable to expect it to react 
appropriately. Unfortunately, this battle for bal­
ance is not always successful. Being stressed the 
organism "shows" us signs of distress and "calls 
for help''. The only thing that we must do is to 
know how to read them. 

I propose that a high level of vitamin B12 in 
oncological diseases is such a sign. What is the basis 
for such hypothesis? The basis for such a proposal 
can be summarized as follows: 

1. The well known fact that a high level of vitamin 
B12 is present in different kinds of malignancy. 

2. There is a positive correlation between level of 
vitamin B12 and the severity of the disease, 
the more severe the disease the higher the level 
of B12. 

3. A number of the experimental laboratory studies 
indicate an inhibition in the growth of malignant 
cells upon use of vitamin B12. 

4. There are no experimental results indicating the 
opposite, that vitamin B12 stimulates growth of 
malignant cells. 

5. There is no data about toxic effect of vitamin 
B12 in the treatment of various diseases. Some­
times there is necessary to use very high doses 
to achieve therapeutic effect [23]. Vitamin B12 
is the only known vitamin that does not have 
any toxic effect even in such cases. 

As yet I have not been able to find another expla­
nation for high level of vitamin B12 in oncology pa­
tients other than that it is a compensatory 
mechanism. 

Possibly following this body's "warning sign", 
we should start preliminary treatment with high 
doses of vitamin B12 to try to stabilize normal body 
functioning of the various organs and organ systems. 

Analyzing the literature of research in cancer 
which investigated the association with vitamin 
B12, I do not understand why these studies indicat­
ing a positive results did not investigate this associ­
ation further. Perhaps this can be explained as 
follows: 

1. Preference for treatment with vitamin B12 to 
modern perspective medicines does not seem 
appropriate for oncology patients who do not 
have time for such kind of experiments (an eth­
ical question). 

2. The unconvincing or unequivocal results of the 
research, which could be a consequence of using 
not high enough doses of vitamin B12, do not 
encourage oncologists to try vitamin B12 
treatment. 

3. The paradoxical dilemma, in which the solution 
is so close, well-known, accessible, and cheap, 
makes it hard to believe that vitamin B12 may 
be effective in the treatment of oncology 
diseases. 

Laboratory research should be continued even if 
it might disprove the above-stated hypothesis. And 
who knows? It may in fact provide us with more evi­
dence of the effectiveness of vitamin B12 in the 
treatment of malignant diseases. 
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HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all the information needed to use 
ALIMTA safely and effectively. See full prescribing information for 
ALIMTA. 

ALIMTA (pemetrexed disodium) Injection, Powder, Lyophilized, For 
Solution for Intravenous Use 

Initial U.S. Approval: 2004 

--------------------------- RECENT MAJOR CHANGES --------------------------

Indications and Usage, Locally Advanced or Metastatic Nonsquamous 
Non-Small Cell Lung Cancer - Combination with Cisplatin (1.1) 09/2008 

Indications and Usage, Locally Advanced or Metastatic Nonsquamous 
Non-Small Cell Lung Cancer - Maintenance (1.2) MMIYYYY 

Indications and Usage, Locally Advanced or Metastatic Nonsquamous 
Non-Small Cell Lung Cancer - After Prior Chemotherapy (1.3) 09/2008 

Dosage and Administration, Combination Use with Cisplatin (2.1) 09/2008 

----------------------------INDICATIONS AND USAGE--------------------------­

ALIMTA ®is a folate analog metabolic inhibitor indicated for: 
Locally Advanced or Metastatic Nonsquamous Non-Small Cell Lung 
Cancer: 

Initial treatment in combination with cisplatin. (1.1) 
Maintenance treatment of patients whose disease has not 
progressed after four cycles of platinum-based first-line 
chemotherapy. (1.2) 
After prior chemotherapy as a single agent. ( 1.3) 

Mesothelioma: in combination with cisplatin. (1.4) 

Limitations of Use: 
ALIMTA is not indicated for the treatment of patients with squamous 
cell non-small cell lung cancer. ( 1. 5) 

-----------------------DOSAGE AND ADMINISTRATION---------------------­
Combination use in Non-Small Cell Lung Cancer and Mesothelioma: 
Recommended dose of ALIMTA is 500 mg/m2 i.v. on Day 1 of each 
21-day cycle in combination with cisplatin 75 mg/m2 i.v. beginning 
30 minutes after ALIMTA administration. (2.1) 
Single-Agent use in Non-Small Cell Lung Cancer: Recommended dose 
of ALIMTA is 500 mg/m2 i.v. on Day 1 of each 21-day cycle. (2.2) 
Dose Reductions: Dose reductions or discontinuation may be needed 
based on toxicities from the preceding cycle of therapy. (2.4) 

FULL PRESCRIBING INFORMATION: CONTENTS* 

1 INDICATIONS AND USAGE 
1.1 Nonsquamous Non-Small Cell Lung Cancer- Combination 

with Cisplatin 
1.2 Nonsquamous Non-Small Cell Lung Cancer -Maintenance 
1.3 Nonsquamous Non-Small Cell Lung Cancer -After Prior 

Chemotherapy 
1.4 Mesothelioma 
1.5 Limitations of Use 

2 DOSAGE AND ADMINISTRATION 
2.1 Combination Use with Cisplatin 
2.2 Single-Agent Use 
2.3 Premedication Regimen 
2.4 Laboratory Monitoring and Dose Reduction/Discontinuation 

Recommendations 
2.5 
2.6 

Preparation and Administration Precautions 
Preparation for Intravenous Infusion Administration 

3 DOSAGE FORMS AND STRENGTHS 

4 

5 

6 

CONTRAINDICATIONS 

WARNINGS AND PRECAUTIONS 
5.1 Premedication Regimen 
5.2 Bone Marrow Suppression 
5.3 Decreased Renal Function 
5.4 Use with Non-Steroidal Anti-Inflammatory Drugs with Mild to 

Moderate Renal Insufficiency 
5.5 Required Laboratory Monitoring 
5.6 Pregnancy Category D 
5.7 Third Space Fluid 

ADVERSE REACTIONS 

1 
----------------------DOSAGE FORMS AND STRENGTHS---------------------

100 mg vial for injection (3) 
500 mg vial for injection (3) 

-------------------------------CO NTRAIND I CA TI 0 NS------------------------------

History of severe hypersensitivity reaction to pemetrexed. ( 4) 

------------------------WARNINGS AND PRECAUTIONS----------------------­
Premedication regimen: Instruct patients to take folic acid and 
vitamin B12. Pretreatment with dexamethasone or equivalent reduces 
cutaneous reaction. ( 5.1) 
Bone marrow suppression: Reduce doses for subsequent cycles based on 
hematologic and nonhematologic toxicities. (5.2) 
Renal function: Do not administer when CrCl <45 mL/min. (2.4, 5.3) 
NSAIDs with renal insufficiency: Use caution in patients with mild to 
moderate renal insufficiency (CrCl 45-79 mL/min). (5.4) 
Lab monitoring: Do not begin next cycle unless ANC 2:1500 cells/mm3

, 

platelets 2:100,000 cells/mm3
, and CrCl 2:45 mL/min. (5.5) 

Pregnancy: Fetal harm can occur when administered to a pregnant 
woman. Women should be advised to use effective contraception 
measures to prevent pregnancy during treatment with ALIMTA. (5.6) 

-------------------------------ADVERSE REACTIONS------------------------------

The most common adverse reactions (incidence 2:20%) with single-agent use 
are fatigue, nausea, and anorexia. Additional common adverse reactions when 
used in combination with cisplatin include vomiting, neutropenia, leukopenia, 
anemia, stomatitis/pharyngitis, thrombocytopenia, and constipation. (6.1) 

To report SUSPECTED ADVERSE REACTIONS, contact Eli Lilly and 
Company at 1-800-LillyRx (1-800-545-5979) or FDA at 1-800-FDA-1088 
or www.fda.gov/medwatch. 

------------------------------- DRUG INTERA CTI 0 NS -----------------------------­
NSAIDs: Use caution with ibuprofen or other NSAIDs. (7.1) 
Nephrotoxic drugs: Concomitant use of these drugs and/or substances 
which are tubularly secreted may result in delayed clearance. (7.2) 

See 17 for PATIENT COUNSELING INFORMATION and 
FDA-approved patient labeling 

Revised: 00/0000 

6.1 Clinical Trials Experience 
6.2 Post-Marketing Experience 

7 DRUG INTERACTIONS 
7.1 Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) 
7.2 Nephrotoxic Drugs 

8 USE IN SPECIFIC POPULATIONS 
8 .1 Pregnancy 
8.3 Nursing Mothers 
8.4 Pediatric Use 
8.5 Geriatric Use 
8.6 Patients with Hepatic Impairment 
8.7 Patients with Renal Impairment 
8.8 Gender 
8.9 Race 

10 OVERDOSAGE 

11 DESCRIPTION 

12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 
12.2 Pharmacodynamics 
12.3 Pharmacokinetics 

13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

14 CLINICAL STUDIES 
14.1 Non-Small Cell Lung Cancer (NSCLC) - Combination with 

Cisplatin 
14.2 Non-Small Cell Lung Cancer-Maintenance 
14.3 Non-Small Cell Lung Cancer-After Prior Chemotherapy 
14.4 Malignant Pleural Mesothelioma 

Sandoz Inc. 
Exhibit 1002-00507 

Teva – Fresenius 
Exhibit 1002-00507



2 
15 REFERENCES 17.1 Need for Folic Acid and Vitamin B 12 

16 HOW SUPPLIED/STORAGE AND HANDLING 17.2 Low Blood Cell Counts 

16.1 How Supplied 
16.2 Storage and Handling 

17.3 Gastrointestinal Effects 
17.4 Concomitant Medications 

17 PATIENTCOUNSELINGINFORMATION 

*Sections or subsections omitted from tbe full prescribing information are not listed 

FULL PRESCRIBING INFORMATION 

1 INDICATIONS AND USAGE 

1.1 Nonsquamous Non-Small Cell Lung Cancer - Combination with Cisplatin 

1 
2 
3 
4 

ALIMTA is indicated in combination with cisplatin therapy for the initial treatment of patients with locally advanced or 
metastatic nonsquamous non-small cell lung cancer. 

1.2 Nonsquamous Non-Small Cell Lung Cancer - Maintenance 5 
6 
7 

ALIMTA is indicated for the maintenance treatment of patients with locally advanced or metastatic nonsquamous non-small 
cell lung cancer whose disease has not progressed after four cycles of platinum-based first-line chemotherapy. 

1.3 Nonsquamous Non-Small Cell Lung Cancer - After Prior Chemotherapy 8 
9 

10 
ALIMTA is indicated as a single-agent for the treatment of patients with locally advanced or metastatic nonsquamous 

non-small cell lung cancer after prior chemotherapy. 

1.4 Mesothelioma 11 
12 
13 

ALIMTA in combination with cisplatin is indicated for the treatment of patients with malignant pleural mesothelioma whose 
disease is umesectable or who are otherwise not candidates for curative surgery. 

1.5 Limitations of Use 14 
15 
16 

ALIMTA is not indicated for the treatment of patients with squamous cell non-small cell lung cancer. [see Clinical Studies 
(14.1, 14.2, 14.3)] 

17 2 DOSAGE AND ADMINISTRATION 

18 2.1 Combination Use with Cisplatin 
19 Nonsguamous Non-Small Cell Lung Cancer and Malignant Pleural Mesothelioma 
20 The recommended dose of ALIMTA is 500 mg/m2 administered as an intravenous infusion over 10 minutes on Day 1 of each 
21 21-day cycle. The recommended dose of cisplatin is 75 mg/m2 infused over 2 hours beginning approximately 30 minutes after the end 
22 of ALIMTA administration. Patients should receive appropriate hydration prior to and/or after receiving cisplatin. See cisplatin 
23 package insert for more information. 

24 2.2 Single-Agent Use 
25 Nonsguamous Non-Small Cell Lung Cancer 
26 The recommended dose of ALIMTA is 500 mg/m2 administered as an intravenous infusion over 10 minutes on Day 1 of each 
27 21-day cycle. 

28 2.3 Premedication Regimen 
29 Vitamin Supplementation 
30 To reduce toxicity, patients treated with ALIMTA must be instructed to take a low-dose oral folic acid preparation or 
31 multivitamin with folic acid on a daily basis. At least 5 daily doses of folic acid must be taken during the 7-day period preceding the 
32 first dose of ALIMTA; and dosing should continue during the full course of therapy and for 21 days after the last dose of ALIMTA. 
3 3 Patients must also receive one ( 1) intramuscular injection of vitamin B 12 during the week preceding the first dose of ALIMTA and 
34 every 3 cycles thereafter. Subsequent vitamin B 12 injections may be given the same day as ALIMTA. In clinical trials, the dose offolic 
35 acid studied ranged from 350 to 1000 mcg, and the dose of vitamin B 12 was 1000 mcg. The most commonly used dose of oral folic 
36 acid in clinical trials was 400 mcg [see Warnings and Precautions (5.1)]. 
3 7 Corticosteroid 
3 8 Skin rash has been reported more frequently in patients not pretreated with a corticosteroid. Pretreatment with dexamethasone 
3 9 (or equivalent) reduces the incidence and severity of cutaneous reaction. In clinical trials, dexamethasone 4 mg was given by mouth 
40 twice daily the day before, the day of, and the day after ALIMTA administration [see Warnings and Precautions (5.1)]. 

41 2.4 Laboratory Monitoring and Dose Reduction/Discontinuation Recommendations 
42 Monitoring 
43 Complete blood cell counts, including platelet counts, should be performed on all patients receiving ALIMTA. Patients should 
44 be monitored for nadir and recovery, which were tested in the clinical study before each dose and on days 8 and 15 of each cycle. 
45 Patients should not begin a new cycle of treatment unless the ANC is ~1500 cells/mm3

, the platelet count is ~100,000 cells/mm3
, and 

46 creatinine clearance is ~45 mL/min. Periodic chemistry tests should be performed to evaluate renal and hepatic function [see 
47 Warnings and Precautions (5.5)]. 
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48 Dose Reduction Recommendations 
49 Dose adjustments at the start of a subsequent cycle should be based on nadir hematologic counts or maximum nonhematologic 
50 toxicity from the preceding cycle of therapy. Treatment may be delayed to allow sufficient time for recovery. Upon recovery, patients 
51 should be retreated using the guidelines in Tables 1-3, which are suitable for using ALIMTA as a single-agent or in combination with 
52 cisplatin. 

53 Table 1: Dose Reduction for ALIMTA (sin le-a ent or in combination) and Cis latin - Hematolo ic Toxicities 
Nadir ANC <500/mm3 and nadir latelets :::50,000/mm3

. 75% of previous dose (pemetrexed and cisplatin). 

54 a These criteria meet the CTC version 2.0 (NCI 1998) definition of:::CTC Grade 2 bleeding. 
55 
56 If patients develop nonhematologic toxicities (excluding neurotoxicity) :::Grade 3, treatment should be withheld until 
57 resolution to less than or equal to the patient's pre-therapy value. Treatment should be resumed according to guidelines in Table 2. 

58 T bl 2 D R d £ ALIMTA ( . 1 b" ) d C" 1 · N h 1 · T · · · ab a e : ose e uction or sm21 e-a2ent or m com mation an ISP atm - on emato Ol!IC oxICifies ' 
Dose of ALIMT A Dose of Cisplatin 

(mg/m2
) (mg/m2

) 

Any Grade 3 or 4 toxicities except mucositis 75% of previous dose 75% of previous dose 
Any diarrhea requiring hospitalization (irrespective of Grade) or Grade 3 or 75% of previous dose 75% of previous dose 

4 diarrhea 
Grade 3 or 4 mucositis 50% of previous dose 100% of previous dose 

59 a NCI Common Toxicity Criteria (CTC). 
60 b Excluding neurotoxicity (see Table 3). 
61 
62 In the event ofneurotoxicity, the recommended dose adjustments for ALIMTA and cisplatin are described in Table 3. Patients 
63 should discontinue therapy if Grade 3 or 4 neurotoxicity is experienced. 

64 T bl 3 D R d £ ALIMTA ( . 1 b" ) d C" 1 . N a e : ose e uction or sm21 e-a2ent or m com mation an ISP atm - eurotoxicitv 
Dose of ALIMTA Dose of Cisplatin 

CTC Grade (mg/m2
) (mg/m2

) 

0-1 100% of previous dose 100% of previous dose 
2 100% of previous dose 50% of previous dose 

65 
66 Discontinuation Recommendation 
67 ALIMTA therapy should be discontinued if a patient experiences any hematologic or nonhematologic Grade 3 or 4 toxicity 
68 after 2 dose reductions or immediately if Grade 3 or 4 neurotoxicity is observed. 
69 Renally Impaired Patients 
70 In clinical studies, patients with creatinine clearance ;::45 mL/min required no dose adjustments other than those recommended 
71 for all patients. Insufficient numbers of patients with creatinine clearance below 45 mL/min have been treated to make dosage 
72 recommendations for this group of patients [see Clinical Pharmacology (12.3)]. Therefore, ALIMTA should not be administered to 
73 patients whose creatinine clearance is <45 mL/min using the standard Cockcroft and Gault formula (below) or GFR measured by 
74 Tc99m-DPTA serum clearance method: 
75 

Males: 

Females: 
76 

[ 140 - Age in years l x Actual Body Weight (kg) 
72 x Serum Creatinine (mg/dL) 

Estimated creatinine clearance for males x 0.85 

=mL/min 

77 Caution should be exercised when administering ALIMTA concurrently with NSAIDs to patients whose creatinine clearance 
78 is <80 mL/min [see Drug Interactions (7.1)]. 

79 2.5 Preparation and Administration Precautions 
80 As with other potentially toxic anticancer agents, care should be exercised in the handling and preparation of infusion 
81 solutions of ALIMTA. The use of gloves is recommended. If a solution of ALIMTA contacts the skin, wash the skin immediately and 
82 thoroughly with soap and water. If ALIMTA contacts the mucous membranes, flush thoroughly with water. Several published 
83 guidelines for handling and disposal of anticancer agents are available [see References (15)]. 
84 ALIMTA is not a vesicant. There is no specific antidote for extravasation of ALIMTA. To date, there have been few reported 
85 cases of ALIMTA extravasation, which were not assessed as serious by the investigator. ALIMTA extravasation should be managed 
86 with local standard practice for extravasation as with other non-vesicants. 

87 2.6 Preparation for Intravenous Infusion Administration 
88 1. Use aseptic technique during the reconstitution and further dilution of ALIMTA for intravenous infusion administration. 
89 2. Calculate the dose of ALIMTA and determine the number of vials needed. Vials contain either 100 mg or 500 mg of 
90 ALIMTA. The vials contain an excess of ALIMTA to facilitate delivery oflabel amount. 
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4 
3. Reconstitute each 100-mg vial with 4.2 ml of 0.9% Sodium Chloride Injection (preservative free). Reconstitute each 

500-mg vial with 20 mL of 0.9% Sodium Chloride Injection (preservative free). Reconstitution of either size vial gives a 
solution containing 25 mg/mL ALIMTA. Gently swirl each vial until the powder is completely dissolved. The resulting 
solution is clear and ranges in color from colorless to yellow or green-yellow without adversely affecting product quality. 
The pH of the reconstituted ALIMTA solution is between 6.6 and 7.8. FURTHER DILUTION IS REQUIRED. 

4. Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, 
whenever solution and container permit. If particulate matter is observed, do not administer. 

5. An appropriate quantity of the reconstituted ALIMTA solution must be further diluted into a solution of0.9% Sodium 
Chloride Injection (preservative free), so that the total volume of solution is 100 ml. ALIMTA is administered as an 
intravenous infusion over 10 minutes. 

6. Chemical and physical stability of reconstituted and infusion solutions of ALIMTA were demonstrated for up to 24 hours 
following initial reconstitution, when stored at refrigerated or ambient room temperature [see USP Controlled Room 
Temperature] and lighting. When prepared as directed, reconstitution and infusion solutions of ALIMTA contain no 
antimicrobial preservatives. Discard any unused portion. 

Reconstitution and further dilution prior to intravenous infusion is only recommended with 0.9% Sodium Chloride 
Injection (preservative free). ALIMTA is physically incompatible with diluents containing calcium, including Lactated Ringer's 
Injection, USP and Ringer's Injection, USP and therefore these should not be used. Coadministration of ALIMTA with other drugs 
and diluents has not been studied, and therefore is not recommended. ALIMTA is compatible with standard polyvinyl chloride (PVC) 
administration sets and intravenous solution bags. 

3 DOSAGE FORMS AND STRENGTHS 
ALIMTA, pemetrexed for injection, is a white to either light-yellow or green-yellow lyophilized powder available in sterile 

single-use vials containing 100 mg or 500 mg pemetrexed. 

4 CONTRAINDICATIONS 
ALIMTA is contraindicated in patients who have a history of severe hypersensitivity reaction to pemetrexed or to any other 

ingredient used in the formulation. 

5 WARNINGS AND PRECAUTIONS 

5.1 Premedication Regimen 
Need for Folate and Vitamin B12 Supplementation 

Patients treated with ALIMTA must be instructed to take folic acid and vitamin B12 as a prophylactic measure to reduce 
treatment-related hematologic and GI toxicity [see Dosage and Administration (2.3)]. In clinical studies, less overall toxicity and 
reductions in Grade 3/4 hematologic and nonhematologic toxicities such as neutropenia, febrile neutropenia, and infection with 
Grade 3/4 neutropenia were reported when pretreatment with folic acid and vitamin B12 was administered. 
Corticosteroid Supplementation 

Skin rash has been reported more frequently in patients not pretreated with a corticosteroid in clinical trials. Pretreatment with 
dexamethasone (or equivalent) reduces the incidence and severity of cutaneous reaction [see Dosage and Administration (2.3)]. 

5.2 Bone Marrow Suppression 
ALIMTA can suppress bone marrow function, as manifested by neutropenia, thrombocytopenia, and anemia (or pancytopenia) 

[see Adverse Reactions (6.1)]; myelosuppression is usually the dose-limiting toxicity. Dose reductions for subsequent cycles are based 
on nadir ANC, platelet count, and maximum nonhematologic toxicity seen in the previous cycle [see Dosage and Administration 
(2.4)]. 

5.3 Decreased Renal Function 
ALIMTA is primarily eliminated unchanged by renal excretion. No dosage adjustment is needed in patients with creatinine 

clearance ~45 mL/min. Insufficient numbers of patients have been studied with creatinine clearance <45 mL/min to give a dose 
recommendation. Therefore, ALIMTA should not be administered to patients whose creatinine clearance is <45 mL/min [see Dosage 
and Administration (2.4)]. 

One patient with severe renal impairment (creatinine clearance 19 mL/min) who did not receive folic acid and vitamin B12 

died of drug-related toxicity following administration of ALIMTA alone. 

5.4 Use with Non-Steroidal Anti-Inflammatory Drugs with Mild to Moderate Renal Insufficiency 
Caution should be used when administering ibuprofen concurrently with ALIMT A to patients with mild to moderate renal 

insufficiency ( creatinine clearance from 45 to 79 mL/min). Other NSAIDs should also be used with caution [see Drug Interactions 
(7.1)]. 

5.5 Required Laboratory Monitoring 
Patients should not begin a new cycle of treatment unless the ANC is ~1500 cells/mm3

, the platelet count is 
~100,000 cells/mm3

, and creatinine clearance is ~45 mL/min [see Dosage and Administration (2.4)]. 

5.6 Pregnancy Category D 
Based on its mechanism of action, ALIMTA can cause fetal harm when administered to a pregnant woman. Pemetrexed 

administered intraperitoneally to mice during organogenesis was embryotoxic, fetotoxic and teratogenic in mice at greater than 
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148 l/833rd the recommended human dose. If ALIMTA is used during pregnancy, or ifthe patient becomes pregnant while taking this 
149 drug, the patient should be apprised of the potential hazard to the fetus. Women of childbearing potential should be advised to avoid 
150 becoming pregnant. Women should be advised to use effective contraceptive measures to prevent pregnancy during treatment with 
151 ALIMTA [see Use in Specific Populations (8.1)]. 

152 5.7 Third Space Fluid 
153 The effect of third space fluid, such as pleural effusion and ascites, on ALIMTA is unknown. In patients with clinically 
154 significant third space fluid, consideration should be given to draining the effusion prior to ALIMTA administration. 

155 6 ADVERSE REACTIONS 

156 6.1 Clinical Trials Experience 
15 7 Because clinical trials are conducted under widely varying conditions, adverse reactions rates cannot be directly compared to 
15 8 rates in other clinical trials and may not reflect the rates observed in clinical practice. 
15 9 In clinical trials, the most common adverse reactions (incidence ~20%) during therapy with ALIMTA as a single-agent were 
160 fatigue, nausea, and anorexia. Additional common adverse reactions (incidence ~20%) during therapy with ALIMTA when used in 
161 combination with cisplatin included vomiting, neutropenia, leukopenia, anemia, stomatitis/pharyngitis, thrombocytopenia, and 
162 constipation. 
163 Non-Small Cell Lung Cancer (NSCLC) - Combination with Cisplatin 
164 Table 4 provides the frequency and severity of adverse reactions that have been reported in >5% of 839 patients with NSCLC 
165 who were randomized to study and received ALIMTA plus cisplatin and 830 patients with NSCLC who were randomized to study and 
166 received gemcitabine plus cisplatin. All patients received study therapy as initial treatment for locally advanced or metastatic NSCLC 
167 and patients in both treatment groups were fully supplemented with folic acid and vitamin B12. 

168 T bl 4 Ad R f . F ll S 1 t d P f t R ALIMTA 1 C" 1 f . NSCLCa a e : verse eac ions m u 1y upp emen e a 1en s ece1vmg pus 1spa mm 
ALIMTA/cisplatin Gemcitabine/cisplatin 

Reactionb 
(N=839) (N=830) 

All Grades Grade 3-4 All Grades Grade 3-4 
Toxicity(%) Toxicity(%) Toxicity(%) Toxicity(%) 

All Adverse Reactions 90 37 91 53 
Laboratory 
Hematologic 
Anemia 33 6 46 10 
Neutropenia 29 15 38 27 
Leukopenia 18 5 21 8 
Thrombocytopenia 10 4 27 13 
Renal 
Creatinine elevation 10 1 7 1 

Clinical 
Constitutional Symptoms 
Fati2:Ue 43 7 45 5 
Gastrointestinal 
Nausea 56 7 53 4 
Vomiting 40 6 36 6 
Anorexia 27 2 24 1 
Constipation 21 1 20 0 
S tomatitis/Pharyngitis 14 1 12 0 
Diarrhea 12 1 13 2 
Dyspepsia/Heartburn 5 0 6 0 
Neurology 
N europathv-sensorv 9 0 12 1 
Taste disturbance 8 oc 9 oc 
Dermatology/Skin 
Alopecia 12 oc 21 le 
Rash/Desquamation 7 0 8 1 

169 a For the purpose of this table a cut off of 5% was used for inclusion of all events where the reporter considered a possible 
170 relationship to ALIMTA. 
171 b Refer to NCI CTC Criteria version 2.0 for each Grade of toxicity. 
172 c According to NCI CTC Criteria version 2.0, this adverse event term should only be reported as Grade 1 or 2. 
173 
174 No clinically relevant differences in adverse reactions were seen in patients based on histology. 
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175 In addition to the lower incidence of hematologic toxicity on the ALIMTA and cisplatin arm, use of transfusions (RBC and 
176 platelet) and hematopoietic growth factors was lower in the ALIMTA and cisplatin arm compared to the gemcitabine and cisplatin 
177 arm. 
178 The following additional adverse reactions were observed in patients with non-small cell lung cancer randomly assigned to 
179 receive ALIMTA plus cisplatin. 
180 Incidence 1 % to 5% 
181 Body as a Whole - febrile neutropenia, infection, pyrexia 
182 General Disorders - dehydration 
183 Metabolism and Nutrition - increased AST, increased ALT 
184 Renal - creatinine clearance decrease, renal failure 
185 Special Senses - conjunctivitis 
186 Incidence Less than 1 % 
187 Cardiovascular - arrhythmia 
188 General Disorders - chest pain 
189 Metabolism and Nutrition - increased GGT 
190 Neurology - motor neuropathy 
191 Non-Small Cell Lung Cancer (NSCLC) - Maintenance 
192 Table 5 provides the frequency and severity of adverse reactions that have been reported in >5% of 43 8 patients with NSCLC 
193 who received ALIMTA and 218 patients with NSCLC who received placebo. All patients received study therapy immediately 
194 following 4 cycles of platinum-based treatment for locally advanced or metastatic NSCLC. Patients in both study arms were fully 
195 supplemented with folic acid and vitamin B12 . 

196 
197 T bl 5 Ad a e : verse R f . Pf t R eac ions m a 1en s ece1vmg ALIMTA versus Pl b . NSCLCa ace om 

ALIMTA Placebo 

Reactionb (N=438) (N=218) 
All Grades Grade 3-4 All Grades Grade 3-4 

Toxicity(%) Toxicity(%) Toxicity(%) Toxicity(%) 
All Adverse Reactions 66 16 37 4 
Laboratory 
Hematologic 
Anemia 15 3 6 1 
Neutropenia 6 3 0 0 
Leukopenia 6 2 1 1 

Hepatic 
Increased ALT 10 0 4 0 
Increased AST 8 0 4 0 

Clinical 
Constitutional Symptoms 
Fatigue 25 5 11 1 

Gastrointestinal 
Nausea 19 1 6 1 
Anorexia 19 2 5 0 
Vomiting 9 0 1 0 
Mucositis/stomatitis 7 1 2 0 
Diarrhea 5 1 3 0 

Infection 5 2 2 0 
Neurology 
N europathy-sensory 9 1 4 0 

Dermatology/Skin 
Rash/Desquamation 10 0 3 0 

198 a For the purpose of this table a cut off of 5% was used for inclusion of all events where the reporter considered a possible 
199 relationship to ALIMTA. 
200 b Refer to NCI CTCAE Criteria version 3.0 for each Grade of toxicity. 
201 
202 No clinically relevant differences in Grade 3/4 adverse reactions were seen in patients based on age, gender, ethnic origin, or 
203 histology except a higher incidence of Grade 3/4 fatigue for Caucasian patients compared to non-Caucasian patients ( 6.5% versus 
204 0.6%). 
205 Safety was assessed by exposure for patients who received at least one dose of ALIMTA (N=438). The incidence of adverse 
206 reactions was evaluated for patients who received :S6 cycles of ALIMTA, and compared to patients who received >6 cycles of 
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207 ALIMTA. Increases in adverse reactions (all grades) were observed with longer exposure; however no clinically relevant differences 
208 in Grade 3/4 adverse reactions were seen. 
209 Consistent with the higher incidence of anemia (all grades) on the ALIMTA arm, use of transfusions (mainly RBC) and 
210 erythropoiesis stimulating agents (ESAs; erythropoietin and darbepoetin) were higher in the ALIMTA arm compared to the placebo 
211 arm (transfusions 9.5% versus 3.2%, ESAs 5.9% versus 1.8%). 
212 The following additional adverse reactions were observed in patients with non-small cell lung cancer who received ALIMT A. 
213 Incidence 1 % to 5% 
214 Dermatology/Skin - alopecia, pruritis/itching 
215 Gastrointestinal - constipation 
216 General Disorders - edema, fever (in the absence of neutropenia) 
217 Hematologic - thrombocytopenia 
218 Renal - decreased creatinine clearance, increased creatinine, decreased glomerular filtration rate 
219 Special Senses - ocular surface disease (including conjunctivitis), increased lacrimation 
220 Incidence Less than 1 % 
221 Cardiovascular - supraventricular arrhythmia 
222 Dermatology/Skin - erythema multiforme 
223 General Disorders - febrile neutropenia, allergic reaction/hypersensitivity 
224 Neurology - motor neuropathy 
225 Renal - renal failure 
226 
227 Non-Small Cell Lung Cancer (NSCLC) -After Prior Chemotherapy 
228 Table 6 provides the frequency and severity of adverse reactions that have been reported in >5% of 265 patients randomly 
229 assigned to receive single-agent ALIMTA with folic acid and vitamin B12 supplementation and 276 patients randomly assigned to 
230 receive single-agent docetaxel. All patients were diagnosed with locally advanced or metastatic NSCLC and received prior 
231 chemotherapy. 

232 T bl 6 Ad R f . F ll S t d P f t R ALIMTA D t 1 . NSCLC a e : verse eac ions m u lY upp emen e a 1en s ece1vmg versus oce axe m 
ALIMTA Docetaxel 

Reactionb 
(N=265) (N=276) 

All Grades Grades 3-4 All Grades Grades 3-4 
Toxicity(%) Toxicity(%) Toxicity(%) Toxicity(%) 

Laboratory 
Hematologic 
Anemia 19 4 22 4 
Leukopenia 12 4 34 27 
Neutropenia 11 5 45 40 
Thrombocytopenia 8 2 1 0 
Hepatic 
Increased ALT 8 2 1 0 
Increased AST 7 1 1 0 

Clinical 
Gastrointestinal 
Nausea 31 3 17 2 
Anorexia 22 2 24 3 
Vomiting 16 2 12 1 
Stomatitis/Pharyngitis 15 1 17 1 
Diarrhea 13 0 24 3 
Constipation 6 0 4 0 
Constitutional Symptoms 
Fatigue 34 5 36 5 
Fever 8 0 8 0 
Dermatology/Skin 
Rash/Desquamation 14 0 6 0 
Pruritis 7 0 2 0 
Alopecia 6 le 38 2c 

233 a For the purpose of this table a cut off of 5% was used for inclusion of all events where the reporter considered a possible 
234 relationship to ALIMTA. 
235 b Refer to NCI CTC Criteria for lab values for each Grade of toxicity (version 2.0). 
236 c According to NCI CTC Criteria version 2.0, this adverse event term should only be reported as Grade 1 or 2. 
237 
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238 No clinically relevant differences in adverse reactions were seen in patients based on histology. 
239 Clinically relevant adverse reactions occurring in <5% of patients that received ALIMTA treatment but >5% of patients that 
240 received docetaxel include CTC Grade 3/4 febrile neutropenia (1.9% ALIMTA, 12.7% docetaxel). 
241 The following additional adverse reactions were observed in patients with non-small cell lung cancer randomly assigned to 
242 receive ALIMTA. 
243 Incidence 1 % to 5% 
244 Body as a Whole - abdominal pain, allergic reaction/hypersensitivity, febrile neutropenia, infection 
245 Dermatology/Skin - erythema multiforme 
246 Neurology - motor neuropathy, sensory neuropathy 
24 7 Renal - increased creatinine 
248 Incidence Less than 1 % 
249 Cardiovascular - supraventricular arrhythmias 
250 
251 Malignant Pleural Mesothelioma (MPM) 
252 Table 7 provides the frequency and severity of adverse reactions that have been reported in >5% of 168 patients with 
253 mesothelioma who were randomly assigned to receive cisplatin and ALIMTA and 163 patients with mesothelioma randomly assigned 
254 to receive single-agent cisplatin. In both treatment arms, these chemonaive patients were fully supplemented with folic acid and 
255 vitamin B12 . 

256 a e : T bl 7 Ad verse eac ions m u lY R f . F 11 S unn emen e a 1en s tdPf tR ece1vmg pus 1sp a mm ALIMTA 1 C" 1 f . MPMa 
ALIMT A/cisplatin Cisplatin 

Reactionb (N=168) (N=163) 
All Grades Grade 3-4 All Grades Grade 3-4 

Toxicity(%) Toxicity(%) Toxicity(%) Toxicity(%) 
Laboratory 
Hematologic 
Neutropenia 56 23 13 3 
Leukopenia 53 15 17 1 
Anemia 26 4 10 0 
Thrombocytopenia 23 5 9 0 

Renal 
Creatinine elevation 11 1 10 1 
Creatinine clearance decreased 16 1 18 2 

Clinical 
Eye Disorder 
Conjunctivitis 5 0 1 0 

Gastrointestinal 
Nausea 82 12 77 6 
Vomiting 57 11 50 4 
Stomatitis/Pharyngitis 23 3 6 0 
Anorexia 20 1 14 1 
Diarrhea 17 4 8 0 
Constipation 12 1 7 1 
Dyspepsia 5 1 1 0 
Constitutional Symptoms 
Fatigue 48 10 42 9 

Metabolism and Nutrition 
Dehydration 7 4 1 1 
Neurology 
N europathy-sensory 10 0 10 1 
Taste Disturbance 8 oc 6 oc 

Dermatology/Skin 
Rash 16 1 5 0 
Alopecia 11 oc 6 oc 

257 a For the purpose of this table a cut off of 5% was used for inclusion of all events where the reporter considered a possible 
258 relationship to ALIMTA. 
259 b Refer to NCI CTC Criteria version 2.0 for each Grade of toxicity except the term "creatinine clearance decreased" which is derived 
260 from the CTC term "renal/genitourinary-other". 
261 c According to NCI CTC Criteria version 2.0, this adverse event term should only be reported as Grade 1or2. 
262 
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9 
The following additional adverse reactions were observed in patients with malignant pleural mesothelioma randomly assigned 

to receive ALIMTA plus cisplatin. 
Incidence 1 % to 5% 

Body as a Whole - febrile neutropenia, infection, pyrexia 
Dermatology/Skin - urticaria 
General Disorders - chest pain 
Metabolism and Nutrition - increased AST, increased ALT, increased GGT 
Renal - renal failure 

Incidence Less than 1 % 
Cardiovascular - arrhythmia 
Neurology- motor neuropathy 

Effects of Vitamin Supplementations 
Table 8 compares the incidence (percentage of patients) of CTC Grade 3/4 toxicities in patients who received vitamin 

supplementation with daily folic acid and vitamin B12 from the time of emollment in the study (fully supplemented) with the incidence 
in patients who never received vitamin supplementation (never supplemented) during the study in the ALIMTA plus cisplatin arm. 

Table 8: Selected Grade 3/4 Adverse Events Comparing Fully Supplemented versus Never Supplemented Patients in the 
ALIMTA 1 C" 1 f ('Yi . "d ) pus 1sp am arm o mc1 ence 

Fully Supplemented Patients Never Supplemented Patients 
Adverse Event" (%) (N=l68) (N=32) 
N eutropenia/ granulocytopenia 23 38 
Thrombocytopenia 5 9 
Vomiting 11 31 
Febrile neutropenia 1 9 
Infection with Grade 3/4 neutropenia 0 6 
Diarrhea 4 9 

a Refer to NCI CTC criteria for lab and non-laboratory values for each grade of toxicity (Version 2.0). 

The following adverse events were greater in the fully supplemented group compared to the never supplemented group: 
hypertension (11 %, 3%), chest pain (8%, 6%), and thrombosis/embolism (6%, 3%). 
Subpopulations 

No relevant effect for ALIMTA safety due to gender or race was identified, except an increased incidence of rash in 
men (24%) compared to women (16%). 

6.2 Post-Marketing Experience 
The following adverse reactions have been identified during post-approval use of ALIMTA. Because these reactions are 

reported voluntarily from a population of uncertain size, it is not always possible to reliably estimate their frequency or establish a 
causal relationship to drug exposure. 

These reactions have occurred with ALIMT A when used as a single-agent and in combination therapies. 
Gastrointestinal - colitis 
General Disorders and Administration Site Conditions - edema 
Injury, poisoning, and procedural complications - Radiation recall has been reported in patients who have previously 

received radiotherapy. 
Respiratory - interstitial pneumonitis 

7 DRUG INTERACTIONS 

7.1 Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) 
Ibuprofen 

Although ibuprofen ( 400 mg four times a day) can decrease the clearance of pemetrexed, it can be administered with 
ALIMTA in patients with normal renal function ( creatinine clearance ~80 mL/min). Caution should be used when administering 
ibuprofen concurrently with ALIMTA to patients with mild to moderate renal insufficiency ( creatinine clearance from 45 to 
79 mL/min) [see Clinical Pharmacology (12.3)]. 
Other NSAIDs 

Patients with mild to moderate renal insufficiency should avoid taking NSAIDs with short elimination half-lives for a period 
of2 days before, the day of, and 2 days following administration of ALIMTA. 

In the absence of data regarding potential interaction between ALIMTA and NSAIDs with longer half-lives, all patients taking 
these NSAIDs should interrupt dosing for at least 5 days before, the day of, and 2 days following ALIMTA administration. If 
concomitant administration of an NSAID is necessary, patients should be monitored closely for toxicity, especially myelosuppression, 
renal, and gastrointestinal toxicity. 

7.2 Nephrotoxic Drugs 
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312 ALIMTA is primarily eliminated unchanged renally as a result of glomerular filtration and tubular secretion. Concomitant 
313 administration of nephrotoxic drugs could result in delayed clearance of ALIMT A. Concomitant administration of substances that are 
314 also tubularly secreted (e.g., probenecid) could potentially result in delayed clearance of ALIMT A. 
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8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 
Teratogenic Effects - Pregnancy Category D [see Warnings and Precautions (5.6)] 
Based on its mechanism of action, ALIMTA can cause fetal harm when administered to a pregnant woman. There are no 

adequate and well controlled studies of ALIMTA in pregnant women. Pemetrexed was embryotoxic, fetotoxic, and teratogenic in 
mice. In mice, repeated intraperitoneal doses of pemetrexed when given during organogenesis caused fetal malformations (incomplete 
ossification of talus and skull bone; about l/833rd the recommended intravenous human dose on a mg/m2 basis), and cleft palate 
(l/33rd the recommended intravenous human dose on a mg/m2 basis). Embryotoxicity was characterized by increased embryo-fetal 
deaths and reduced litter sizes. If ALIMTA is used during pregnancy, or ifthe patient becomes pregnant while taking this drug, the 
patient should be apprised of the potential hazard to the fetus. Women of childbearing potential should be advised to use effective 
contraceptive measures to prevent pregnancy during the treatment with ALIMT A. 

8.3 Nursing Mothers 
It is not known whether ALIMTA or its metabolites are excreted in human milk. Because many drugs are excreted in human 

milk, and because of the potential for serious adverse reactions in nursing infants from ALIMTA, a decision should be made to 
discontinue nursing or discontinue the drug, taking into account the importance of the drug for the mother. 

8.4 Pediatric Use 
The safety and effectiveness of ALIMTA in pediatric patients have not been established. 

8.5 Geriatric Use 
ALIMTA is known to be substantially excreted by the kidney, and the risk of adverse reactions to this drug may be greater in 

patients with impaired renal function. Because elderly patients are more likely to have decreased renal function, care should be taken 
in dose selection. Renal function monitoring is recommended with administration of ALIMTA. No dose reductions other than those 
recommended for all patients are necessary for patients 65 years of age or older [see Dosage and Administration (2.4)]. 

In the initial treatment non-small cell lung cancer clinical trial, 37.7% of patients treated with ALIMTA plus cisplatin were 
~65 years and Grade 3/4 neutropenia was greater as compared to patients <65 years (19.9% versus 12.2%). For patients <65 years, the 
HR for overall survival was 0.96 (95% CI: 0.83, 1.10) and for patients ~65 years the HR was 0.88 (95% CI: 0.74, 1.06) in the intent to 
treat population. 

In the maintenance non-small cell lung cancer trial 33.3% of patients treated with ALIMTA were ~65 years and no differences 
were seen in Grade 3/4 adverse reactions as compared to patients <65 years. For patients <65 years, the HR for overall survival was 
0.74 (95% CI: 0.58, 0.93) and for patients ~65 years the HR was 0.88 (95% CI: 0.65, 1.21) in the intent to treat population. 

In the non-small cell lung cancer trial after prior chemotherapy, 29.7% patients treated with ALIMTA were ~65 years and 
Grade 3/4 hypertension was greater as compared to patients <65 years. For patients <65 years, the HR for overall survival was 0.95 
(95% CI: 0.76, 1.19), and for patients ~65 years the HR was 1.15 (95% CI: 0.79, 1.68) in the intent to treat population. 

The mesothelioma trial included 36.7% patients treated with ALIMTA plus cisplatin that were ~65 years, and Grade 3/4 
fatigue, leukopenia, neutropenia, and thrombocytopenia were greater as compared to patients <65 years. For patients <65 years, the 
HR for overall survival was 0.71(95% CI: 0.53, 0.96) and for patients ~65 years, the HR was 0.85 (95% CI: 0.59, 1.22) in the intent to 
treat population. 

8.6 Patients with Hepatic Impairment 
There was no effect of elevated AST, ALT, or total bilirubin on the pharmacokinetics of pemetrexed [see Clinical 

Pharmacology (12.3)]. 
Dose adjustments based on hepatic impairment experienced during treatment with ALIMTA are provided in Table 2 [see 

Dosage and Administration (2.4)]. 

8.7 Patients with Renal Impairment 
ALIMTA is known to be primarily excreted by the kidneys. Decreased renal function will result in reduced clearance and 

greater exposure (AUC) to ALIMTA compared with patients with normal renal function [see Dosage and Administration (2.4) and 
Clinical Pharmacology (12.3)]. Cisplatin coadministration with ALIMTA has not been studied in patients with moderate renal 
impairment. 

8.8 Gender 
In the initial treatment non-small cell lung cancer trial, 70% of patients were males and 30% females. For males the HR for 

overall survival was 0.97 (95% CI: 0.85, 1.10) and for females the HR was 0.86 (95% CI: 0.70, 1.06) in the intent to treat population. 
In the maintenance non-small cell lung cancer trial, 73% of patients were males and 27% females. For males the HR for 

overall survival was 0.78 (95% CI: 0.63, 0.96) and for females the HR was 0.83 (95% CI: 0.56, 1.21) in the intent to treat population. 
In the non-small cell lung cancer trial after prior chemotherapy, 72% of patients were males and 28% females. For males the 

HR for overall survival was 0.95 (95% CI: 0.76, 1.19) and for females the HR was 1.28 (95% CI: 0.86, 1.91) in the intent to treat 
population. 
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11 
In the mesothelioma trial, 82% of patients were males and 18% females. For males the HR for overall survival was 0.85 

(95% CI: 0.66, 1.09) and for females the HR was 0.48 (95% CI: 0.27, 0.85) in the intent to treat population. 

8.9 Race 
In the initial treatment non-small cell lung cancer trial, 78% of patients were Caucasians, 13 % East/Southeast Asians, and 

9% others. For Caucasians, the HR for overall survival was 0.92 (95% CI: 0.82, 1.04), for East/Southeast Asians the HR was 0.86 
(95% CI: 0.61, 1.21), and for others the HR was 1.24 (95% CI: 0.84, 1.84) in the intent to treat population. 

In the maintenance non-small cell lung cancer trial, 65% of patients were Caucasians, 23% East Asian, and 12% others. For 
Caucasians the HR for overall survival was 0.77 (95% CI: 0.62, 0.97), for East Asians was 1.05 (95% CI: 0.70, 1.59) and for others 
the HR was 0.46 (95% CI: 0.26, 0. 79) in the intent to treat population. 

In the non-small cell lung cancer trial after prior chemotherapy, 71 % of patients were Caucasians and 29% others. For 
Caucasians the HR for overall survival was 0.91 (95% CI: 0.73, 1.15) and for others the HR was 1.27 (95% CI: 0.87, 1.87) in the 
intent to treat population. 

In the mesothelioma trial, 92% of patients were Caucasians and 8% others. For Caucasians, the HR for overall survival was 
0.77 (95% CI: 0.61, 0.97) and for others the HR was 0.86 (95% CI: 0.39, 1.90) in the intent to treat population. 

10 OVERDOSAGE 
There have been few cases of ALIMTA overdose. Reported toxicities included neutropenia, anemia, thrombocytopenia, 

mucositis, and rash. Anticipated complications of overdose include bone marrow suppression as manifested by neutropenia, 
thrombocytopenia, and anemia. In addition, infection with or without fever, diarrhea, and mucositis may be seen. If an overdose 
occurs, general supportive measures should be instituted as deemed necessary by the treating physician. 

In clinical trials, leucovorin was permitted for CTC Grade 4 leukopenia lasting ~3 days, CTC Grade 4 neutropenia lasting 
~3 days, and immediately for CTC Grade 4 thrombocytopenia, bleeding associated with Grade 3 thrombocytopenia, or Grade 3 
or 4 mucositis. The following intravenous doses and schedules ofleucovorin were recommended for intravenous use: 100 mg/m2

, 

intravenously once, followed by leucovorin, 50 mg/m2
, intravenously every 6 hours for 8 days. 

The ability of ALIMTA to be dialyzed is unknown. 

11 DESCRIPTION 
Pemetrexed disodium heptahydrate has the chemical name L-Glutamic acid, N-[ 4-[2-(2-amino-4, 7-dihydro-4-oxo-1H­

pyrrolo[2,3-d]pyrimidin-5-yl)ethyl]benzoyl]-, disodium salt, heptahydrate. It is a white to almost-white solid with a molecular formula 
ofC20H19N5Na20 6•7H20 and a molecular weight of 597.49. The structural formula is as follows: 

0 

N 
H 

0 go2- Na+ 

~l 
C02- Na+ 

ALIMTA is supplied as a sterile lyophilized powder for intravenous infusion available in single-dose vials. The product is a 
white to either light yellow or green-yellow lyophilized solid. Each 100-mg or 500-mg vial of ALIMTA contains pemetrexed 
disodium equivalent to 100 mg pemetrexed and 106 mg mannitol or 500 mg pemetrexed and 500 mg mannitol, respectively. 
Hydrochloric acid and/or sodium hydroxide may have been added to adjust pH. 

12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 
ALIMTA, pemetrexed for injection, is a folate analog metabolic inhibitor that exerts its action by disrupting folate-dependent 

metabolic processes essential for cell replication. In vitro studies have shown that pemetrexed inhibits thymidylate synthase (TS), 
dihydrofolate reductase (DHFR), and glycinamide ribonucleotide formyltransferase (GARFT), which are folate-dependent enzymes 
involved in the de novo biosynthesis ofthymidine and purine nucleotides. Pemetrexed is taken into cells by membrane carriers such as 
the reduced folate carrier and membrane folate binding protein transport systems. Once in the cell, pemetrexed is converted to 
polyglutamate forms by the enzyme folylpolyglutamate synthetase. The polyglutamate forms are retained in cells and are inhibitors of 
TS and GARFT. Polyglutamation is a time- and concentration-dependent process that occurs in tumor cells and, is thought to occur to 
a lesser extent, in normal tissues. Polyglutamated metabolites are thought to have an increased intracellular half-life resulting in 
prolonged drug action in malignant cells. 

12.2 Pharmacodynamics 
Preclinical studies have shown that pemetrexed inhibits the in vitro growth ofmesothelioma cell lines (MST0-21 lH, 

NCI-H2052). Studies with the MST0-21 lH mesothelioma cell line showed synergistic effects when pemetrexed was combined 
concurrently with cisplatin. 
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417 Absolute neutrophil counts (ANC) following single-agent administration of ALIMTA to patients not receiving folic acid and 
418 vitamin B12 supplementation were characterized using population pharmacodynamic analyses. Severity of hematologic toxicity, as 
419 measured by the depth of the ANC nadir, correlates with the systemic exposure, or area under the curve (AUC) of pemetrexed. It was 
420 also observed that lower ANC nadirs occurred in patients with elevated baseline cystathionine or homocysteine concentrations. The 
421 levels of these substances can be reduced by folic acid and vitamin B12 supplementation. There is no cumulative effect ofpemetrexed 
422 exposure on ANC nadir over multiple treatment cycles. 
423 Time to ANC nadir with pemetrexed systemic exposure (AUC), varied between 8 to 9.6 days over a range of exposures from 
424 38.3 to 316.8 mcg•hr/mL. Return to baseline ANC occurred 4.2 to 7.5 days after the nadir over the same range of exposures. 

425 12.3 Pharmacokinetics 
426 Absorption 
427 The pharmacokinetics of ALIMTA administered as a single-agent in doses ranging from 0.2 to 838 mg/m2 infused over a 
428 10-minute period have been evaluated in 426 cancer patients with a variety of solid tumors. Pemetrexed total systemic 
429 exposure (AUC) and maximum plasma concentration (Cmax) increase proportionally with dose. The pharmacokinetics of pemetrexed 
430 do not change over multiple treatment cycles. 
431 Distribution 
432 Pemetrexed has a steady-state volume of distribution of 16.1 liters. In vitro studies indicate that pemetrexed is approximately 
433 81 % bound to plasma proteins. Binding is not affected by degree ofrenal impairment. 
434 Metabolism and Excretion 
435 Pemetrexed is not metabolized to an appreciable extent and is primarily eliminated in the urine, with 70% to 90% of the dose 
436 recovered unchanged within the first 24 hours following administration. The clearance decreases, and exposure (AUC) increases, as 
437 renal function decreases. The total systemic clearance ofpemetrexed is 91.8 mL/min and the elimination half-life ofpemetrexed is 
438 3.5 hours in patients with normal renal function (creatinine clearance of90 mL/min). 
439 The pharmacokinetics ofpemetrexed in special populations were examined in about 400 patients in controlled and single arm 
440 studies. 
441 Effect of Age 
442 No effect of age on the pharmacokinetics of pemetrexed was observed over a range of 26 to 80 years. 
443 Effect of Gender 
444 The pharmacokinetics of pemetrexed were not different in male and female patients. 
445 Effect of Race 
446 The pharmacokinetics of pemetrexed were similar in Caucasians and patients of African descent. Insufficient data are 
44 7 available to compare pharmacokinetics for other ethnic groups. 
448 Effect of Hepatic Insufficiency 
449 There was no effect of elevated AST, ALT, or total bilirubin on the pharmacokinetics of pemetrexed. However, studies of 
450 hepatically impaired patients have not been conducted [see Dosage and Administration (2.4) and Use in Specific Populations (8. 6)]. 
4 51 Effect of Renal Insufficiency 
4 5 2 Pharmacokinetic analyses of pemetrexed included 12 7 patients with reduced renal function. Plasma clearance of pemetrexed 
453 decreases as renal function decreases, with a resultant increase in systemic exposure. Patients with creatinine clearances of 45, 50, and 
454 80 mL/min had 65%, 54%, and 13% increases, respectively in pemetrexed total systemic exposure (AUC) compared to patients with 
455 creatinine clearance of 100 mL/min [see Warnings and Precautions (5.4) and Dosage and Administration (2.4)]. 
456 Pediatric 
457 Pediatric patients were not included in clinical trials. 
458 Effect of Ibuprofen 
459 Ibuprofen doses of 400 mg four times a day reduce pemetrexed's clearance by about 20% (and increase AUC by 20%) in 
460 patients with normal renal function. The effect of greater doses of ibuprofen on pemetrexed pharmacokinetics is unknown [see Drug 
461 Interactions (7.1)]. 
462 Effect of Aspirin 
463 Aspirin, administered in low to moderate doses (325 mg every 6 hours), does not affect the pharmacokinetics ofpemetrexed. 
464 The effect of greater doses of aspirin on pemetrexed pharmacokinetics is unknown. 
465 Effect of Cisplatin 
466 Cisplatin does not affect the pharmacokinetics ofpemetrexed and the pharmacokinetics of total platinum are unaltered by 
467 pemetrexed. 
468 Effect of Vitamins 
469 Coadministration of oral folic acid or intramuscular vitamin B12 does not affect the pharmacokinetics of pemetrexed. 
470 Drugs Metabolized by Cytochrome P450 Enzymes 
4 71 Results from in vitro studies with human liver microsomes predict that pemetrexed would not cause clinically significant 
4 72 inhibition of metabolic clearance of drugs metabolized by CYP3A, CYP2D6, CYP2C9, and CYP1A2. 

473 13 NONCLINICAL TOXICOLOGY 

4 7 4 13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
475 No carcinogenicity studies have been conducted with pemetrexed. Pemetrexed was clastogenic in the in vivo micronucleus 
4 7 6 assay in mouse bone marrow but was not mutagenic in multiple in vitro tests (Ames assay, CHO cell assay). Pemetrexed administered 
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477 at i.v. doses of 0.1 mg/kg/day or greater to male mice (about 1/1666 the recommended human dose on a mg/m2 basis) resulted in 
4 78 reduced fertility, hypospermia, and testicular atrophy. 

479 14 CLINICAL STUDIES 

480 14.1 Non-Small Cell Lung Cancer (NSCLC) - Combination with Cisplatin 
481 A multi-center, randomized, open-label study in 1725 chemonaive patients with Stage Illb/IV NSCLC was conducted to 
482 compare the overall survival following treatment with ALIMTA in combination with cisplatin (AC) versus gemcitabine in 
483 combination with cisplatin (GC). ALIMTA was administered intravenously over 10 minutes at a dose of 500 mg/m2 with cisplatin 
484 administered intravenously at a dose of 75 mg/m2 after ALIMTA administration, on Day 1 of each 21-day cycle. Gemcitabine was 
485 administered at a dose of 1250 mg/m2 on Day 1 and Day 8, and cisplatin was administered intravenously at a dose of 75 mg/m2 after 
486 administration of gemcitabine, on Day 1 of each 21-day cycle. Treatment was administered up to a total of 6 cycles, and patients in 
487 both treatment arms received folic acid, vitamin B12, and dexamethasone [see Dosage and Administration (2.3)]. 
488 Patient demographics of the intent to treat (ITT) population are shown in Table 9. The demographics and disease 
489 characteristics were well balanced. 

490 a e : irs - me T bl 9 F" t L" Th eranv: s ummary o f P f t Ch a 1en arac ens 1cs m U IY 0 t . f . St d f NSCLC 

Patient characteristic 
ALIMTA plus Cisplatin (AC) Gemcitabine plus Cisplatin (GC) 

(N=862) (N=863) 
Age (yrs) 

Median (range) 61.1 (28.8-83.2) 61.0 (26.4-79.4) 
Gender 

Male/Female 70.2%/29.8% 70.1 %/29.9% 
Origin 

Caucasian 669 (77.6%) 680 (78.8%) 
Hispanic 27 (3.1 %) 23 (2.7%) 
Asian 146 (16.9%) 141 (16.3%) 
African descent 18 (2.1 %) 18(2.1%) 

Sta2e at Entry 
Illb/IV 23.8%/76.2% 24.3%/75.7% 

Histolo2y 
Nonsquamous NSCLC" 618 (71.7%) 634 (73.5%) 

Adenocarcinoma 436 (50.6%) 411 (47.6%) 
Large cell 76 (8.8%) 77 (8.9%) 
Othel 106 (12.3%) 146 (16.9%) 

Squamous 244 (28.3%) 229 (26.5%) 
ECOGPSc,d 

0/1 35.4%/64.6% 35.6%/64.3% 
Smokin2 Historye 

Ever/never smoker 83.1%/16.9% 83.9%/16.1 % 
491 a Includes adenocarcinoma, large cell, and other histologies except those with squamous cell type. 
492 b The subgroup of"other" represents patients with a primary diagnosis ofNSCLC whose disease did not clearly qualify as 
493 adenocarcinoma, squamous cell carcinoma, or large cell carcinoma. 
494 c Eastern Cooperative Oncology Group Performance Status. 
495 d ECOG PS was not reported for all randomized patients. Percentages are representative ofN=861 for the ALIMTA plus cisplatin 
496 arm, and N=861 for the gemcitabine plus cisplatin arm. 
497 e Smoking history was collected for 88% of randomized patients (N=757 for the ALIMTA plus cisplatin arm and N=759 for the 
498 gemcitabine plus cisplatin arm). 
499 
500 Patients received a median of 5 cycles of treatment in both study arms. Patients treated with ALIMTA plus cisplatin received a 
501 relative dose intensity of 94. 8% of the protocol-specified ALIMTA dose intensity and 95.0% of the protocol-specified cisplatin dose 
502 intensity. Patients treated with gemcitabine plus cisplatin received a relative dose intensity of 85.8% of the protocol-specified 
503 gemcitabine dose intensity and 93.5% of the protocol-specified cisplatin dose intensity. 
504 The primary endpoint in this study was overall survival. The median survival time was 10.3 months in the ALIMTA plus 
505 cisplatin treatment arm and 10.3 months in the gemcitabine plus cisplatin arm, with an adjusted hazard ratio of0.94. 

506 T bl 10 F" t L" Th Effi . NSCLC ITT P 1 f a e : irs - me erapy: 1cac vm - opu a ion 
ALIMTA plus Cisplatin Gemcitabine plus Cisplatin 

(N=862) (N=863) 
Median overall survival (95% CI) 10.3 mos (9.8-11.2) 10.3 mos (9.6-10.9) 
Adjusted hazard ratio (HR)a,b (95% CI) 0.94 (0.84-1.05) 

Median progression-free survival (95% CI) 4.8 mos (4.6-5.3) 5.1 mos ( 4.6-5.5) 
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1.04 0.94-1.15 

Overall res onse rate 95% CI 27.1 % 24.2-30.1 24.7% 21.8-27.6 
507 a Adjusted for gender, stage, basis of diagnosis, and performance status. 
508 b A HR that is less than 1.0 indicates that survival is better in the AC arm than in the GC arm. Alternatively, a HR that is greater than 
509 1.0 indicates survival is better in the GC arm than in the AC arm. 
510 
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512 Figure 1: Kaplan-Meier Curves for Overall Survival ALIMTA plus Cisplatin (AC) versus Gemcitabine plus Cisplatin (GC) in 
513 NSCLC - ITT Population. 
514 
515 A pre-specified analysis of the impact ofNSCLC histology on overall survival was examined. Clinically relevant differences 
516 in survival according to histology were observed and are shown in Table 11. This difference in treatment effect for ALIMTA based on 
517 histology demonstrating a lack of efficacy in squamous cell histology was also observed in the single-agent, second-line study and the 
518 maintenance study [see Clinical Studies (14.2, 14.3)]. 

519 T bl 11 F" t L. Th 0 11 S . 1 . NSCLC ff t 1 . S b a e : irs - me erapy: vera urv1va m 1s o og1c u 1groups 
Median Overall Survival in Months Unadjusted Adjusted 

Histology Subgroup (95% CI) Hazard Hazard 
ALIMTA plus Cisplatin Gemcitabine plus Cisplatin Ratio (HRt'b Ratio (HRt'b,c 

<95% en <95% en 
Nonsquamous NSCLCd 11.0 N=618 10.1 N=634 0.84 0.84 
(N=l252) (10.1-12.5) (9.3-10.9) (0.74-0.96) (0. 74-0.96) 

Adenocarcinoma 12.6 N=436 10.9 N=411 0.84 0.84 
(N=847) (10.7-13.6) (10.2-11.9) (0. 71-0.98) (0.71-0.99) 
Large Cell 10.4 N=76 6.7 N=77 0.68 0.67 
(N=l53) (8.6-14.1) (5.5-9.0) (0.48-0.97) (0.48-0.96) 
Othere 8.6 N=l06 9.2 N=l46 1.12 1.08 
(N=252) (6.8-10.2) (8.1-10.6) (0.84-1.49) (0.81-1.45) 

Squamous Cell 9.4 N=244 10.8 N=229 1.22 1.23 
(N=473) (8.4-10.2) (9.5-12.1) (0.99-1.50) (1.00-1.51) 

520 a A HR that is less than 1.0 indicates that survival is better in the AC arm than in the GC arm. Alternatively, a HR that is greater than 
521 1.0 indicates survival is better in the GC arm than in the AC arm. 
522 b Unadjusted for multiple comparisons. 
523 c HRs adjusted for ECOG PS, gender, disease stage, and basis for pathological diagnosis (histopathological/cytopathological). 
524 d Includes adenocarcinoma, large cell, and other histologies except those with squamous cell type. 
525 e The subgroup of"other" represents patients with a primary diagnosis ofNSCLC whose disease did not clearly qualify as 
526 adenocarcinoma, squamous cell carcinoma, or large cell carcinoma. 
527 
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Figure 2: Kaplan-Meier Curves for Overall Survival ALIMTA plus Cisplatin (AC) versus Gemcitabine plus Cisplatin (GC) in 
NSCLC - Nonsquamous NSCLC and Squamous Cell NSCLC. 

14.2 Non-Small Cell Lung Cancer - Maintenance 
A multi-center, randomized, double-blind, placebo-controlled study was conducted in 663 patients with Stage Illb/IV NSCLC 

who did not progress after four cycles of platinum-based chemotherapy. Patients who did not progress were randomized 2: 1 to receive 
ALIMTA or placebo immediately following platinum-based chemotherapy. ALIMTA was administered intravenously over 
10 minutes at a dose of 500 mg/m2 on Day 1 of each 21-day cycle, until disease progression. Patients in both study arms received folic 
acid, vitamin B12, and dexamethasone [see Dosage and Administration (2.3)]. 

The study was designed to demonstrate superior progression-free survival and overall survival of ALIMTA over placebo. 
Progression-free survival (PFS) was assessed by independent review. Patient characteristics of the intent to treat (ITT) population are 
shown in Table 12. The demographics and baseline disease characteristics were well balanced between study arms. 

T bl 12 M . t a e : am enance Th erapy: s ummary o f P f t Ch a 1en t . f . St d f NSCLC arac ens 1cs m U IY 0 

Patient characteristic 
ALIMTA Placebo 
(N=441) (N=222) 

Age (yrs) 
Median (range) 60.6 (25.6-82.6) 60.4 (35.4-78.5) 

Gender 
Male/Female 73.0%/27.0% 72.5%/27.5% 

Ethnic Origin 
Caucasian 279 (63.3%) 149 (67.1%) 
East Asian 104 (23.6%) 50 (22.5%) 
Other 58 (13.2%) 23 (10.4%) 

Stage at Entrya 
Illb/IV 18.0%/82.0% 21.2%/78.8% 

Histology (%) 
Nonsquamous NSCLCb 325 (73.7%) 156 (70.3%) 

Adenocarcinoma 222 (50.3%) 106 (47.7%) 
Large cell 10 (2.3%) 10 (4.5%) 
Otherc 93 (21.1 %) 40 (18.0%) 

Squamous 116 (26.3%) 66 (29.7%) 
ECOGPSd 

0/1 40.1%/59.9% 38.3%/61.7% 
Smoking Historye 

Ever/never smoker 74.1 %/25.9% 71.5%/28.5% 
Time from start of induction therapy to study randomization (months) 

Median (range) 3.25 (1.6-4.8) 3.29 (2.7-5.1) 
a Stage at Entry was not reported for all randomized patients. Percentages are representative ofN=440 for the ALIMTA arm and 

N=222 for the placebo arm. 
b Includes patients with adenocarcinoma, large cell, and other histologic diagnoses. 
c The subgroup of"Other" represents patients with a primary diagnosis ofNSCLC whose disease did not clearly qualify as 

adenocarcinoma, large cell carcinoma, or squamous cell carcinoma. 
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16 
d Eastern Cooperative Oncology Group Performance Status (ECOG PS) was not reported for all randomized patients. Percentages are 

representative ofN=439 for the ALIMTA arm, and N=222 for the placebo arm. 
e Smoking history was not reported for all randomized patients. Percentages are representative ofN=437 for the ALIMTA arm and 

N=221 for the placebo arm. 

Patients received a median of 5 cycles of ALIMTA and 3 .5 cycles of placebo. Patients randomized to ALIMTA received a 
relative dose intensity of 95.7%. A total of 213 patients (48.3%) completed 2:6 cycles and a total of 98 patients (22.6%) completed 
2:10 cycles of treatment with ALIMTA. 

In the overall study population, ALIMTA was statistically superior to placebo in terms of overall survival (OS) (median 
13.4 months versus 10.6 months, HR=0.79 (95% CI: 0.65-0.95), p-value=0.012) and PFS (median 4.0 months versus 2.0 months, 
HR=0.60 (95% CI: 0.49-0.73), p-value<0.00001). A difference in treatment outcomes was observed according to histologic 
classification. For the population of patients with nonsquamous NSCLC, ALIMTA was superior to placebo for OS (median 
15.5 months versus 10.3 months, HR=0.70 (95% CI: 0.56-0.88)) and PFS (median 4.4 months versus 1.8 months, HR=0.47 (95% CI: 
0.37-0.60)). For the population of patients with squamous NSCLC, ALIMTA did not improve OS compared to placebo (median 
9.9 months versus 10.8 months, HR=l.07 (95% CI: 0.77-1.50)) or PFS (median 2.4 months versus 2.5 months, HR=l.03 (95% CI: 
0.71-1.49)). This difference in treatment effect for ALIMTA based on histology demonstrating lack of benefit in squamous cell 
histology was also observed in the first-line and second line studies. [see Clinical Studies (14.1, 14.3)] 

Efficacy results for the overall patient population are presented in Table 13 and Figure 3, and efficacy results by pre-specified 
histologic subgroups are presented in Table 14 and Figure 4, below. 

a e : am enance T bl 13 M . t Th eranv: Effi 1cacy o fALIMTA versus ace om - opu a ion Pl b . NSCLC ITT P 1 f 

Efficacy Parametera,b ALIMTA Placebo 
(N=441) (N=222) 

Median overall survivalc (95% CI) 13.4 mos (11.9-15.9) 10.6 mos (8.7-12.0) 
Hazard ratio (HR)c (95% CI) 0. 79 (0.65-0.95) 
p-value p=0.012 

Median progression-free survival (95% CI) 4.0 mos (3.1-4.4) 2.0 mos (1.5-2.8) 
Hazard ratio (HR)c (95% CI) 0.60 (0.49-0.73) 
p-value p<0.00001 

a PFS and OS were calculated from time of randomization, after completion of 4 cycles of induction platinum-based chemotherapy. 
b Values for PFS given based on independent review (ALIMTA N=387, Placebo N=l94). 
c Unadjusted hazard ratios are provided. A HR <1.0 indicates that the result is better in the ALIMTA arm than in the placebo arm. 

T bl 14 M . t a e : am enance Th erapy: Effi . NSCLC b H" t 1 . S b 1cacy m 1y 1s o og1c u 1groups a 

Overall Survival Pro2ression-Free Survivalb 
ALIMTA Placebo ALIMTA Placebo 

Median (months) Median (months) Median (months) Median (months) 
HRC (95% CI) HRC (95% CI) 

Nonsquamous NSCLCd 15.5 10.3 4.4 1.8 
N=481 0.70 (0.56-0.88) 0.47 (0.37-0.60) 

Adenocarcinoma 16.8 11.5 4.6 2.7 
N=328 0.73 (0.56-0.96) 0.51 (0.38-0.68) 
Large cell carcinoma 8.4 7.9 4.5 1.5 
N=20 0.98 (0.36-2.65) 0.40 (0.12-1.29) 
Othere 11.3 7.7 4.1 1.6 
N=l33 0.61 (0.40-0.94) 0.44 (0.28-0.68) 

Squamous cell 9.9 10.8 2.4 2.5 
N=182 1.07 (0.77-1.50) 1.03 (0.71-1.49) 

575 a PFS and OS were calculated from time of randomization, after completion of 4 cycles of induction platinum-based chemotherapy. 
576 All results unadjusted for multiple comparisons. 
577 b Values for PFS are given based on independent review (ALIMTA N=387, Placebo N=l94). 
578 c Unadjusted hazard ratios are provided. A HR <1.0 indicates that the result is better in the ALIMTA arm than in the placebo arm. A 
579 HR> 1.0 indicates that the result is better in the placebo arm than in the ALIMTA arm. 
580 d Includes patients with adenocarcinoma, large cell carcinoma, and other histology. 
581 e The subgroup of"Other" represents patients with a primary diagnosis ofNSCLC whose disease did not clearly qualify as 
582 adenocarcinoma, large cell carcinoma, or squamous cell carcinoma. 

583 
584 
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Figure 3: Kaplan-Meier Curve for Overall Survival ALIMTA (A) versus Placebo (P) in NSCLC - ITT Population. 
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Figure 4: Kaplan-Meier Curves for Overall Survival ALIMTA versus Placebo in NSCLC - Nonsquamous NSCLC and 
Squamous Cell NSCLC. 

14.3 Non-Small Cell Lung Cancer - After Prior Chemotherapy 
A multi-center, randomized, open label study was conducted in patients with Stage III or IV NSCLC after prior chemotherapy 

to compare the overall survival following treatment with ALIMTA versus docetaxel. ALIMTA was administered intravenously over 
10 minutes at a dose of 500 mg/m2 and docetaxel was administered at 75 mg/m2 as a 1-hour intravenous infusion. Both drugs were 
given on Day 1 of each 21-day cycle. All patients treated with ALIMTA received vitamin supplementation with folic acid and 
vitamin B12 . The study was intended to show either an overall survival superiority or non-inferiority of ALIMTA to docetaxel. Patient 
demographics of the intent to treat (ITT) population are shown in Table 15. 

T bl 15 S d L. Th S f P . Ch . NSCLC S d a e : econ - me erauv: ummarv o atient aractenstics m tu IV 

I 
ALIMTA 

I 
Docetaxel 

Patient characteristic (N=283) (N=288) 
Age (yrs) 

Median (range) I 59 (22-81) I 57 (28-87) 
Gender(%) 
Male/Female I 68.6/31.4 I 75.3/24.7 

Stage at Entry (%) 
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III/IV 25.1/74.9 25.3/74.7 

Dia2nosis/Histolo2v (%) 
Adenocarcinoma 154 (54.4) 142 (49.3) 
Squamous 78 (27.6) 94 (32.6) 
Bronchoalveolar 4(1.4) 1 (0.3) 
Other 47 (16.6) 51 (17.7) 

Performance Status (%t 
0-1 234 (88.6) 240 (87.6) 
2 30(11.4) 34 (12.4) 

602 a Performance status was not reported for all randomized patients. Percentages are representative ofN=264 for the ALIMTA arm and 
603 N=274 for the docetaxel arm. 
604 
605 The primary endpoint in this study was overall survival. The median survival time was 8.3 months in the ALIMTA treatment 
606 arm and 7.9 months in the docetaxel arm, with a hazard ratio of0.99 (see Table 16). The study did not show an overall survival 
607 superiority of ALIMT A. 

608 T bl 16 Effi f ALIMTA D 1. N S ll C ll L C ITT P 1 . a e : 1cacv o versus ocetaxe m on- ma e Uni! ancer - opu ation 
ALIMTA Docetaxel 
(N=283) (N=288) 

Median overall survival (95% CI) 8.3 mos (7.0-9.4) 7.9 mos (6.3-9.2) 
Hazard ratio (HR) (95% CI) 0.99 (0.82-1.20) 

Median progression-free survival (95% CI) 2.9 mos (2.4-3.1) 2.9 mos (2.7-3.4) 
Hazard ratio (HR) (95% CI) 0.97 (0.82-1.16) 

Overall response rate (95% CI) 8.5% (5.2-11.7) 8.3% (5.1-11.5) 
609 
610 A retrospective analysis of the impact ofNSCLC histology on overall survival was examined. Clinically relevant differences 
611 in survival according to histology were observed and are shown in Table 17. This difference in treatment effect for ALIMTA based on 
612 histology demonstrating a lack of efficacy in squamous cell histology was also observed in the first-line combination study and in the 
613 maintenance study [see Clinical Studies (14.1, 14.2)]. 
614 
615 T bl 17 S a e : econ dL" Th me erapy: 0 vera ll s 1 fALIMTA urv1va o versus D t 1 . NSCLC b H" t 1 . S b oce axe m IV IS 0 02:IC u 12roups 

Median Overall Survival in Months Unadjusted Adjusted 

Histology Subgroup (95% CI) Hazard Hazard 
ALIMTA Docetaxel Ratio (HRt'b Ratio (HRt'b,c 

(95% CI) (95% CI) 
Nonsquamous NSCLCct 9.3 N=205 8.0 N=l94 0.89 0.78 
(N=399) (7.8-9.7) (6.3-9.3) (0.71-1.13) (0.61-1.00) 

Adenocarcinoma 9.0 N=l58 9.2 N=l43 1.09 0.92 
(N=301) (7.6-9.6) (7.5-11.3) (0.83-1.44) (0.69-1.22) 
Large Cell 12.8 N=l8 4.5 N=29 0.38 0.27 
(N=47) (5.8-14.0) (2.3-9.1) (0.18-0. 78) (0.11-0.63) 
Othere 9.4 N=29 7.9 N=22 0.62 0.57 
(N=51) (6.0-10.1) (4.0-8.9) (0.32-1.23) (0.27-1.20) 

Squamous Cell 6.2 N=78 7.4 N=94 1.32 1.56 
(N=l 72) (4.9-8.0) (5.6-9.5) (0.93-1.86) (1.08-2.26) 

616 a A HR that is less than 1.0 indicates that survival is better in the ALIMTA arm than in the docetaxel arm. Alternatively, a HR that is 
61 7 greater than 1. 0 indicates survival is better in the docetaxel arm than in the ALIMTA arm. 
618 b Unadjusted for multiple comparisons. 
619 c HRs adjusted for ECOG PS, time since prior chemotherapy, disease stage, and gender. 
620 d Includes adenocarcinoma, large cell, and other histologies except those with squamous cell type. 
621 e The subgroup of"other" represents patients with a primary diagnosis ofNSCLC whose disease did not clearly qualify as 
622 adenocarcinoma, squamous cell carcinoma, or large cell carcinoma. 

623 
624 14.4 Malignant Pleural Mesothelioma 
625 A multi-center, randomized, single-blind study in 448 chemonaive patients with malignant pleural mesothelioma (MPM) 
626 compared survival in patients treated with ALIMTA in combination with cisplatin to survival in patients receiving cisplatin alone. 
627 ALIMTA was administered intravenously over 10 minutes at a dose of 500 mg/m2 and cisplatin was administered intravenously over 
628 2 hours at a dose of 75 mg/m2 beginning approximately 30 minutes after the end of administration of ALIMTA. Both drugs were 
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629 given on Day 1 of each 21-day cycle. After 117 patients were treated, white cell and GI toxicity led to a change in protocol whereby 
630 all patients were given folic acid and vitamin B 12 supplementation. 
631 The primary analysis of this study was performed on the population of all patients randomly assigned to treatment who 
632 received study drug (randomized and treated). An analysis was also performed on patients who received folic acid and vitamin B 12 

633 supplementation during the entire course of study therapy (fully supplemented), as supplementation is recommended [see Dosage and 
634 Administration (2.3)]. Results in all patients and those fully supplemented were similar. Patient demographics are shown in Table 18. 

635 T bl 18 S f P . Ch . MPM S d a e : ummarv o atient aractenstics m tu IV 

Randomized and Treated Patients Fully Supplemented Patients 
Patient characteristic ALIMTA/cis Cisplatin ALIMTA/cis Cisplatin 

(N=226) (N=222) (N=l68) (N=l63) 
Age (yrs) 

Median (range) 61 (29-85) 60 (19-84) 60 (29-85) 60 (19-82) 
Gender(%) 

Male 184 (81.4) 181 (81.5) 136 (81.0) 134 (82.2) 
Female 42(18.6) 41 (18.5) 32 (19.0) 29 (17.8) 

Origin(%) 
Caucasian 204 (90.3) 206 (92.8) 150 (89.3) 153 (93.9) 
Hispanic 11 (4.9) 12 (5.4) 10 (6.0) 7(4.3) 
Asian 10(4.4) 4(1.9) 7 (4.2) 3 (1.8) 
African descent 1 (0.4) 0 1 (0.6) 0 

Stage at Entry (%) 
I 16 (7.1) 14 (6.3) 15 (8.9) 12 (7.4) 
II 35 (15.6) 33 (15.0) 27 (16.2) 27 (16.8) 
III 73 (32.4) 68 (30.6) 51 (30.5) 49 (30.4) 
IV 101 (44.9) 105 (47.2) 74 (44.3) 73 ( 45.3) 
Unspecified 1 (0.4) 2 (0.9) 1 (0.6) 2 (1.2) 

Diagnosis/Histologya (%) 
Epithelial 154 (68.1) 152 (68.5) 117 (69.6) 113 (69.3) 
Mixed 37 (16.4) 36 (16.2) 25 (14.9) 25 (15.3) 
Sarcomatoid 18 (8.0) 25 (11.3) 14 (8.3) 17 (10.4) 
Other 17(7.5) 9 ( 4.1) 12(7.1) 8 (4.9) 

Baseline KPSb (%) 
70-80 109 (48.2) 97 (43.7) 83 (49.4) 69 (42.3) 
90-100 117(51.8) 125 (56.3) 85 (50.6) 94 (57.7) 

636 a Only 67% of the patients had the histologic diagnosis of malignant mesothelioma confirmed by independent review. 
63 7 b Kamofsky Performance Scale. 
638 
639 Table 19 and Figure 5 summarize the survival results for all randomized and treated patients regardless of vitamin 
640 supplementation status and those patients receiving vitamin supplementation from the time of emollment in the trial. 

641 
642 
643 
644 T bl 19 Effi a e : Icacy o fALIMTA 1 C" 1 f pus ISP a m versus C"lf"Ml" ISP a mm a Ignan t Pl eura IM th r eso e 10ma 

Randomized and Treated Patients Fully Supplemented Patients 
Efficacy Parameter ALIMTA/cis Cisplatin ALIMTA/cis Cisplatin 

(N=226) (N=222) (N=l68) (N=l63) 
Median overall survival 12.1 mos 9.3 mos 13.3 mos 10.0 mos 
(95% CI) (10.0-14.4) (7.8-10.7) (11.4-14.9) (8.4-11.9) 
Hazard ratio 0.77 0.75 
Log rank p-value" 0.020 0.051 

645 a p-value refers to comparison between arms. 
646 
64 7 Similar results were seen in the analysis of patients (N=303) with confirmed histologic diagnosis of malignant pleural 
648 mesothelioma. There were too few non-white patients to assess possible ethnic differences. The effect in women (median survival 
649 15.7 months with the combination versus 7.5 months on cisplatin alone), however, was larger than the effect in males (median survival 
650 11 versus 9.4 respectively). As with any exploratory analysis, it is not clear whether this difference is real or is a chance finding. 
651 
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Figure 5: Kaplan-Meier Estimates of Survival Time for ALIMTA plus Cisplatin and Cisplatin Alone in all Randomized and 
Treated Patients. 

Objective tumor response for malignant pleural mesothelioma is difficult to measure and response criteria are not universally 
agreed upon. However, based upon prospectively defined criteria, the objective tumor response rate for ALIMTA plus cisplatin was 
greater than the objective tumor response rate for cisplatin alone. There was also improvement in lung function (forced vital capacity) 
in the ALIMTA plus cisplatin arm compared to the control arm. 

Patients who received full supplementation with folic acid and vitamin B12 during study therapy received a median of 6 and 
4 cycles in the ALIMTA/cisplatin (N=l68) and cisplatin (N=l63) arms, respectively. Patients who never received folic acid and 
vitamin B12 during study therapy received a median of 2 cycles in both treatment arms (N=32 and N=38 for the ALIMTA/cisplatin 
and cisplatin arm, respectively). Patients receiving ALIMTA in the fully supplemented group received a relative dose intensity of93% 
of the protocol specified ALIMTA dose intensity; patients treated with cisplatin in the same group received 94% of the projected dose 
intensity. Patients treated with cisplatin alone had a dose intensity of 96%. 
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678 16 HOW SUPPLIED/STORAGE AND HANDLING 

679 16.1 How Supplied 
680 ALIMTA, pemetrexed for injection, is available in sterile single-use vials containing 100 mg pemetrexed. 
681 NDC 0002-7640-01 (VL7640): single-use vial with ivory flip-off cap individually packaged in a carton. 
682 ALIMTA, pemetrexed for injection, is available in sterile single-use vials containing 500 mg pemetrexed. 
683 NDC 0002-7623-01 (VL 7 623): single-use vial with ivory flip-off cap individually packaged in a carton. 

684 16.2 Storage and Handling 
685 ALIMTA, pemetrexed for injection, should be stored at 25°C (77°F); excursions permitted to 15-30°C (59-86°F) [see USP 
686 Controlled Room Temperature]. 
687 Chemical and physical stability of reconstituted and infusion solutions of ALIMTA were demonstrated for up to 24 hours 
688 following initial reconstitution, when stored refrigerated, 2-8°C (36-46°F), or at 25°C (77°F), excursions permitted to 
689 15-30°C (59-86°F) [see USP Controlled Room Temperature]. When prepared as directed, reconstituted and infusion solutions of 
690 ALIMTA contain no antimicrobial preservatives. Discard unused portion [see Dosage and Administration (2.5)]. 
691 ALIMTA is not light sensitive. 

692 17 PATIENT COUNSELING INFORMATION 
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693 See FDA-Approved Patient Labeling 
694 Patients should be instructed to read the patient package insert carefully. 

695 17.1 Need for Folic Acid and Vitamin B12 

696 Patients treated with ALIMTA must be instructed to take folic acid and vitamin B12 as a prophylactic measure to reduce 
697 treatment-related hematologic and gastrointestinal toxicity [see Dosage and Administration (2.3)]. 

698 17.2 Low Blood Cell Counts 
699 Patients should be adequately informed of the risk of low blood cell counts and instructed to immediately contact their 
700 physician should any sign of infection develop including fever. Patients should also contact their physician if bleeding or symptoms of 
7 0 1 anemia occur. 

702 17.3 Gastrointestinal Effects 
703 Patients should be instructed to contact their physician if persistent vomiting, diarrhea, or signs of dehydration appear. 

704 17.4 Concomitant Medications 
705 Patients should be instructed to inform the physician if they are taking any concomitant prescription or over-the-counter 
706 medications including those for pain or inflammation such as non-steroidal anti-inflammatory drugs [see Drug Interactions (7.1)]. 

707 Literature revised Month dd, yyyy 

708 Eli Lilly and Company 

709 Indianapolis, IN 46285, USA 

Copyright© 2004, yyyy, Eli Lilly and Company. All rights reserved. 
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1.01 NL 6750 AMP 

INFORMATION FOR PATIENTS AND CAREGIVERS 

ALI MT A® (uh-LIM-tuh) 

(pemetrexed for injection) 

Read the Patient Information that comes with ALIMT A before you start treatment and each time you get treated with 
ALIMTA. There may be new information. This leaflet does not take the place of talking to your doctor about your medical condition 
or treatment. Talk to your doctor if you have any questions about ALIMTA. 

What is ALIMTA? 
ALIMTA is a treatment for: 

Malignant pleural mesothelioma. This cancer affects the inside lining of the chest cavity. ALIMTA is given with 
cisplatin, another anti-cancer medicine (chemotherapy). 
Nonsquamous non-small cell lung cancer. This cancer is a disease in which malignant (cancer) cells form in the tissues 
of the lung. If you are having initial treatment for your lung cancer, ALIMTA may be given alone or in combination with 
another chemotherapy drug. If this is the first time you have been treated for your lung cancer, ALIMTA may be given 
with another anti-cancer drug called cisplatin. If you have completed initial treatment for your lung cancer, ALIMTA may 
be given alone immediately following your initial treatment. If you are being treated because your cancer has come back 
or you had trouble tolerating a prior treatment, ALIMTA may be given alone. Your doctor will speak to you about 
whether ALIMTA is appropriate for your specific type of non-small cell lung cancer. 

To lower your chances of side effects of ALIMTA, you must also take folic acid and vitamin B12 prior to and during 
your treatment with ALIMTA. Your doctor will prescribe a medicine called a "corticosteroid" to take for 3 days during your 
treatment with ALIMTA. Corticosteroid medicines lower your chances of getting skin reactions with ALIMTA. 

ALIMTA has not been studied in children. 

What should I tell my doctor before taking ALIMTA? 
Tell your doctor about all of your medical conditions, including if you: 

are pregnant or planning to become pregnant. ALIMTA may harm your unborn baby. 
are breastfeeding. It is not known if ALIMT A passes into breast milk. You should stop breastfeeding once you start 
treatment with ALIMT A. 
are taking other medicines, including prescription and nonprescription medicines, vitamins, and herbal supplements. 
ALIMTA and other medicines may affect each other causing serious side effects. Especially, tell your doctor if you are 
taking medicines called "nonsteroidal anti-inflammatory drugs" (NSAIDs) for pain or swelling. There are many NSAID 
medicines. If you are not sure, ask your doctor or pharmacist if any of your medicines are NSAIDs. 

How is ALIMTA given? 
ALIMTA is slowly infused (injected) into a vein. The injection or infusion will last about 10 minutes. You will usually 
receive ALIMTA once every 21 days (3 weeks). 
If you are being treated with ALIMTA and cisplatin for the initial treatment of either mesothelioma or non-small cell lung 
cancer, ALIMTA will be given first as a 10 minute infusion into your vein and cisplatin (another anti-cancer drug) will 
also be given through your vein starting about 30 minutes after ALIMTA and ending about 2 hours later. 
If you have completed initial treatment for your non-small cell lung cancer, you may receive ALIMTA alone, given as a 
10 minute infusion into your vein. 
If you are being treated because your non-small cell lung cancer has returned, you may receive ALIMTA alone, given as 
a 10 minute infusion into your vein. 
Your doctor will prescribe a medicine called a "corticosteroid" to take for 3 days during your treatment with ALIMTA. 
Corticosteroid medicines lower your chances for getting skin reactions with ALIMTA. 
It is very important to take folic acid and vitamin B12 during your treatment with ALIMTA to lower your chances 
of harmful side effects. You must start taking 350-1000 micrograms of folic acid every day for at least 5 days out of the 
7 days before your first dose of ALIMT A. You must keep taking folic acid every day during the time you are getting 
treatment with ALIMTA, and for 21 days after your last treatment. You can get folic acid vitamins over-the-counter. Folic 
acid is also found in many multivitamin pills. Ask your doctor or pharmacist for help if you are not sure how to choose a 
folic acid product. Your doctor will give you vitamin B12 injections while you are getting treatment with ALIMTA. You 
will get your first vitamin B12 injection during the week before your first dose of ALIMTA, and then about every 9 weeks 
during treatment. 
You will have regular blood tests before and during your treatment with ALIMTA. Your doctor may adjust your dose of 
ALIMTA or delay treatment based on the results of your blood tests and on your general condition. 

What should I avoid while taking ALIMTA? 
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Women who can become pregnant should not become pregnant during treatment with ALIMTA. ALIMTA may 
harm the unborn baby. 
Ask your doctor before taking medicines called NSAIDs. There are many NSAID medicines. If you are not sure, ask 
your doctor or pharmacist if any of your medicines are NSAIDs. 

What are the possible side effects of ALIMTA? 
Most patients taking ALIMTA will have side effects. Sometimes it is not always possible to tell whether ALIMTA, another 

medicine, or the cancer itself is causing these side effects. Call your doctor right away if you have a fever, chills, diarrhea, or 
mouth sores. These symptoms could mean you have an infection. 

The most common side effects of ALIMTA when given alone or in combination with cisplatin are: 
Stomach upset, including nausea, vomiting, and diarrhea.You can obtain medicines to help control some of these 
symptoms. Call your doctor if you get any of these symptoms. 
Low blood cell counts: 
• Low red blood cells. Low red blood cells may make you feel tired, get tired easily, appear pale, and become short of 

breath. 
• Low white blood cells. Low white blood cells may give you a greater chance for infection. If you have a 

fever (temperature above 100.4°F) or other signs of infection, call your doctor right away. 
• Low platelets. Low platelets give you a greater chance for bleeding. Your doctor will do blood tests to check your 

blood counts before and during treatment with ALIMTA. 
Tiredness. You may feel tired or weak for a few days after your ALIMTA treatments. If you have severe weakness or 
tiredness, call your doctor. 
Mouth, throat, or lip sores (stomatitis, pharyngitis). You may get redness or sores in your mouth, throat, or on your lips. 
These symptoms may happen a few days after ALIMTA treatment. Talk with your doctor about proper mouth and throat 
care. 
Loss of appetite. You may lose your appetite and lose weight during your treatment. Talk to your doctor if this is a 
problem for you. 
Rash. You may get a rash or itching during treatment. These usually appear between treatments with ALIMTA and 
usually go away before the next treatment. Call your doctor if you get a severe rash or itching. 

Talk with your doctor, nurse or pharmacist about any side effect that bothers you or that doesn't go away. 
These are not all the side effects of ALIMTA. For more information, ask your doctor, nurse or pharmacist. 

General information about ALIMTA 
Medicines are sometimes prescribed for conditions other than those listed in patient information leaflets. ALIMTA was 

prescribed for your medical condition. 
This leaflet summarizes the most important information about ALIMTA. If you would like more information, talk with your 

doctor. You can ask your doctor or pharmacist for information about ALIMT A that is written for health professionals. You can also 
call 1-800-LILLY-RX (1-800-545-5979) or visit www.ALIMTA.com. 

Patient information revised Month dd, yyyy 

Eli Lilly and Company 
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2 Folate Biochemistry in Relation 
to Antifolate Selectivity 

Roy L. Kisliuk 
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1. INTRODUCTION 

This review will deal with advances in folate biochemistry related to antifolate toxi­
city and selectivity. Because of the interrelatedness of reactions of folate metabolism, al­
terations in the activity of any folate enzyme, cellular transport system, as well as the 
concentration of any folate metabolite may be relevant to antifolate cytotoxicity and 
selectivity. Therefore, it is difficult to predict the results of inhibiting a given folate en­
zyme on antifolate selectivity. For example, in many experimental sy5tems, the cytotox­
icity of methotrexate is caused by its ability to inhibit dihydrofolate reductase, resulting 

From: A11tia111cer Dru>J Development Guide: Antifofare Dmgs in Cancer Therapy 
::=::d1ted by: A.L. T::tcknrnn ©Humana Press Jnc .. Toto,v1. NJ 
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14 Kisliuk 

Fig. 1. Structures of tetrahydrofolic acid (THF) derivatives: (A) 5-methylTHF; (B) 5, 10-
methyleneTHF; (C) 5,10-methenylTHF; (D) 10-formylTHF; (E) 5-formylTHF (also called folinic 
acid, leucovorin or citrovorum factor). Pte stands for pteroic acid (p-[(2-amino-4-oxy-6-pteridyl­
methyl)amino]benzoic acid).*n refers to the total number of glutamate residues attached to pteroic 
acid. All additional Glu residues are joined by amide bonds to the ')'-carboxyl group of Glu(l). 

in lowered thymidylate formation, leading to lethal defects in DNA. However, its selec­
tivity is often dependent on differential cellular uptake and polyglutamylation. Favorable 
clinical results with aminopterin, the forerunner of methotrexate, in acute leukemia in 
children were reported by Farber et al. ( 1) in 1948. This work depended on knowledge 
generated at the American Cyanamid Company, Pearl River, NY, on the structure of 
folic acid and the chemical synthesis of analogs in addition to the insightful clinical ob­
servations of the Farber group ( 1 ). This work was done before the role of tetrahydrofo­
lates in the metabolism of single carbon units was known. The present discussion of the 
current literature on folates is offered in the hope that, given the powerful analytical, 
structural, molecular genetic, and synthetic methods now available, new approaches to 
selective toxicity can be generated. 

We focus on the metabolic interconversions ;:ind enzymology of three meas of folate 
111elabolis111, areas related to the essential metabolites methionine, thymidylate. and purine 
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Chapter 2 I Folate Biochemistry 15 

Table 1 
Folate Enzymes in Mammalian Cells 

Enzyme Abbreviation Cellular Location Review Section 

1. methylenetetrahydrofolate MTHFR cytoplasm (2.2.) 
reductase (Fig. 2) 

2. methionine synthase (Fig. 2) MS cytoplasm (2.2.) 
3. serine hydroxymethyltransferase SHMT cytoplasm, (3.2.) 

(Figs. 5,6) mitochondria 
4. thymidylate synthase (Fig. 5) TS cytoplasm, (3.3.) 

nucleus 
5. dihydrofolate reductase (Fig. 5) DHFR cytoplasm (3.4.) 

aC1THF synthase: c(Fig. 6) (4.) 
6. methylenetetrahydrofolate D cytoplasm, 

dehydrogenase mitochondria 
7. methenyltetrahydrofolate c cytoplasm, 

cyclohydrolase mitochondria 
8. I Ojormyltetrahydrofolate s cytoplasm 

synthetase 
9. 10-formylterahydrofolate FDH cytoplasm (5.) 

dehydrogenase (Fig. 6) 
10. 5, 10-methenyltetrahydrofolate MTHFS cytoplasm, (6.) 

synthetase (Fig. 6) mitochondria 
11. glycinamide ribonucleotide GARFT cytoplasm (7.) 

formyltransferasec (Fig. 7) 
12. aminoimidazolecarboxamide AICARFT cytoplasm (8.) 

ribonucleotide 
formyltransferaseb (Fig. 7) 

13. methionyl tRNAre1 FMT mitochondria (9.) 
formy ltransferase 

14. formiminotransferaseb FTCD cytoplasm (10.) 
15. formiminocyclodeaminaseb FTCD cytoplasm (10.) 
16. glycine cleavage systemd mitochondria (11.) 
17. dimethylglycine dehydrogenase mitochondria (12.) 
18. sarcosine dehydrogenase (Fig.3) mitochondria (12.) 
19. folylpolyglutamate FPGS cytoplasm, (13.) 

synthetase mitochondria 
20. folylpolyglutamate GH lysosomes, (14.) 

hydro lase excreted 

" Italics indicate that the enzymes are part of a bifunctional b, trifunctional c, or tetrafunctionalct protein 
complex. 

nucleotides. In this order we proceed from the most reduced form of the single carbon unit 
encountered in mammalian metabolism to the more oxidized forms, that is, from methyl 
(methanol level) through methylene (formaldehyde level) to methenyl and formyl (fo1mate 
level) (Fig. l). We then consider the enzymes of folylpolyglutamate formation and hydrol­
y5is. The enzymes discussed are listed in Table 1 with abbreviations. cellular locacion, and 
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methyleneTHF 
reductase (MTliFR) 

cobalamin dependent 
methionine synthase 

(MS) 

Kisliuk 

betaine-
homocysteine 
methyltransferase 

(BHMT) 

Fig. 2. Methylation of homocysteine to form methionine: (A) from 5-CH3-H4PteGlun via methyl­
cobalamin (CHrCo[III]), (B) from betaine. 

location in the text. Human systems are emphasized. In order to keep the number of cita­
tions within bounds, key references serve as the source of additional current literature. Ear­
lier folate studies are summarized in the treatise edited by Blakley and Benkovic ( 2) as well 
as in reviews by Kisliuk ( 3 ), Shane ( 4 ), and Wagner ( 5 ). 

2. METHIONINE 

2.1 Introduction 
In addition to its essential role as a constituent of proteins, methionine is a major 

metabolite, being at the confluence of the metabolism of folate, cobalamin, methyl groups, 
and polyamines. Our discussion will be divided into three sections: methionine methyl for­
mation (Fig. 2), methionine methyl donation (Fig. 3), and propylamine donation (Fig. 4). 

2.2 Methionine Methyl Formation 
Methionine is required in the diet for normal growth but it is only the homocysteine 

portion that animals are unable to synthesize. Given adequate dietary folate and cobal­
amin, methyl groups are readily formed from CH2-H~teGlu0 by sequential reactions 
catalyzed by CHrH~teGlu reductase (MTHFR) and cobalamin-dependent methionine 
synthase (MS) (Fig. 2), which result in the methylation of homocysteine to form me­
thionine. Interest in these enzymes is intense because low activity of either one leads to 
elevated blood levels of homocysteine, an important correlate in coronary disease ( 6 ). 
Homocysteine has been implicated as a toxin of the endothelium of blood vessels (7) and 
has been shown to inhibit growth and p2lras methylation in cultured vascular endothe­
lial cells (8). The incidence of both coronary disease (6) and neural tube defects (9) is di­
minished by supplemental dietary folate. 

Another enzyme catalyzing the methylation of homocysteine to methionine is be­
taine-homocysteine methyltransferase (Fig. 2). This enzyme has so far only been found 
in liver and kidney and its activity does not suffice to alleviate homocysteinemia (7,10). 

MTHFR catalyzes the reduction of CHrHJlteGlu0 to CH3-H4PteGlu0 (Fig. 2). The hy­
drogen donor bound to the pig liver enzyme is FAD, which is itself reduced by NADPH. 
The K111 for CH2-H4PteGlu6 is 0.1 µMas compared with 7 p.111 for CHrH4PteGlu 1 ( 1 I). 
MTHFR can catalyze the reverse reaction, the formation of CHrH4PteGlun from 
CI-h-I-I.+PteGlun, in the presence of the attificia1 electron acceptor menadione ( 12 ), but this 
teaction is insignjficant under physiological conditions in vitro (7) ::md in vivo ( 13 ). 

Sequencing of the cDNA for human MTHFR led to the discovery of an important 
.<1d:tnt (!\la'.222V:1i) which, in the homozygous .;;tate, leads to decreased MTHFR activ-
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Fig. 4. Methionine as propylamine donor; formation of polyamines; putrescine, spermidine, and sper­
mine. 

ity which can lead to homocysteinemia ( 14 ). Studies with an analogous mutation in 
E.coli MTHFR showed that FAD is more loosely bound to the mutant enzyme, leading 
to lower activity (15). Addition of CH3-H4PteGlu1 greatly slowed FAD dissociation. 
These results provide a reasonable explanation for the ability of high folate diets to lower 
blood levels of homocysteine in that MTHFR activity would be maintained even in the 
presence of the variant enzyme provided that, as is likely, CHrH4PteGlun in vivo also 
o;;lows FAD dissociation and stabilizes MTHFR. 

MTHFR is inhibited by adenosylmethionine (AdoMet) providing a system for de­
creasing methionine methyl group synthesis when dietary methionine is provided ( 11 ). 

Methionine synthase (Fig. 2) catalyzes the transfer of the methyl group of CHr 
HiPteGlun to homocysteine to form methionine. The human enzyme has been cloned 
in three laboratories ( 16-18! and consists of 1265 amino acids with a kDa of 140. 
=h-::ed Pn ·.tud!es with the £. coli emyme, which is highly homologous to the hum~m 
"

1v;. Hhc~. rh·~ ·:·nbalmnin prm;thetic gioup in rhe central portion of the protein intencts 
.,, i1h fhnll•H .. 1.~in,~. CH:, H1PteCJlu 11 :tnd A.dorvkL P:<ch of which is activatect by a spe-
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cific region of the protein ( 19 ). The C-terminal AdoMet binding region is required be­
cause MS is occasionally inactivated by oxidation of the cob(l)alamin cofactor to an 
inactive cob(II)alamin form. Reactivation requires reductive methylation of 
cob(II)alamin to methylcob(l)alamin. The methyl group is provided by AdoMet. The 
reducing system is provided by a flavodoxin system in E. coli. In animals the auxiliary 
redox proteins have not been characterized, but defects in these proteins lead to func­
tional MS deficiency (20). The AdoMet requirement for the maintenance of MS ac­
tivity is important in view of the essential role of MS in the incorporation of 
CHrH4PteGlu1 into cellular metabolism. 

MS provides the only pathway by which the methyl group of CH3-H4PteGlun can be 
removed in vivo, which makes MS activity essential for providing H4PteGlun from 
CH3-H4PteGlun. When MS activity is low because of either defective enzyme(s), coba­
blamin deficiency, or nitrous oxide inhibition, CH3-H4PteGlun accumulates. The major 
source of cellular folates is usually blood CH3-H~teGlu 1 which must be demethylated 
and then polyglutamylated before functioning as a coenzyme in thymidylate and purine 
nucleotide formation. Thus MS deficiency causes folate deficiency by trapping methyl 
groups in the form of CH3-H4PteGlu1• CHrH4PteGlu1 is not retained in cells because it 
is a poor substrate for folylpolyglutamate synthetase and the monoglutamate form is not 
as tightly bound to folate enzymes or other folate binding proteins in cells as are the 
polyglutamate forms. Polyglutamate forms of CH3-H4PteGlu are reported to have lower 
Km values than the monoglutamate form for E. coli and bovine brain MS, but studies on 
the effect of polyglutamate chain length on substrate activity for human MS have not 
been reported. However, the fact that cultured cells can grow when supplied with 
CHrH4PteGlu1 indicates that it is demethylated to some extent by the action of MS. 

Two interrelated aspects of methionine metabolism that have received attention in re­
lation to chemotherapy are: the inhibition of MS by nitrous oxide (21) and the inability 
of many tumor cell lines to synthesize the methionine methyl group (22). These cell lines 
are unable to grow when supplied with homocysteine and must be provided with me­
thionine in the medium. In one such instance, a glioma cell line requires methionine be­
cause of lowered levels of cobalamin on MS (23 ). MS-deficient cells should be 
especially sensitive to inhibition of methionine adenosyl transferase, which would de­
prive cells of AdoMet rendering them incapable of utilizing exogenous methionine as a 
source of methyl groups or polyamines. 

Nitrous oxide specifically inactivates MS by reacting with cob(I)alamin and expo­
sure to nitrous oxide leads to megaloblastic anemia (24). Short-term remissions were 
observed in cases of chronic myeloid leukemia and childhood acute myeloid leukemia 
after treatment with nitrous oxide (21 ). Methotrexate enhances nitrous oxide toxicity 
(23 ). Methotrexate decreases MS activity by depleting cells of CH3-H4PteGlun and of 
methylcobalamin. It is proposed that this leads to lower AdoMet levels and decreased 
methylation reactions that contribute to the cytotoxic action of methotrexate (23 ). A 
reasonable explanation for methotrexate enhancement of nitrous oxide toxicity would 
be that both agents reduce MS activity, methotrexate by lowering cofactor levels, and 
nitrous oxide by inactivating cobalamin remaining on MS. 

Recently cobalamin analogs were shown to inhibit the growth of BW5 l47 mouse 
lymphoma cells in cultme (25). 
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2.3 Alethionine JHethyl Donation 
Methionine is converted to the active methyl donor, AcloMet, through the action of 

methionine adenosyl transferase (Fig. 3). Acceptors of the methyl group include glycine, 
DNA, RNA, norepinephrine, and at least 100 additional compounds (5) including ar­
senic compounds (26). We limit our discussion to methylation of glycine and DNA. 
Glycine methylation serves as a route to recycle uneeded methionine methyl groups and 
is regulated by CHrH4PteGlun (5). DNA methylation regulates gene expression (27) . 

Glycine N-methyltransferase (GNMT) makes up 1-3% of the soluble protein in rat 
liver cytosol and is a major folate-binding protein even though it does not require a folate 
coenzyme for its activity ( 5 ). It is a tetramer containing identical 292-amino acid residue 
34-kDa subunits. When dietary methionine intake is high, glycine is methylated to sarco­
sine which is metabolized to CHrH4PteGlun and glycine in mitochondria. When dietary 
methionine is low, synthesis of CH3-H4PteGlu0 is elevated because the inhibition of 
MTHFR by AdoMet is released. CHrH4PteGlu0 is an allosteric inhibitor of GNMT under 
conditions in which conserving methionine is advantageous. Thus AdoMet and 
CH3-H4PteGlu0 regulate methionine methyl synthesis and disposal, respectively. 

GNMT is also present at high levels in the exocrine pancreas in which methylation 
plays a role in exocrine secretion (28) . 

Rat liver GNMT appears to be identical to the cytosolic receptor for benzo[a]pyrene 
which induces cytochrome P450 lAl gene expression. Consistent with this proposed 
role for GNMT, its subunits are transported into the nucleus (29). 

The methylation of specific CpG sites in the DNA of the tumor suppressor gene p53 
decreases when rats are maintained on a diet deficient in folate and methyl donors. The 
amount of p53 protein increases in response to many signals including DNA damage and 
nucleotide depletion ( 30 ). p53 function is lost in about half of all human cancers. Alter­
ation of the pattern of DNA methylation is postulated to be a factor in the increase in 
spontaneous liver cancer and in susceptibility to dimethylhydrazine-induced colon 
tumors ( 31 ). 

The adenosylhomocysteine arising from the action of AdoMet-dependent methyl­
transferases is hydrolyzed to homocysteine and adenosine (Fig. 3), an important reaction 
because adenosylhomocysteine is a potent inhibitor of AdoMet-dependent methylation 
reactions. Homocysteine may either be remethylated or metabolized to cysteine through 
the transsulfuration pathway that requires the action of cystathionine-(3-synthase (Fig. 3) 
(7). In mammalian liver, about half of the homocysteine is remethylated and half pro­
ceeds through the transsulfuration pathway. Many tissues however, lack cystathionine­
(3-synthase and are incapable of transsulfuration (7). Genetic polymorphisms can result 
in decreased cystathionine-(3-synthase activity which leads to homocysteinemia. One 
type of cystathionine-(3-synthase deficiency responds to an increased supply of vitamin 
B6 because the variant enzyme in this instance has a lowered affinity for its coenzyme, 
pyridoxal phosphate (7). 

2.4 Propylamine Donation 
The polyamines putrescine, spermidine, and spermine are necessary for the growth of 

all cells ( 32). Putrescine arises from the decarboxylation of ornithine. Spermidine and 
spermine are formed by sequential addition of propylamine residues to putrescine (Fig. 
4). Adenosylmethylthiopropylamine arising from the decarboxylation of AdoMet is the 
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donor of propylamine. Thus omithine decarboxylase and Ado Met decarboxylase are key 
enzymes involved in polyamine synthesis and the level of these enzymes is regulated by 
hormones, tumor promoters, and by polyamine levels (32). A polyamine-responsive el­
ement has been identified in the 5' -leader sequence of the mRNA for AdoMet decar­
boxylase. This element codes for the peptide MAGDIS which plays a role in polyamine 
regulation of polyamine biosynthesis. 

Spermine stimulates the activity of partially purified rat liver MS ( 33 ). Since methio­
nine provides propylamine for spermine synthesis (Fig. 4), stimulation of methionine 
synthesis by spermine could be part of a positive feedback loop related to the associa­
tion of polyamine formation and growth. Polyamine analogs can cause cell-cycle arrest 
and apoptosis in human melanoma cells. One such analog is currently in Phase I clinical 
trial against solid tumors (34). 

3. THYMIDYIATE CYCLE 

3.1 Introduction 
Growing cells undergo apoptosis if de novo thymidylate synthesis is blocked. In colon 

carcinoma cells, thymineless apoptosis is mediated via Fas signaling ( 35 ). Although cell 
death can be prevented if thymidine is supplied, under the usual in vivo conditions, 
plasma thymidine levels are too low for protection (36). The three enzymes of the 
thymidylate synthesis cycle (Fig. 5) are serine hydroxymethytransferase (SHMT) ( 37), 
thymidylate synthase (TS) (38), and dihydrofolate reductase (DHFR) (39). SHMT cat­
alyzes the formation of CH2-H4PteGlu0 from serine and H4PteGlu0 • CHz-H4PteGlu0 is 
then the substrate for the reductive methylation of dUMP to dTMP. Reducing equiva­
lents are supplied by the conversion of H4PteGlu0 to H2PteGlu0 , which makes it neces­
sary to regenerate a molecule of H4PteGlu0 for every molecule of dTMP formed. DHFR 
enables completion of the cycle by catalyzing the reduction of H2PteGlu0 to H4PteGlu°' 
utilizing NADPH as the reductant. 

3.2 Serine Hydroxymethyltransferase 
Serine and glycine both provide CH2-H4PteGlu0 which, in tum, is the major source of 

single carbon units for methionine, thymidylate and purine nucleotide synthesis. SHMT 
catalyzes the conversion of serine to glycine and CHrH4PteGlu°' whereas glycine is 
metabolized to CHz-~PteGlu0 , C02, and NH3 + in mitochondria via the glycine cleav­
age system (40). SHMT is found both in mitochondria (mSHMT) and in the cytosol 
( cSHMT). Chinese hamster ovary cells become auxotrophic for glycine when mSHMT 
is absent, which shows that the presence of cSHMT is insufficient to provide the cells 
need for glycine (4). cSHMT may serve in gluconeogenesis by catalyzing the conversion 
of dietary glycine to serine, which then gives lise to pyruvate. 

Human cDNAs that encode the two isozymes of SHMT have been cloned and se­
quenced (41,42). Human mSHMT ::mcl cSHMT monomers (approx 55 kDa) contain 474 
:mcl 483 amino acid residues. respectively, and the deduced amino acid sequences show 
63% id~ntity. SHMT is a highly conserved enzyme, the human isozymes having approx 
~3% sequence identity with £. coli SHMT. All of the pmified enzymes have four iden­
i i·:al ·;ubunih that ::tee ydlo'V h:ctP:;.:; uf ihe pres,;nc.,: ,if one in•:;l"-:nilc uf pyfidoxal pho<>­
,-h.11(~ on ·~ach subnnil. l~xp.:·rirn.::n!s '.'1ith pig: liver SHMT :;how 1Jwt tolylpolyglmamate 
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substrates and inhibitors bind more tightly to the enzyme than the monoglutamate forms 
( 43 ). Similar results were obtained with rabbit liver SHMT where it was shown, in ad­
dition, that cytosolic and mitochondrial SHMT have similar affinities for polyglutamate 
forms (44). 

An additional reaction catalyzed by both mSHMT and cSHMT is the hydrolysis of 
5,10-CH-H4PteGlun to form 5-CHO-HJ>teGlun (Fig. 6) (45). A hydrated form of 5,10-
CH-H4PteGlun, (6R,l 1R)-5,10-hydroxymethylene-H4PteGlun is a likely intermediate in 
this reaction (46). 5-CHO-H4PteGlu(n) inhibits SHMT (47), TS (48), and AICARFT (49) 
and could therefore be an important compound in regulating one-carbon metabolism in 
that it could diminish both the formation and utilization of single-carbon units (50). 
5-CH3-H4PteGlun also inhibits SHMT and thus could also act to diminish formation of 
single-carbon units along with 10-CHO-H4PteGlun which inhibits L1210 dihydrofolate' 
reductase (48). 5-CHO-HJ>teGlum 10-CHO-H4PteGlun and 5-CH3-H4PteGlun could all 
be feedback-signaling agents responding to increased levels of single-carbon folate 
metabolites at the formyl, hydroxymethyl, and methyl levels of oxidation. Consistent 
with this view, depletion of 5-CHO-H4PteGlun in neuroblastoma cells by overexpress­
ing the cDNA for methenyltetrahydrofolate synthetase enhanced serine levels but low­
ered methionine levels, leading to the suggestion that serine synthesis and homocysteine 
remethylation compete for one-carbon units in the cytoplasm (51). 

Although SHMT as provider of the methylene group for the methyl group of thymidy­
late has been considered as a target for chemotherapeutic agents, specific antifolate in­
hibitors of SHMT have not been described. Perhaps an analog that bridges the folate site 
with the pytidoxal phosphate site would be effective. The setine analogs, D-fluoroala­
nine (52) and 4-chlorothreonine (53) are mechanism-based inhibitors of SHMT at mil­
Iimolar levels. 

3.3 Thymidylate Synthase 
Thymidylate synthase catalyzes the reductive methylation of dUMP to dTMP. It is a 

dimeric enzyme (70 kD) with two catalytic sites per dimer, whose amino acid sequences 
::ire highly conserved ( 54 ). Each monomer contributes amino acids to the catalytic site 
( 5-JJ. X ~ray <:t y:>tal structures of ; he Lactobacill11s casei :md £. coli .~nzymes show the 
J'obte cofactor bound above and 1npping dUMP. Polyglutarnate form<> of the folate co-
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