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PRELIMINARY AMENDMENT

June 18, 2007 Patent Application
Docket No. SER-125

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Giampiero de Luca

Docket No.—: SER-125

For : Cladribine Regimen for Treating Multiple Sclerosis

Mail Stop PCT
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Sir:

It is respectfully requested that the above-identified patent application be amended as

follows:
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2 Docket No. SER-125

Patent Application

In the Specification

Please insert the following new paragraphafter the Title of the invention on page 1, line 1:

Cross-Reference to Related Application
 

This application is the U.S. national stage applicationofInternational Patent Application No.

PCT/EP2005/056954, filed December 20, 2005, which claimsthe benefit ofU.S. Provisional Patent

Application No. 60/638,669, filed December 22, 2004, the disclosures of which are hereby

incorporated by reference in their entireties, includingall figures, tables and amino acid or nucleic

acid sequences.

After page 31: Please insert as new page 32 the attached Abstract of the Disclosure.

JASER\125\Amd-Resp\PreAmd.doo/DNB/si

Petitioner TWi Pharms., Inc.

EX1003, Page 3 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 4 of 822

3 Docket No. SER-125

Patent Application

In the Claims

1-17 (canceled).

18 (new). A methodoftreating multiple sclerosis comprising the oral administration of a

formulation comprising cladribine, wherein the formulation is to be orally administered following

the sequential steps below:

(i) an induction period whereinsaid cladribine formulation is administered and wherein

the total dose of cladribine reached at the end of the induction period is from 1.7

mg/kg to 3.5 mg/kg;

(i1) a cladribine-free period wherein no cladribine formulation is administered;

(iii) a maintenance period wherein said cladribine formulation is administered and

whereinthetotal dose of cladribine reached at the end of the maintenanceperiod is

lower thanthe total dose of cladribine reachedat the endofthe inductionperiod(i);

and

(iv)|acladribine-free period wherein no cladribine formulation is administered.

19 (new). The methodaccording to claim 18, wherein the induction periodlasts up to 4

months, or up to 3 months, or up to 2 months.

20 (new). The method accordingto claim 19, wherein the induction periodlasts up to 2
months.

21 (new). The method accordingto claim 18, wherein the induction periodlasts up to 2
months.

22 (new). The method accordingto claim 18, wherein the induction periodlasts up to 4
months.
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Patent Application

23 (new). The method according to claim 19, whereinthe inductionperiod lasts up to 4

months.

24 (new). The method according to claim 18, wherein the total dose of cladribine

reachedat the end of the induction period is 1.7 mg/kg.

25 (new). The method according to claim 18, wherein the total dose of cladribine

reached at the end of the induction period is 3.5 mg/kg.

26 (new). The method accordingto claim 18, wherein the cladribine-free periodlasts up

to 10 months, or up to 9 months, or up to 8 months.

27 (new). The method according to claim 18, wherein the cladribine-free (iv) period

lasts up to 10 months.

28 (new). The method accordingto claim 18, wherein the maintenanceperiodlasts up to

4 months, or up to 3 months or up to 2 months.

29 (new). The method according to claim 18, wherein the total dose of cladribine

reachedat the end of the maintenance period is 1.7 mg/kg.

30 (new). The method according to claim 18, wherein the formulationis to be orally

administered following the sequential steps below:

(i) an induction period wherein said cladribine formulation is orally administered and

wherein the total dose ofcladribine reachedat the endofthe inductionperiodis from

1.7 mg/kg to 3.5 mg/kg;

(ii) accladribine-free period wherein no cladribine formulation is administered;

(ili)|a maintenance period wherein said cladribine formulation is administered and

wherein the total dose of cladribine reached at the end of the maintenance period is
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Patent Application

lower than the total dose of cladribine reached at the end of the induction period (1);

and

(iv) acladribine-free period wherein no cladribine formulation is administered;

wherein the induction period lasts up to 4 months, or up to 3 months or up to 2 months; the

cladribine-free period (i1) lasts up to 10 months, or up to 8 months or up to 10 months; the

maintenanceperiod(iii) lasts up to 2 months; the cladribine-free period (iv) lasts up to 10 months;

the total dose of cladribine reached atthe end of the maintenance period is 1.7 mg/kgandsteps(iii)

to (iv) are repeated performedone, twoorthree times.

31 (new). The method according to claim 30, wherein the total dose of cladribine

reachedat the end ofthe induction period is 3.5 mg/kg andthe total dose ofcladribine reached at the

end of the maintenance period is 1.7 mg/kg.

32 (new). The method according to claim 30, wherein the formulationis to be orally

administered at a daily dose of 3 to 30 mgcladribine.

33 (new). The method accordingto claim 32, wherein the pharmaceutical formulationis

to be orally administered at a daily dose of 10 mg cladribine.

34 (new). The method according to claim 18, wherein the pharmaceutical formulationis

orally administered 1 to 7 days per month during the inductionperiod.

35 (new). The method accordingto claim 18, wherein thesteps(iii) to (iv) are repeated
at least one or two times.

36 (new). The method according to claim 18, wherein said cladribine formulationis to

be administered in combination with interferon-beta.
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37 (new). The method according to claim 30, whereinsaid cladribine formulationisto

be administered in combination with interferon-beta.
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Patent Application

Remarks

The Commissioner is hereby authorized to charge any fees under 37 CFR §§1.16, 1.17, and

1.492 as required by this paper to Deposit Account No. 19-0065.

Respectfully submitted,

/FRANKCEISENSCHENK/

Frank C, Eisenschenk, Ph.D.

Patent Attorney
Registration No. 45,332
Phone No.: 352-375-8100

Fax No.: 352-372-5800

Address: P.O. Box 142950

Gainesville, FL 32614-2950

FCE/sl

Attachment: Abstract of the Disclosure
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32 PCT/EP2005/056954

Abstract of the Disclosure

The present invention is related to the use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis, especially relapsing-remitting

multiple sclerosis or early secondary progressive multiple sclerosis, wherein the preparationis to

5 be orally administered and wherein re-treatments are possible.

JASER\125\PTO-Misc\abstract.dac/DNB/s!

Petitioner TWi Pharms., Inc.

EX1003, Page 9 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 10 of 822

APPLICATION DATA SHEET

Application Information

Application Type::

Subject Matter:

Suggested Classification:

Suggested Group Art Unit::

CD-ROM or CD-R?::

Numberof CD disks::

Numberof copies of CDs::

Sequence submission?::

Computer Readable Form?::

Numberof Copies of CRF::

Title:

Attorney Docket Number::

Request for Early Publication::

Request for Non-Publication::

Suggested Drawing Figure::

Total Drawing Sheets:

Smali Entity?::

Petition included?::

Petition Type::

Secrecy Order in Parent Appl.?::

Docket No. SER-125

Regular (National Stage)

Utility

None

None

None

None

None

No

No

None

CLADRIBINE REGIMEN FOR TREATING MULTIPLE
SCLEROSIS

SER-125

No

No

None

None

No

No

N/A

No
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APPLICATION DATA SHEET

Applicant Information

Applicant Authority Type::

Primary Citizenship Country::

Status::

inventor One Given Name::

Family Name::

City of Residence::

Country of Residence::

Street of Mailing Address::

City of Mailing Address::

Country of Mailing Address::

Postal or Zip Code of Mailing Address::

Representative Information

Representative Customer Number::

CorrespondenceInformation

Correspondence Customer Number::

Telephone Number One::

Telephone Number Two::

Fax Number::

Electronic Mail Address::

Docket No. SER-125

Inventor

Italy

Unknown

Giampiero

DE LUCA

Conches/Geneva

Switzerland

Chemin des Conches 15B

Conches/Geneva

Switzerland

CH-1231

000023557

000023557

(352) 375-8100

(352) 372-5800

fce@slspatents.com
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Domestic Priority Information

Application:: Continuity Type:: Parent Application:: Parent Filing Date::

This application is a National Stage of PCT/EP2005/056954 December20, 2005

PCT/EP2005/056954 An application claiming 60/638 ,669 December22, 2004
the benefit under 35 USC

119(e) of

Foreign Priority Information

Country:: Application Number::

EP 04106909.7

Assignee Information

Assignee Name::

Street of Mailing Address::

City of Mailing Address::

Country of Mailing Address::

Postal or Zip Code of Mailing Address::

Filing Date:: Priority Claimed::

December 22, 2004 Yes

Laboratoires Serono S.A.

Zone Industrielle de l’Ouriettaz

Aubonne

Switzerland

CH-1170
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  Vill-4-1 |Declaration: Inventorship (only for
the purposes of the designation of
the United States of America)
Declaration of Inventorship (Rules
4.17(iv) and 51bis.1(a){iv)) for the
purposesof the designation of the
United States of America:

 

PCT/EP2005/056954

I hereby declare that I believe I am the
original, first and sole(if only one
inventor is listed below) or joint (if
more than one inventor is listed below)

inventor of the subject matter which is
claimed and for which a patent is
sought.
This declaration is directed to

international application PCT/
EP2005/056954 (if furnishing declaration
pursuant to Rule 26ter).
I hereby declare that my residence,
mailing address, and citizenship are as
stated next to my name.
I hereby state that I have reviewed and
understand the contents of the above-

identified international application,
including the claims of said
application. I have identified in the
request of said application, in
compliance with PCT Rule 4.10, any claim
to foreign priority, and I have
identified below, under the heading
"Prior Applications", by application
number, country or Member of the World
Trade Organization, day, month, and year
of filing, any application for a patent
er inventor's certificate filed ina

country other than the United States of
America, including any PCT international
application designating at least one
country other than the United States of
America, having a filing date before
that of the application on which foreign
priority is claimed. 

VIH-4-1-|Prior applications:1 60/638,669, US, 22 December 2004
(22.12.2004) ;04106909.7, EP, 22
December 2004 (22.12.2004)
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Vitl-4-1-
1-1

PCT/EP2005/056954

 
 

 
 

 
 
 
 
 

 
 

 
 

 
 
 
 
 

 
 
 

 
 
 
 
 
 

I hereby acknowledge the duty to
disclose information that is known by me
to be material to patentability as
defined by 37 C.F.R. § 1.56, including
for continuation-in-part applications,
material information which became

available between the filing date of the
prior application and the PCT
international filing date of the
continuation-in-part application.
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 validity
of the application or any patent issued
thereon.

Name (LAST, First) DE LUCA, Giampiero

2 ” (ayondeither US State,if applicable, Conches, Switzerland
or country)

Vill-4-1- {Mailing address: Chemin de Conches 15B 1231 Conches
3 Switzerland
VINI-4-1- |Citizenship: IT1-4  
 Vill-4-1- [Inventor's Signature:

4-5 (if not contained in the request, orif
declaration is corrected or added under
Rule 26ter afterthe filing of the
international application. The signature
mustbe thatof the inventor, not that of
the agent)
 

Vill-4-1- /Date:
1-6 (of signature which is not contained in

the request, or of the declaration thatis
corrected or added under Rule 26ter
after the filing of the international
application)
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INFORMATION DISCLOSURE

June 18, 2007 STATEMENT

Patent Application
Docket No. SER-125

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Applicant : Giampiero de Luca

Filed : June 18, 2007

For : Cladribine Regimen for Treating Multiple Sclerosis

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313

INFORMATION DISCLOSURE STATEMENT

UNDER37 CFR §§1.97 AND 1.98

Sir:

In accordance with 37 C.F.R. § 1.56, the references listed on the attached form PTO/SB/08

are being brought to the attention of the Examiner for consideration in connection with the

examination of the above-identified patent application. A copyofeach cited referenceis enclosed.

It is respectfully requested that the references cited on the attached form PTO/SB/08 be

considered in the examination of the subject application and that their consideration be made of

record.

Applicant respectfully asserts that the substantive provisions of 37 C.F.R. §§ 1.97 and 1.98

are met by the foregoing statement.

Respectfully submitted,

/FRANKCEISENSCHENK/

Frank C. Eisenschenk, Ph.D.

Patent Attorney
Registration No. 45,332
Phone No.: 352-375-8100

Fax No.: 352-372-5800

Address: P.O. Box 142950

Gainesville, FL 32614-2950

FCE/jps
Attachments: Form PTO/SB/08; copies of references cited therein.
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PTO/SB/08A (08-03)
Approved for use through 07/31/2006. OMB 0651-0031

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

Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit contains a valid OMB
control number.

Substitute for form 1449A/PTO Complete if Known

INFORMATION DISCLOSURE

STATEMENTBY APPLICANT Piling Date June 18, 2007
First Named Inventor Giampiero de Luca

(use as many sheets as necessary) Art Unit

Examiner Name

Attorney Docket Number SER-125

 

Application Number  

 

 

 

U.S. PATENT DOCUMENTS

Examiner Document Number Publication Date Nameof Patentee or Applicant Pages, Columns, Lines, Where
Number- Kind Code’ (if MM-DD-YYYY of Cited Document Relevant Passages or Relevant

known Figures Appear
No

|usjus

US:

U

initials*

Cc w

puss
re

FOREIGN PATENT DOCUMENTS

Foreign Patent Document a Pages, Columns, Lines
Cite Publication Date Name of Patentee or Where Relevant Passages
No! MM-DD-YYYY Applicant of Cited Document or Relevant Figures Appear. Country Goede? - Number ‘4 - Kind Gode'(if knawn

WO 04/087101 A2 10/14/2004

The Scripps
EP 0 626 853 B1 04/26/200 ResearchInstitute

 11

2

4

5

6

7

8

9

    
  

 

 

 
Examiner

initiais*

 A

ATPTETET|1|7m)7 NFOFOrfe[oo[PS=
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 608. Drawline throughcitation if not in confarmance and not
considered. include copy of this form with next communication to applicant. * Applicant's uniquecitation designation number(optional), ? See Kind Codes of
USPTO Patent Documents at www.uspto.gov or MPEP901.04. * Enter Office that issued the document, by the two-letter cade (WIPO Standard 1.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. ° Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. ° Applicant is to place a check mark here if English languageTransiation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public whichistofile (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 2 hours 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 amountof 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, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and selectoption 2.
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PTO/SB/08B (08-03)
Approvedfor use through 07/31/2006. OMB 0651-0031

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 contains a valid OMB
control number.
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 NON PATENT LITERATURE DOCUMENTS 

Include nameof the author (in CAPITAL LETTERS), title of the article, (when appropriate), title of theCite
No.'

Examiner
Initials*

 
item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue

i i published.

BEUTLER, E.et al. “Marrow Suppression Produced by Repeated Doses of Cladribine’,
Acta Haematol, 1994, pp. 10-15, Vol. 91,

BEUTLER, E.et al. “Treatment of Multiple Sclerosis and Other Autoimmune Diseases With
Cladribine”, Seminars in Hematology, January 1, 1996, pp. 45-52, Vol. 33, No. 1,
Supplement 1.
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GRIEB,P.etal. “Effect of Repeated Treatments with Cladribine (2-Chlorodeoxyadenosine)
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Experimentalis, 1995, pp. 323-327, Vol. 43, No. 5-6.

KAZIMIERCZUK,Z.ef al. “Synthesis of 2'-Deoxytubercidin, 2'-Deoxyadenosine, and
Related 2'-Deoxynucleosides via a Novel Direct Stereospecific Sodium Salt Glycosylation
Procedure”, J. Am. Chem. Soc., 1984, pp. 6379-6382, Vol. 106, No. 21.

KURTZKE,J. “Rating neurologic impairmentin multiple sclerosis: An expanded disability
status scale (EDSS)", Neurology, November 1983, pp. 1444-1452, Vol. 33.
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LANGTRY,H.et a/. “Cladribine: A Review of its Use in Multiple Sclerosis”, Biodrugs, May
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LASSMANN, H.ef a/. “Heterogeneity of multiple sclerosis pathogenesis: implications for
diagnosis and therapy”, TRENDSin Molecular Medicine, March 2001, pp. 115-121, Vol. 7,
No.3.

LUBLIN, F.et a/. “Defining the clinical course of multiple sclerosis: Results of an
international survey”, Neurology, April 1996, pp. 907-911, Vol. 46.

LUCCHINETTI, C.ef a/. “Multiple sclerosis: recent developments in neuropathology,
pathogenesis, magnetic resonance imaging studies and treatment”, Current Opinion in
Neurology, 2001, pp. 259-269, Vol. 14.
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if net in conformance
and not considered. Include copyof this form with next communication to applicant.
* Applicant's unique citation designation number (optional). * Applicantis to place a check mark hereif English language Translation is attached.
This collection of information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the public whichisto 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 2 hours 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, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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Abstract

2-Chlorodeoxyadenosine (cladribine, Leustatin®) is being used extensively in .
the treatment of hematologic malignancies, but relatively little is known re

Key Words
Aplastic anemia
2-Chlorodeoxyadenosine
Stem cell gardingits toxicity to the normal marrow. Long-term serial hematologic obser
Thrombocytopenia vations have been made on 29 patients with multiple sclerosis undergoing ex-
Toxicity perimental therapy with monthly courses of cladribine, each of which consisted ::

of 0.087-0.1 mg/kg per day for 7 days. The characteristic hematologic responses
of the patients consisted of acute transient monocytopenia, prolonged, pro-
found lymphopenia especially of CD4-positive cells, and modest lowering of %
the granulocyte count and hemoglobin with development of long-lasting mac-
rocytosis. Two patients developed severe aplastic anemia, requiring transfu- |
sionboth ofred cells andplatelets. One of these had previously received exten- 2
sive therapy with chlorambucil, while the other had received carbamazepine
(Tegretol®) and was ingesting phenytoin (Dilantin®) at the time of cladribine e
therapy. Both patients recoveredafter scveral months of marrow suppression.see ccercseencenesond

 
2-Chlorodeoxyadenosine (cladribine, Leustatin®) is a

remarkably effective and, in most patients, relatively non-

mostof the patients given cladribine suffered from hema- =
tologic malignancy with marrow involvementorhad previ- 

 
 
 

 
 
 

toxic deoxyadenosine analogue that has recently been li- ously received extensive marrow-suppressive therapy, it .
censedfor the treatment of hairy cell leukemia. While pa- has always been difficult to ascertain whether marrow hy-=.  ¢
tients with hairy cell leukemia generally respondto a sin- poplasia, whenit occurred, was due to the drug orto thes d
gle course of treatment with cladribine, other lymphoid basic disease andits prior treatment. d
disorders such as low-grade lymphomaand chronic lym- Wehave nowhadthe opportunity to study the effect of P
phocytic leukemiaare also responsive to this drug, butsev- the administrationof cladribine to 29 hematologically nor- i.
eral courses of therapy, typically given a month apart, are mal paticnts being treated experimentally for chronic pro- ci
generally required to achieve remission[1]. gressive multiple sclerosis in the course of a double-blind e

The existence of stemcell toxicity giving rise to throm- crossover study. Two patients developedsevere, long-last- Pp
bocytopenia, and to a lesser extent anemia and leukope- ing but reversible marrow hypoplasia, while 6 other pa- .
nia, was recognized early in our investigations of this drug, tients developed moderate anemia, thrombocytopenia, >
and tended to occur in an idiosyncratic manner. Since and neutropenia.
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Fig. t. The effect of the administration ofsix courses of cladribinc, each consisting of 7 days of 0.087 mg/kg/day, on

the hemoglobin level, MCV ofthe red cells, platelet count, and absolute lymphocyte count ofpatients 14. These pa-
tients were in the group in which there was 3-year follow-up. The bars represent one standard error.

Treatment Protocol

All patients were hematologically normal adults with chronic pro-
vressive multiple sclerosis. Cladribine was administered by contin-
uous infusion through « Portacath® (Bard Access Systems, MRIPort,
Cranston, R.I., USA) for 7 days. Patients 1-4 received six cycles of
drug, 1 month apart, each cycle consisting of 0.087 mg/kg/day for 7
days. Patients 5 and 6 received3 cycles of 0.087 mg/kg/day for 7 days:
Patient 7 wasgiven 0.1 mg/kg/dayin five 7-day cycles, 1 month apart,
and patients 8-29 were placed ona protocol consisting of only 4 such
cycles. Amongtheselatter 22 patients, drug therapy was stoppedin I
case because ofafall in the platelet count after only two courses. A
complete blood count and a chemistry panel were obtained on each
patient before each infusion of drug. Age, sex, and diseasc severity-
matched multiple sclerosis patients were matched to patients 7-29,
and were givensaline placcbo. Hematologic values obtained on these
patients servedas control values relative to patients 7-29.

Methods and Results

The effect of cladribine on the blood counts of-patients
1-4, who received six coursesof drug, is shown in figures 1
and 2. Monocyte counts were measured only during the
first cycle of drug administration, since in subsequent cy-
cles daily blood counts were not obtained. Relatively strik-
ing macrocytosis, persisting in some cases for over 3 years
after drug administration, was observed, and persistent
lymphopenia was also documented. However, none of the
patients became thrombocytopenic and very mild anemia
was observedin only1 patient.

The hematologic effect of cladribine administration to
patients 7-29 and to matchedcontrols is summarized in
figure 3. Follow-upin these patients averaged 10.8 months.

it
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Average hemoglobin and hematocrit fell during therapy,
reaching a nadir at about 8 months(4 monthsafter conclu-
sion of treatment), a statistically significant decline rela-
tive to the controls (p = 0.026 from a distribution-free test
for repeated measures) [2]. The lowest hemoglobin level
observed was3.2 g/dlin a transfused patient (10) described
in further detail later.

MCVroselinearly for about 4 months following onset a
of therapy, and continued to increase at a more gradual
rate after cessation of therapy. Differences between the
treatment and the contro] group werestatistically signif- <
icant (p = 0.042) [2].
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Fig. 2. The effect of the first cycle of cladribine therapy given to e

patients 1-4 on the blood monocyte counts. Thebars represent one ©
standard error.

 
  

 

a esEG MOnOCES| :
«Placebolymph eyes | :

 
 

 
Fig. 3. The effect of cladribine (CdA) administration on serial blood hemogiobin level, MC’V of the redcells, plate-

let count, total granulocyte count andtotal lymphocyte count of patients 7-29 and matched controls. The bars repre-
sent onc standarderror. ‘
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Fig. 4. Theserial blood countof patient 10, who experienced the most profound marrow suppressionin connection
with cladribine (CdA) administration. This patient had also received Tegretol and was ingesting large doses of dilantin
concurrently with and following cladribine therapy. Tx signifies a platelet or red cell transfusion, Each block repre-
sents a 7-day course of cladribine.

Granulocyte levels fell substantially following the sec-
ond course of cladribine, and reached a nadir between 6

and 8 months. In contrast, lymphocyte levels plunged im-
mediately after the first infusion of cladribine, reached a
nadir at about 5 months and beganto recover by about 6
months. With both parameters, differences between the
treatment andthe control group werestatistically signif-
icant (p = 0.001 with granulocytes, p <0.0000) with
lymphocytes) [2]. The lowest granulocyte count was
1:03 x 109/p1 at 6 months. The lowest lymphocyte count was
0.01 « 103/u, observed in patient 16 at month 5. Although
lymphopenia wasobservedin all patients, infectious com-
plications were not a serious problem. Two patients devel-
oped segmental herpes zoster. They were treated with oral
acyclovir, and their lesions regressed rapidly withoutdis-
semination.

Platelet levels decreased sharply for about 6 months
following onset of therapy, and tended to reach a nadirat
about 8 months. Again, differences between the treatment
and the control group werestatistically significant
(p <0,0001). In 7 patients, platelet counts declined to be-
low 100,000/ul1, and in 4 of these patients minimum counts
below 80,000 were observed, the lowest count being
2,000/u1 in patient 10.

Two patients became severely anemic and thrombocy-
topenic, | after her third course of cladribine andthe other
after the fourth course. In each case there were factors that

might have predisposed to marrow suppression, although
the factors in the two paticnts were different. Patient 5
had been treated with a total of 950 mg of chlorambucil
in the previous year. Patient 10, who hadsevere trigem-

inal neuralgia, had taken 1,200 mg/day of carbamazepine
(Tegretol®) for 2 months, terminating 4 months before cla-
dribine therapy was started. She took 550 mg/day of Dilan-
tin from the 2nd month of therapy. Although Dilantin
therapy was discontinued by her physicians when throm-
bocytopenia and anemia were first noted 5 months after
therapy hadstarted, the patient continued ingesting dilan-
tin surreptitiously until she was admitted to the hospital
with a hemoglobin of3.2 g/dl and a platelet count of
12,000/ul a month later. In each case marrow biopsy re-
vealed a hypocellular marrow containing about 90% fat on
section and very few megakaryocytes. Patient 5 had un-
suspected gastric angiodysplasia that caused repeated
bleeding episodes when her platelet count had declinedto
only about 50,000/ul. The further fall in her platelet count
to 10,000/1 may have been relatedto the bleeding. Paticnt
10, however, had no bleeding episodes, even though a pla-
telet count as low as 2,000/.ul was observed. She required
red cell transfusions and prophylactic platelet transfusions
were administered only on two occasions, once when her
platelet countfell to 2,000/u] and a second time when she
becamefebrile with a platelet count of 12,000/1. Both pa-
tients received therapy with GM-CSF, but there was no
notable effect of this treatment on either the leukocyte or.
the platelet count.The hematologic course of patient 10 is
summarizedin figure 4.

Mononuclear leukocytes from 6 patients receiving cla-
dribine (patients 13, 14, 15, 21, 23, 24) and 6 control patients
(controls 7, 13, 18, 19, 21, 26) were obtained prior to the
monthly cladribinc infusions and up to 1 year from the
start of therapy. Cells were isolated from heparinizedpe-
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Fig. 5. Results of serial cytometric analysis of 6 patients receiving cladribine (CdA) and of 6 controls. Thelevels of
cells positive for CD3, CD19, CD4, CD8, and CD25 are shown. The 13-month point in the 2-CdA group represents the
only two patient samples Lhat were available at the timeoftesting. The bars represent one standarderror, Each patient =
receiving cladribine was given 0.1 mg/kg/day for 7 days in each of four monthly courses, Methods arc given inthe text.

ripheral bloodby centrifugation over Histopaque (Sigma,
St. Louis, Mo., USA) and were cryopreserved until analy-
sis. Fluorochrome-conjugated monoclonal antibodies re-
active for CD3, CD4, CD8, CD19, and CD25 were ob-
tained from Becton Dickinson Immunocytometry Systems

(SanJosé, Calif., USA). For determinationof surface phe-
notype, patient and control normal mononuclear cells
were washed and suspended in phosphate-buffered saline
containing NaN; 0.01%. Cells were stained for 30 min at
4°C with saturating amounts of the monoclonal antibod-
ies against various surface antigens, or with isotype-spe-
cific control antibodics. Propidium iodide was added at
1 ug/ml to stain dead cells. After washing to remove un-
boundantibody, cells were analyzed on a FACScan® flow
cytometer (Becton Dickinson and Co.) using Consort 30
software. Viable lymphocytes were distinguished byfor-

patients. It is apparent from figure 5 that the initial lym- .
phocyte depletion caused by cladribine affects both T
(CD3+) and B (CDI9+) lymphocytes equally. Partial B
lymphocyte recovery is evident 2 months after the last in-
fusion, whereas

pressedforat least 1 year after the start of therapy. Both
parameters are significantly lower among the cladribine
group compared with the control group (p = 0.027 and 4
0.029 with CD3+ and CD19+4, respectively). Helper-in- °

 
‘Y lymphocytes remain markedly de- °*

ducerT cells (CD4+) are significantly depleted during cla- =
dribine therapy, and remain depressed at 12 months (p =
0.013). Cytotoxic-suppressor T cells (CD8+) follow the
samepattern; however, differences between the treatment *,
andcontrol grouphere are notstatistically significant (p=
0.276). Importantly, the subset of activated T lymphocytes
expressing the receptorfor interleukin-2 (CD25+) is also

  

ward and orthogonallight scatter properties. depleted to subnormallevels by cladribine infusions rela-
Lymphocyte subset analysis was undertaken on these 12_tive to control values (p = 0.036).
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Discussion

Treatment of patients without hematologic disease
with cladribine demonstrated that this drug has the capac-
ity to produce a mild depression of the platelet count and
gramulocyte count in most patients, transient monocytope-
nia, long-lasting and sometimes profound lymphopenia,
and long-lasting macrocytosis. In contrast to the usually
transient changes in myeloid cells, the suppression of lym-
phocyte counts and particularly of CD4+ cells was pro-
found and sustained for over a year. Notably, infectious
episodesin these patients were limited to mild episodesof.
herpes zoster; no other opportunistic infections were en-
countered.

While we have previously observed marrow suppres-
sion,in patients receiving cladribine, pancytopenia was an
unusual occurrence and always occurred in the context of
a disease that could have itself caused marrow dysplasia.
Pancytopenia has not been a notable finding of others ad-
ministering this drug in multiple courses toa variety of pa-
tients with hematologic diseases [3-7]. However, we re-
cently found that 1 of 7 solid tumor patients given two
courses of cladribine, 0.1 mg/kg/day for 7 days, developed
severe thrombocytopenia [8]. This patient with far ad-
vanced malignant melanoma had been extensively pre-
treated with interleukin-2, interferon, and with lympho-
kine-activated killer cells.

Seven percent of the multiple sclerosis paticnts in the
present study developed severe marrow suppression. In
view of the mild hematologic changes that we observed in
the first 4 patiets who each received six coursesofcladri-
bine, we were surprised at the occurrence of severe mar-
row suppression in patients 5 and 10, who received only
three and four coursesof drug. Ilowever, the drug given to
the patients who developed marrow suppression was ob-
tained from a commercial source (Ortho Biotech), not

   

synthesized in our department as had been donein some
of the earlier studies. As a result of a change in standardi-
zation, the dose was about 12% higher than in previous
clinical trials in which the actual dose administered, while
reported to have been 0.1 mg/kg, is now estimated to have
actually been only 0.087 mg/kg [1]. It seems doubtful that
this slight difference in dosage would havesuchaneffect,
particularly since the patients who received only 0.087 mg/
kg/day were given six courses of drug for a total dose of
37.8 mg/kg, while 1 patient developing severe suppression

_ received only 28 and the other 21 mg/kg. Possibly patients
with multiple sclerosis might be moresensitive to the mar-

row-suppressive effect of cladribine because most of them
were ingesting multiple drugs for the treatment of mani-
festations of their primary disorder. Indeed, patient 5 had
been treated with a very large total dose of chlorambucil
and both Tegretol and Dilantin, ingested by patient10, are
known to produce marrow aplasia.

The observations we now report indicate that the po-
tential of cladribine to produce marrow suppression: had
been somewhat underestimated. Particularly notable is
the late onset of this complication and the severe degree
of marrow suppression that can be present even 4-8
months after the drug has no longer been given. The fact
that a paticnt has a normal blood count when a course is
given in no way negates the possibility of this complication
occurring.
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Treatment of Multiple Sclerosis and Other Autoimmune
Diseases With Cladribine

Ernest Beutler, Jack Sipe, John Romine, Robert McMillan, Jack Zyroff, and James Koziol

LADRIBINE (2-chlorodeoxyadenosine) was
developed by Carson et al*® as a nucleoside

analog with high specificity for lymphocytes, with
the hope that it might prove useful in treating
patients with lymphoid neoplasia and patients
with autoimmunedisease; the specificity of this
compound for lymphocytes is a consequence of
the high deoxycytidine kinase and low S'-nucle-
otidase activity ofthese cells. Cladribine has been
studied extensively in neoplastic disease and
found to be very effective in the treatment of low-
grade lymphoid disorders, but relatively little has
been written about its effectiveness in autoim-
mune disorders. We have nowstudied the effect
of cladribine in patienis with multiple sclerosis
(MS). The results of a doubte-blind crossover in-
vestigation suggest that it may prove to be a very
effective treatment for this disease.*"*! Prelimi-
nary..results obtained in the treatment of other
autoimmune disorders suggest a wider applica-
bility of this drug.

MULTIPLE SCLEROSIS

The underlying cause of MS is unknown, but
damage to the central nervous system secms to
be mediated by autoimmune mechanisms. '°*
For this reason, immunosuppression, or “im-
munomodulation,” is a rational approach to
treatment. Numerous immunosuppressive and
immunomodulatory drugs have been adminis-
tered to patients with MS, but there are few that
have shown efficacy in double-blind investiga-
tions. Positive findings have, in general, been
limited to patients with the relapsing-remitting
form of the disease. Efforts at immunomodula-
tion include oral administration of myelin® and
of copolymer-i.!° Controlled data on the effec-
tiveness of these experimental therapies are not
yet available. High-dose intravenous (IV) meth-
ylprednisolone therapy may be effective short-
term treatment for acute relapses, but has noef-
fect on chronic progressive disease.'! Interferon
beta-1b (Betaseron®; Berlex Laboratories, Rich-
mond, CA) appearedto be effective in the treat-
ment of relapsing-remitting MS by decreasing the
numberofrelapses, but did notsignificantly affect
the neurologic status of patients'*; the activity of

interferon beta-1b against the chronic progressive
form of MSis unknown. Cyclophosphamide has
been tested in combination with corticotropin,
and the results support a role for immuno-
suppression in the treatment of chronic progres-
sive MS.*° A randomizedtrial of azathioprine in
relapsing-remitting MS has confirmed only very
modest therapeutic benefit,'? and low-dose oral
methotrexate has shown only slight measurable
benefit in chronic progressive MS.'?

Appraisal ofthe efficacy of experimental ther-
apeutic agents is particularly difficult in patients
with relapsing-remitting MS. Wetherefore elected
to pertorm ourinitial trials of the effectiveness
of cladribine in MSpatients who have the chronic
progressive formofthe disease. In the preliminary
open-label study of four patients who have the
chronic progressive form of the disease, we ad~
ministered cladribine at 0.87 mg/kg/d for 7 days.
No toxic eflects were encountered, Notably, an
increase in the mean corpuscular volume (MCV)
of red blood cells occurred and persisted for a
prolonged period. The patients appeared to im-
prove clinically, as assessed by an unblinded
neurologist.

Study Protocol

Patient selection and randomization. Twenty-

four pairs of patients matched by age, sex, and
disease severity were initially entered into a dou-
ble-blind study. Patients paired by the neurologist
were randomized by the statistician using ran-
dom-numbertables, so that one patient was as-
signed to the group initially receiving cladribine
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and the other to the group receiving placebo. Two
patients, bothinitially assigned to cladribine, were
lost to follow-up study at 2 and 3 months on
study, respectively. Because the loss of these two
patients fromthe initial cladribine arm was not
attributed to treatment, two additional patients
were recruited as replacements and assigned by
the statistician to the cladribine arm. One patient
receiving placebo withdrew fromthe study after
4 months on protocolfor reasonsrelated to treat-
ment(ic, lack of stabilization of discase). This
patient was not replaced. Four additional patients
were lost from the study in the second year for
various reasons unrelated to the study. Accord-
ingly, 24 months or longer follow-up study of 21
of 24 patients who had received cladribine in the
first year and 22 of 24 patients who had received
placebo in the first year was possible.

Cladribine dosage. Patients who had been
randomized to the cladribine arm received four
monthly 7-day infusions ofcladribine, each to-
taling 0.7 mg/kg. After L ycar, blinding was
maintained and these patients received four
monthly infusions of saline placebo. The dose of
cladribine given 1o patients who were crossed-
over to receive active drug during the second year
of the study was reduced, because we encountered
more thrombocytopenia than expected in the first
year. Thus, those patients who received cladribine
during the second year were given one 7-day in-
fusion of cladribine 0.7 mg/kg, followed in the
second and third months by 7-day infusions of
cladribine each totaling 0.35 mg/kg, and in the
fourth month they were given an infusionofpla-
cebo. Accordingly, the total dose received by pa-
tients who received cladribine in the first year
was generally 2.8 mg/kg, and patients whore-
ceived cladribine in the secondyear of the study
generally received a total dose of {.4 mg/kg.

However, there were a few deviations from
these stated drug dosages. In the original protocol,
a total of six monthly doses had been planned,
but this was modified to four courses after the
study had beeninitiated, because of a greater-
than-expected degree of thrombocytopenia oc-
curring in some patients. One patient had already
received five courses before the decision to reduce
dosage had been made. One patient received only
two courses and two patients received only three
courses because of thrombocytopenia. At the be-
ginning of the second phase of the study, five

BEUTLER ET AL

patients who were to have received placebo were
given a single dose of cladribine 0.7 mg/kg by
error. Separate analysis showed that the response
of these patients was not greater than those of
the other patients, and the data from these pa-
tients have been retained.

Results

Hematological findings and adverse events.
Blood cell counts of the patients are summarized
in Figs | and 2. Although average platelet counts
remained normal throughout the study, platelet
counts of seven patients recciving the larger dose
of cladribine in the first year of the study de-
creased to less than 100,000 cells/uL. One of
these patients, a drug abuser who had taken car-
bamazepine (Tegretol®, Basel Pharmaceuticals,
Summit, NJ) and was ingesting large amounts
of phenytoin (Dilantin®, Parke-Davis, Morris
Plains, NJ) and very likely other unknowndrugs,
developed severe thrombocytopenia withplatelet
counts less.than 10,000 cells/pL.? This patient
remained hematologically normal following her
recovery, but herMS began to, progress and she
committed suicide approximately 2 years after
the episode of marrow suppression. In the second
year of the study, when patients received only
half the dose of cladribine administered in the
first year, platelet counts less than 106,000 cells/
ul. were encountered in only one patient, with
the lowest count observed being 83,000 cells/uL.
There was marked depletion of CD4 cells and a
profound decrease in the CD4:CD8ratio both in
patients who had received a total dose of 2.8 mg/
kg in the first year and in those who had received
1.4 mg/kg in the second year(data not shown).

Four pattents developed herpes zoster during
the course of the study. None ofthese patients
were receiving corticosteroid therapy. All herpetic
infections were segmental, mild, and responded
rapidly to oral acyclovir. One patient developed
fatal, fulminating, newly acquired hepatitis B af-
ter her second dose of cladribine. Althoughit is
impossible to be certain about the causal rela-
tionship between drug administration and this
patient’s rapid downhill clinical course, we con-
siderit extremely unlikely that administration of
cladribine played a role m this patient’s illness.
This case and the reasons that we believe her
death was unrelated to cladribine therapy are de-
scribed elsewhere.?! One patient receiving placebo
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Fig 1. Hemoglobin (Hb), MCV,platelet counts, and lymphocyte counts of patients being treated for MS in a double-blind \
crossover study. Each point represents the median of the group, and bars represent the 1st and 3rd quartile. Weekly courses i
of cladribine are depicted by solid symbols. The total amountof cladribine given to patients who received cladribine first {circles} |
was 2.8 mg/kg. Those receiving cladribine during the second year (squares) received a total dose of 1.4 mg/kg. {

 

: Fig2. Granulocyte counts of
‘ patients being treated for MS in

a double-blind crossover study.
Each point represents the me-
dian of the group, and bars rep-
resent 1st and 3rd quartiles.
Weekly courses of cladribine 3
depicted by solid symbols. Total
amount of cladribine given to
patients who reccived cladribine

: first {circles} was 2.8 mg/kg. 2+
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during the first year of the study developed a se-
vere Salmonella infection with near perforation
of the bowel. She responded well to the antthiotic
therapy and continuedthestudy.

Clinical neurologic evaluation. Figure 3 de-
picts the paired differences in Kurtzke Extended
Disability Status Scale (EDSS) and Scripps Neu-
rologic Rating Scale (SNRS)scores of patients in
the double-blind crossover study. Scores were
significantly better (higher for SNRS and lower
for EDSS) in eladribine-treated patients than in
paired placebo-treated patients until the end of
the first year, When cladribine was given at 12
months to patients who had received placebo,
the trend was reversed. Average EDSS and SNRS
scores for patients receiving cladribine improved

EDSSscores
 

 

SNRSscores
i) 3 6 9 12 15 18 24 24

Months

Fig 3. Paired differences in EDSS scores and SNRS scores
of patients receiving cladribine and placebo. EDSS and SNRS
scores of the memberof the pair who wasin the group re-
ceiving cladribinefirst were subtracted from the respective
scores of the member whoreceived placebofirst. Points
represent the meanof these differences, and bars represent
1 SEM. Positive differences in the EDSS score and negative
differences in the SNRS score represent improvement.
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Fig 4. Time-to-faifure plots of cladribine- and placebo-
treated patients during the first year of the study. Failure is
defined as an increase in the EDSSscore of = 1 point ora
decrease in the SNR& score of = 10 points. At the end of 1
year, the EDSS score of 50% of patients receiving placebo
had increased by = 1 point, while only 16% of patients re-
ceiving cladribine had experienced such an increase in dis-
ability. Similarly, the SNRS score of 54% of patients receiving
placebo had decreased by = 10 points, while only 16% of
patients receiving cladribine had experienced such a decrease
in performance.

modestly during the first year of the study, while
the scores for patients receiving placebo contin-

ued to ceteriorate. The improvement appearedto be well maintained for the 24 monthsoffollow-

up study in patients treated with cladribine 2.8
mg/kg. Scores for patients who received placebo
in the first year of the study deteriorated during
that year, but the lower dose of cladribine they
received (1.4 mg/kg) seemed to effectively sta-
bilize the disease in the second year, although the
stabilization of disease produced by the lower
dose of cladribine may have been of shorter du-
ration than that observed with the larger dose.

Kaplan-Meier time-to-failure plots show that
whether failure is defined as a gain of 0.5, 1, or
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Fig 5. Time-to-improvement plots of cladribine- and pla-
cebo-treated patients during the first year of the study. im-
provementis defined as a decrease in the EDSSscore of
= 1 point, or an increase in the SNRSscore of = 19 points.
At the end of 1 year, the EDSS score of 18% of patients
receiving placebo had decreased by = 1 point, while 32% ot
patients receiving cladribine had experienced such a decrease
in disability. Similarly, the SNRS score of 18% of patients
receiving placebo had increased by = 10 points, while 45%
of patients receiving cladribine had experienced suchanin-
crease in performance status.

1.5 pots on the EDSSscale or aloss of 5, 10,
or 15 points on the SNRSscale, patients receiving
cladribine fared better than those whoreceived
placebo. Plots showing time to gain of | EDSS
or loss of 10 SNRS points are shown in Fig 4.
Surprisingly, time-to-improvement plots also
showedastatistically significant advantage for
patients receiving cladribine (Fig 5).

Magnetic resonance imaging findings. Nei-
ther nonparametric analysis of variance nor
parametric analysis of variance, based on the two-
period crossover design, revealed a statistically
significant treatment effect on demyelinated vol-
umes from magnetic resonance imaging (Fig 6).

In contrast, a highly significant difference was
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Fig 6. Demyelinated volumes as assessed on magnetic
resonance imaging scanning during the course of the study.
Changesin demyelinated volumesin patients whoreceived
placebo first and those who received cladribine first were
not significantly different. Means + SEMs are plotted.

seen in the enhancing volumes, a measurement
of current disease activity. For the purpose of
analysis, enhancing volume findings were clas-
sified as either having a favorable outcome (dis-
appearance of enhancing volumes or continued
absence) or an unfavorable outcome (emergence
of or continued presence ofenhancing volumes).
Results of this analysis are summarized in Ta-
ble |. °

 

The Use ofSubcutaneously Administered
Cladribine i

Although cladribine administered by contin-
uous IV infusion was found to be effective in re-

Table 1. Changes in Enhancing Lesion Volumes by
Magnetic Resonance imaging 
 

 

  

 
Qutcome 1

. [nitiat Placebo initial CladribineTime -
{mo} Favorahle Unfavorable Favorable Unfavorable

Ove 13 11 18" 6*
6v12 12 42 22* 2* i
12v18 22° 1* 23" oO” i
18y¥ 24 21° \* 20* oO" : 

NOTE. A favorable outcomeis the continued absence or elim-
ination of enhancing volume; an unfavorable outcome is the r
emergence or continued presence of enhancing volume.

* Patients had received active drug.
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tarding progression of chronic progressive MS,it
would be more convenient to implement this type
of therapy if the drug could be given by another
route. From this point of view, the pharmacologic
studies reported by Liliemark et al! are partic-
ularly important. ‘These investigators showed that
the bioavailability of subcutaneously adminis-
tered cladribine is very similar to that observed
whenthe drug is given by continuous IV infusion.
Oral administration, too, was found to be effec-
tive, but at twice the dose required to produce
similar blood levels when the drug was given IV
or subcutaneously. Oral or subcutaneous clad-
ribine was also found to be effective in the treat-
mentof lymphoid leukemias.'”"*

Although either subcutaneous ororal admin-
istration of cladribine to patients with MS would
be a more convenient way to treat the disorder,
the margin of safely does not seem sufficiently
great for us to be comfortable about giving a larger
dose by the oral route. It is always possible that
some patients might absorb the entire dose and
consequently develop marrow suppression. In-
deed, the incidence of thrombocytopenia that we
observed in patients to whom we gave four
courses of cladribine 0.7 mg/kg by IV infusion

Hb(g/dL)
=a —¢ .

s—‘ peetteatnearerttae MCV(um’) 
 

14.25 3
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was sufliciently high that we decided to reduce
the dose in further studies in which the drug
ig administered subcutaneously. The treatment
protocol that is under current investigation uses
six monthly subcutaneous courses of cladribine,
each consisting of 0.07 mg/kg/d for 5 successive
days. Because cladribine solutions are currently
commercially available only at a concentration
of | mg/mL, the daily volume that must be given
under this protocolis too large to inject at a single
site, ‘Therefore, we normally divide each dose into
twoorthree sites, so thal not more than 2 mLis
injected at a time. The monthly dose of cladribine
given under this protocol is only 0.35 mg/kg (half
the dose administered in thefirst year of the dou-
ble-blind crossover study). The total subcuta-
neous dose, given as six courses rather than the
four courses given in the earlier study, is 2.1 mg/
kg (three quarters of the dose administered in the
first year of the double-blind crossover study).

We are currently performing double-blind
studies ofthe efficacy of subcutancouscladribine
underthe protocol outlined earlier for the treat-
ment of both chronic progressive and relapsing-
remitting MS. Because the study has not yet been
completed, we have no data on efficacy, but the

Fig 7. Hemoglobin (Hb}, MCV,
platelet counts, and lymphocyte
counts of patients with relaps-
ing-remitting MS receiving
cladribine 0.07 mg/kg/d for 5
days per month for 6 months,
Totat dose = 2.1 mg/kg. Sym-
bols represent median values,
and bars are 1st and 3rd quar-
tiles. Solid symbols indicate
months during which cladribine
was administered. Since the
studies are currently under way,
only a few patients have been
treated as long as 10 months.
The numberof patients at 1. 5,
and 10 months is shown as a
number next to the symbols. At
this lower dose-intensity, the
rate of change of blood cell
counts was more graduai even
than that observed in patients
receiving a total dose of only 1.4
mg/kg (see Figs 1 and 2).

 
“a:

ij{

seeratetsinnfnnssnuugeienanasemeinethorntontntAACAALTPt

 



Petitioner TWi Pharms., Inc. 
EX1003, Page 31 of 822

 

 

CLADRIBINE: MULTIPLE SCLEROSIS

unblinded statistician (J.K.) can provide labo-
ratory data on the treated and placebo groups
without compromising the blinded nature of the
study. The cffect on blood cell counts of subcu-
taneously administered cladribine at a dosage of
0.35 mg/kg per course is shown in Fig 7.

OTHER STUDIES

Investigations of the effect of subcutaneously
administered cladribine on patients with relaps-
ing-remitting MS have heen performed in Poland
by Grieb et al’* and Stelmasiak et al.?? These in-
vestigators arrived independently at the same
dose of cladribince,given subcutancously, that we
elected to use in our current studies. Preliminary
analysis of the data appears to show atherapeutic
effect in this type of MS.

Immune Thrombocytopenic Purpura

Chronic immune thrombocytopenic purpura
is an autoimmune disorder manifested by au-
toantibody-induced platelet destruction. These
autoantibodies are most commonly directed
against either the platelet glycoprotein (GP) IIb/
Illa and/or the GP Ib/IX complex, and result in
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accelerated platelet destruction. Immunosup-
pressive therapy is often useful in the treatment
of these patients. !-?3

Seven female patients with a disease duration
ranging from 36 to 276 monthswere treated with
onc to three cycles of cladribinec. All paticnts had
failed to respond to high-dose corticosteroids,
splenectomy, vincristine, danazol, cytoxan, and
IV gammaglobulin. No patient responded ade-
quately to cladribine.? The average platelet count
after therapy did not differ significantly from
baseline counts before therapy. Only one patient
showed any improvement, a prolongation ofre-
sponse to IV IgG.

Other Disorders

Anecdotal ‘evidence indicates that about 50%

of patients with autoimmune hemolytic anemia,
either primary or secondary to lymphomas,re-
spond to treatment with cladribine.? Preliminary
results of the treatment of other autoimmune

diseases, including rheumatoid arthritis, psoriatic
arthritis, and psoriasis, and inflammatory bowel
disease have been encouraging, and controlled
trials of the efficacy of treatment with cladribine
are now underway.
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The treatment of chronic progressive multiple sclerosis
with cladribine

(immunosuppression/double-blind study/crossover/2-chiorodeoxyadenosine /deoxypurine)

E. BeuTLer*t, J. C. Siref, J. S. Romine?, J. A. KozioL*, R. MCMILLAN*, AND J. ZYROFFS
*Department of Molecular and Experimental Medicine, The Scripps Research Institute, and #Division of Neurology and §Department of Radiology, Scripps Clinic
and Research Foundation, La Jolla, CA 92037

Contributed by E. Beutler, November 6, 1995

ABSTRACT A 2-year, placebo-controlled, double-blind,
crossover study wasstarted in 1992 to evaluate cladribine, an
immunosuppressive drug, in the treatment of chronic pro-
gressive multiple sclerosis. In the first year patients were given
cladribine 0.10 mg/kg per day for 7 days as four monthly
coursesfor a total of 2.8 mg/kg or placebo. During the second
year patients treated with placebo during the first year were
given i.v. infusions of 0.10 mg, 0.05 mg, and 0.05 mg of
cladribine per kg of body weight per day for 7 consecutive days
in three successive monthly courses, for a total dose of 1.4
mg/kg. Patients who had been treated previously with
cladribine were crossed over to placebo. Analysis of the results
revealed a favorable influence on the neurological perfor-
mance scores, both in the Kurtze extended disability status
and the Scripps neurological rating scale, and on MRIfindings
in patients treated with cladribine. In the first year the most
striking finding was that while clinical deterioration contin-
ued in the placebo-treated patients, the condition of patients
whoreceived cladribine stabilized or even improvedslightly.
Toxicity and therapeutic response were dose-related. 

Although the underlying cause of multiple sclerosis (MS)
remains a mystery, considerable evidence exists that damage
to the central nervous system is mediated by immunopatho-
logic mechanisms(1, 2). For this reason, immunosuppression
is a rational approach to treatmentof this disorder.

2-Chlorodeoxyadenosine (2-CdA; cladribine; Leustatin) is
an adenosine deaminase-resistant purine nucleoside, designed
by Carson etal. (3-5) to simulate the immunodeficiency state
of hereditary adenosine deaminase deficiency by causing the
accumulation of deoxynucleotides in lymphocytes. This simple
compoundhasbeen widely used for the treatmentof lymphoid
malignancies (6) and has a very favorable toxicity profile
relative to other lymphocytolytic drugs.

Since there is no satisfactory treatment for chronic progres~
sive MS,the use of cladribine was considered becauseofits
relatively low toxicity and the long-lasting lymphopeniathatit
produces. Open-label feasibility studies were begun in 1990
with a small numberof patients. The results in terms of both
apparent benefit on neurological performance and lack of
toxicity were favorable and encouraged us to proceed with a
larger 2-yr placebo-controlled crossover study to further ex-
plore issues of safety and therapeutic effect. The first-year
results of this study showeda positive effect (7). We now report
observations from theentire 2 yr of this double-blind study and
an additional 6-mo unblinded follow-up.

METHODS

Patient Selection. The study subjects were 51 patients with
clinically definite or laboratory-supported definite chronic
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progressive MS(8) for >2 yr. The patients had been followed
at Scripps Clinic by the neurology group for periods of from
6 mo to 20 yr. The study plan andrisks and potential benefits
were explained to each patient in detail, and all patients gave
informed consent to participate in the investigations, which
were performed underinvestigator-initiated INDs no. 29,111
and no. 93,777 from the Food and Drug Administration.

Patient characteristics are summarized in Table 1.

Study Design. Drug dosage. A phase III double-blind cross-
over study wasstarted in January of 1992. In the first year of
this study patients on the cladribine arm were given four
monthly 7-day courses of 0.10 mg of cladribine per kg per day
(0.7 mg/kg per course) for a total of four courses (total dose
= 2.8 mg ofcladribine per kg), except as noted below. During
the secondyear blinding was maintained, and the patients who
had received placebo were given active drug, but at one-half
the total dose that had been administered duringthe first year.
Thefourinfusions given to these patients were divided so that
the first consisted of 0.7 mg of cladribine per kg, the second and
third each consisted of 0.35 mg of cladribine per kg of body
weight, and the fourth consisted of saline placebo (total dose
= 1.4 mgofcladribine per kg). The patients who hadoriginally
received cladribine were given four monthly saline placebo
infusions from the beginning of the second year.

Cladribine or placebo was administered monthly on an
outpatientbasis by 7-day i.v. infusions through a central venous
catheter using a portable infusion pump. Blood counts and
chemistry panels were done before each infusion, and the
counts, reviewed by an unblinded hematologist/internist, had
direct contact with only four of the patients when a medical
problem required internal medicine consultation.

Throughout the study, patients, neurologists, nurses, and the
neuroradiologist were unaware of the treatment assigned to
each patient. Cladribine causes no symptoms on infusion and
cannot be distinguished from placebo by patients or profes-
sional staff. Drug was withheld on occasions when blood
counts did not meet the safety standards that had been
established; this occurred on four occasionsin patients receiv-
ing active drug and in two patients receiving placebo. Corti-
costeroid therapy was permitted when the examining neurol-
ogist considered them necessary for treatment of the patient.
Two patients received corticosteroids during the study; one
patient required one course during placebo administration,
and another patient required two courses during cladribine
therapy.

Sample size and patient compliance. On the basis of the
results of the open label study, we had estimated that a sample
size of 22 pairs of patients would be sufficient to detect a 15%
improvementin the Scripps neurological rating scale (SNRS)
 

Abbreviations: MS, multiple sclerosis, SNRS, Scripps neurological
rating scale; EDSS, Kurtze extended disability status.
TTo whom reprint requests should be addressed at: Department of
Molecular and Experimental Medicine, The Scripps Research Insti-
tute, 10666 North Torrey Pines Road, La Jolla, CA 92037.
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Table 1. Demographic characteristics of patients at study entry 

 
Initial Initial

Characteristic placebo cladribine

Sex (F/M) 16/8 18/9
Race (While/other) 22/2 27/0
Mean age, yr (range) 42.5 (21-54) 43.4 (28-54)
Mean duralion ofclinical

symptoms of MS,yr (range) 10.5 (2-31) 12.7 (2-24) 

while on cladribinc, compared with no improvement while
receiving placebo, with a statistical power of 0.90, using a
one-sided test at an @ level of 0.05. Initially 24 pairs of paticnts
were matchedby age, sex, and disease severity. Each matched
pair was randomized bythe statistician (J.A.K.) using random
number tables so that one patient was assigned to the group
initially receiving cladribine and the other to the group re-
ceiving placebo. One additional individual, for whom no
suitable match was identified, was started on the cladribine
arm; this individual left the study after 8 mo on the protocol.
Twopatients, both initially assigned to cladribine, werelost to
follow-up at 2 and 3 mo on thestudy, respectively. Because the
loss of these two patients on the initial cladribine arm was not
attributed to treatment, we recruited two additional patients,
appropriately matched by the “blinded” neurologists (J.C.S.
and J.S.R.) and assigned by thestatistician to cladribine, as
replacements. One patient receiving placebo withdrew from
the study after 4 mo on the protocol for reasons related to
treatment (i.e., lack of stabilization of disease); this patient was
not replaced. The analyses reported are based on the experi-
ence of the 24 matchedpairs of patients and exclude the three
patients inittally on cladribine who did not complete a full year
of the study, as described above. Four additional patients were
lost from the study in the second year for various reasons
unrelated to the study. Accordingly, 24-mo or longer follow-up
of 21 of the 24 patients who had received cladribinein the first
year and 22 of the 24 patients who had received placebo in the
first year was possible.

Deviations from the original protocol. There were a few
deviations from the stated drug dosages. In the original
protocola total of six monthly doses had been planned,but this
was modified to four courses after the study had been initiated
because of a greater than expecteddecline in the platelet count
in somepatients. One patient received five courses before the
decision to reduce dosage had been made. One patient re-
ceived only two courses, and two patients received only three
courses because of thrombocytopenia. At the beginning of the
second phase of the study, five patients who were to have
received placebo were given a single 0.7 mg/kg of infusion
cladribine by error. Separate analysis showed that the response
of these patients was not greater than those of the other
patients, and the data of these patients have been retained.

Observations and Data Analysis. Neurologic evaluation.
Patients were cvaluated monthly by means of the Kurtzke
extended disability status scale (EDSS) (9) and with the SNRS
(10). MRI brain scans with contrast cnhanccment were per-
formedin these patients before treatment and at 6-mointervals.

To assess inter-rater variability 20 patients were indepen-
dently assessed by each examincr (J.S.R., J.C.S.) on the same
day. Interrater agreement (11) on each scoring instrument was
quite high: the weighted « coefficient of agreement was 0.976
for the EDSSscores and 0.828 for the SNRS scores. Interrater

agreement, defined as a difference of =1.0 EDSS points,
reached 100% for all sets of examinations. This result com-

pared favorably with results reported in other clinical trials of
investigative therapeutic agents in MS (12). In comparison,
interrater agreement on the SNRS was 85%, with agreement
defined as a difference of =10 SNRSpoints. In a separate
evajuation 18 patients were assessed by the same examiner

Proc. Natl. Acad. Sci. USA 93 (1996) 1717

twice on the same day, the period between examinations
ranging from 135 min to 240 min. Intra-rater agreement on the
EDSSwas perfect with both examiners, and weighed « coef-
ficients of agreement between the two SNRSscores were 0.978
(J.S.R.) and 0.998 (J.C.S.).

Hematologic evaluation. Monthly blood counts were ob-
tained during drug administration. Less frequent counts were
obtained thereafter. Lymphocyte subset evaluation was done
monthly during the course of drug administration and less
frequently thereafter.

MRI. MRI was performed on a 1.5-T GeneralElectric Signa
scanner. T; and proton density-weighted images were obtained
by using a conventional spin-echo sequence with repetition
times of 2500 msec and echo-delay times of 30 and 90 msec,
Axial scans of 3-mm thickness and 0 interslice gap were
obtained ~10 min after gadopentetate dimeglumine (Magne-
vist, Berlex Laboratories) injection to assure optimal time for
transmigration of the contrast agent across the blood—brain
barrier.

Statistical Methods. The SNRSwasdesignated as the primary
outcome parameter. Summarystatistics are reported as mean
and range or SEM. Analyses of the neurological scores and
MRI findings were undertaken with parametric methods
appropriate for two-period repeated-measurements crossover
designs (13) as well as a nonparametric repeated-measures
ANOVA technique (14). Last available observations were
carried forward for patients who had completed at least 18 mo
of the study. Similar analyses were done in which these data
remained missing and in which they were modeled under the
representation that they were missing at random; these anal-
yses yielded similar results to those reported here. Kaplan—-
Meier curves and log-rankstatistics were also used to compare
neurological rating-scale outcomes between the two treatment
groups during the first year of the study. Two-sided P values are
reported throughout.

RESULTS

Neurologic Findings. Clinical performance scores. Fig. 1
depicts the EDSS and SNRS scores of the patients. The
average EDSS and SNRSscoresof patients receiving cladrib-
ine improved modestly during the first year of the study,
whereas the scores of patients with placebo continued to
deteriorate. The improvement in SNRS scores appeared to
peak at ~18 mo and be well maintained for the 24 mo of
follow-up in the patients treated with 2.8 mg of cladribine per
kg, even though they reccived no active drug after the first 4
mo of the study. After 24 mo, in unblinded observations,fairly
rapid deterioration was documented. While the scores of the
patients who received placebo in the first year of the study
deteriorated during that year, the lower dose of cladribine they
received (1.4 mg/kg) also seemed to beeffective in stabilizing
their disease, albeit for a shorter time period, with peak
improvement at +8 moafter treatmentinitiation. Inspection
of the curves thus suggests that the stabilization of disease
produced by the lower dose of cladribine may be of shorter
duration than that seen with the larger dose and that a rebound
worsening of disease may occur between 24 and 30 moafter
initiation of therapy with the higher dose. ANOVAbased on
the two-period crossover design with absolute changes in
EDSS and SNRSas end points revealed no significant car-
ryover effects between subjects or period effects within sub-
jects, but highly significant treatment effects: the F-statistics
for assessing treatment effects with subjects were Fi 44 = 10.19,
P = .0026 for EDSS and Fy.44 = 23.46, P < 0.0001 for SNRS.

Kaplan-Meier time-to-failure plots show that whether fail-
ure is defined as a gain of 0.5, 1, or 1.5 points on the EDSSscale
or loss of 5, 10, or 15 points on the SNRS scale, patients
receiving cladribine fared better than those who received
placebo in the first study year. Plots showing time-to-gain of 1.0
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Fic. 1. The EDSS (A) and SNRS(8B)of 48 patients treated with cladribine in a double-blind crossover study. The solid symbols indicate months
during which drug was administered. The groupofpatients denoted bycircles was given 0.7 mg of cladribine per kg of body weight in a 7-day infusion
during 4 mo. The groupthat received placebo first (C) was given 0.7 mg of cladribine per kg of body weightasa first infusion (first solid square)
and two subsequent 7-day infusions of 0.35 mg per kg of body weight (second and third solid square). The fourth infusion in these patients was
placebo, as denoted by the open square. Bars represent 1 SEM. Dashed lines represent changes occurring after the study had been unblinded.

EDSSorloss of 10 SNRSpoints are shownin Fig. 2. Surpris-
ingly, time-to-improvementplots (data not shown) also showed a
statistically significant advantage for patients receiving cladribine.

Log-rank statistics were used to compare times-to-failure
between the two treatment groupsofthefirst year of the study,
wherefailure was defined as a gain of 1 or 1.5 points on the
EDSSor a loss of 10 or 15 points on the SNRSrelative to
baseline value. Each of these statistics was highly significant
(AEDSS = 1.0:L = 6.313, P = 0.012; AEDSS = 1.5:L = 5.254,
P = 0.024; ASNRS = —10:L = 8.299, P = 0.004; ASNRS =
—15:L = 6.800, P = 0.009), indicating that patients receiving
cladribine fared better than those who received placebo.

MRI findings. Neither nonparametric ANOVA nor para-
metric ANOVA based on the two-period crossover design
revealed a significant treatment effect on demyelinated vol-
umes on MRI(data not shown). In contrast, a highly signifi-
cant difference was seen in the enhancing volumes, a mea-
surementof current disease activity (15). For analysis, enhanc-
ing volumefindings were dichotomized as being either present
or absent; the results of this analysis are summarized in Table
2. At the end of 1 yr, 12 patients in the group given placebo
were scored as having no enhancinglesions: 9 because they had
no enhancing lesions throughout the period, and 3 because

they had lesions that disappeared. However, the other 12
patients were scored as having lesions: 10 because enhancing
lesions persisted throughout the 12-mo period, and 2 because
they developed new enhancinglesions. In contrast, at the end
of the first year, 22 of the patients who had received cladribine
were classified as having no lesions: 11 patients had had no
enhancing volumesat baseline, and 11 had enhancing lesions
that disappeared. Only two individuals in this group had
lesions: one had continuing enhancinglesions, and one devel-
oped new enhancing lesions where there had been none (P <
0.001, McNemar’stest).

Further analysis was madeof patients after the crossover of
treatments at 12 mo. Twenty-two of the patients in the group
that received placebofirst and who werethen treated with 1.4
mg of cladribine per kg of body weight were evaluated at 24 mo.
Eleven had nolesions at both 12 and 24 mo,one hadlesions
at both 12 and 24 mo,and 10 had lesions at 12 mo but none
at 24 mo (P < 0.001, McNemartest). From this crossover
analysis, there is clear evidence that the reduced dose of
cladribine received by the initial placebo group during the
secondyear on the study significantly reduced the occurrence
of enhancing lesions on MRI scans. Among the 20 patients in
the group that received cladribine first who were evaluated at
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Fic. 2. Kaplan~Meier time-to-failure plots of patients in the double-blind crossover study. (Left) Time-to-increase of EDSS score by 1.0 point.
(Right) Time-to-failure as defined by a decrease of SNRS score by 10 points. The differencein time-to-failure estimated by logarithmic—rankstatistics
was highly significant (EDSS, P = 0.012; SNRS, P = 0.004).
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Table 2. Presence of enhancing lesions by MRI over the study

 

 

Outcome

Initial placebo Initial cladribine
Lesions Lesions Lesions Lesions

Time absent present absent present
Baseline 11 13 12 12
6 mo 13 11 18 6
12 mo 12 12 22 2
18 mo 22 1 23 0
24 mo 21 1 20 0 

24 mo, 19 had no lesions both at 12 and at 24 mo, and one had
lesions at 12 but none at 24 mo. Thus, the treatment effect
found in the group that received cladribine in the first year
seemed to carry over for an additional 12 mo.

Toxicity and adverse events. The average platelet counts
remained normal throughout the study, but the platelet counts
of seven patients receiving the larger cladribine dosein thefirst
year of the study fell to <100,000/u1, and one of these, a
patient who had taken carbamazepine (Tegretol) and who was
ingesting large amounts of phenytoin (Dilantin), developed
severe thrombocytopenia with platelet counts <10,000/pl.
The effect of cladribine on the blood counts of these patients
has been reported in detail elsewhere (16). In the second year
of the study, when patients received only one-half of the dose
of cladribine administered in the first year, platelet counts of
<100,000/u1 were encounteredin only one patient, the lowest
count observed being 83,000/.41. Changes in lymphocyte sub-
sets are depicted in Fig. 3. There was marked depletion of CD4
cells with both the high- and low-dose schedule.
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Six patients developed herpes zoster, one of them only after
retreatment with cladribine under another protocol. All of
these infections were segmental, mild, and respondedrapidly
to oral acyclovir. One patient developed fatal, fulminating,
newly acquired hepatitis B immediately after her second dose
of cladribine. As discussed elsewhere (7), it seems unlikely that
the administration of cladribine played a role in this patient’s
illness. One patient developed a severe Salmonella infection
with near-perforation of the bowel while receiving placebo
during the first study year. She responded well to antibiotic
therapy and continuedthe study.

DISCUSSION

Although numerous immunosuppressive and immunomodu-
latory drugs have been given to patients with MS, conventional
immunosuppression has not demonstrated sufficient promise
to be considered as a routine treatment for the chronic

progressive form of MS (17-19). Why then, might another
immunosuppressive agent producea greater effect? The sup-
pression of CD4 cells and sparing of CD8 cells that was
observed with cladribine administration is much greater than
that observed with other immunosuppressive agents. Treat-
ment of MS patients for a year with chlorambucil (18) and
cyclophosphamide (20) each produced a relatively transient
2-fold decline in the CD4/CD8ratio. In contrast, treatment
with cladribine for only a few months produced an ~4-fold
decrease in this ratio, and the effect was sustained for many
months after a 4-mo course of the drug.

Because of its selective and prolonged effect on T cells,
cladribine appeared to be a reasonable candidate drug for MS
treatment. Ourstudies clearly show that cladribine retards the
progression of neurologic impairment of patients with chronic
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Fic.3. Changesin lymphocyte subsets in patients. Symbols and drug dosages are as in Fig. 1. The decline of T lymphocytes (CD3) was more
marked than that of B lymphocytes. A rapid and profound fall in the inducer/helper (CD4) T lymphocytes was accompanied by a more modest
and less sustained decline in the cytotoxic/suppressor (CD8) T lymphocytes. Accordingly, there was an ~4-fold decline in the CD4/CD8ratio.
The numberof activated T and B lymphocytes (CD25) fell ~5-fold and remained at subnormal levels for the 14 mo after cessation of drug
administration. The slight dip in some of the lymphocytes in the group that received cladribine first is due to the erroneous administration of a
single dose of drug to a few of the patients in that group on month 13.
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progressive MS. The effect is of suffictent magnitude that
highly statistically significant results could be obtained by the
study of only 24 pairs of patients in a double-blind study. The
smaller effects produced by other drugs have required that
muchlarger groupsof patients be investigated. At a total dose
of 2.8 mg/kg given over a period of 4 mo,the stabilization of
disease appears quite durable.

As for other cytotoxic agents such as methotrexate and
cyclophosphamide, marrow suppression is a known side-effect
of cladribine (6, 21). In the present study occasional patients
developed significant thrombocytopenia at higher drug dos-
ages; one patient developed severe but reversible marrow
suppression. The lower dose of cladribine used in the second
arm of the present study appears to provide a larger margin of
safety. From this point of view, we were encouraged by the
therapeutic effect of 1.4 mg/kg of drug given over a 3-mo
period, a dose that appeared to be very well tolerated. The
therapeutic effect of the lower dose appearedto be less durable
than that observed at higher doses, this dosage—response
relationship lending further weight to the validity of our
results.

The usefulness of MRI as a measureofclinical activity and
potentially as an objective means for assessing response to
therapy has recently been documented(19). In our studies we
observed marked improvementin the appearance and disap-
pearance of lesions visualized on MRIafter gadolinium en-
hancement. These highly statistically significant changes per-
sisted for the full 2 yr of observation in the patients who had
received 4 mo of therapyin the first arm of the study and were
seen in patients receiving the low cladribine dose as well as in
those receiving the high dose.

Treatment with immunosuppressive drugis not without risk.
The occurrence of herpeszosterin six of the patients is surely
a manifestation of their immunosuppressedstate, but no other
opportunistic infections attributed to cladribine therapy were
encountered, in spite of the fact that the CD4 cell count
remained low for long time periods. Many immunosuppressive
drugs are also myelosuppressive, and cladribine does exhibit a
dose-dependent effect on hematopoietic stem cells. In the
current study thrombocytopenia was noted in some patients
receiving higher doses of the drug, and severe, transient
marrow suppression occurred in one patient who was also
ingesting other potentially myelosuppressive drugs (16). Al-
thoughthe short-term risks of cladribine seem acceptable for
patients with severely progressive disease, little can be written
about the long-term risk. We began using this drug, primarily
in patients with malignant disorders, in 1981. Most patients
treated before 1987 had end-stage malignant disease, and only
a few arealive today. In the past 8 yr, however, many patients
with hairy cell leukemia and with relatively early-stage lym-
phomashave been treated with the drug. No long-term toxic
results have been documented,but since the drug is incorpo-
rated into DNA(3), the possibility of malignancies occurring
long after administration of this purine analogue cannot be
dismissed.

Cladribine was given by continuous iv. infusion on an
outpatientbasis to all of the patients reported here. This route
of infusion was used because the safety and efficacy of the drug
given by other routes had not been established at the time this
study wasinitiated. We now recognize that the drug may be

Proc. Natl. Acad. Sci. USA 93 (1996)

given by the much more convenient subcutaneous route with-
out causing localirritation and with pharmacokinetic (22) and
therapeutic (23) results that appear entirely equivalent to the
iv. route. We have designed a study of the effect in both
chronic progressive and relapsing/remitting MS of subcuta-
neously administered cladribine, 0.07 mg/kg per day given as
six monthly courses each consisting of five daily injections. It
is notable, that this method of administration has recently been
used in MSpatients by Griebe¢ al. (24) who report preliminary
data suggesting beneficial results in the treatmentof relapsing/
remitting disease with cladribine.

This is manuscript 9176-MEM from TheScripps Research Institute.
This work was supported by National Institutes of Health Grants
NS30218 and RR00833, Food and Drug Administration Grant FD-
R-000280, and the Stein Endowment Fund.
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(Neurology 1995;45:2173-2177). This IFNy-secreting cell _surgehas been linked to an increased risk of exacerbations in RRMS
patients following initiation of therapy with TFNB-1b.DESIGN/METHODS: We carried out a retrospective study
by reviewing the medical records (whenever possible) and inter-viewing 192 RRMS patients. The study examined a 90 day pe-riod from the start of treatment with IFNB-1b as well as a“control period” for each patient. The control period for eachpatient was defined as the 90 days immediately prior to the startof treatment with INNB-1b. Patient diagnosis and clinical coursewas confirmed from & patient registry established to enroll MS
patients for treatment with LFN6-1b. Details regarding symp~-toms, exacerbations, number and duration of treatment withsteroids, and change in medication were carefully reviewed. Pa-tient age ranged from 28 to 64 year's (mean: 38.4). One hundredand twenty six patients out of 192 (66.1%) were women. Dura-tion of disease ranged from 8 months to 20 years (mean: 18
years). Duration of treatment with TFNB-1b ranged from 6 to 20months (mean: 16.8 months). Seventy three patients (38.1%) haddiscontinued treatment with TFNG-tb at the time of this study.|

RESULTS:Twenty out of 192 (10.4%) patients did not have
exacerbations in the control period, but experienced exacerba-tions in the first 90 days of treatment with IFNB-1b. None of
these patients had received steroids in the contro) period. Fortyone out of 192 (21.4%) patients had exacerbations during the
control period but none in the 90 days after the start of treat-ment with IFN@-1b. Twenty six of these 41 patients received
steroids to treat the relapses. Fourteen out of 192 (7.3%) pa-
tients had relapses during the control as well as .the post-
treatment 90 day periods. One hundred and seventeen out of 192
(60.9%) patients did not experience exacerbations in the controlor post-treatment 90 day periods. Initiation of treatment withJFN®-1b did not cause an increased frequency of exacerbationswithin 90 days of beginning treatment . Infact treatment with
LFN@-1b was associated with a significant decrease in the fre-
quency of exacerbations within 90 days of beginning treatment
(p<0,02, by McNemar’s test).CONCLUSION:Although retrospective, our study did not ,
demonstrate an increased rate of exacerbations observed in the
first 90 days of starting treatment with IFNG-1b. ‘Therefore,it is
possible that the IFNy-secreting cell surge seen following initia-tion of treatment with IFNB-1b, may not be clinically significant.

P03.068
Characteristics of Relapsing-Remitting
Multiple Sclerosis Patients as Possible
Indicators of Response to Interferon Beta-
1b (IFN BETA-1b) Treatment
Pierre Duquette, Mathieu Houde-Sauvé, Montréal, Qué,, Can-
ada, Lisa Bedell, Richmond, CA, USA.

OBJECTIVE:In this post hoc analysis, we attempt to corre-
late baseline and on study characteristics of relapsing-remitting
multiple eclerosis patients with JEN beta-ib treatment outcome
measures.

BACKGROUND:IFN beta-Ibis the first approved therapy
for MS.It reduced the frequency and severity of clinical relapses
and the amount of total disease activity as measured in serial
MRI scans in a pivotal trial that included 372 patients with
relapsing-remitting MS. It algo reduced the number of new or
enlarging MRI lesions in a frequently scanned subgroup of pa-
tients,

DESIGN/METHODS:This analysis was based on the com-
plete 5-year dataset from the IFN beta-1b double-blinded,
placebo-controlled, randomized study that was completed in
1993. Patients who received 8 mlU were analyzed. Several pa-
tient baseline characteristics were examined with respect to: (69)
annualized relapse rate, (2) percent change in MRI lesion area,
and (8) time to-a 1.0 confirmed increase in HDSS score.

RESULTS: Weidentify no reliable predictors of patient re-
sponse to IFN beta-Ib therapy. Similarly, there is no differencein the baseline characteristics of patients whom we arbitrarily
define as “responders” and “non-responders”. IFN: beta-1b ap-
pears to be effective, regardless of the age at disease onset, prior

relapse rate, disease duration, baseline Kurtzke’s EDSS score,FS scores, baseline Seripps score, oT gender. IFN beta-1b-
associated adverse events cannot predict treatment outcome. Pa-
tients who experience a relapse in the first month on study have
a poorer outcome.CONCLUSIONS: The results of this study suggest that MS
patients with a wide range of characteristics can potentially,benefit from IFN beta-1b treatment: ,

P03.069
Roquinimex {Linomide®) Treatmentin
Secondary Progressive and Relapsing
Remitting Multiple Sclerosis: Results From
48 Week Randomized, Double-Blind,
Placebo-Controlled Pilot Studies
Marika Hohol, Toronto, Ontario, Canada, Charles Guttmann,
Michael Olek, Sandra Cook, Boston, MA, USA, Per Gjorstrup,
Lund, Sweden, Anders Linde, Kalamazoo, MI, USA, FerencJolesz’ David A. Hafler, David M. Dawson, Samia J. Khoury,
Howard L. Weiner, Boston, MA, USA.

ORJECTIVE: To study tolerability and efficacy of roquin-
imex (Linomide’) given a8 tablets of 2.5 mgdaily for 48 weeks in
patients with relapsing remitting (RR) or secondary progressive
(GP) form of multiple sclerosia (MSs).BACKGROUND: Roquinimex (Linomide®), a quinoline-d- -
carboxamide, has been shown to have an inhibitory influence in
several éxperimental autoimmune models, including acute and
chronic experimental allergic encephalitis (BAB). Twopilot stud-
jes over 24 weeks in MS patients have recently shown a decrease
in disease activity when measured by monthly MRI.DESIGN/METHODS: Thirty patients with RR MS (EDSS
1.0~4:5) and 34 patients with CP MS (EDSS 3.0-7.0) were en-
rolled in two separate studies. The patients were randomized to
receive either roquinimex 2.5 mg daily or placebo for 48 weeks.
MRI (T2 and T-Gd-DTPA) was performed monthly during the
first 24 weeks and then at week. 96 and 48. Theclinical status
was followed at 12 week intervals using EDSS, Ambulation In-
dex, and Disease Steps. / >RESULTS:A total of 6 (out of 38) patients in the roquinimex
groups and 1 (out of 81) patients in the placebo groups werewithdrawa from the studies due to adverse events and/or MS
related problems. In the RR study, the mean number of new
enhancing lesions per ‘visit over 48 weeks was 0,694 in the ro-quinimex group:and 0.875 in thé placebo group (p = 0.219), Inthe CP study, the mean number of new enhancing lesions was
0.406 versus 0.695 (p = 0.786). In the RR study, the mean
change in EDSS at 48 weeks was -0.47 for the roquinimextreated group and -0.04 for the placebo group. In the CP study,
the mean change in EDSS was 0.04 for the roquinimex group
and +0.22 for the placebo group. Although a suggestion of posi-
tive trends were observed in poth studies these differences were
not statistically significant. Meta analysis of the 4 pilot studies
and immunologic data will also be presented.CONCLUSIGN: Although these two pilot studies did not
ghow statistically significant differences in the parameters mea-
sured, trends compatible with the previous pilot studies wereobserved. Phase II studies are currently in progress in both
secondary progressive (1200 patients) and RR MS (500 patients)
to establish dinical efficacy of Linomide in M8.

Supported by: Pharmacia & Upjohn

P03.070
Oral Cladribine for Multiple Sclerosis
George W. Ellison, Lawrence W. Myers, Los Angeles, CA, USA.

OBJECTIVE:Determineif oral cladribine (CLA) will safely
lower absolute lymphocyte counts (ALG) in patients in progres:
sive phase of multiple sclerosis (MS).BACKGROUND:Intravenous CLA pulse therapy has bees
reported to be effective for treatment of the progression of phase
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of MS. A therapeutictrial of subeutaneous CLA is underway. We
thought oral CLA might be just as effective if the dose were
adjusted.

DESIGN/METHODS: Weplanned a dose escalation trial of
4-6 monthly pulses to lower the ALC count below 1000/emm
with safety and tolerance. Three patients received 0,14 mg CLA
for five days once every four weeks for four-six pulses. Labora-
tory safety tests included monthly CBOs, platelet counts, and
chernistry panels. Quarterly interviews and neurologic assess-
ments documented adverse effects, tolerance, and clinical
change.
RESULTS: The ALCswere affected with thefirst dose cho-
sen (nadirs: patient 1, 200; patient 2, 600; patient 3, 300/emm).
Patient 1 reccived five pulses; patient 2, four; patient 3, six.
Treatment in patient 2 was interrupted because of a drop in
total white blood cell count. ALCs below 1000 have persisted for
one year except in patient 2, Adverse clinical effects which were
moderately well tolerated included nausea, anorexia, mild hair
losa, arid pronounced aggravation of weakness and fatigue. Hem-
orrhatic cystitis, vaginitis. and an upper respiratory infection
seemed associated with ALC nadirs. Patient 1 has subtle signs
of improvement, but pts 2 and 3 have had continued progression
of their-MS5.

CONCLUSIONS:Oral CLA will decrease ALCsfor at least
one year. Adverse effects are manageable. Minimal effects upon
signs and symptoms suggest courses of CLA will be required.

Supported by: Nancy Davis Foundation for Multiple Sclerosis

P03.071
Satety and Tolerability of Subcutaneous
Cladribine Therapy in Chronic Progressive
Multiple Sclerosis
Paul W. O'Connor, R. Selby, J. Brandwein, T.A, Gray, Toronto,
Ontario, Canada.

OBJECTIVE:To evaluate the safety and tolerability of sub-
cutaneous(s.c.) Cladribine therapy in patients with chronic pro-
gressive multiple sclerosis (CPMS).

BACKGROUND: Cladribine, a synthetic antineoplastic
agent, may favourably affect the course of CPMS. However, re-
sults of the first double blind placebo controlled trial in La Jolla
showed that 2 of 29 patients developed aplastic anaemia requir-
ing transfusions of red cells and platelets. In both cases, other
possible contributory co-factors were indentified.

DESIGN/METHODS: Nineteen patients with severe (mean
extended disability status score (EDSS] = 6.7) CPMS were
treated on a compassionate basis with Cladribine 0.07 meg/kg/
days.c. for 5 days per cycle, repeated every 4 weeks for a total of
6 cycles, Patients underwent clinical evaluation, EDSS, and
haematologic analysis at baseline, during, and after therapy for
up to the next 27 months.

RESULTS: The treatment was very well tolerated with no
clinically significant side effect observed. Between baseline and
the end of cycle 6, mean decreases were noted in absolute lym-
phocyte count from 1697 to 439 (P= 001), CD4 count from 865
to 187 (P=0,00009), CD8 from 409 to 165 (P=0,05) and CD19
from 200 to 25 (P=0.00008). Platelet, granulocyte and RBC
counts were unaffected. More than a year after the completion of
therapy, mean CD4 and CD8 counts remained suppressed (302
and 227 respectively), but the CD19 count had recovered to 179,
Significant changes in EDSS were not observed duringor in the
first year after therapy. Global patient valuations of the treat-
ment were mixed.

CONCLUSIONS: Subcutaneous Cladribine therapy, at
lower doses than previously reported, was remarkably well toler-
ated in CPMS, with no significant myelosuppression. Profound
and long-lasting suppression was noted in total lymphocyte
count, CD4, CD8 and CD19 subsets.

Supported by: JANSSEN - ORTHO

P03.072
Sample Size Calculations for MRI Outcome
Pilot Trials in Multiple Sclerosis: Relapsing-
Remitting Versus Secondary Progressive
Subgroups

N, Tubridy, London, England, H. Ader, F. Barkhof, Amsterdam,
The Netherlands, A.J. Thompson, D.H. Miller, London, UK.

OBJECTIVE: To determine sample sizes required for MRI
outcome pilot trials in relapsing-remitting (RR) and secondary
progressive (SP) multiple sclerosis (MS) subgroups.

BACKGROUND:Serial brain MRI is widely used in pilot
studies of new agents to monitor treatment efficacy in RR and
SP MS. Forpilot trials, separate samplesize calculations for the
SP subgroup are currently not available. The present study ad-
dresses this issue.

METHODS: The calculations are based on data from 6
months of monthly T2 weighted and gadolinium enhanced MRI
in 31 RR and 28 SP untreated patients undergoing natural his-
tory studies. The calculations are for a placebo controlled, paral-
lel groups design lasting 6 months. The aample sizes are based:
on boot strap analysis with an 80% likelihood of showing a giventreatmenteffect.

RESULTS: With a single baseline scan, demonstration of a
70% reduction in newly active lesions requires 2x80 RR and
2x50 SP patients. With an extra baseline scan one month before
treatment, the samples sizes are 2x20 for RR and 2x80 for 5P
patients,

CONCLUSION:The sample sizes required for RR patients
are comparable to previous studies. Larger sample sizes are
needed for the SP group, and an extra baseline scan results ina
reduction in both groups. These data should be considered in
planning pilot MRI outcometrials.

P03.073
Measurement of Ambulatory Function in
Multiple Sclerosis
S.R. Schwid, A.D. Gaodman, D.H. Mattson, C. Mihai, K.M,. Do-
nohoe, M.D. Petrie, E.A, Scheid, J.T. Dudman, Rochester, NY,
USA.

OBJECTIVE: To characterize the relationships between
continuous and ordinal measures of ambulatory function in mul-
tiple sclerosis (MS) patients.

BACKGROUND: Muchofthedisability caused by MSis due
to impaired ambulation, The Expanded Disability Severity Scale
(EDS8) and the Ambulation Index (AI) ‘are ordinal measures of
impairment based largely on the maximum distance patients
can walk (Dmax) and the to time to walk 8m (T8), respectively.

DESIGN/IMETHODS: We prospectively determined Dmax
(up to 500m), T8, EDSS, and AT in 170 ambulatory MS patierits,

RESULTS: Dmax and TS werestrongly related to their ordi-
nal counterparts (r = .86 and .91, respectively), but the continu-
ous functional measures showed considerable variability within
EDSS and Al levels that the ordinal scales did notreflect. Most
of the variability occurred at EDSS 6.0 to 7.0 and AI 4 to 6,
where the ordinal scales rely on the use of an ambulatory aid to
characterize functionalability. The use of an aid did not predict
impairment as measured by Dmax or T8; many patients who
required an aid had better Dmax and TB scores than those who
did not require an aid. Dmax and T8 were also strongly related
to each other, even though they provided information on differ-
ent features of ambulatory function.

CONCLUSIONS: The EDSS and AI did not adequately
characterize ambulatory function in MS patients, due in part to
their reliance on the use of an ambulatory aid rather than a
quantitative continuows measure, Dmax and T8 provide more
functional information than the EDSSand Al, allowing better
discrimination of differences between patients and potentially
greater sensitivity to detect therapeutic effects in clinical trials.
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Description

Technical Field

[0001] This invention relates to the use of substituted adenine derivatives for the manufacture of a medicamentfor
treating multiple sclerosis.

Backgroundof the Invention

[0002] Multiple sclerosis (MS) is the result of demyelination in the brain and spinal cord (central nervous system).
Symptomsresulting from this demyelination include weakness, visual impairment, incoordination, and paresthesia
(abnormaltingling). The course of the disease is largely unpredictable, but often progresses through a cycle of exacer-
bation of symptomsfollowed by remission.
[0003] Conventional treatments presently employ therapy with ACTH or corticosteroids such as prednisone. Con-
trolled studies suggest that such treatments induce more rapid clearing of acute symptoms and signs but leave the

long-term outcomeof the disease unaffected. Long-term maintenancetherapy with ACTH or corticosteroids is contrain-
dicated. Evidence indicates that immunosuppressant agents have no long-term benefit. (Cecil, Textbook of Medicine,
Beesonet al., eds., 15th ed., W.B. Saunders Company, Philadelphia, (1979) page 847)
[0004] The etiology of multiple sclerosis is unknownbutis linked to a variety of genetic and environmentalfactors.
Both cell-mediated and humoral immune responses,triggered by extraneous or autoantigens may contribute to the
pathogenesis of multiple sclerosis. Certain immune response genes maybe associated with an increased susceptibility

to the disease. The disease may be mediatedby T cells that recognize an as yet unidentified autoantigen. For example,
experimental allergic encephalomyelitis (EAE), an animal model of demyelinating diseases such as multiple sclerosis,
can be induced by immunizing mice with whole myelin or specific myelin components such as myelin basic protein.
[0005] In humans with multiple sclerosis, exacerbations are correlated with high levels of neopterin in blood and
cerebrospinal fluid. Neopterin is a factor released from monocytes and macrophagesin the presence of activated T-
cells, thereby implicating these cells as being involved in multiple sclerosis exacerbations. (Fredrickson et al. (1987),

Acta Neurol. Scand., 75:352-355; Huberet al. (1984), J. Exp. Med., 160:310-316). At the microscopic level, monocytes,
microglial cells (macrophages of the central nervous system) and activated T-cells are found within the demyelinated
regions of the nerve cells during multiple sclerosis exacerbations. (Cecil, Textbook of Medicine (1979), Beesonetal.
(eds.), W.B. Saunders Co., Philadelphia, PA).
[0006] Various conventional treatment methodologies have been employed to ameliorate the symptomsof multiple
sclerosis. Many of these are directed to useofpalliative, anti-inflammatory agents. No treatment to date has had any

consistent positive effect on the course of the disease.
[0007] Recently, the art has described the use of specific deoxyribosides as anti-inflammatory agents. For instance,
U.S. Patent No. 4,481,197 (Rideout et al.) relates to the use of unsubstituted 3-deaza-2'-deoxyadenosine derivatives in
the treatment of inflammation. U.S. Patent No. 4,381,344 (Rideoutet al.) relates to a process for the synthesis of deox-
yribosidesthat utilizes a bacterial phosphorylase.

[0008] A deoxyriboside derivative, 2-chloro-2'-deoxyadenosine (CdA), has been found to be an effective agent for

the treatment of chronic lymphocytic leukemia and someT cell malignancies. (Carson et al. (1984) Proc. Natl. Acad.
Sci. U.S.A., 81:2232-2236; Piro et al. (1988), Blood 72:1069-1073) The pharmacokinetics of orally and subcutaneously
administered 2-chloro-2'-deoxyadenosine in the treatment of chronic lymphocytic leukemia have been described and
compared. (Liliemark et al. (1992) Journal of Clinical Oncology, 10, (10): 1514-1518; Juliusson et al. (1992) Blood, 80
(Suppl. 1): 1427) Chronic lymphocytic leukemia is a malignancy of B lymphocytes that bear the Leu-l surface antigen.
[0009] The Leu-! B cells represent a minor proportion of the normal pool of B lymphocytes, usually less than 20 per-

cent. The Leu-l B cells express surface markers that are typically found on monocytes (Mac-I antigen) and T-lym-
phocytes (Leu-l antigen). Approximately 10 percent of patients with chronic lymphocytic leukemia exhibit accompanying
autoimmunity, and recently, Leu-l B cells have been implicated in the pathogenesis of autoimmune diseases.
[0010] PhaseI clinical trials on human patients with chronic lymphocytic leukemia indicate that infusion of increas-
ing doses of 2-chloro-2'-deoxyadenosine [0.1-0.5 milligrams per kilogram of body weight per day (mg/kg/day)] yielded

increasing plasma concentrations of the drug [10-50 nanomolar (nM)]. Those infusions indicated that the drug was well

tolerated and did not induce nausea, vomiting or fever. The dose-limiting toxicity was bone marrow suppression, which
usually occurred at doses greater than about 0.2 mg/kg/day or at plasma levels of greater than about 20 nM.
[0011] Other studies, Montgomeryet al. (1959) J. Am. Chem. Soc., 82:463-468, indicated that 2-fluoroadenosine
exhibits a relatively high degree of cytotoxicity. Those workers reported that C57 black mice implanted with Adenocar-
cinoma 755 (Ad755) could tolerate only about 1 milligram per kilogram of body weight. 2-Fluoroadenosine was found
to be inactive at that level against Ad755 as well as leukemia L1210 and the Erlich ascites tumor.

[0012] U.S. Patent No. 4,751,221 and its division No. 4,918,179 to Watanabeet al. describe the synthesis and use
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of several 2-substituted-2'-deoxy-2'-fluoroarabino-furanosyl nucleosides including adenine derivatives. Those com-
pounds were said to have anti-tumor and antitrypanosomalbiological activities. Cytotoxicity data showing anti-tumor

activity of 2-amino-6-thiopurine, guanine and thiopurine derivatives against murine and humancell lines were reported.

[0013] U.S. Patent No. 5,034,518 to Montgomeryet al. teaches the synthesis of 2-substituted-2'-deoxy-2'-fluoro-

araadenosines. Those compounds were said to have anticancer activity, and data for prolongation oflife of mice trans-
planted with P388 leukemia cells were provided.
[0014] The biochemical activity of 2-CdA in cells has been reviewed by Ernest Beutler. (The Lancet (1992), 340:
952-956 - incorporated herein by reference)
[0015] The 2',3'-dideoxynucleosides are phosphorylated at the 5'-position in T cells to form the 5'-nucleotidetri-

phosphate derivatives. Those derivatives are well known to be substratesfor reverse transcriptase molecules. (Ono et
al. (1986) Biochem. Biophys. Res. Comm., 2:498-507)
[0016] Those 2',3'-dideoxynucleoside 5'-triphosphates are also utilized by mammalian DNA polymerasesbeta and
gamma. (Waquaret al. (1984) J. Cell. Physiol., 121:402-408) They are, however, poor substrates for DNA polymerase-
alpha, the main enzymeresponsible for both repair and replicative DNA synthesis in human lymphocytes. In part, these
properties may explain the selective anti-HIV activity of the 2',3'-dideoxynucleosides.

[0017] Chan et al. (1982) J. Cell Physiol., 111:28-32 studied the pathways of pyrimidine nucleotide metabolism in
murine peritoneal macrophages and monocytes, and reported undetectable levels of deoxycytidine kinase or thymidine
kinase in these cells. High levels of adenosine kinase were found, however.
[0018] Similar high levels of adenosine kinase have been found in human monocytes and human monocyte-derived
macrophages (MDM). MDM werefoundto exhibit about one-tenth to about one-fourth the nucleoside kinase activity of
GEMTlymphoblasts (e.g. ATCC CCL 119) toward uridine, deoxycytidine and thymidine, and about two-thirds the ade-

nosine kinase activity of GEM cells. In addition, that adenosine kinase activity of MDM cells was at least about 10-fold
higher than anyof the other kinase activities. Those studies also indicated relatively low levels of nucleoside phospho-
rylation using AZT, dideoxycytidine (ddC) and 2',3'-dideoxyadenosine (ddA) in intact GEM T lymphoblasts andstill lower
levels with the MDM.

[0019] Several 2-substituted adenosine derivatives have been reported not to be deaminated by adenosine deam-
inase. For example, Coddington (1965) Biochim. Biophys. Acta, 99:442-451 reported that deoxyadenosine-1-N-oxide,

as well as 2-hydroxy-, 2-methyl-, 2-chloro-, 2-acetamido-, and 2-methylthio-adenosines were neither substrates nor
inhibitors for adenosine deaminase. Montgomery, in Nucleosides, Nucleotides, and Their Biological Applications, Ride-

out et al. eds., Academic Press, New York, page 19 (1983) provides a table of comparative K,,, and V,,,, data for the
deamination of adenosine, 2-halo-adenosines 2-halo-deoxyadenosines and 2-fluoro-arabinoadenosine that also indi-
cates that those 2-halo adenine derivatives are poor substratesfor the enzymerelative to adenine itself. Stoeckleret al.
(1982) Biochem. Pharm., 31:1723-1728 reported that the 2'-deoxy-2'-azidoribosyl and 2'-deoxy-2'-azidoarabinosyl-

adenine derivatives were substrates for human erythrocytic adenosine deaminase, whereas workofothers indicated 2-
fluoroadenosine to have negligible activity with adenosine deaminase.
[0020] 2-Chloro-2'-deoxyadenosine is phosphorylated by non-dividing (normal) human peripheral blood lym-
phocytes andis converted to the 5'-triphosphate. This adenine derivative is not catabolized significantly by intact human
cells or cell extracts, and is phosphorylated efficiently by T lymphocytes. (Carson et al. (1980) Proc. Natl. Acad. Sci.

USA, 77:6865-6869)

[0021] As discussed before, high levels of adenosine kinase have been found in murine peritoneal macrophages
and in human monocytes. Adenosine kinase can phosphorylate 2'-deoxyadenosine derivatives, but does so lesseffi-
ciently than deoxycytidine kinase. (Hershfield et al. (1982) J. Biol. Chem., 257:6380-6386)
[0022] Chemotherapeutic agents are described hereinafter that may be employed as therapeutic agents in the
treatment of multiple sclerosis.

Summary of the Invention

[0023] The present invention relates the use of an substituted derivative for the preparation of a medicamentfor
treating multiple sclerosis. The medicament has a pharmacologically acceptable carrier and a substituted adenine
derivative dissolved or dispersed therein. The substituted adenine derivative is present in the pharmacologically accept-

able carrier in an amount sufficient to provide a therapeutically effective dose over the course of treatment.

[0024] The substituted adenine derivatives useful for treating multiple sclerosis nay be represented by Formula |
having a structural formula corresponding to:
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NH.

Z
No N

A LD
Y Sn N

HOCH, es

OH

wherein Z is ©’ or absent,

Y is hydrogen or a substituent containing one to about 20 atomsthat is free from net ionic charge at physiological

pH values, provides a soluble adenine derivative and whose presence on the adenine moiety inhibits deamination
of the adenine derivative by adenosine deaminase; and
X is hydrogenorfluoro, with the proviso that when Z is absent, Y is not hydrogen.

[0025] Particularly preferred compounds of Formula | are free of the Z group; i.e, Z is absent, and contain a halo
group at the 2-position. The most preferred compounds are 2-chloro-2'-deoxyadenosine and 2-chloro-2'-deoxy-2'-
arafluoroadenosine.

[0026] Methodsfor synthesizing all of the above compoundsare indicated in U.S. Patent 5,106,837 (Carsonetal.,
April 21, 1992, incorporated herein by reference).
[0027] The invention teaches that the disease condition of a patient having multiple sclerosis may be ameliorated
by administration of an amountof the above-described composition having a sufficient quantity of the compound ofFor-
mula | to provide a therapeutically effective dose. Exemplary dosages range from about 0.04 to about 1.0 mg/kg/day,

with dosages of about 0.04 to about 0.2 mg/kg/day being more preferred. Typically, the amountis sufficient to provide
a concentration in the patient's plasma of about 0.5 nanomolar (nM) to about 50 nM, more preferably of about 1 nM to
about 10 nM.

[0028] Preferably, the agent contemplated for use in the present invention is a 2-halo-2'-deoxyadenosine (2-halo-
2'-deoxy-9,1'-beta-ribofuranosyladenine) or a 2-halo-2'-deoxy-2'-arafluoroadenosine, and most preferably the halo

groupis chloro.

[0029] A further aspect contemplated by the present invention comprises the use of subcutaneous injection for
administering an effective amountof the active ingredient (agent) of the invention for treating multiple sclerosis.
[0030] An alternative aspect contemplated by the present invention comprises the peroral administration of an
effective amount of the active ingredient (agent) of the invention in a method of treating disease. Preferred compounds
of Formula| for oral administration include compoundsin which X is fluoro.
[0031] In each of the before-described methods, the substituted 2'-deoxyadenosine derivative is administered in a
therapeutically effective amount. The effect of a compound of Formula | is dependent uponthe route of administration

and uponthe time and dosage. As a consequence,one cantailor the dosage and duration for which a particular com-
pound is administered to the stage of the disease and the condition of the patient being treated. Where the stage of
multiple sclerosis is advanced or life-threatening, treatment may be more aggressive, and a therapeutically effective
amount is an amountthatis sufficient to kill at least 50 percent of the monocytes present butis less than that which

substantially impairs bone marrow function as determined by usual procedures when administration is in vivo. The

monocytekilling amount of a compound of Formula | is another measure of a therapeutically effective dose and mono-
cyte death is measured at a time seven daysafter the initial administration.
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Detailed Description of the Invention

A. Compounds

[0032] The presentinvention contemplates the use of substituted adenine derivatives, i.e. substituted-2'-deoxy-ara-
binofuranosyladenine, for treating multiple sclerosis. Preferred substituted adenine derivatives have a structure repre-
sented by the following formula, viz. Formula |:

NH

z

x
Y Sn N

HOCH,—_-°
x}:

OH

wherein Z is an oxide radical (O°) or is absent;
Y is hydrogenor a radical containing one to about twenty atomsthatis free from net ionic charge at physiological

pH values, provides a soluble adenine derivative, and whose presenceon the adenine moiety inhibits deamination
of the adenine derivative by adenosine deaminase; and
X is hydrogenorfluorine, with the proviso that Y is hydrogen only whenZ is present.

[0033] Preferably, Y is chloro. Other Y substituents may be selected from the group consisting of lower alkyl, lower

alkanoylamido, lower alkylthio and hydroxyl radicals. In particularly preferred embodiments, when Y is chloro, X is fluo-
rine.

[0034] The preferred compound included in Formula | is 2-chloro-9,1'-beta-D-2'-deoxyribosyladenine, otherwise
known as 2-chlorodeoxyadenosine or CdA.
[0035] Of the compoundsof Formula I, those whereXis fluoro are among the preferred compoundsfor use by oral
administration.

[0036] Other illustrative compoundsincluded in Formula | are:

2-bromo-9,1'-beta-D-2'-deoxyribosyladenine;
2-methyl-9, 1'-beta-D-2'-deoxyribosyladenine:
2-fluoro-9,1'-beta-D-2'-deoxyribosyladenine;
2-acetoamido-9,1'-beta-D-2'-deoxyribosyladenine;

2-methylthio-9, 1'-beta-D-2'-deoxyribosyladenine;

2-chloro-9, 1'beta-2'-deoxy-2'-fluoro-D-arabinofuranosyl-adenine;
2-bromo-9,1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyl-adenine;
2-(N-acetamido)-9,1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine;
2-methylthio-9, 1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine.

[0037] Further illustrative of compounds of Formula | include the following arabinofuranosyl derivatives of adenine:
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2-methyl-9, 1 '-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyl-adenine;

2-isopropyl-9,1'-beta-2'-deoxy-2'-fluoro- D-arabinofuranosyl-adenine;
2-hydroxy-9,1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyl-adenine;

2-chloro-9, 1 '-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine-I-N-oxide;

2-fluoro-9, 1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine-1 -N-oxide;
2-bromo-9,1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine-1 -N-oxide;
2-methyl-9, 1 '-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine-1-N-oxide;
2-(N-acetamido)-9, 1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine-1 -N-oxide;
2-hydroxy-9, 1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine-I-N-oxide;

2-(2-methylbutyl)-9, 1 '-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine-|-N-oxide;
2-fluoro-9,1'-beta-D-2'-deoxyadenosine-l-oxide;
and

2-chloro-9,1'-beta-D-2'-deoxyadenosine-1 -oxide.

[0038] It is noted that when X is hydrogen the sugar ring can be namedas a 2'-deoxyribosyl or 2'-deoxyarabino-

furanosyl radical. Both nomenclatures are utilized herein. When the class of compounds embraced by Formula| is dis-
cussed,all of the compoundsare considered herein as derivatives of arabinose. However, when specific compounds of
the subclass where X = H are discussed, the more familiar deoxyribose nomenclature is used, such as in deoxyadeno-
sine. These compoundsare also referred to herein more simply as adenine derivatives.
[0039] In the above formulas, andin all other formulas shown herein, hydrogen atomsonthe purine and furanosidyl
rings that are not needed to show conformation about a particular bond are not shown. Thus, the 8-position adenine
hydrogenis not shown.

[0040] It is also to be understood that the D isomers of compoundsof the formulas are the isomers contemplated.
It is further to be noted that the designation "halo" used herein is meant to include fluorine, chlorine and bromine deriv-
atives, and to excludeiodine derivatives, which are unstable and decompose,and astatine derivatives that are radioac-
tive. Where specific halogen derivatives are intended, those compounds are named specifically.
[0041] As used herein, "a substituent free from net ionic charge" includes both charged and unchargedradicals,

wherein when the substituent radical is charged, an internal zwitterionic charge pair is present that results in the

absence of a netionic charge for the molecule at physiologic pH values. N-oxide compounds are exemplary of such
substituents.

[0042] As used herein, a "soluble adenine derivative" is an adenine derivative which is able to dissolve and remain
soluble in a body fluid such as blood at a therapeutically effective dose as is discussed hereinafter.
[0043] As used herein, a "substituent whose presence on the adenine moiety inhibits deamination of an adenine
derivative by adenosine deaminase"is one that, when 100 microliters of a 1 millimolar solution of the substituted ade-

nine derivative is incubated for three hours at room temperature with 25 units of calf spleen adenosine deaminase (1
unit catalyzes the deamination of 1 micromole of adenosine per minute), produces a single UV-absorbing spot uponcel-

lulose-thin layer chromatography of the reaction mixture whose R; value is the same asthat of the substituted adenine
derivative used.

[0044] The metabolism of a compound by adenosine deaminase can be investigated by the following procedure.

The individual nucleosides, at concentrations from 5-200 uM in 10 mM sodium phosphate, pH 7.5, are incubated at 18-
20 degrees C with 0.01 EU/ml calf intestinal adenosine deaminase. The change in the optical density at 265 nm and

250 nm is monitored spectrophotometrically. The K,, and V,,3, values are determined by the Lineweaver-Burke
method,utilizing the AEMno5, between adenosine and inosine.
[0045] The ratio Viya,/K,, also provides a measureofrelative efficiency of deamination by the enzyme. A substitu-
ent that provides a V,,4,/K,, ratio that is about 1 percentor less than that for the ratio obtained using 2'-deoxyadenosine
is also a "substituent whose presence on the adenine moietyinhibits deamination of an adenine derivative by adenos-
ine deaminase."

[0046] As used herein, lower alkyl radicals include C,-Cg straight chain, branched and cyclic alkyl groups, for exam-
ple, methyl, ethyl, n-butyl, t-butyl, n-hexyl, 1-ethylbutyl, cyclopentyl, cyclohexyl and the like. Lower alkanoylamido radi-

cals include C,-C, radicals, for example, formamido, acetylamido, propionamido, hexamoylamido andthe like. Lower
alkylthio radicals include C,-C, straight chain, branched and cyclic alkyl groups as discussed abovelinked to a thio rad-
ical.

[0047] The pharmacologically acceptable salts of a compound of the above Formula are also utilized. The phrase
"pharmacologically acceptable salts," as used herein, refers to non-toxic acid addition salts that are generally prepared
by reacting a compoundwith a suitable organic or inorganic acid. Representative salts include the hydrochloride, hyd-
robromide, sulfate, phosphate,citrate, acetate, maleate and the like.
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B. Compositions

[0048] A compound of Formula | dissolved or dispersed in or together with a pharmacologically acceptable carrier

constitutes a composition of this invention.

[0049] A compoundof Formula | and its pharmacologically acceptable salts are useful in both short and long term
treatment. For instance, a 2-substituted-9, 1'-beta-2'-deoxy-2'-fluoro-D-arabinofuranosyladenine is administered to the
patient internally, e.g., subcutaneously by injection, parenterally, orally, or rectally as a suppository, in an effective
amount.

[0050] Although a compound of Formula | and its pharmacologically acceptable salts can be administered as the

pure chemical, it is preferred that itbe administered as a pharmaceutical composition. In either event,it is administered
in an amountsufficient to provide a therapeutically effective dose as is discussed hereinafter.
[0051] Accordingly, the present invention utilizes a pharmaceutical composition comprising a therapeutically effec-
tive dose of a compound of Formula | or a pharmacologically acceptable salt thereof, hereinafter referred to as the
“active ingredient" or "agent," dissolved or dispersed in a pharmacologically acceptable carrier or diluent.
[0052] A pharmaceutical composition is prepared by any of the methods well Knownin the art of pharmacyall of

whichinvolve bringing into association the active compound andthe carrier therefor. For therapeutic use, a compound
utilized in the present invention can be administered in the form of conventional pharmaceutical compositions. Such
compositions can be formulated so as to be suitable for oral, subcutaneous,or parenteral administration, or as suppos-
itories. In these compositions, the agent is typically dissolved or dispersed in a physiologically tolerable carrier.
[0053] A carrier or diluent is a material useful for administering the active compound and must be "pharmacologi-
cally acceptable" in the sense of being compatible with the other ingredients of the composition and not deleterious to

the recipient thereof. Thus, as used herein, the phrases "physiologically tolerable" and "pharmacologically acceptable"
are used interchangeably and refer to molecular entities and compositions that do not produce anallergic or similar
untoward reaction, such as gastric upset, dizziness and the like, when administered to a mammal. The physiologically
tolerable carrier can take a wide variety of forms depending upon the preparation desired for administration and the
intended route of administration.

[0054] As an example of a useful composition, a compound of Formula | can beutilized in liquid compositions such

as sterile suspensions or solutions, or as isotonic preparations containing suitable preservatives. Particularly well-

suited for the present purposesare injectable media constituted by aqueous injectable isotonic and sterile saline or glu-
cose solutions. Additional liquid forms in which these compounds can be incorporated for administration include fla-
vored emulsions with edible oils such as cottonseed oil, sesameoil, coconut oil, peanut oil, and the like, as well as elixirs
and similar pharmaceutical vehicles.
[0055] The agents can also be administered in the form of liposomes.As is knownin theart, liposomes are gener-
ally derived from phospholipids or otherlipid substances. Liposomes are formed by mono-or multilamellar hydrated liq-

uid crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically acceptable and metabolizable lipid
capable of forming liposomes can be used. The present compositionsin liposome form can contain stabilizers, preserv-
atives, excipients, and the like in addition to the agent. The preferred lipids are the phospholipids and the phosphatidyl
cholines(lecithins), both natural and synthetic.

[0056] Methodsto form liposomes are knownin the art. See, for example, Prescott, Ed., Methods in Cell Biology,
Volume XIV, Academic Press, New York, N.Y. (1976), p. 33 et seq.

[0057] An agent of Formula | can also be used in compositions such as tablets or pills, preferably containing a unit
dose of the compound.To this end, the agent (active ingredient) is mixed with conventional tableting ingredients such
as corn starch, lactose, sucrose, sorbitol, talc, stearic acid, magnesium stearate, dicalcium phosphate, gums,or similar
materials as non-toxic, physiologically tolerable carriers. The tablets or pills can be laminated or otherwise compounded
to provide unit dosage forms affording prolonged or delayed action.
[0058] It should be understood that in addition to the aforementioned carrier ingredients the pharmaceutical formu-

lation described herein can include, as appropriate, one or more additional carrier ingredients such as diluents, buffers,
flavoring agents, binders, surface active agents, thickeners, lubricants, preservatives (including antioxidants) and the
like, and substances included for the purpose of rendering the formulation isotonic with the blood of the intended recip-
ient.

[0059] The tablets or pills can also be provided with an enteric layer in the form of an envelopethat serves to resist
disintegration in the stomach and permits the active ingredient to pass intact into the duodenum or to be delayed in

release. A variety of materials can be used for such enteric layers or coatings, including polymeric acids or mixtures of
such acids with such materials as shellac, shellac and cetyl alcohol, cellulose acetate phthalate, and the like. A partic-
ularly suitable enteric coating comprises a styrene-maleic acid copolymer together with known materials that contribute
to the enteric properties of the coating. Methods for producing enteric coated tablets are described in U.S. Patent
4,079,125 to Sipos, which is herein incorporated by reference.
[0060] The term “unit dose", as used herein, refers to physically discrete units suitable as unitary dosages for
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administration to patients, each such unit containing a predetermined quantity of the agent calculated to produce the
desired therapeutic effect in association with the pharmaceutically acceptable diluent. Examples of suitable unit dosage

forms in accord with this invention are tablets, capsules,pills, powder packets, granules, wafers, cachets, teaspoonfuls,
dropperfuls, ampules, vials, segregated multiples of any of the foregoing, and the like.

[0061] Administration of the compound by subcutaneousinjection is a particularly attractive mode of administration
due to the favorable pharmacokinetics of this mode of administration.
[0062] Oral administration of the compoundis also an attractive mode of administration. One drawback usually
associated with oral administrations of bioactive nucleoside compounds, however, is their potential decomposition in
the acidic conditions of the stomach. Thatis, the glycosidic bond tends to hydrolyze under acid conditions.

[0063] However, where oral administration is desired, substitutions on the 2-position of the adeninering of the com-
pound of Formula | are utilized along with a 2'-fluoro-substituted arabinofuranosidylring.
[0064] Marquezet al. (1987) Biochem. Pharm., 36:2719-2722 reported preparation of 2'-fluoro-2',3'-dideoxyribose
and 2'-fluoro-2',3'-dideoxyarabinose derivatives of adenine. Their findings stated that both derivatives were stable ata
PH value of 1 at 37 degrees C, whereas dideoxyadenosine had a half-time of 35 seconds under those conditions.
[0065] The ability of an adenine derivative to be or not to be a substrate for adenosine deaminaseis more a function

of the 2-substituent or lack thereof on the adenine portion of the molecule than a function of substituents on the linked
sugar ring portion, at least as far as the substituents on both rings herein are concerned.

C. Methods

[0066] As noted earlier, a method of treating multiple sclerosis is contemplated herein. Broadly in that method, a

patient having multiple sclerosis is treated with a composition containing a pharmacologically acceptable carrier having
dissolved or dispersed therein, as an active ingredient, a substituted adenine derivative (substituted 2'-deoxy-adenos-
ine) whose structure corresponds to that of previously discussed Formula |. The substituted adenine derivative is
present in the composition in an amountsufficient to provide a therapeutically effective dose over the period of contact-
ing. The above treatmentis typically repeated periodically such as weekly or monthly over a time period of several
months to about one year.

[0067] The amount of a compound of Formula | present in a composition and used in a method as described above
is a function of several variables. Among those variables is the method of administration. Exemplary concentrations for
various modes of administration areillustrated hereinafter.

[0068] Whenthe administration is in vivo, the amount administered is less than that which substantially impairs
bone marrow functions as determined by usual procedures. An amountsufficient to kill at least about 50 percent of the
monocytesoriginally present while not substantially impairing bone marrow function over the course of the administra-

tion of the agent is one wayof defining a therapeutic dose.
[0069] The above amount of a 2'-deoxyadenine derivative of Formula | or its pharmacologically acceptable salt
present in the composition is also an amountsufficient to provide about 0.04 to about 1.0 mg/kg of body weightof the
treated host mammal per day, more preferably about 0.04 to about 0.20 mg/kg/day, more preferably still at about 0.05
to about 0.15 mg/kg/day and mostpreferably about 0.1 mg/kg/day, when given in vivo. This amount is another way of

defining a therapeutically effective dose that is particularly useful when a compound of Formula | is administered by
infusion.

[0070] The molar plasma concentration of the compound of Formula | or the pharmacologically acceptable salts
thereof during treatmentis preferably in the range of about 1 nanomolar (nM) to about 100 nM, particularly about 5 nM
to about 50 nM, and morepreferably about 10 nM to about 20 nM. Molarity of the 2'-deoxyadenine derivative in plasma
of the treated (administered to) patient thus providesstill another measure of a therapeutically effective dose from which
the amount in a composition can be calculated.

[0071] It is to be understood that the above therapeutically effective dosages need not be the result of a single
administration, and are usually the result of the administration of a plurality of unit doses. Those unit doses canin turn
comprise portions of a daily or weekly dosage,and thus,the therapeutically effective dose is determined over the period
of treatment (contacting).
[0072] Oral administration and subcutaneous injection are preferred modes of administration, as already noted. To

achieve the desired plasma concentration of the agent, a range of doses can be employed depending uponthe specific

mode of administration, objective of the particular treatment, the particular compound being used, andlike considera-
tions.

[0073] For example, for oral administration, the daily dose can be about 0.04 to about 1.0 mg/kg of body weight,
more preferably about 0.04 to about 0.20 mg/kg/day, more preferably still at about 0.05 to about 0.15 mg/kg/day, and
most preferably about 0.1 mg/kg body weight. In general, the amountof active substituted adenine derivative adminis-
tered can vary over a relatively wide range to achieve, and preferably maintain, the desired plasma concentration.

[0074] Unit dosage forms of the adenine derivative can contain about 0.1 milligrams to about 15 milligrams thereof.
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A preferred unit dosage form contains about 0.1 to about 1 milligram of agent and can be administered 2 to 5 times per
day. However, it should be noted that continuous infusion at a rate designed to maintain the above described plasma

concentration is also contemplated.

[0075] Duration of a particular treatment can also vary, depending on severity of the disease, whether the treatment

is intended for an acute manifestation or for prophylactic purposes, and like considerations. Typical administration lasts
for a time period of about 5 to about 14 days, with a 7-day time course being usual. Courses (cycles) of administration
can also be repeated at monthly intervals, or parenteral unit dosages can be delivered at weekly intervals. Oral unit dos-
ages can be administered at intervals of one to several days to provide the determined therapeutically effective dose.
Thus, in vivo administration of a before-discussed dosage over a time period of about 5 to about 14 days or at weekly

or daily intervals provides an amountsufficient to kill at least about 50 percent of the originally present monocytes.
[0076] This method of treatment produces a decreasein the level of monocytes in the blood dueto the toxicity of
the utilized compounds of Formula | toward monocytes. This method can be used to reduce the number of monocytes
circulating in a treated mammal's blood stream by about 90 percent of the number presentprior to treatment over a
seven day treatment period with the level of circulating monocytes returning to pretreatment levels about two weeks
after the treatment stopped. This exemplary studyis illustrated hereinafter.

[0077] A less aggressive treatment regimenis also therefore contemplated. Here, a before-described dosage, e.g.,
plasma concentration, is again utilized, but for a shorter contact time course so that monocyte function is impaired, but
the monocytes are not substantially killed as is the result of the before- discussed treatment regimen. Impairment of
monocyte function is herein defined as a reduction of at least about 25 percent in the spontaneous secretion of inter-
leukin-6 (IL-6) by monocytes cultured in the presence of a compoundof Formula| for a time period of 72 hours. A useful
assay for monocyte impairmentis discussed hereinafter.

[0078] In an exemplary treatment regimen, a compound of Formula | is administered in an amountof about 0.04 to
about 1.0 mg/kg/day, more preferably about 0.04 to 0.20 mg/kg/day, more preferably still about 0.05 to about 0.15
mg/kg/day, and most preferably about 0.1 mg/kg/day. Such treatmentstypically provide a plasma concentration of about
0.5 nM to about 50 uM, and more preferably about 10 nM to about 10 uM. That single administration is repeated peri-
odically such as weekly over a time period of several months, e.g. about three to about nine months. In usual practice,
treatments are administered over a period of about five to seven days and are repeated at about three to about four

weekintervals for several months, e.g. about three to about nine months.
[0079] Such an administration can be carried out on an out-patient basis for humans using an intravenousinfusion
lasting about 2 to about 4 hoursin a doctor's office. As such, the treatmentis far less invasive than is a continuous infu-
sion over a period of several days that usually requires a hospital stay for the host mammal; i.e., human patient. A less
invasive continuous infusion method that employs a pumplinked to a catheter that automatically infuses a predeter-
mined dosage permits the patient to be ambulatory during the infusion.
[0080] Any of the before-discussed methods can be carried out while the patient is continuing therapy with a previ-

ous drug or drugs,or after cessation of such prior treatment. When a patient is removed from a prior even partially effec-
tive treatment, a flare-up (exacerbation) of symptoms sometimes occurs that typically abates after several months.In
addition, wherea prior treatment regimenis halted while an above methodis practiced, that prior treatment can be con-
tinued after cessation of an above method, often with quite positive results.

[0081] Dosage schedules and protocols for administering 2-chlorodeoxyadenosineto treat patients having disease
conditions other than multiple sclerosis have been reviewedin the literature. (Ernest Beutler (1992), The Lancet, 340:

952-956) To afirst approximation, the pharmacokinetics of 2-chlorodeoxyadenosine andits effect upon monocyte levels
are independentof the disease condition being treated.

 

D. Compound Synthesis

[0082] A compounduseful herein where Z is absent can be prepared by condensing an appropriately substituted
adenine directly with an appropriately substituted sugar ring as by the techniques described in Montgomeryetal.,
(1986) J. Med. Chem., 29:2389-2392, by the method taught in U.S. Patent No. 4,082,911, or as described in the cita-
tions of Herdewijn at al. (1987) J. Med. Chem., 30:2131-2137, which disclosures are incorporated herein by reference.
An appropriately substituted adenine can be prepared by following reported literature syntheses or analogous synthe-

ses. Still further, Wright et al. (1987) J. Org. Chem., 35:461 7-4618 recently prepared 2-chloro- and 2-bromo-2'-deoxy-

adenosines by direct reaction of the appropriate 2,6-dihalo purine with a 3',5'-protected-alpha-l|-chlororibose using
sodium hydridein acetonitrile, followed by treatment with methanolic ammonia at 60 degrees C to deprotect the result-
ing 3',5'-hydroxyls and form the 6-amino groupof the finally produced adenosine. Fukukawaet al. (1983) Chem. Pharm.
Bull., 31(5):1582-1592 also report syntheses of 2'-deoxy-2'-arahalo-substituted adenosine derivatives.
[0083] The 2'-deoxy-2'-fluoroarabinofuranosyladenine compounds of the present invention are produced as
described hereinafter in the Examples. The synthesis is similar to that taught in Marquez at al. (1987) Biochem. Phar-

macol., 36:2719-2722, herein incorporated by reference, in which 6-chloropurine is condensed with 3-O-acetyl-5-O-
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benzoyl-2-deoxy-2-fluoro-D-arabinofuranosyl bromide. The functionalized halosugar is produced according to the

method reported by Reichnanet al. (1975) J. Carbohyd. Res., 42:233 and the 2'-deoxy-2'-fluoro-arabinofuranosylade-
nine compoundis obtained by ammonolysis with concentrated methanolic ammonia which removes the protective
groups. Syntheses of 2-substituted-2'-deoxy-2'-arafluoroadenosines are also described in U.S. Patents No. 4,918,179
and No. 5,034,518, whose disclosures are incorporated by reference.

[0084] The adenosine-1-N-oxide group of compounds,i.e, where Z is present, is of particular interest since those
materials, per se, are mostlikely not incorporated into a growing polynucleotide chain because the presence of the N-
oxide group probably interferes with hydrogen bonding during that synthesis. Rather,it is believed that the N-oxide com-
pounds are reduced by an endogenousreductaseprior to their incorporation into and termination of the growing chain.

[0085] Nevertheless, being free from a netionic charge, but possessing an internal zwitterionic charge pair, the N-
oxide compoundscan penetrate cell membranes. Those compoundsare also somewhat more water-soluble than are
the corresponding un-oxidized compounds.
[oos6] Without wishing to be boundbytheory,it is nevertheless believed that the N-oxide compoundsenterthe cell
and are phosphorylated, in keeping with the report of such phosphorylation in Lindberg et al. (1967) J. Biol. Chem.,
242:350-356. A pool of such derivatives is maintained intracellularly until such time as the N-oxide function is reduced

and the nucleotide is incorporated to terminate the appropriate, growing polynucleotide chain.
[0087] The 1-N-oxide compounds are readily prepared by the method of Klenow etal. (1961) Biochim. Biophys.
Acta, 52:386-389,with slight modification, as discussed hereinafter.
[0088] The present invention is further illustrated by the following examples which are not intended to limit the
scopeof the invention in any way.

Example 1

Treatment of Multiple Sclerosis with CdA

[oos9] A study of four patients with chronic multiple sclerosis was undertaken. Each patient was first examinedfor
normal hepatic, renal, and bone marrow functioning to establish baseline values. Each of the patients was then treated

with CdA dissolved in sterile preservative-free isotonic saline. The CdA was administered intravenously at a dosage of
0.1 mg/kg each dayfor a total of seven days. Each patient received six courses of intravenous therapy, once monthly
for a total of six months. Patients were examined on a daily basis while hospitalized. During that time, daily blood counts
and twice weekly blood chemistries were performed on each patient. CdA levels were also measured in blood and spi-
nal fluid.

[oos0] The neurologic function of each of these patients was measured using the expanded Krutzke disability sta-

tus scale (EDSS), and the Scripps neurologic rating scale (SNRS).
[0091] There was no evidenceof anysignificant toxic side effects. None of the four patients exhibited any nausea,
vomiting, skin rash, or hepatic or renal dysfunction. Each of the patients developed lymphopenia (reduction in the level
of lymphocytesin the blood), with absolute lymphocyte counts being suppressed 0.5 to about 10 percent for more than
one year.

[0092] Monocyte levels dropped after each treatment. For example, in one patient, monocytes dropped 40 percent

after the first treatment, and were substantially absent after each of the remaining five treatments. For anotherpatient,
monocytes were substantially absent after two treatments, and depleted by about 85, 50, 40 and 73 percents after the
other four treatments.

[0093] In some cases,there was leukopenia (reduction in the level of total white blood cells). There was also a mod-
est macrocytosis in all patients lasting for six to eight months after cessation of treatment. However, the platelet counts
ofall four patients remained within the normal range. In essence, there was no evidenceoftoxicity in these four patients
with normal marrow, hepatic and renal functions. Likewise, the side effects of CdA were imperceptible in these four

patients.
[0094] Measurementof neurologic function using the EDSS and SNRSscales provided evidence of improvement
in all four patients during treatment with CdA. Cerebrospinal fluid studies (CSF) showed a marked drop in lymphocyte
counts and, quite remarkably, complete disappearance of IgG oligoclonal bondsin all cases. There was nosignificant

changein total CFS IgG.
[0095] In particular, the SNRS data demonstrated between 5 and 50 percent improvementfrom baseline pre-treat-

ment valuesin all patients. One of the four patients was completely bed-ridden at the beginning of the treatment, and
this patient was able to walk with the aid of a walker by the endof the treatment. All patients reported subjective feelings
of improved energy and stamina.
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Treatment of Multiple Sclerosis with CdA

[0096] The study indicated above in Example 1 involving four patients was then enlarged. A double-blind placebo
study involving 50 patients was performedto further demonstrate the effectiveness of 2-CdAfor treating multiple scle-
rosis. The dosage schedules and protocols for this second study were similar or substantially the same as the dosage
schedules and protocols employed in Example 1. The same two neurologic rating scales were employed,i.e. the SNRS
scale and the EDSSscale. 28 patients were tested with the SNRS scale; 23 patients were tested with the EDSSscale.

The SNRSscale is substantially more sensitive than the EDSS scale. The inventor's most recent data indicate that a
highly significant improvement (p=0.0004) was observedin patients treated with 2-CdA as compared with placeboin
the 28 patients tested for changes in the SNR&Sscale.

CdA

Placebo

CdadA

Placebo

SNRS

EDSS

Claims

Table I

Changes in SNRS

Absolute Relative

4.83 + 5.71 0.076 + 0.089 (N=14)

-4.40 + 5.14 -0.062 + 0.071 (N=14)

p=0.0004 p=0.0005

Changes in EDSS

Absolute Relative

-0.018 + 0.222 -0.011 + 0.081 (N=12)

0.038 + 0.9233 0.039 + 0.240 (N=11)

p=0.84 p=0.50

0 100

10 1

Worst Best

1. Use of a substituted adenine derivative having a structure represented by the formula:
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NH,

Z

Y

HOCH?

n> NS
ALY?

°

X

OH

or a pharmacologically acceptable salt thereof
where:

Z is Oor absent;

Y is hydrogen or a substituent containing one to about 20 atomsthatis free from net ionic charge at physiolog-
ical pH values, produces a soluble adenine derivative, and whose presence on the adenine moiety inhibits
deamination of said adenine derivative by adenosine deaminase; and
X is hydrogenorfluoro,
with the proviso that when Z is absent, Y is not hydrogenfor the preparation of a medicament for treating mul-

tiple sclerosis.

The use of claim 1, wherein Z is absent and Y is halo group.

The use of claim 1 wherein said substituted adenine is 2-chloro-2'-deoxyadenosine.

The useof any one of claims 1 to 3, wherein the treatmentis by application of the adenine derivative to the patient's
serum.

The use of any one of claims 1 to 4, wherein the medicamentis in the form of a subcutaneous injectable medium.

The use of any one of claims 1 to 4, wherein the medicamentis in the form of an intravenousinfusion.

The use of any oneof claims 1 to 4, wherein the medicamentis in the form of capsules, powders or granules, in the
form of tablets or pills that are optionally provided with an enteric layer, in the form of a suppository, in the form of
a solution, suspensionorelixir or in the form of liposomes.

Patentanspriiche

Verwendungeines substituierten Adeninderivats mit einer Struktur der Formel:

12 Petitioner TWi Pharms., Inc.

EX1003, Page 51 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 52 of 822

EP 0 626 853 B1

NH2
5

Zz Nat ae

SS N
10 Y N

HOCH, :
15

OH

oder eines pharmakologisch annehmbaren Salzes davon,
20 worin:

Z Oist oder nicht vorliegt;

Y Wasserstoff oder ein Substituent ist, welcher 1 bis etwa 20 Atome aufweist, der frei ist von einer Netto-lonen-

25 ladung bei physiologischen pH-Werten, ein lésliches Adeninderivat erzeugt und dessen Anwesenheit auf dem
Adeninrest eine Desaminierung des Adeninderivats durch Adenosindesaminaseinhibiert; und

X Wasserstoff oder Fluor ist,

30 mit der MaBgabe, daB, wenn Z nicht vorliegt, Y nicht Wasserstoff ist, far die Herstellung eines Medikamentes
zur Behandlung von Multiple Sklerose.

2. Verwendung gemaB Anspruch1, worin Z nicht vorliegt und Y eine Halogengruppeist.

35 3. Verwendung gemaB Anspruch 1, worin das substituierte Adenin 2-Chlor-2'-desoxyadenosinist.

4. Verwendung gemaB einem der Ansprtche1 bis 3, worin die Behandlung durch die Anwendung des Adeninderivats
auf das Serum des Patienten geschieht.

40 5. Verwendung gemabB einem der Ansprtche 1 bis 4, wobei das Medikamentin Form eines subkutanen injizierbaren
Mediumsvorliegt.

6. Verwendung gemaB einem der Ansprtche 1 bis 4, wobei das Medikamentin Form einer intravenésen Infusion vor-
liegt.

45

7. Verwendung gemaB einem der Ansprtche1 bis 4, wobei das Medikament in Form von Kapseln, Pulvern oder Gra-

nulaten, in der Form von Tabletten oder Pillen, welche vorzugsweise mit einer enterischen Schicht versehensind,
in der Form ein Zapfchens, in der Form einer Lésung, einer Suspension oder eines Elixiers oder in der Form von
Liposomenvorliegt.

50

Revendications

1. Utilisation d'un dérivé d'adénine substituée ayant la structure représentée par la formule :

55
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ou d'un sel pharmacologiquement acceptable d'un tel dérivé

formule dans laquelle :

Z représente Oou est absent;
Y représente I'hydrogéne ou un substituant contenant de 1 a environ 20 atomes qui est dépourvu de charge
ionique nette aux valeurs de pH physiologiques, produit un dérivé soluble de l'adénine et dont la présence sur
le motif adénine inhibe la désamination dudit dérivé de l'adénine par l'adénosine-désaminase; et
X représente I'hydrogéne oufluoro,
étant entendu que lorsque Z est absent, Y ne représente pasI'hydrogéne,

pour la préparation d'un médicamentpour le traitement de la sclérose en plaques.

Utilisation selon la revendication 1, dans laquelle Z est absent et Y est un groupe halogéno.

Utilisation selon la revendication 1, dans laquelle ladite adénine substituée est la 2-chloro-2'-déoxyadénosine.

Utilisation selon l'une quelconque des revendications 1 a 3, dans laquelle le traitement se fait par application du
dérivé de l'adénine au sérum du patient.

Utilisation selon l'une quelconque des revendications 1 a 4, dans laquelle le médicament est sous la forme d'un
milieu injectable par voie sous-cutanée.

Utilisation selon l'une quelconque des revendications 1 a 4, dans laquelle le médicament est sous la forme d'une
perfusion intraveineuse.

Utilisation selon l'une quelconque des revendications 1 a 4, dans laquelle le médicamentest sous la forme de cap-
sules, poudres ou granules, sous la forme de comprimésou depilules qui sont éventuellement pourvus d'une cou-
che entérique, sous la forme d'un suppositoire, sous la forme d'une solution, d'une suspension ou d'un élixir ou
sousla forme de liposomes.
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Effect of Repeated Treatments with Cladribine
(2-Chlorodeoxyadenosine) on Blood Counts
in Multiple Sclerosis Patients

Pawer Griep', Zaioniw STerMAsiAK*, JANUS? SoLsKi?, Jacek Nowircxi*, Beata JaKuBowsKka? and
MiIROsEAW Rypba!

Medica! Research Centre, Polish Academy of Sciences, Dworkawa 3, 00-784 Warsaw, ? Clinical and Research Centre for Demyelina-
ting THseases and ? Department of Clinical Analytics, Medical Academy, Kragnicka 100, 20-718 Lublin, Poland

Abstract. We report the results of blood morphology monitoring of 11 remitting-relapsing multiple sclerosis
patients who received repeated treatments with cladribine (2-chlorodeoxyadenosine). The drug was given once,
daily, subcutaneously (5 mg) ar orally (6 mg) for 5 consecutive days, as 6 monthly courses followed by one or
two additional courses at 3 or 6 monthintervals. The treatments were well tolerated, although many patients
suffered from incidental upper respiratory tract mfections, most of which occured during the last 6 months of
the observation period. One patient had recurrent infections, including an episode of urosepsis. All infections
respondedto standard therapy with antibiotics. Progressive lymphocyte reduction to 1000/u1 on average, and
clear bul clinically insignificant drop in thrombocytes, was observed. Granulocyte counts were sometimes
markedly elevated. A few patients developed macrocytosis, but none required transfusion. With our dosing
and schedule, cladribine seems relatively safe in multiple sclerosis patients.

Key words: 2-chlorodeoxyadenosine; blood counts; toxicity.

introduction hemolytic anemia, concomitant with a diffuse tym-
phoma, was abated following treatment’; this preli-

 

Cladribine (-chlorodeoxyadenasine, 2-CdA) is
a deoxyadenosine analog selectively toxic against hu-
man lymphocytes (both resting and proliferating) and
monocytes®®. [t is also highly active against many
leukemia cell limes in vitro’'*. The drug proved to be
a remarkablyeffective treatment of hairy cell leuke-
mia (response rate > 90% after a singie course of trea-
iment)?:*°, and promising results have been repor-
ted in other indolent lymphoproliferative disenses,
mainly in B cell chronic lymphocytic leukemia
(B-CLL) and low grade non-Hodgkin lymphomas°.
Tts immunosuppressive potential has been recognized
in an early atudy when a severe autommmune

 

minary observation was confirmed in further clinical
trials*. A recent report** suggests that cladribine may
favourably influence the natural history of progres-
sive multiple sclerosis, and our preliminary data sug-
gest also some benefictal effect in remitting-relapsing
type of this disease’? 7°. Future clinical evaluation of
ibis drug also in other autoimmune disorders seems
warranted.

Cladribine displays a marked toxicity toward bone
marrow progenitor cells ivitro’. In agreement with
these observations, mam dose-lnmuting side effects of the
drug in patients with both lymphoid* and non-hemato-
fogical*! tumors are thrombocytopenia and, less fre-

Petitioner TWi Pharms., Inc.

EX1003, Page 54 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 55 of 822

 

SAAS

324

quently, anemia and granulocytopenia (with conse-
guential infections). Cytopenias, usually more severe
in heavily pretreated patients with advanced lympho-
id malignancies '*, could be attributed to bone mar-
row involvement in a disease process and/or cumula-
tive toxicity of the drug with previous chemotherapy.
However, marrow suppression and prolonged macro-
cytasis following repeated doses of cladribine was ob-
served also in multiple sclerosis patients, rising con-
cern of a delayed and longlasting hematologic toxici-
ty of the drug even when bone marrowis unaffected”.

In a pilot study of cladribine in remitting-relap-
sing multiple sclerosis we have monitored blood mor-
phology of patients taking repeated treatments with
the drug over [8 months.

Materials and Methods

Cladribine (purity > 93%) by HPLC) was synthe-
sized by Z. Kazinuercauk (Department of Biophysics,
University of Warsaw), The drug was prepared as
isotonic saline solution, | mg/kg for oral use, and 2.5
me/ke (phosphate-buffered at pH 7.4) for subcutane-
ous injections. Eleven patients (8 females and 3 males,
age 21-51, body weight 6248 SD keg, range 52—75
kg) suffermg from remitting-relapsing multiple sclero-
sis, with normal blood counts, and normal kidney
and liver function tests, were treated with multiple
courses of the drug. Each course consisted of 5 daily
doses, 10 mg orally in seven patients and 5 mg sub-
cutaneously in the remaining four. The patients recei~
ved 6 monthly courses, and additional courses were
given at 9, and Gn some patients) also at 12 or 15
months. Blood morphology was momitored before
each treatment course, and later every three months.
Statishcal significance of deviations from control va-
lues was assessed by t-test for paired data and as-
sumed to be statistically significant if p < 0.05.

Results

The treatments were well tolerated. Although two
study participants taking cladribine orally complai-
ned of upper abdominal pain, its relationship to the
treatment cannot be ascertained, since none of a con-
siderable number of patients treated with cladribine
given orally for B-CLL reported such complaints
(J, Litemark, Department of Clinical Pharmacology,
Karolinska Hospital, Stockholm, personal communi-
cation). Several patients reported increased frequency
of upper respiratory tract infections, most of which

CWT < OUe Bay ZA fo

P. Grieb et al: eePO08047.0Ce Pgtents

occurred during the last 6 months of the observation
period, One patient suffered from recurrent infections,
including one episode of urinarytract infection which
occured during the third month of the study. All in-
fections were succesfully treated with standard anti-
biotic therapy.

Averaged hematological data of all patients are
displayed in the graphs as means + 1 SEM. Follo-
wing treatments, lymphocyte counts decreased sharp-
ly, reaching the nadir after the sixth course (Fig. 1).
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Fig. 1. Average lymphocyte counts during treatment with cladribi-
ne. The decrease is statistically significant from the second month
of therapy

The degree of lymphocytopenia (its measure being the
nadir of lymphocyte counts after 6 months of the stu-
dy) was not related to the dose of the drug per body
weight (Fig. 2), which mayreflect differing indi ual
susceptibility of lymphocytes to the cytotoxic effect of
the drug. There was no appreciable drop in hemo-
globin content (data not shown). Platelet counts dec-
reased significantly (Fig. 3), but never dropped below
100 000/y1. A slight macrocytosis developed in some
patients, but was not significant in the whole group,
excepl at 18 months (Fig. 4). Averaged granulocyte
count did not significantly deviate from the control
level, except of the drop at 18 months (Fig. 5), but
transient granulocytosis appeared in some patients
(Figs. 6, 7).

Discussion

Until recently 2-chlorodeoxyadenosine had been
given by continuous 7-day intravenous infusions and
repeated monthly, if required. This mode of admini-
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Fig. 3. Average platelet counts during treatment with cladribine.
The decrease is stalistically signifidant from the third month of
therapy

stration was established on the basis of the in vitro

studies suggesting that multi-day exposure to nano-
molar concentrations of the drug is required to kill
resting humanperipheral blood lymphocytes*. In this
mode of administration a single course of 0.09 mg/kg:
daily(.e., total dose 0.63 mg/kg) is usually well tolera-
ted by leukemia patients**, but the probability of
cytopenia increases when treatments are repeated.

ROAST OVEAENGLMME © AP?

~XP008047072375

 

1D&

100

95

Tt qT
. {somes}

90 |. Aae€ ae
sh 7

as * 
&ane

NG OH

o he o ice] Nw um = os
2

peng
Months

Fig. 4. Average MCV during treatment with cladribine. The rise is
statistically significant at 18 months
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Fig. 5. Average granuloovie counts during treatment with cladribi-
ne. The change ts statisucally significant only at 18 months

Recent pharmacokinetic studies have shown that
the area under the plasma concentration versus me
curve {AUC), which is a measure of the exposure of
target celis (peripheral blood lymphocytes) to the
drug, is practically of the same size when the dose is
given as continuous 24 h iv. mfusion, and when itis
given once daily, either as an iv. infusion lasting 2 h,
or subcutaneously, or when a doubled dose is gi-
ven orally {oral bioavailability is approxumately
50%)'*4S In the treatment of lyraphoid malignan-
cies intermittent dosing schedules proved to be at
least as effective as week-long intravenous infusions’ >.
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Fig. 6. Lymphocyte and granulocyte counts of the patient no. 9
(a female, the drug given subcutaneously, daily dose 0.07 mg/kg)
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Cladribine is a pro-drug requiring intracellular
enzymatic phosphorylation to exert cytotoxicity®. In
B-CLL patients at the end of 2 h iv. infusion intracel-
lular concentration of CdA-phosphates m lymphocy-
tes was two orders of magnitude higher than the peak
plasma level of the drug. Its decay had t,,, of ao-
proximately 24 h, and lymphocytic intracellular
AUC’s of CdAphosphates after intermittent and con-
tinuous infusion were similar'®'?, Although no data
are available on the intracellular kinetics of CdA-

phosphates in non-leukemic lymphocytes in vive, one
may expect it to be similar to that in B-CLIL cells.
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Therefore, intermittent (e.g, subcutaneous, or oral)
dosing of cladribine should also be effective for reduc-
tion of lymphocyte population and induction of im-
munosuppression. The results of the present study
suggest, that it may also produce lower hematologic
toxicity.

In the Scripps study, chronic progressive multiple
sclerosis patients were treatedwith4to6monthly
courses of cladribine, dose 0.087 —0.1 mg/kg per day
for 7 days, given as continuous iv. infusion. The nadir
of lymphocyte counts (ca. 500/ul occurred after the
last treatment, and the rebound was slow and incom-

plete (even during more than 3 years). While severe
hematologic toxicity was observed in only 2 out of
more than 20 patients and it could have beenrelated
to prior or concomitant intake of other marrow-de-
pressing drugs, all patients on average displayed mar-
ked signs of marrowtoxicity: a progressive, although
moderate and reversible fall iu hemoglobin coycen-
tration, a distinct macrocytosis and a moderate m-
bocytopenia (these changes were not reversing after
the treatrnent was discontinued), and a modest, but
noticeable drop in granulocyte counts. Those hema-
tological side effects were markedly more severe than
these observed in our patients.

The design our present study and that of
Scripps*:7? differ in some points: 1) patients suffered
from different form of the disease (in our group it was
remitting-relapsing, while in the Scrippsstudy it was
chronic progressive multiple sclerosis}; 2) while the
daily doses of the drug received by our patients
(0.067—0.096 me/kg) were similar, the total dose in
our study was lower on average by approximately
30% because the course of treatment lasted 5 instead

of 7 days; 3) we used intermittent dosing (once, gailyorally or subcutaneously) instead of aee
tinuous infusion. We hypothestse that the last factor
is the most important one, ie. that hematological
side effects of cladribine depend on its dosing schedu-
le and are more severe when the drug is given ir
continuous infusion, A possible explanation may be
that the entry of cladribine to the marrow cells i
slower than to lymphocytes, and reducing exposure
to 5 days andutilizing intermittent drug delivery ma’
to some extent spare marrow progenitors, while stil
acting on lymphocytes. In agreement with this hypot
hesis are the data of Perzer et al.'* who showed tha

the inhibition by cladribine of proliferation of bon
Marrow progenitors in vitro is achieved at high con
centrations (> 300 nM) and it develops over a fev
days. In some of our patients granulocyte counts im
creased markedly (supposedly as a respons
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infections} which clearly indicates that with our
jlosing and schedule the drug is toxic neither to gra-
nulocytes nor to granulocyte progenitors.

wis on average only about half
The reduction of lymphocyte counts in our study

of that observed in

the Scripps study. Would the severity of lymphocyio-
penia be an index of therapeutic efficiacy of cladribi-
ne, one might expect the Scripps protocol be more
effective. However, the depletion of lymphocytes, whi-
le certainly being a sort of measure of the effect of

cladribine on the lymphatic componentof the immu-
ne system, may not be the only factor contributing to
therapeutic activity of this drug in autoimmunedisea-
ses. Jn vitro cladribine, acting by a yet unknown me-
chanism, is 4 potent inhibitor of lymphocyte activa-
tion ?° , and this property may well contribute to its
imimunosuppressive efficiacy in viva, Functional pro-
perties of lymphocytes following in vivo treatment
with the drug remain be described. ‘
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Synthesis of 2’-Deoxytubercidin, 2’-Deoxyadenosine, and
Related 2’-Deoxynucleosides via a Novel Direct
Stereospecific Sodium Salt Glycosylation Procedure
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Abstract: A general and stereospecific synthesis has been developed for the direct preparationof 2’-deoxy-f-b-ribofuranosylpurine
analogues including 2’-deoxyadenosine derivatives. The reaction of the sodium salt of 4-chloropyrrolo{2,3-d] pyrimidine (4)
or 2,4-dichloropyrrolo[2,3-d]pyrimidine (1) with 1-chloro-2-deoxy-3,5-di- O-p-toluoy!}-c-D-erythro-pentofuranose (25) provided
the corresponding N-1,2’-deoxy-@-p-ribofuranosy! blocked derivatives (5 and 2) which, on ammonolysis, gave 2’-deoxytubercidin
(6) and 2-chloro-2’-deoxytubercidin (3), respectively, in good yield. This glycosylation also readily proceeds in the presence
of a 2-methylthio group. Application of this glycosylation procedure to 4,6-dichloroimidazo[4,5-c] pyridine (10), 6-chloropurine
(16), 2,6-dichloropurine (13), and 4-chloropyrazolo[3,4-d]pyrimidine (19) gave 2-chloro-2/-deoxy-3-deazaadenosine (12),
2/-deoxyadenosine (18), 2-chloro-2’-deoxyadenosine (15), and 4-amino- 1-(2-deoxy-8-D-erythro-pentofuranosy}) pyrazolo-
(3,4-d]pyrimidine (21), respectively. Similarly, glycosylation and ammonolysis of 4,6-dichloro- 1 #-pyrrolo[3.2-c] pyridine (22)
gave 4,6-dichloro- | -(2-deoxy-8-D-erythro-pentofuranosy!) pyrrolo{3,2-c] pyridine (24). This stereospecific attachmentof the
-deoxy-8-D-ribofuranosyl moiety appears to be due to a Walden inversion at the C-1 carbonof25.

A simple and stereospecific synthesis has now been developed
for the direct preparation of 2’-deoxyadenosine derivatives and
related analogues. This procedure appearsto beof generalutility
and overcomes many ofthe limitations foundin earlier glycosy-
lation procedures. Derivatives of 2’-deoxyadenosine are of con-
siderable current interest due to the potent antitumoreffects of
2-chloro-2’-deoxyadenosine (15)!-* and 2-bromo-2’-deoxy-
adenosine. Montgomery has recently found? that 15, given on
a frequent schedule, results in 60% survivors of mice injected with
L1210 leukemia.

Prior glycosylation procedures introducing the 2-deoxy-@-D-
ribofuranosyl (2-deoxy-§-D-erythro-pentofuranosyl) moiety into
an aglycon reported from our laboratory*® and by others?”!?
invariably provide anomeric mixtures as well as positional isomers
whichresult in very low yields of the desired 2’-deoxynucleoside,
In view of these difficulties, a four-step deoxygenation procedure
using phenoxythiocarbonylation'*'5 or imidazolylthio-
carbonylation!*"” of the 2’-hydroxy group of the corresponding
3’, 5’-protected 6-D-ribonucleoside has recently been developed
to provide the requisite 2’-deoxynucleoside. These latter proce-
dures, however, require the availability of the preformed ribo-
nucleoside and unfortunately are not applicable in the presence
of haloheterocyclic derivatives,'® which are most useful for further
nucleophilic displacement. We have recently employed the sodium
salt of 4,6-dichloro-2-(methylthio)pyrrolo[2,3-d]pyrimidine and
1-bromo-2,3,5-tri- O-benzoy|-p-ribofuranose in dioxane to give a
68% yield of 4,6-dichloro-2-(methylthio)-7-(2,3,5-tri-O-
benzoyl-@-p-ribofuranosyl)pyrrolo[2,3-d]pyrimidine.’’ Appli-
cation of this simple single phase sodium salt glycosylation pro-
cedure to the synthesis of 2’-deoxynucleosides of chloropurines
and related chloropurine analoguesis the subject of the present
report.

In the present work we elected to use chloroheterocyclic de-
rivatives for glycosylation studies to obtain the corresponding
glycosyl intermediates, which could readily be converted into the
desired 2’-deoxyadenosine analogues and related derivatives by
direct nucleophilic displacement. Treatment of pyrrolo[2,3-d]-
pyrimidine-2,4(1H,3H)-dione®® with POC1, in the presence of
N,N-dimethylaniline gave 2,4-dichloropyrrolo[2,3-d] pyrimidine
(1). The sodium salt of 1, produced in situ by NaHin acetonitrile,
was treated with 1-chloro-2-deoxy-3,5-di-O-p-toluoyl-a-p-
erythro-pentofuranose?! (25) at 50 °C, A clean reaction mixture
 

‘On leave from the Faculty of Biophysics, University of Warsaw, Poland.
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Table I. Condensation of the Sodium Salt of Various
Chloropurines and Chloropurine Analogues with
1-Chloro-2-deoxy-3,5 -di-O-p-toluoyla-D-ery thro-
pentofuranose (25)

starting intermediate’ final product
heterocycle (% yield) (% yield)
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Wy ae wT do
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was obtained, and the product was purified ona silica gel column
to give 2,4-dichloro-7-(2-deoxy-3,5-di-O-p-toluoyl-@-D-erythro-
 

(1) Plunkett, W.; Nowak, B. J.; Robins, R. K. Proc. Am. Assoc. Cancer
Res, 1980, 7/, 302,
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pentofuranosyl)pyrrolo[2,3-d] pyrimidine (2) in 60% yield) When
2 was treated with methanolic ammonia at 100 °C for 12 h,
deprotection of the sugar with concomitant nucleophilic dis-
placement of the 4-chloro function to an amino group occurred
to give 2-chloro-4-amino-7-(2-deoxy-#-D-erythro-pento-
furanosyl) pyrrolo[2,3-d] pyrimidine (2-chloro-2’-deoxytubercidin,
3). Dehalogenation of 3 with Pd/C in a hydrogen atmosphere
readily provided 4-amino-7-(2-deoxy-@-D-erythro-pento-
furanosyl)pyrrolo[2,3-d] pyrimidine (2’-deoxytubercidin, 6). 27+
Deoxytubercidin (6) was also prepared in good yield by the direct
glycosylation of the sodium salt of 4-chloropyrrolo[2,3-4] pyri-
midine” (4) with 25 to obtain 4-chloro-7-(2-deoxy-3,5-di-O-p-
toluoyi-3-p-eryrhro-pentofuranosyl) pyrrolo[2,3-d]pyrimidine (5),
followed by ammonolysis.

This glycosylation was also found to proceed with equal ease
in the presence of a methylthio group. Thus, the glycosylation
of the sodium salt of 2-(methylthio)-4-chloropyrrolo[2,3-d] py-
rimidine® (7) with 25 in acetonitrile gave a 66% yield of 2-
(methylthio)-4-chloro-7-(2-deoxy-3,5-di-O-p-toluoyl-@-p-
erythro-pentofuranosyl)pyrrolo[2,3-d] pyrimidine (8). Ammo-
nolysis of 8 readily gave 2-(methylthio)-4-amino-7-(2-deoxy-@-
D-erythro-pentofuranosyl) pyrrolo[2,3-d] pyrimidine (9). Dethiation
of 9 by treatment with Raney nickel furnished yet another route
to 2’-deoxytubercidin (6), which in all cases was found to be
identical with 2’-deoxytubercidin previously reported.24?5

The anomeric configuration of the isolated pyrrolo[2,3-d]py-
rimidine 2’-deoxynucleosides was assigned by 'H NMRspec-
troscopy. The pattern of the anomeric proton signal wasidentical
with that published for 2’-deoxytubercidin,** as well as for other
2’-deoxyribonucleosides.® Since the starting 1-chloro-2-deoxy-
3,5-di-O-p-toluoyl-D-erythro-pentofuranose! has the a-configu-
ration?in the solid state, the exclusive formation of the blocked

 

(2) Results from the National Cancer Institute on 2-chloro-2’-deoxy-
adenosine (NSC 105014), submitted from our laboratory, show a T/C
(treated /control) of 192 at 25 mg/kg daily dose against L}210 leukemia inmice,

(3) Carson, D, A.; Wasson, D. B.; Kaye, J.; Ullman, B.; Martin, D. W.,
Jr.; Robins, R. K.; Montgomery, J. A. Proc. Natl, Acad, Sci, U.S.A, 1980,
77, 6865.

(4) Montgomery, J. A, Cancer Res, 1982, 42, 3911.
(5) Robins, M. J.; Bowles, W. A.; Robins, R. K. J. Am. Chent, Soc. 1964,

86, 1251,
(6) Robins, M. J.; Robins, R. K. J. Am. Chem, Soc. 1965, 87, 4934.
(7) Robins, M. J.; Robins, R. K. J. Org. Chem, 1969, 34, 2160.
(8) Witkowski, J. T.; Fuertes, M.; Cook, P. D.; Robins, R. K. J. Carbo-

hydr. Nucleosides, Nucleotides 1975, 2, 1.
(9} For a review of the synthesis of 2’-deoaynucleoside, see: (a} Goodman,

L. In “Basic Principles in Nucleic Acid Chemistry”; Ts’o, P. O. P., Ed.;
Academic Press; New York, 1974; Vol. I, pp 93-208. (b) Moffatt, J. G. In
“Nucleaside Analogues; Chemistry, Biology, and Medical Applications”;
Walker, R. T., De Clercq, E., Eckstein, F., Eds.; Plenum Press: New York,
1979; pp 71-164.

(10) Mian, A. M.; Khwaja, T. A. J. Aved. Chem. 1983, 26, 286.
(11) Christensen, L. F.; Broom, A. D.; Robins, M. J.; Bloch, A. J. Med.

Chem. 1972, 15, 735.
(12) Wright, G. E.; Dudycz, L. W. J. Med. Chem, 1984, 27, 175.
(13) Robins, M. J.; Wilson, J. S. J, Am, Chem. Soc, 1981, 103, 932.
(14) Robins, M. J.; Wilson, J. S.; Hansske, F. J. 4m, Chem. Soc. 1983,

105, 4059.
(15) Lessor, R. A.; Leonard, N. J. J. Org. Chem, 1981, 46, 4300.
(16) Pankiewicz, K.; Matsuda, A.; Watanabe, K. A. J. Org. Chems. 1982,

47, 485.
(17) Fukukawa, K.; Ueda, T.; Hirano, T. Chem. Pharnt. Bull, 1983, 37,1842.
(18) Montgomery, J. A. In “Nucleosides, Nucleotides, and their Biological

Applications”; Rideout, J. L.; Henry, D. W., Beacham III, L. M.; Eds.;
Academic Press: New York, 1983; pp 19-46.

(19) Kazimierezuk, Z.; Revankar, G. R.; Robins, R. K. Nucleic Acids Res.
1984, 72, 1179,

(20) West, R. A.; Ledich, K.; Hitchings, G. H. British Patent 812366
1959; Chem. Abstr. 1960, 54, 5921.

(21) Hoffer, M. Chem. Ber. 1960, 93, 2777.
(22) Davoll, J. J. Chem. Soc. 1960, 131.
(23) Noell, C. W.; Robins, R. K. J. Heterocycl. Chem. 1964, /, 34.
(24) Seela, F.; Kehne, A. Liebigs Ann. Chem. 1983, 876.
(25) Robins, M. J,; Muhs, W, H. J. Chem. Soc., Chem. Commun. 1976,

269,
(26) Bhattacharya, A. K.; Ness, R. K.; Fletcher, H. G., Jr. J. Org. Chem.

1963, 28, 428.

Kazimierczuk et al.

2’-deoxy-f-nucleosides in the present study is viewed to be due
to a direct Waldeninversion (Sy2) at the C, carbon by the anionic
heterocyclic nitrogen.

This type of direct glycosylation via the sodium salt of a pre-
formed pyrrolo[2,3-d]pyrimidine in acetonitrile appears to be
considerably superior to previously reported glycosylationsof this
ring system,?’-°° including phase-transfer procedures.3!32_ Our
synthesis of 2’-deoxytubercidin provides a unique simple total
synthesis starting with a requisite heterocycle which appears to
be superior to published multistep procedures!*?* requiringfirst
the corresponding ribonucleoside as in the recently described
six-step synthesis of 2’-deoxysangivamycin® from toyocamycin.
In view of the current interest in the new pyrrolo[2,3-d] pyrimidine
nucleoside antibiotics cadequomycin’**? and dapiramicin,??~ the
presently described procedure should provide a direct route to the
synthesis of 2’-deoxycadeguomycin and the 2’-deoxy-§-D-ribo-
furanosyl derivative of dapiramicin.

This general synthetic procedure has been foundto be applicable
equally well to the preparation of 3-deazapurine 2’-deoxy-
nucleosides, The following represents the direct preparation of
the previously unknown 4-amino-6-chloro-1-(2-deoxy-8-pD-
erythro-pentofuranosyl)imidazo[4,5-c]pyridine (12). Treatment
of the sodium salt of 4,6-dichloroimidazo[4,5-c]pyridine*! (16)
with 25 in acetonitrile in an inert atmosphere gave crystalline
4,6-dichloro-| -(2-deoxy-3,5-di-O-p-toluoyl-8-p-erythro-pento-
furanosyl)imidazo[4,5-c]pyridine (11). Ammonolysis of 11 with
MeOH/NH,atelevated temperature and pressure gave 12. The
UV absorption spectrum of 12 was very similar to that of 4-
amino-6-chloro- 1! -@-p-ribofuranosylimidazo[4,5-c] pyridine*? and
together with the observed triplet for the anomeric proton in the
'H NMRspectrum established thesite of glycosylation in 12 as
N-1| and the anomeric configuration as .

In the purine series, reaction of the protected deoxychloro sugar
25 with the sodium salt of 6-chloropurine*? (16) gave a mixture
of two nucleosidic products, After silica gel column chroma-
tography, a 59% yield of 6-chloro-9-(2-deoxy-3,5-di-O-p-
toluoyl-@-D-erythro-pentofuranosyl)purine (17) and the corre-
sponding N-7 glycosyl isomer in 11% yield were obtained.
Subsequent treatment of 17 with McOH/NH, at 100 °C for 12
h resulted in the deprotection of the glycon moiety with con-
comitant nucleophilic displacement of the 6-chloro function to
give 6-amino-9-(2-deoxy-@-D-erythro-pentofuranosyl)purine (18),
identical with an authentic sample of 2’-deoxyadenosine.44 A
similar glycosylation of the sodium salt of 2,6-dichloropurine*?
(13) with 25 gave a mixture of 2,6-dichloro-9-(2-deoxy-3,5-di-
 

(27) Tolman, R. L.; Robins, R. K.; Townsend, L. B. J. Heteracyel. Chem.
1967, 4, 230.

(28) Tolman, R. L.; Robins, R. K.; Townsend, L. B. J. Am. Chern. Soc.
1969, 9/, 2102,

(29) Tolman, R. L.; Tolman, G. L.; Robins, R. K.; Townsend, L. B. J.
Heterocyc!. Chem, 1970, 7, 799.

(30) Townsend, L. B.; Tolman, R. L.; Robins, R. K.; Milne, G. H. J.
Heterocycl. Chem, 1976, 13, 1363.

(31) Seela, F.; Winkeler, H.-D. Carbohydr. Res. 1983, 118, 29.
(32) Winkeler, H.-D.; Seela, F. J. Org. Chem. 1983, 48, 3119.
(33) Maruyama, T.; Wotring, L. L.; Townsend, L. B. J. Med. Chem. 1983,

26, 25.
(34) Tanaka, N.; Wu, R. T.; Okabe, T.; Yamashita, H.; Shimazu, A.:

Nishimura, T. J. Antibiot. 1982, 35, 272.
(35) Wu, R. T.; Okabe, T.; Namibiot. 1982, 35, 279.
(36) Kondo, T.; Goto, T.; Okabe, T.; Tanaka, N. Tetrahedron Lett. 1983,

24, 3647.
(37) Beylin, V. G.; Kawasaki, A. M.; Cheng, C. S.; Townsend, L. B.

Tetrahedron Lett, 1983, 24, 4793.
(38) Shomura, T.; Nishizawa, N.; Iwata, M.; Yoshida, J.; Ito, M.; Amano,

S.; Koyama, M.; Kojima, M.; Inouye, S. J. Antibiot, 1983, 36, 1300.
(39) Nishizawa, N.; Kondo, Y.; Koyama, M.; Omoto, S.; Iwata, M.;

Tsuruoka, T.; Inouye, S. J. Antibior, 1984, 37, 1.
(40) Seto, H.; Otake, N.; Koyama, M.; Ogino, H.; Kodama, Y.; Nishiza-

wa, N.; Tsuruoka, T.; Inouye, S. Tetrahedron Lett, 1983, 24, 495,
(41) Rousseau, R. J.; Robins, R. K. J. Heteracycl. Chem. 1965, 2, 196.
(42) May, J. A., Jr; Townsend, L. B. J. Chem. Soc., Perkin Trans. 1 1975,125.
(43) Beaman, A. G.; Robins, R K. J. Appl. Chem. 1962, 12, 432.
(44) Ness, R. K. In “Synthetic Procedures in Nucleic Acid Chemistry”;

Zorbach, W. W., Tipson, R. S., Eds.; Interscience: New York, 1968; Vol. [,
pp 183-187.
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Stereospecific Glycosylation Procedure

O-p-toluoy|-8-b-erythro-pentofuranosyl)purine (14), 59% yield,
and the corresponding N-7 glycosyl isomer (13%yield) which were
separated on a silica gel column using toluene:acetone gradient.
Further ammonolysis of 14 with MeOH/NH;at 100 °C for §
h readily gave the desired 2-chloro-2’-deoxyadenosine!! (15) in
71% yield.

Although the enzymatic synthesis of 4-amino-1-(2-deoxy-@-D-
erythro-pentofuranosy!)pyrazolo[3,4-d]pyrimidine (21) has been
documented,** there is, until! the present work, no report of a
suitable chemical synthesis of 21. Application of the sodium salt
glycosylation procedure to 4-chloropyrazolo[3,4-d]pyrimidine*®
(19) gave 4-chloro-1-(2-deoxy-3,5-di-O-p-toluoy!-8-D-erythro-
pentofuranosyl)pyrazolo[3,4-d]pyrimidine (20) as the major
product in 32% yield, along with a minor amountof the N-2
positional isomer. Treatment of 20 with MeOH/NH;at room
temperature gave 21 in 85% yield. Compound 21 was found to
be identica! in all respects with the nucleoside prepared enzy-
matically.*5

Theversatility of this stereospecific glycosylation procedure
has also been demonstrated with pyrrolo[3,2-c] pyridine (3,7-di-
deazapurine) ring system containing electronegative substituents.
Whenthe sodium salt of 4,6-dichloro-1 H-pyrrolo[3,2-c}pyridine*”
(22) was allowed to react with 25 in acetonitrile in an inert
atmosphere, 4,6-dichloro-1-(2-deoxy-3,5-di-O-p-toluoyl-8-D-
erythro-pentofuranosy!)pyrrolo[3,2-c]pyridine (23) was formed
exclusively in 82% yield. Further treatment of 23 with
MeOH /NH;at elevated temperature and pressure gave a good
yield of 4,6-dichloro-1-(2-deoxy-8-D-eryithro-
pentofuranosy!)pyrrolo[3,2-¢c]pyridine (24). The 'H NMR
spectrum of 24 displayedatriplet for the anomeric proton centered
at 6 6.41 (peak width 13.31 Hz) indicating the 8 configuration.
The essentially identical UV absorption spectra of 22 and 24
indicated the site of glycosylation in 24 to be N-1.

Selective nucleophilic displacement of the 4-chlorine atom of
24 and the stereospecific attachment of the 2-deoxy-f-p-ribo-
furanosyl moiety to other hetereocycles by this simple sodium salt
procedure are presently under further investigation in our labo-
ratory.

Experimental Section
General Procedures. Melting points were taken on a Thomas-Hoover

capillary melting point apparatus and are uncorrected. Nuclear magnetic
resonance ('H NMR)spectra were determined at 90 MHz with a JEOQL
FX 90Q spectrometer. The chemical-shift values are expressed in 6
values (parts per million) relative to tetramethylsilane as an internal
standard, Ultraviolet spectra (UV; sh = shoulder) were recorded on a
Cary Model 15 spectrophotometer. Elemental analyses were performed
by Robertson Labs, Florham Park, NJ, Evaporations were carried out
under reduced pressure with the bath temperature below 30 °C,

2,4-Dichloropyrrolo{2,3-d |pyrimidine (1), A mixture of dry pyrrolo-
(2,3-d] pyrimidine-2,4(14,3.H)-dione*? (8.0 g, 53 mmol), phosphorus
oxychloride (80 mL), and freshly distilled V,N-dimethylaniline (18 mL)
was heated underreflux for 2.5 h. The reaction mixture was evaporated
to one-third the volume and poured with stirring onto crushed ice (~~ 350
g). The aqueous solution was brought to pH 2-3 with concentrated
NH,OH and extracted with CHC1; (3 ¥ 200 mL). The combined or-
ganic layers were dried (Na,SQ,) and evaporated to an cil. The oil was
purified on a silica gel column (3 X 40 cm) with successively toluene,
toluene-CHCl, (1:1), and CHCl, to obtain the pure product which, on
crystallization (toluene), gave 0.08 g (8.0%) of analytical sample: mp
249 °C; UV dXgax (MeOH) 227 nm (« 30400), 290 (4200); 'H NMR
(Me,SO-d,) 6 6.70 (d, 1, CH), 7-80 (d, 1, CoH). Anal. Calcd for
CsH3ChLNy (188.01): C, 38.33; H, 1.60; N, 22.35; Cl, 37.71. Found:
C, 38.31; H, 1.81; N, 22.15; Cl, 37.42.

2,4-Dichloro-7-(2-deoxy-3,5-di-O-p-toluoyl-8-D- erythro -pento-
furanosy!) pyrrolo[2,3-d ]pyrimidine (2). To a suspension of 1 (0.62 g, 3.3
mmol) in dry CH;CN (25 mL) was added sodium hydride (50% in oil,
0.17 g, 3.6 mmol) and the mixture wasstirred at room temperature under
a nitrogen atmosphere for 30 min.  1t-Chloro-2-dcoxy-3,5-di-O-p-
toluoyl-a-D-erythro-pentofuranose?! (28, 1.28 g, 3.3 mmol) was added
portionwise with stirring. The reaction mixture wasstirred at 50 °C for 

(45) Stout, M. G.; Hoard, D. E.; Holman, M. J.; Wu. E, S.; Siegel, J. M.
Methods Carbohydr. Chem. 1976, 7, 19.

(46) Robins, R. K. J. din. Chem. Soc. 1986, 78, 784.
(47) Schneller, S. W.; Hosmane, R.S. J. Heterocycl. Chem. 1978, 15,325.
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2h before it was filtered to remove a sma{l] amount of insoluble material.
Evaporation of the filtrate gave an oily residue, which was purified on
an open-bedsilica gel column (2.5 X 40 cm) using toluene:acetone (9:1,
v/v) as the solvent. The homogeneous product was crystallized from
EtOH to give 1.08 g (60%) of 2 as needles: mp 164-165 °C; 'H NMR
(MesSO-ds) 6 2.38 and 2.42 (2 s, 6, 2 CH), 6.74 (t + d, 2, C,'H and
CsH), 7.32 and 7.96 (m, 9, 2 Ph and C,H). Anal. Caled for Cy,H,-
CI,N;O, (540.4): C, 60.00; H, 4.29; N, 7.78. Found: C, 60.06; H, 4.33;
N, 7.92,

2-Chloro-4-amino-7-(2-deoxy-8-D-erythro -pentofuranosy!)pyrrolo-
[2,3-dpyrimidine (2-Chloro-2’-deoxytubercidin, 3), A solution of 2 (0.94
g, 1.74 mmol) in methanolic ammonia (saturated at 0 °C, 15 mL) was
heated in a steel bomb at 100 °C for 12 h, and the mixture was evapo-
rated to dryness. The residue was dissolved in MeQH (25 mL) and
adsorbed onto silica gel (~25 g). Coevaporation with MeOH (3 * 50
mL) gave a dry residue, which was placed on top of a silica gel column
(2 X 40cm). The column was eluted with CHCI,-MeOH gradient. The
title compound was eluted at 15% methanolic chloroform andcrystallized
from water to yield 0.30 g (61%); mp 205 °C; UV d,,, (pH 1) 229 nm
(e 18 500), 276 (10100); UV A,,, (pH 7 and 12) 274 nm (e¢ 10700); 'H
NMR (Me,SO-i/,) 6 6.40 (t, 1, C,’H, peak width 14 Hz), 6.60 (d, i, J
= 4,0 Hz, CsH), 7.36 (d, 1, J = 4.0 Hz, C,H), 7.50 (br, s, 2, NH), and
other sugar protons. Anal. Caicd for C,,H,,;CIN,O, (284.7): C, 46.41;
H, 4.60; N, 19.68. Found: C, 46.34; H, 4.69; N, £9.62.

4-Amino-7-(2-deoxy-8-D-erythro -pentofuranosyl) pyrrolo{2,3-d ]pyri-
midine (2’-Deoxytubercidin, (6). Method A. Toa solution of 3 (0.57 g,
2 mmol) in 80% aqueous 1-propanol (50 mL) containing K,CO, (0.10
g) was added Pd/C (10%, 50 mg) and the mixture was hydrogenatedat
2 atm for 2h. The mixture was filtered through a Celite pad, and the
filtrate was evaporated to dryness, Crystallization of the residue from
water gave 0.45 g (90%) of2'-deoxytubercidin: mp 218 °C [lit.24 mp 216
°C andall other physicochemical properties of 6 are identical with those
for 2’-deoxytubercidin previously reported,

Method B. To a solution of 9 (0.59 g, 2 mmol) in 1-propanol ($0 mL)
was added Raney nickel (W-4, wet weight 4 2) and the mixture was
heated under reflux for 5h. After cooling to room temperature, the
mixture was filtered through a Celite pad and thefiltrate evaporated to
dryness. The residue was crystallized from water to give 0.35 g (70%):
mp 218 °C, which wasidentical in every detail with the 2’-deoxytuber-
cidin 6 prepared by method A.

Method C. In the same manner as for 2, 4-chloro-7-(2-deoxy-3,5-
di-O-p-toluoy!-@-D-ery! hro-pentofuranosyl) pyrrolo{2,3-d] pyrimidine (5)
was prepared by using 4-chloropyrrolo[2,3-d]pyrimidine?? (4, 1.22 g, 8
mmol), NaH (50% in oil, 0.40 g, 8.3 mmol), 25 (3.1 g, 8 mmol), and
CH,CN (50 mL)to yield 2.9 g (71%): mp 118 °C; 1H NMR (Me,SO-
dg) & 6.80 (d + t, overlap, 2, CsH and ©,’H), 7.36 and 7.96 (m, 9, 2 Ph
and C,H), 8.70 (s, 1, C2H). Anal. Calcd for C2;HyCIN 30s (505.9):
C, 64,10; H, 4.78; N, 8.31. Found: C, 63.95; H, 4.80; N, 8.19.

A solution of 5 (0.20 g, 0.75 mmol) and MeOH/NII, (saturated at
0 °C, 12 mL) was heated at 120 °C for 12 h and then evaporated to
dryness. The residue was dissolved in water (50 m1.), adsorbed on Dowex
1-X8 (OH’) column (1 X 10 cm) and eluted with water (200 mL),
followed by H,O-MeOH(3:1, v/v, 300 mL) gave 2’-deoxytubercidin,
0.16 g (85%), mp 217-218 °C, and was identical in every detail with 6
prepared by method A.

2-(Methylthio)-4-chloro-7-(2-deoxy-3,5-di-O -p -toluoy!-8-D-erythro -
pentofuranosyl) pyrrolof2,3d |pyrimidine (8). In the same manneras for
2, the title compound was prepared by using 2-(methylthio)-4-chloro-
pyrrolu{2,3-d]pyrimidine” (7, 0.60 g, 3 mmol), NaH (50% in oil, 0.16
g, 3.3 mmol), CIIZCN (25 mL), and 25 (1,18 g, 3 mmol). Purification
ona silica gel column (2 X 30 cm) with toluene—acetone (95:5, v/v) gave
crystalline (from EtOH) compound, 1.10 g (66%): mp 118 °C; 'H NMR
(Me,SO-d,) 6 2.36 and 2.40 (2 s, 6, 2. CHs), 6.66 and 6.74 (1 +d. 2,
C,’H and C,H), 7.35 and 7.90 (m, 9, 2 Ph and CyH). Anal. Caled for
CogH ygCIN3O,8 (552.05): C, 60.92; H, 4.75; N, 7.61. Found: C,61.16;
H, 4.96, N, 7.43.

2-(Methylthio}-4-amino-7-(2-deoxy-8-- erythro -pentofuranosyl)-
pyrrolo[2,3-d pyrimidine (9). A solution of 8 (2.50 g, 4.5 mmol) in
methanolic ammonia (saturated at 0 °C, 50 mL.) was heated in a steel
bomb at 100 °C for 12 h, and the resulting solution was evaporated to
dryness. The residue was purified on a silica gel column (3 X 40 cm)
with MeOQH-~CHCI, (1:6) as the solvent. Crystallization of the homo-
geneous product from MeOH gavethe title compound, 0.97 g (72%): mp
233-234 °C (lit.4 mp 233 °C); UV Aman (PH 1) 226 nm(ce 21 300), 280
(14.000); UV Avs, (pH 7 and 12) 236 nm (e 23 100), 282 (14200) [lit.24
UV Amar (MeOH) 234 (e 25700), 281 (15 000)].

4,6-Dichloro-1-(2-deoxy-3,5-di-O-p -toluoyl-8-pb-erythro -pento-
furanosy!)imidazo[4,5-c }pyridine (11). In the same mannerasfor 2, the
title compound was prepared by using 4,6-dichloroimidazo[4,5-c}-
pyridine*! (10, 0.61 g, 3.2 mmol), NaH (50% in oil, 0.17 g, 3.8 mmol),
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CH,CN (25 mL) and 25 (1.38 g, 3.5 mmol). Purification onasilica gel
column (4 * 40 cm) with toluene-acetone (95:5, v/v) gave crystalline
(from EtOH) product, 1.15 g (66%): mp 165-167 °C; 'H NMR
(Me,SO-d;) 6 2.40 and 2.44 (2s, 6, 2 CH3}, 6.68 (t, 1, C,/H, peak width
14.0 Hz), 7.38 and 7.96 (m, 9, 2 Ph and C,H), 8.84 (s, 1, C,H). Anal.
Caled for Cy7H3CigN3O, (540.4): C, 60.00; H, 4.29: N, 7.78. Found:
C, 60,25; H, 4.50; N, 7.59.

4-Amino-6-chioro-1-(2-deoxy-8-D-erythro -pentofuranosy])imidazo-
{4,5-c]pyridine (12), Ammonolysis of 11 (1.30 g, 2.4 mmol) with
MeOH/NH;j(50 mL)at 135-140 °C for 25 h in the same manner as
described for 3 gave the title compound. Crystallization from water gave
analytical sample, 0.45 g (66%): mp 186-187 °C; UV A,,, (pH 1) 266
nm (€19300), 285 (sh) (13 400); UV Aga. (PH 7 and 12) 271 nm (e
20600); 'H NMR (Me,SO-d;,) 6 6.22 (t, 1, C\’H, peak width 13,0 Hz),
6.66 (s, 2, NH), 6.97 (s, C7H), 8.30 (s, 1, C,H), and other sugar protons.
Anal, Caled for C;,H,,CIN,O; (284.7): C, 46.41; H, 4.60; N, 19.68.
Found: C, 46.40; H, 4.80; N, 19.53.

2,6-Dichloro-9-(2-deoxy-3,5-di- O -p -toluoy!-§-D-erythro -pento-
furanosy]) purine (14). A mixture of 2,6-dichloropurine*? (£3, 0.95 g, 5
mmol) and sodium hydride (50% in oil, 0.25 g, 5.2 mmol) in anhydrous
CH;CN (35 mL) was stirred at ambient temperature undera nitrogen
atmosphere for 30 min. Dry, powdered 25 (1.95 g, 5 mmol) was added
portionwise with stirring, during 20 min, and stirring was continued for
further 15 h. A small amountof insoluble material was removed by
filtration. Evaporation of the solvent gave an oil residue, which was
purified on a silica gel column (5 X 60 cm) with toluene~acetone (9:1,
v/v) as the solvent, The following two nucleosides were isolated in the
orderlisted; the title compound (14) was crystallized from EtOHto yield
1.60 g (59%): mp 159-162 °C [lit.!! mp 155~157 °C].

The N-7 glycosyl isomer 2,6-dichloro-7-(2-deoxy-3,5-di-O-p-toluoy}-
8-b-erythro-pentofuranosyl)purine was isolated and crystallized from
EtOH to yield 0.35 g (13%): mp 141-143 °C; 'H NMR (Me,SO-d,)}
6 6.88 (t, 1, C,’H, peak width 14.5 Hz), 7.36 and 7.90 (m, 8, Ph), 9.28
(s, 1, CgH). Anal. Caled for C.g,H2,Cl;N,O; (541.4): C, 57.68; H, 4.09;
N, 10.35. Found: C, 57.55; H, 4.00; N, 10.36.

2-Chloro-6-amino-9-(2-deoxy-@-D-erythro-pentofuranosy!) purine (15).
A solution of 14 (2.50 g, 4.6 mmol) in CH;OH/NH;(saturated at 0 °C,
60 mL) was heated at 100 °C for 5 h, and the mixture was evaporated
to dryness. The residue was purified on a silica gel column (5 X 40 cm)
with CHCI;-MeOH (8:2, v/v) as the solvent. Crystallization of the
homogeneous solid from EtOH gave 0.87 g (71%) of analytically pure
title compound: mp 220 °C (softens), resolidifies, turns brown, does not
melt below 300 °C [lit.'! mp 210-215 °C (softens) and then solidifies
and turns brown].

6-Chloro-9-(2-deoxy~-3,5-di-O -p -toluoyl-@-D-erythre -pento-
furanosyl) purine (17). In the same manner as for 14, reaction of the
sodiumsalt of 6-chloropurine*? (16, 0.77 g, 5 mmol and 50% Nall inoil,
0.25 g, 5.2 mmol) with 25 (2.0 g, 5.15 mmol) in CH;CN (50 mL) gave
1.51 g (59%) ofcrystalline (from EtOH) 17: mp 107~109 °C; 'H NMR
(Me,SO-d,) 6 6.76 (t, 1, C,H, peak width 14.0 Hz), 7.36 and 7.94 (m,
8, Ph), 8.80 (s, 1, C,H), 9.00 (s, 1, CgH). Anal. Caled for Cy,H ;Cl-
NOs (506.9); C, 61.60; H, 4.57; N, 11.05, Found: C, 61.73, H, 4.72;
N, 11.03.

The N-7 glycosyl isomer 6-chloro-7-(2-deoxy-3,5-di-O-p-toluoyl-8-D-
erythro-pentofuranosyl) purine wasisolated and crystallized from EtOH
to yield 0.29 g (11%): mp 152-153 °C: 1H NMR (Me,SO-dg) 6 6.96
(t, 1, C,’H, peak width 14.5 Hz), 7.36 and 7.94 (m,8, Ph), 8.94 (s, 1,
C2H), 9.26 (s, 1, CgH). Anal. Caled for C)g,Hz,CIN,Os (506.9): C,
61.60; H, 4.57; N, 11.05. Found: C, 61.55; H, 4.49; N, 11.05.

6-Amino-9-(2-deoxy-8-D- erythro -pentofuranosy!)purine (2’-Deoxy-
adenosine, 18). A solution of 17 (1.0! g, 2 mmol) in MeOH/NH;(18
mL) was heated at 100 °C for 12 h and then evaporated to dryness, The

Kazimierczuk et al.

aqueous solution of the residue was extracted with CHC), (2 X 25 mL),
followed by ether (2 x 25 mL), and then evaporated to dryness. The
residue was crystallized from water to yield 0.41 g (78%): mp 186-189
°C [lit.44 mp 187-189 °C, and all other physico-chemical properties of
18 are identical with 2’-deoxyadenosine reported in literature].

4-Chloro-1-(2-deoxy-3,5-di-O-p -toluoyl-8-D-erythro -pento-
furanosyl)pyrazolo[3,4-d pyrimidine (20). In the same mannerasfor 2,
the title compound was prepared by using 4-chloropyrazoio[3,4-d]pyri-
midine*® (19, 1.54 g, 10 mmol), NaH (50% in oil, 0.57 g, 12 mmol)
dioxane (100 mL), and 25 (3.9 g, 10 mmol}. Purification of the product
on a Kieselgel-60 (230-400 mesh) flash column (2.4 25 cm) with
hexane—ether (4:1, v/v) gave crystalline analytical sample, 1.62 g (32%):
mp 130-132 °C; UV Amgax (MeOH) 240 nm (e 17600); 'H NMR (CD-
Cl) 6 2.40 and 2.44 (2 s, 6, 2 CH), 6.98 (t, 1, C)’H, peak width 14.0
Hz), 7.27 and 7.96 (m,8, Ph), 8.16 (s, 1, CsH), 8.78 (s, 1, C3H). Anal,
Caled for C.gH23CIN4Os (506.9): C, 61.60; H, 4.57; N, 11,05; Cl, 6.99.
Found: C, 61.49; H, 4.66; N, 10.86; Cl, 7.27.

4-Amino-I-(2-deoxy-8-D-erythro-pentofuranosyl) pyrazolo[3,4-d]py-
rimidine (21), In the same manneras for 18, compound 21 was prepared
by using 20 (0.25 g, 0.49 mmol) and MeOH/NH,(35 mL). After
crystallization from aqueous ethanol gave 0.10 g (85%): mp 240-242
°C [lt.45 mp 245-246 °C, and was identical in all respects with 21
prepared enzymatically].

4,6-Dichloro- 1-(2-deoxy-3,5-di-O - p-toluoyl-6-D- erythro -pento-
furanosy]) pyrrolo{3,2-c jpyridine (23). In the same manneras for 2, the
title compound was prepared by using 4,6-dichloro-! H-pyrrolo[3,2-c]-
pyridine’? (22, 0.40 g, 2.15 mmol), NaH (50%in oil, 0.10 g, 2.4 mmol),
CH;CN (100 mL), and 25 (0.84 g, 2.15 mmol). Purification of the
product on a Kieselgel-60 (230-400 mesh) flash column with toluene-
EtOAc(7:1, v/v) gave 0.95 g (82%) as colorless foam; UV Amex (EtOH)
227 nm (e 80 200), 240 (54 100), 274 (14 100); 'H NMR (CDCI) 6 2.43
and 2.46 (2s, 6, 2 CH;), 6.34 (t, 1, C,’H, peak width 14,3 Hz), 6.60 (d,
1, J = 4.5 Hz, CH), 7.30 (m,6, Ph, C,H and C,H), 7.94 (m, 4, Ph).
Anal. Caled for C2,H4Cl,N,0; (539.4): C, 62.34; H, 4.48; N, 5.19.
Found: C, 62.07; H, 4.53; N, 4.98.

4,6-Dichloro-1-(2-deoxy-§-D- erythro -pentofuranosyl) pyrrotio[3,2-c¢ }-
pyridine (24). Compound 23 (0.80 g, 1.5 mmol) was combined with
methanolic ammonia (50 mL, saturated at 0 °C) and heated in a steel
bomb at 135-150 °C for 20h. The reaction mixture was evaporated to
dryness and the residue was purified on a Kieselgel-60 (230-400 mesh)
flash column with CH,Cl,-MeOH(14:1, v/v) to obtain 0.32 g (71%) of
title compound, which wascrystallized from aqueous ethanolas colorless
needles: mp 173 °C (softens at 110 °C); UV X,,, (pH 1, 7 and 11) 224
nm, (€ 29 300), 274 (5600), 289 (sh) (3600); 'H NMR (Me,SO-d,) 6
6.41 (t, 1, C,’H, peak width 13.31 Hz), 6.67 (d, 1, J = 3.38 Hz, C,H),
7.88 (d, 1, J = 3.61 Hz, C,H), 7.95 (s, 1, C,H), and other sugar protons.
Anal. Caled for Cy,Hj2Cl,N203 (303.1): C, 47,55, H, 3.99; N, 9.24;
Ci, 23.39, Found: C, 47.63; H, 4.11; N, 9.06; Cl, 23.18.
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Article abstract—-One method of evaluating the degree of neurologic impairment in MS has been the combination of
grades (0 = normalto 5 or 6 = maximal impairment) within 8 Functional Systems (FS) and an overall Disability Status
Scale (DSS) that had steps from 0 (normal) to 10 (death due to MS). A new Expanded Disability Status Scale (EDSS)is
presented, with each of the former steps (1,2,0 ... 9) now divided into two (1.0, 1.5, 2.0 ... 9.5). The lower portion is
obligatorily defined by Functional System grades. The FS are Pyramidal, Cerebellar, Brain Stem, Sensory, Bowel &

Bladder, Visual, Cerebral, and Other; the Sensory and Bowel & Bladder Systems have been revised. Patterns of FS and

to status 10 (death due to MS).

relations of FS by type and grade to the DSS are demonstrated.
NEUROLOGY(Cleveland) 1983;33:1444-52 

Rating neurologic impairment
in multiple sclerosis: |

An expanded
disability status scale (EDSS)

John F, Kurtzke, MD

In 1955 I described “‘a new scale for evaluating dis-
ability in multiple sclerosis,”' later known as the
Disability Status Scale (DSS), devised to evaluate
isoniazid as a possible treatment.” This scale wasalso
used in the first multicentered, randomized, placebo-
controlled, double-blind trial of MS therapy,? which
refuted our original claim, a decision with which we
had to concur from ourlater experience.t The DSS
had 10 grades or steps beyond 0 (normal), extending

The scale was
“intended to measure the maximal function ‘of each

patient as limited by... neurologic deficits,”' and it
was based on neurologic examination.

The DSS was later made half of a bifid rating
system, the other part “being a series of grades in
each of eight functional groupings... . In each por-
tion, there is a numerical rating which is mutually
exclusive in its category, and the higher the number,
the greater is the dysfunction. Only objectively ver-
ifiable defects due to multiple sclerosis as elicited
upon neurologic examination are included. Symp-
toms are discarded.’

The functional groups, later called Functional
Systems (FS), were Pyramidal (P), Cerebellar (Clb),
Brain Stem (BS), Sensory (S), Bowel & Bladder
(BB), Visual (V), Cerebral or Mental (Cb), and Other
or Miscellaneous (O) Functions. All save the last

were graded from 0 (normal) to maxima! impairment
(grade 5 or 6); the ‘Other’ FS was dichotomous, with
0 as none and 1 as any present. Approximate equiv- .
alents for the DSS steps were also provided. The
Functional Systems were mutually exclusive in
terms of neuroanatomy, but together comprised all
neurologic abnormalities on examination that can be
attributed to MSlesions. The FS were not. additive;
each FS could be compared overtime onlywithitself,
andfor this reason it was necessary to retain the DSS
for overall comparisons of the same patient at dif-
ferent examinations.

The FS were modified in 1965 by changing the
Sensory scale from 0-5 to 0-6 and redefining the
upper grades for Bowel & Bladder.® As will be seen
below, the Sensory System is again being revised,
and Bowel & Bladder has a new step.

This two-part system of assessing neurologic
impairment in MS has been used in several studies,
andit has been proposed for adoption as one part ofa
tridimensional scheme for a “minimal. data set” in

MS, which will be discussed below, However, some
investigators believe the DSS is.too insensitive to
changein the middle ranges, and have urged division
of step 7 into two parts. Further, while the DSS was
consideredsatisfactory in several treatmenttrials in
acute bouts, it was thought that there should be more
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room for change in studies of chronic MS.
For these reasons, an Expanded DSS (EDSS)is

now presented. It provides, for each step from 1
through 9, two steps that together add up to the same
step of the original DSS. This division relies even
more heavily on the standard neurologic examina-
tion as ericodedin the Functional Systems. Infact,it
is, fully defined in the lower ranges by the FS grades.
For this reason, before presenting the Expanded
DSS, we need to consider the Functional Systems.

Functional Systems. The grades for each of the
Functional Systemsare defined in appendix A. They
are identical with those provided in 19656 except for
the new Sensory and Bowel & Bladder Systems. The __
frequency of involvementin each. system at admis-
sion to the hospital for an early bout of-MS‘inone
series. is described intable1.’

Recall that each FS is independent ofthe others,
yet togethertheyreflect all neurologic impairmentin
MS. There are over 1.3 million possible patterns of

‘involvement by FS:type and grade. However,.if.we
consider each System as just-involved (1} or not
involved (0), then neurologic impairment can be.
defined by an eight-digit binary number.:For exam-.
ple, a patient with Pyramidal, Cerebellar, and Sen-
sory signs, the other Systems normal, -would be
described as 11010000. There are then only 256 possi- _
ble patterns (2°) into which a patient can fall: From
the same series as in table 1, there are described the
most common patterns to be expected if lesions in
one system were independentoflesions in the others
(table 2). These expected frequencies compare. well

with those actually observed for the same specific
patterns.’ One-half of the patients fell intoone of
only 14 patterns, and ¥/s into one of only 4patterns.

Several points ofclarification may be in order for’ -
the Functional Systems. Pyramidal, Cerebellar, Sen-*
sory, and Bowel & Bladder functions all refer to..
impairment of body parts below the head only
(regardless of the site of the lesions), and Brain Stem.
functions have always referred to impairment
“attributable to. lesions of supra- and-‘intersegmental
tracts subserving cranial nerves 3 through 12, together ©
with involvementof these nuclei or their intramedul-

lary fibers. These, therefore ... encompass
pseudobulbarpalsies and scanning speech.. . in addi-
tion to the so-called cranial nerve functions.”® .

For each FS and the DSS, the rule remains:
“Wherecriteria for the precise grade are not met, the
nearest appropriate category is utilized.’ ‘Thus
Pyramidal grade 5 would be used rather than 4.for
one who is almost paraplegic. Whatever the specific
grade definition, then,‘‘almost” or “practically” can
be prefixed. One methodfor difficult decisions is to
“bracket”the likely grade and then cone down onthe
most applicable.

The Expanded Disability Status Scale. The
EDSS (appendix B) will be discussed under con-

Table 1. Percentage frequency of involvement
according to Functional Systems (FS) from
neurologic examinations at admission to hospital
for an early bout of MS; Army WW II series*

‘Funetional Total
Systems (FS) % invalved N known

Pyramida! (P) 84.9 5li
Cerebellar (Cll) : 16.9 481

Brain Stem: (BS) : , 73.0 514Sensory (8). 55.2 478
Bowel '& Bladder (BB) 22.6 517

.Visualt‘(V) . 33.9 : 425
_Cerébral-totait (Cb) 20.7 487
: Cerébral-mentation! 2.9 . 487
Other (0) oo, 14.9 523

* Froth Kurtzke etal, Acta Neurol Scand 1972; 48:19-46.' Neuropathic signs either/both eyes; see *
Includes mood changes only (step 1).

§ Steps 24+ onthe scale. -

Table 2. Patterns of involvement by Functional
System (FS) from neurologic examinations at

admission to hospital for an early bout of MS;
Army wwil series*
 
  

 

 
 
 
 
 
 
 

 
 
  

  
  
  
  

  
 

No. of cases Cumulative pt

 

Rank: Pattern* oO! E Oo: E

cl, 1111.0000 ~: 31 28.92 .. 0,093 0.086.
22 *1110,0000 29° 28.74 0.179 0.172

3 11210100 «1200.15.82 0,215 0.218
“40 11100100 16 16.23. 0.263, 0.263
5 11010000, «14. 9.37 | 0.304 0.291
6 1.100 0000 8 9.32 0.328 . 0.319

1 70110000. 6 8.78 0.346 0.345
8 “1010 0000 | 7 8.72 0.367 0.371
9 _ 1111 0010 16 178 =©0.412 0.395
10%. -¥110 0010 8 173 0436 0.418
tl): 19411 1000 11 7.09.- 0469 . 0.439
12 «1830 1000 4 7.05 0.481 0.460
i 0111 0000 1 6.18 0.484 0.478
14 0110 0000 9 - 6.15 0.510 0.497

15-256 all other 164 168.63 1.000 1.000

256 Total 335 1,000 1.000 

 
 Adapted from Kurtzke, Acta Neurol Scand 1970;46:493-512.

-‘. Rank order of expected frequency of specific pattern, based upon
product of individual observed frequencies with hypathesis of
independence forajl patterns where E = 5.0; O = observed and
E = expected frequency. 7?,, ~ 20.58, p > 0,10 for O versus E.
Involved (1) or not involved (0) for P, Ci, BS, S, BB, V, Cb, O in
cited order; cases with complete information on all 8 FS..

§ Cumulative proportion (p} of total, observed (O}, and expected
(E)patterns.

November 1983 NEUROLOGY 43 1446

Petitioner TWi Pharms.

 

In 
EX1003, Page 64 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 65 of 822

ne ecepersers supose —

Table 3. Percentage frequency distributionof Functional System (FS) grades according to DSS steps.
I: DSS 1-2"

FS grades3

(percentages)

51.7
65.8 14.1
43.5 29.9
79.6 8.9

90.7 6.4,
68.2 18.2
91.9 7.6
86.6 13.4

35.3

Data from some 2,000 exams in 20 years among 527 ‘males, Army WWII series.
Excludes those with. Pyramidal grade 3+.
1961 scales.
VA Hospital series (N ==. 392).No cases.
Notapplicable; step(s) notin scale.

secutive groupings of the original DSS. Forthis
expansion, we have had to make more ‘finite and
arbitrary distinctions.than in the original scale.

DSS Step 0. As before, this defiries the normal
neurologic examination— regardless, of symptoms.
Therefore, all FS are grade0, except for Cerebral
System grade 1. Cerebral “grade 1 refers to. mood
aberrations such as euphoria-or depression, which
may not be a primary effect of the disease process,
but this is hopedto represent that stage of brain
damagewhenalterations of personality or emotional
control are the sole features.”= For DSS step 0 and
step 1, Cerebral grade 1 is treated as a 0.

DSS Steps 1-2. These steps refer to minimal
objective abnormality, with step 1 as signs without
impaired function. Table 3 shows the distribution of
FS grades for DSS 1-2 from an overview of some 20
years’ follow-up examinations in 527 men withMS,
our Army WWII series.’ Theratio of step 2 to l was
about 2:1. The DSS scores in this seriés were not

strictly delimited by the FS equivalents described
here. Nevertheless, the low frequency of involvernent
is evident; this was easentially limited to FS grades .1
and 2 except for the 7% in Brain Stem grade 3. The
FS scales used here and below are the 1961 variants

for Sensory and Bowel & Bladder.
EDSSStep 1.0 is limited to one FS grade1, exclud-

ing Cerebral grade 1, with all others grade 0.
EDSSStep1.5 is defined as two or more FS grade

1, again excluding Cerebral grade 1, but no gradeabove 1 in any FS.
EDSSStep 2.0 is limited to one FS grade 2, others

grade 0 or 1,
EDSSStep 2.5 is limited to two FS grade2, others

grade 0 or 1. .
Note that it is irrelevant which FS are involved, and.
from table 3, it is likely to be any of them except
Bowel & Bladder. or Cerebral.

DSS Steps 3-4. These steps still refer to mild’
disorder, not sufficient to impede normalactivities of
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daily living or work in most. situations. However, a
concert pianist, a pilot, or asteeplejack would doubt-
less not be able to function: as usual andstill be
ascribable to these steps. Fullambulation—meaning
ability to be up.and aboutall-day andto walk usual .
distances without resting-—characterize these steps.
Impaired ambulation of any. degree should not occur
with FS grades defining DSS step 3. There is some
overlap of FS in steps 4 and'5. Table 4 delineates the
distribution of FS grades for DSS. 3-4. Theratio of
step 3 to 4 was about unity, Only rarely was grade 4
attained. We begin to see the predominanceof Pyra-
midal involvement,.closely followed’ by Cerebellar
and Brain.Stem. | -

EDSS-Step 3.0 is: limited to oneFSgrade 8, or
three or four FS 2, others being Oorl.. .-EDSSStep.3:5 is limited to one FS grade 3 plus
one or two grade 2,or two-FS grade3,or five FS grade
2, others being grade0 orl.

_EDSS. Step 4.0:consists of combinations just
exceeding two grade3, or one grade ’3 plus two grade

. 2, or five grade 2; or one FS grade.4 alone,all others
being grade 0 or 1. At this point, the ambulation/
work/daily activity abilitiesstart to take precedence
over the precise FS grades. With FS that exceed the
criteria for EDSSstep 3.5, there mustbe, for step 4.0,
full ambulation (includingability to walk without aid
or rest for some 500 meters), and ability to carry out

' full daily activities to-include work of average physi-
cal difficulty.

EDSS Step 4.5 has the same minimal FS grade
requirements as step 4.0. The patient mustbe able to
walk without aid or rest for some 300 meters and to
worka full day in a position of average difficulty. The
patient is up and about most of the day, but some
lirnitation offull activity separates this from step 4.0. :

_ DSS Steps 5-6. The patient is not ordinarily
housebound and can walk. Seldom is a full work day
possible without special provisions. The original
DSS 5 was defined as “maximal motor function
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Table 4. Percentage frequency distribution of Functional System (FS) grades according to DSSsteps.
Il; DSS 3-4*
 
 

 
FS grades

DSS 3-4 0 1 2 3 4 5 6 100% =
FS (percentages) (Ny

18.5 19.9 25.4 35.1 La _ _ (664)
cn 26.5 11.6 45.1 16.9 — — NA (623)

29.8 27.1 23.9 19.0 0.2 _~ NA (652)
49.4 6.5 31.7 W220 enews0.2-------- NA (596)

BRI 714 Td 11.8 3.7 — — NA " (650)
60.6 2.8 12.8 G2 ween tne eeae es 4. Grvn nner ee nnenee (109)
80.3 WGB sane2.Q--nnen-- ae _ NA (615)
84.8 15.2 NA NA NA NA NA (784)

Data from some 2,000 exams in 20 years among 527 MS males, Army WWII series.
* Excludes those with Pyramidal grade 4+.$ 1961 scales.
! VA Hospital series (N = 392}.

No cases.
Not applicable; step(s) not on the scale.  

Table 5. Percentage frequency distribution of Functional System (FS) grades according to DSSsteps.lI: DSS 5-6*

FS grades
3

(percentages)

6.6
5.6 2.5

19.2 23:1
29.8 7.2
59.3 10.5:
60.8 6.4
72.6 20.7
72.1 27.9

49.5
56.7

Data from some 2,000 exams in 20 years among 527 MS males, Army WWII series.
Excludes those with Pyramidal grade 3+.
1961 scaias.
VA Hospital series.
No cases.
Notapplicable; step(s) not in scale. 

- walking unaided up to several blocks,” and for 6 it
was “assistance required for walking.”! There is
generally some impairmentin usual daily activities.
Table 5 indicates for these steps the increasingfre-
quency andseverity of FS involvement, particularly
Pyramidal and Cerebellar systems, with Brain Stem
and Sensory not far behind. The ratio of step 5 to 6
was about 1.7:1. The principal discrimination among
these four new EDSS steps rests with walking; the
patient’s statements about walking are ordinarily
acceptable, but direct observation—and on more
than one occasion—may be required. We are after
“usual best function” here, and neither supramaxi-
mal nor insufficient efforts at performance. The FS
equivalents are advisory and not prescriptive for
these and highersteps.

EDSSStep 5.0 requires ambulation for about 200

 
meters without aid or rest. Disability is severe
enoughto impairfull daily activities, eg, to work a full
day without special provisions. Usual FS equivalents
are one grade 5 alone, others 0 or 1, or combinations
of lesser grades that will usually exceed those spec-
ified for EDSS step 4.0.

EDSS Step 5.5 requires ambulation for some 100
meters without aid or rest. Other criteria are
inability to work part-time (about 14 day) without
special provisions. Usual FS equivalents are as in
step 5.0. Note the arbitrary distances for walking
ability. .

EDSSStep 6.0 requires assistance to walk about
100 meters. This may mean resting, the use of uni-
lateral aids (cane, crutch, or brace) at most times,or
the intermittent use of bilateral aids. The assistance
of another person also counts as “with aid.” The
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Table 6, Percentage frequency distribution of Functional System (FS) grades according to DSSsteps,
_IV: DSS 7-9*  

FSgrades
3 .

(percentages)

1.0
17.9
28.1
20.3
54.4 -
67.9
57.9

3.0
23,2

32.8

Data from some 2,000 exams in 20 years among 527 MS males, Army WWII series.
Excludes those with Pyramidal grade 3+.
1961 scales.
VA Hospital series (N = 392).
No cases.
Not applicable; step(s) not on the scale.

primary measurefor this step is the ability to walk
with help for about 100 meters. Usual FS equiv-
alents are combinations with more than two FS
grade 3+.

EDSSStep 6.5 requires assistance to walk about
20 meters without resting by means of aids (canes,
crutches, braces, or people), which are generally
bilateral and generally constantly necessary. Usual
FS equivalents are as in 6.0—combinations with
more than two FS grade 3+. A person who cannot
walk 20 meters is functionally almost nonambula-
tory and should be considered close to DSS 7.

DSS Steps 7-9. These are the severely involved
patients who are almost invariably limited to wheel-
chair or bed. ‘Table 6 demonstrates the marked shift

to the right for FS grade involvement, particularly
those functions having to do with ambulation. This
behaviorof groups of MSpatients lends validity toa
scoring system that stresses ambulation in the higher

. ranges; only in the most severe will the loss of upper
limb and head: functions be added. The ratio of the
steps here was about 1.4:1:1. :

The original definition of DSS step 7 was
“restricted to wheelchair (able to wheel self and enter
and leave chair alone).... It does not include the
patient whois tied in the chair and perambulated.”!
Conversely, ability to walk short distances is not
sufficient to qualify for step 6. The arbitrary limit for

. “short distances” is taken here as about 5 meters.

‘This provides some leeway between EDSSstep 6.5
(20 meters) and 7.0 (5 meters). As with the other
grades, assigninent is to that closest to his perfor-mance.

EDSS Step 7.0 defines essentia! restriction to
wheelchair with inability to walk beyond about 5
meters even with aid. Patients can transfer alone

(with mechanicalaids if needed) and wheel the stan-
dard wheelchair; are able to be up and about in the
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chair some 12 hours a day; with the chair, are not
housebound and may even be employed. Usual FS
equivalents are combinations with more than one FS
grade 4+; rarely, Pyramidal grade 5 alone.

EDSSStep 7.5 describes inability to take more
than a few steps and,essentially, restriction to wheel-
chair. With or without aid, these patients can trans-
fer. They can wheel themselves, but cannot carry on
in standard wheelchair a full day. They may require
motorized wheelchair for ability to be up and about
in the chair. Usual equivalents are combinations
with more than one grade 4+.

EDSS.Step 8.0. The original! DSS 8 definition was
“restricted to hed but with effective use of the arms

...; he can usually feed himself and perform part of
his toilet.” In our setting, it has been standard pro-
cedure to get bed patients into chairs.as much as
possible, so that the horizontal posture was not a
requirementfor ‘“‘bed patient.” This (to me) obvious
point has led to some confusion as to requirements
for DSS 8.

EDSSStep 8.0 is defined as bed patients who may
be in chair or (passively) in wheelchair for much of
the day, and it is so specified in appendix B. Pri-
marily, though, they retain manyself-care functions
and generally have effective use of the arms. Usual FS
equivalents are combinations, generally grade 4+ in
several systems.

EDSS Step 8.5 are the bed patients who in
daytime generally cannot tolerate prolonged periods
in chair and are more often in bed, unlesstied in the
chair. Primarily, they still have some effective use of
one or both arms and can perform someself-care
functions, but less than for step 8.0. Usual FS equiv-
alents are as in step 8.0.

EDSSStep 9.0 are the “helpless bed patients” who,
however, can communicate and eat. They cannot per-
form self-care functions (such as feeding). Usual FS
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' Table 7. DSS: Percentage frequency distribution
in two series of MS patients at examination

Series 1* Series 2t

0
]
2
3
4
6
6
7
8
9
01

Total 100.1 99.9
N “(350) (1,665)

* VA Hospital series, admission status (data are percentages).
* Army WWII series, overview for some 20 years (data are percentages).

 
equivalents are combinations, mostly grade 4+.

.EDSSStep 9.5 defines the totally helpless bed
patients who cannot communicate effectively, eat, or
swallow. Usual FS equivalents are combinations,.
almost all grade 4+.

EDSSStep10 is death due to MS. This may be an
acute death due to “brainstem” involvement or to

respiratory failure,? or death consequent to the
chronic bedridden state with terminal pneumonia,
sepsis, uremia, cardiorespiratory failure. It excludes
intercurrent causes of death. Antemortem, the
patient will ordinarily be DSS 9, sometimes8.

Discussion, The expanded DSS should answer the
needs of those whofelt constrained by too few steps in
the original.scale. The reason each step had to be
divided, rather than only a few steps, may be seen in
table 7, which shows. the distribution of DSS scores in
two series of MS patients. In our hands, at least, the
distribution was reasonably Gaussian, and nosingle
step stood out as markedly discrepant. With this evi-
dence, the DSS could in fact be treated as a true numer-
ical scale, with means and standard deviations, rather
than the ordinal (rank) scale that is its basic structure.
This would imply that DSS6 is twice as “bad” as DSS3.

In several studies, a clearly bimodal distribution of
DSS scores was found. Comparing the individual FS
scores with DSS in many of these (published and
unpublished) suggests that the DSS scores below 6 had
been assigned with little regard to FS grades. This
should be obviated if the new EDSSis used—orevenif

the old DSS were retained, but with the FS equivalents
given here. The sum of the two EDSSstepsofthe same
number, eg, 2.0 + 2.5, would be identical with the old
DSS number, ie 2. In one unpublished study, one
DSSstep was dramatically higher than all others. I

 
MS: COURSE IN HOSPITAL - TOTAL SERIES

DISCHARGE ADMISSION DSS -

 

7 42 172 [74

Figure. Grid correlate of DSS at admission to and
discharge from hospital for an early bout of MS; Army
WW II series.’ Numbers along the main diagonal(0, 0
...9, 9) indicate no change in DSS between admission
and discharge; those above the diagonal improved and
those below worsened, by the numberof steps off
diagonalfor each locus.

suspect this was miscoding of contiguous steps, since
nowhereelse have I seen this.

Thethesis that the DSSis a true numerical, equal-
interval scale, though,is irrelevant to what IT believe
to be the proper handling of the scale as an index of
neurologic change with time. To me, the Gaussian
appearanceis important principally in deciding that
no one step is superfluous, and that no onestep is
really two or. more steps on the continuum from
normal to maximal disease. This appearance of a
normal]distribution is the basic reason for the EDSS

as presented, with each prior step dividedinhalf.
As ta mypreferred way of handling DSSscores over

time, it remains the sameas previously. Improvement
or worsening for each patient was defined as a gain or
loss of at least one step on the DSS. This should not
happen unless at least one FS changed by an equivalent
degree in the samedirection. The plotting of cases at
two intervals would then be most easily accomplished
by a grid correlate of DSS scores at time 1 versus DSS
scores at time 2. The numbers moving off the major
diagonal of no change provide thenumbers improving
or worsening by one, two, three or more steps (figure).
‘Then the proportions better-same-worse could be com-
pared between two regimensif this were a therapeutic
trial.

With the EDSS, a gain/loss of 0.5 steps will be
defined as better/worse, but again, greater changes can
be recorded. I cannot assert that each EDSS gain of 0.5
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should be accompanied by a change in FS ofatleast one
grade, but I would be suspicious of the DSS changeif
this were not evident.

In other words, despite the Gaussian configuration
of the DSS,I still prefer to treat it as an ordinal scale.

For the FS, the only proper assessmentis to consider
each System individually, to plot “in” versus “out” as a
grid correlate as with the DSS, and then to look at
proportions changing in simile modo, Further, the FS
scores are not additive, and each system can be com-
pared only with itself. One obvious reason is that as
Pyramidal worsens, Cerebellar will “improve,” since
patients cannot be ataxic if they cannot move. The lack
of additivity in these systems was the underlying rea-
son for the DSS. Also, I believe that mean FSscoresare
difficult to defend, even when speaking only to the
individual systems. The distributions for most of them
are clearly non-Gaussian (tables 3 through 6), and they
also have differing configurations one versus another.

In the introduction, another impetus behind the
paper was mentioned. The International Federation of
Multiple Sclerosis Societies (IFMSS) is trying to
establish a Uniform Minimum Record of Disability,
which would be internationally acceptable as a way to
characterize MS patients." Three separate scales
were desired: one rating scheme to record the neu-
rologic signs, one to record the physica!disabilities or
impairments, and oneto record the societal impactof
the disease. With differing labels, this follows the
schema recommended by the World Health Organi-
zation to classify the consequencesof disease accord-
ing to “impairments” (neurologic abnormalities),
“disabilities,” and ‘“handicaps.’’"

At a meeting in Stockholm”it was thought that,
for what by WHO. was called (neurologic) ‘‘impair-
ment,” the rating scheme presented here—the DSS
plus FS—was the most likely to meet with, if not
universal acceptance, at least minimal opposition
when compared with other proposals. The wide use
of this method was documented.” For the physical
impairments or “disabilities” resulting from the dis-
ease, an Incapacity Scale was devised—a term
chosen deliberately because it had not yet been

- appropriated by any other scheme.!? The societal
impact (WHO: “handicaps’’) was assayed by what
was then called a Socio-Economic Scale.'* Both the

latter scales have been undergoing revisions, the eco-
nomic one most drastically. IFMSS is continuing
these efforts to establish and test a commontripar-
tite scheme that would be suitablefor all centers.

Appendix A. Functional Systems.

Pyramidal Functions
0. Normal.

1. Abnormal signs without disability.
2, Minimaldisability.
3. Mild or moderate paraparesis or hemiparesis;

severe monoparesis.
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4. Marked paraparesis or hemiparesis; moderate .
quadriparesis; or monoplegia.

5. Paraplegia, hemiplegia, or marked quad-
riparesis.

6. Quadriplegia.
V. Unknown.

Cerebellar Functions
. Normal.

. Abnormal signs withoutdisability.

. Mild ataxia.

. Moderate truncal or limb ataxia.

. Severe ataxia, all limbs.oaPRON=©
due to ataxia.

. Unknown.

.Is used throughout after each number when
weakness (grade 3 or more on pyramidal) in-
ter feres. with testing.

m<

Brain Stem Functions
0. Normal.

1. Signs only.
2. Moderate nystagmus or other mild disability.
3. Severe nystagmus, marked extraocular weakness,

or moderate disability of other cranial nerves,
4, Marked dysarthria or other marked disability.
5. Inability to swallow or speak.
V. Unknown.

Sensory Functions (revised 1982)0. Normal.

1. Vibration or figure-writing decrease only, in
one or two limbs:

2. Mild decrease in touch or pain or position
sense, and/or moderate decrease in vibration
in one or two limbs; or vibratory (c/s figure
writing) decrease alone in three or four limbs.

3. Moderate decrease in touchor pain or position
genge, and/or essentially lost vibration in one
or two limbs; or mild decrease in touch or pain
and/or moderate decreasein all proprioceptive
tests in three or four limbs. ,

4. Marked decrease in touch or pain or loss of
proprioception, alone or combined, in one or
two limbs; or moderate decrease in touch or

pain and/or severe proprioceptive decreaseiinmore than two limbs.

5. Loss (essentially) of sensation in one or two
limbs; or moderate decrease in touch or pain
and/or loss of proprioception for most of the
body below the head.

6. Sensation essentially lost below the head.
V. Unknown.

Bowel and Bladder Functions (revised 1982)0. Normal.

1. Mild urinary hesitancy, urgency, or retention,
2. Moderate hesitancy, urgency, retention of

bowel or bladder,or rare urinary incontinence.
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Frequenturinary incontinence.

In need of almost constant catheterization.
Loss of bladder function.
Loss of bowel and bladder function.

. Unknown.
BEop

, Visual (or Optic) Functions
0. Normal.
1. Scotoma with visual acuity (corrected) better

than 20/30.
2. Worse eye with scotoma with maximalvisual

acuity (corrected) of 20/30 to 20/59.
3. Worse eye with large scotoma, or moderate.

decrease in fields, but with maximal ‘visual
acuity (corrected) of 20/60 to.20/99.4, Worse eye with marked decrease of. fields.‘and©
maximalvisual acuity (corrected) ‘of20/100 to

- 20/200; grade 3 plus.maximal acuity ofbetter.
eye of 20/60 orless.

5. Worse eye withmaximal visual ‘acuity. (cot!
rected) less than 20/200;grade 4 plus maximal
acuity of better eye of20/60 orless.’..

6. Grade 5 plus maximal visual acuity of better.
eye of 20/60 or less.

V. Unknown... - "

LX. Is added to. grades.9 to6 for presence of tem-
, poral pallor. :

Cerebral (or Mental) Functions0. Normal.:

-- LMood’alteration only (Does not affect DSS
score).

. Mild decrease in mentation.

. Moderate decrease in mentation.

. Marked deécrease in mentation (chronic brain
syndrome— moderate).

. Dementia or chronic brain syndrome—severe
or incompetent.

¥. Unknown.

YeCO00
on

Other Functions.
0. None.

1. Any other neurologic findings attributed to
MS(specify). ~

V. Unknown.

Appendix B. ExpandedDisability Status Scale
(EDSS)

0 == Normal neurologic exam(all grade 0 in Func- ~
tional Systems {FS]; Cerebral grade 1 accept-
able).

1.0 = No disability, minimal signs in one FS (ie,
grade 1 excluding Cerebral grade 1).

1.5 = No disability minimal signs in more than one
FS (more than one grade 1 excluding Cerebral
grade 1).

SRERETTIRR™ ReREEeo oe ee

2.0 =

2.5 =

3.0 =

Minimaldisability in one FS (one FS grade 2,
others 0 or 1).

Minimal disability in two FS.(two FS grade 2,
others 0 or 1).

Moderate disability in one FS (one FS grade 3,
others 0'or 1),:or mild disabilityin three or four
FS (three/four FS grade 2, others 0 or 1)

though. fully ambulatory.
“Fully arabulatory but with moderate disability
in. one FS. (one ‘grade 3) and one or two FS
grade 2; or two FS grade:3; or five FS grade 2

(others:0 orl).
“40 = Fully ambulatory without aid, ‘self-sufficient,

up and about some 12 hours a. day despite
‘relatively severe disability consisting of one
FS grade 4 (others 0 or 1), or combinationsof

lesser grades exceedinglimits. of previous

4.5 =

steps. Able to walk without aid_or rest. some500 meters. : :

Fully ambulatory without aid, up and about
much ofthe day, able to work a full-day, may
otherwise have:some limitation of.full activity ~
or require ‘minimalassistance; characterized
by relatively severe disability, usually consist-

5.0 =

5.5 =

6.0 =

ing of one FS grade 4 (others 0 or 1) or combi-
nations of lesser. grades-exceeding limits of
previous steps. Able to walk without aid or rest
for some 300 meters.

Ambulatory without aid or rest for about 200
meters; disability severe enough to impairfull
daily activities (eg, to work full day without
special provisions). (Usual FS equivalents are
one grade 5 alone, others. 0or 1; or combina-
tionsof lesser grades usually exceeding specifi-
cations for step 4.0.) :

Ambulatory without aid or rest for about 100
meters; disability severe enough: to preclude
full daily activities. (Usual FSequivalents are
one grade5 alone, others 0.or 1; or combina-'
tions of lesser. grades usually exceeding those
for step 4.0.)

Intermittent or unilateral constant assistance
(cane,crutch, or:brace) required to walk about
100 meters withor without resting. (Usual
FS equivalents are combinations with more
than two FS grade 3+.)

Constantbilateral assistance (canes, crutches,
or braces) required to walk about 20 meters
without resting. (Usual FS equivalents are
combinations with more than two FS grade
3+.)
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7.0

7.5

8.0

8.5

9.0

9.5

= Unable to walk beyond about 5 meters even
with aid, essentially restricted to wheelchair;
wheels self in standard wheelchair and trans-
fers alone; up and about in w/c some 12 hours a
day. (Usual FS equivalents are combinations
with more than one FS grade 4+; very rarely,
pyramidal grade 5 alone.)

Unable to take more than a few steps;
restricted to wheelchair; may need aid in
transfer; wheels self but cannot carry on in
standard wheelchair a full day; may require
motorized wheelchair. (Usual FS equivalents

are combinations with more than. one FS
grade 4-+-.)

Essentially restricted to bed.or chair orperam-
bulated in. wheelchair, but may be out of bed
itself much of the day; retains manyself-care
functions; generally has effective use of arms.
(Usual FS equivalents.are combinations, gen-
erally grade4+ in: several systems.}’

Essentially restricted to bed much of the day;
has someeffective use of arm(s);'retains some
self-care functions: (Usual FS equivalents are
combinations, generally 4+ in several sys-
tems.) .

Helpless bed patient; can: communicate and
eat. (Usual FS equivalents are combinations,
mostly grade 4+.)

Totally helpless bed patient; unable to: com-
municate effectively or eat/swallow.- (Usual

FS equivalents are combinations, almost all
grade 4+.)

= Death due to MS.
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Cladribine
A Reviewof its Use inMultiple Sclerosis
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Summary Cladribineis a deaminase-resisiant deax yadenosine analogacthat selectively

redaces lymphocyte counts, The drug ig an effective therapy for selected hacmato-
logical malignancies and is being feared in patients with multiple sclerosis (M5),
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rtlind study of 24 puis af patients, inyprevesicnt or siabilisaiion of

D yvears wus observed in Cladribine-treated palients, oe(lisdin placebo recipicnis. Another study af 159 patients nd Ho
progression meuber che treated or placche contol eroun. [a both studies, marked
ingroverments were seen i gadeleum-enhanced CNS lesions. Cladrihine-
associved unprovements in neurological functioning were also scen in some
patients with RRMS in one study, which alse noted a reduction in the frequency
und severity of relupses. In (is and u separate REMSstudy, cladribine resulted
in che regression of CNS ns on MRI.

Bone marrow suppression is the main dose-related wsicins in patients with
MS, use of Jow total cladribine dosuges appcurs to limit myelosuppression, Al-
though thrombocytopeniais of concerts With ase fezimens (1.0.2.8 mavke
total dose) in padienis with MS, granulocyte counts and hacnmioglobin levels ap-
pear to be largely unaltered. Cladribine treatment is also associated with culture-
negative fever and arisk of infecdons im padents with haemarological malignan-
Ces,

Conclusions: Further study of cludribine is needed to confirm present results
im wider nuinbers of patients treated ar followed up for longer durations, define
opeimnuin treatment and recrearment sebedutes for the drug and compare it with
other agents, Nometheless, cladribmic therapy uppenrs to have the potential ta slow

patients with either the chronic
progressive or rclapsing-remifiing forms of the disease and improve neurgpeicalfupcHioning in same af these patients. S
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ease prog 7

 
 

 
 

 

  
 

  

 
 ihe progression af MS, reduce CNS lesions |

 

      

 

1. Rationale for the Use of Clacribine in highly variablein its course, and althoughit cans
Multiple Sclerosis considerable disubility, it does not greatly redu

life expectancy, except in patients with severe di
ably!

A diagnosis of MS must be based an sympta
characteristic of at least 2 CNS lesions, Tests tb

Multiple sclerosis (MS) is characterised by cline
mal Styne anc symptoms af ONS denryelinaiionin-
cluding aphic neuridis, doplopia, muscle weakness,

 
 
 

spasticity and eventual ioss of ambulatory fune- assist in diagnasis and evaluation of the progre
tion. Phe disease may have relapsing and remitting sion of MS include examination of the CSFfor t
stages <RRMS) or can be chronic and progressive presence of oligoclonal bands of IgG and magne!
(CPMS).'2) However, progressive disease may Fesonance imaging (MRI) for CNSlesions.! Ne
aceur Without a relapsing-renilling stage (primary rological impairment is oftea assessed using €
progressive} or may follow a relapsing-remitting Kurtzke extended disability slatus scale (EDSS 4 
singe (secondary progressivg)."! The disease is although the Scripps neurological rating sce

ACHtohavsotored listed. all dohife nos Biolmuge JOH May: §
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 (SNRS) 

aed other simular tests have also been sioniich mucasa (% evra)! ns also  
   

 
used“! Por amore detailed descriptionofthe fune- markedly and dose-reluiedly inlubits lymphocyte
dons af ibe Bis, see secuion A and ihe review by colony-forming and myeloid progenitor cells fron
Waubaet and Goodkin! normal huoan peripheral blood and bone marraw

CNadribine (2-chlora-2-deax yaudenosine) bs an  tn viveBone marrow suporession is a dose- 
adenasine deaminase-resistint analogue of duos y- Hinitiie averse off of cladribine (sce section 4).

adenosine, After phosphicvanes to Chidribune tr Cladribine is active against both resting and di-   
    

 

vente i ereryviee doeiux vei ta . ;

pHosp! aie wilhin “ by the enzy hel inneData viding seis: th ore, at least 2 mechanisms arease "KO, Ss Heorporate INA, : a omed ba | wsne Kan ea€ee is incorporated Mie pn thought to be invelved in irs activity.
where it takes the place al ACeNOS TRE Tipespaace bette 4 shee 4 .¥ ‘ es Che f phosy In dividing cells, cladribine is believed to be
andeffectively halts cell replication /¢! Phasphoryl-  

, incorporated inte DNA aniis iriphasohare form af-a chidmbine can be dephosphory! med Cand :- : : . oe ter phosphorylation by dCK, Cladribine appears in
ih@fe fore inactivated) by S’-pucleatidase (S-NT).

much bigher concentrations within blood cells than
OF various cells of the body, i :
aghiee! i the afbac . in blood plasma (see section 2.2.1) and iis cyto-subject co the elfecis of ch
have ahigher ratio of(CK to 5-NT than other cells.This and suner mechanisms confer on cladribine

 viniphocyies are mast
rhine hecause they

 

  toxic offects on lcukaemic cells correlate with the

 efficiency of its spon across the cell memw UY Within cells, ise sphory lated by dCK
P thus, iLis nat sur-

prising that nairy cell leukaemia (HCL) asd

 
specifie anulymphocyvic effects rat are of clinics!
utility m the treatment of haematologica
nancies (reviewed by Bryson & Sorkint®

  dephospharvluted by 5-N’

 
 

 

Although MSjsthought to be a lymphacyte-de- chronic lymphocytic leukaemia (CLL) cells from
pendent autolmmiune disease, the specific antigens patients with leakacmila who responded to cladri-
and triggering agents involved in the disease are bine exhiblied higher dCK (p < 0.01) and lower
unknown, so treadnents are nonspecific!) The ra- 5-NT (p < 6.05) levels than those from non- 

 

 

thonale for the use of cladribine in MS is that au- responders!12) Cuads?bine is resistant to adenosine
toantyern- specific T lymphocytes are thought to be dewmninasc, so phowphoryiayted forms of the drugactivated peripherally before migrating to the necmuulate within cells: 804of a radiolabelled
CNS, where they mediate damage to myelin.’ dose was identified as cladribine monophosphate
This suggests that a cladribine-induced reduction and 10% as the naphosphate i human tonsillar
ia the number of lymphocytes may help to slow lymphocytes ia vftrot 4! Incarporation of cladei-
i reessicrt of the disease. The efficacy of clauri-
bine i ihe Geatmment of MS has been studied and

the evidence relating lo its potential use in this dis-
cuse ts reviewed! here.

hine triphosphate into the DNA af dividing cells

appears to arrest cell division?

In resting cells. cladribine is vesed lo induceapoptesis, or programmed cell death.DONA frag-meniaiion is kpewn ta occur in a loserete man-
2. Pharmacala .

oY ner when cells fram patents with CLI ure exposedey
2.) Prarenacaclyniarnics to cladvibine in eitre! 4) Cladcibine also appears to

mniduce  expression of the p53
stream targel WAPI/CTPT protein, which have

. protein and iis down:2.3. Pharmacadynamic EHlacls and
Mechanism of Action

 

 

 

The majer pharmacodynamic effects of cladri- becn impiesied in the apoplosis response to DNA
bine are on bload cells and blaod progenitor cells, damage"! Apoptosis has also been meiwre in
which express high levels of aC, dk. fevels, peripheral blood cells from 3 patients with HCUwhichcorrelate with the degree of cladribine phos. before and after intravenous vniniae. 0.09
phoryhidon, are hish in normal leucocytes (1 20ng mp/ka/day infused Cor 7 days). rising from 2 to
HCOKing protein) and low i other tissues such as 3.4%at baseline to 20 10 32%) alter Sw i4 days.

 Haghels pesmewiacd,  
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! Table £ Effecte of Gadriaing (CdA) on blood cel coats i patieanls wilh sclweses of Ce chronie progressive (CPMS) c

  
 

 
 

 
 

 

 

     

relapging-reminns
Parameier 1 SO or PO RAMS Poish SC ARMS

HON) obsarvalionporeneeeeeantnntntneninnnininmnmnnnEn

Dosage 3 Coda 0.07 mgfayiday SC x 5 mightier SO or 10 Coa Sng od SC x & days
gine «amo § dave qirae « ma rageday PO» S days qirsa x @tme x dime; then Sig ad) 

Lar @ ackiiona: 5S cay Gao later

Lymphocytes Profenged profaurid Proianged profound Prolonged and prefourid Decresee. to one-tnied of 
 lyinphavania (especially of lymphopenia dacrease neB.S~ W8in cdginal counle

C44 calis) alfacting soth T 1 109 cal el
 

{CDSs and B ICO49~} calls:
 decteased CO44/0 084 ratio send CdA

|

| Monasyies Aculs tansiest ? %
 pronsaytap

Sranulacy!es Modesi decresse ‘Not reducedsignificantly’
 

?

ooytesia in‘some ‘Some macrocytceis’
HANGS Wh average

Modest decrease
No macrocylasis

Haemagiobin
(Cal swe  

 
 
 

  
 

 

Platelets A cosunts bor bie glaiciel sounts, no <?002 ‘Mild! thrombceytopenia
o. Counts mapchangefrom RO Clinical significance’

Hi/Lin 7 ol baseline at 16m

Abirsviati 

 
 

Qims = avery

Addidonal tn virvo effects that may contribute line counts, and these redactions lasted througho
to the mechanisms of action of cladribine include the [0- to 3G-mionth observation periods,
modification of the activity of DNA polymer- Effects of cladribine on other haematologic
ase 70%: and ribonucleoude reducage!

a »iPaE Rave . ~ dissaAg reer 4
duction of dCKactivity"! Por further discussion be related ro the total dose and/or expos@@perio

of the mechanismof activity of cladibine, see the They are greatest in patients with CPMS who rfoyer Deegan uP > ates 9 . . .

review by Brysou and Sorkin. ceived total doses of 2.8 mag as J-day in; / ; venous courses (able 1.22) The lesser effer
/ 21.2 Effects in Patients with Multiple Sclerosis . : . : oho .

seen In studies of patients with RRMS aren
Cladribine hus a clear profile of effects on lym. hougt i latedtethe di }. ybe re ihe disease type or che rou

phocytes and other blood cell counts in patients IROUBAE Co De FEhce to The ciscase type art .
with MS (able D of administration, but fo the lower dosages (04

ma/kg or Sing once daily subcutaneously or 10a
once daily orally) and the shorter courses (4 vs

and in- puramelers (og. platelet counts, cell @ppear 

A marked and sustained reduction in lympho-
cyte counts appears te occur regardless ofthe total : ae
cladribine dose, type of MS orroute of drugadmin- days) aduptedin the RRMStriuis. Indeed, althou;

rents with CPMS and thrombocytopenia and prolonged macrocy tosis ¢  istraion. Intriads (1 in pa
3 in patients with RRMS).E° 25 subcutaneous, oral curred with the highertotal dose (2.8 mg/kg) int
or intravenous cladribine use was associated with patients with CPMS, only modest effects onplat

i reductions in lyrmphacyte counts to =f « 10’ cells/L let counts and cell size were observed in patiet
er to at least one-half and up to one-third af hase- with RRMS receiving lower tatal doses (2

& Adis rer onal lined) aul agiyts reserverl Hoslrogs 1208 May ¢a
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Clasiribing in Multiple SclerosisBOERSURLRBEIARE TROBE 

dosuves for sharter Courses

(Sing subcutaneously or
Litde or ne effect was setron mean granulocyte

CUTIES OF mean haemoglohiin levels in these studics
(tabi

rigs? or Lowercally

 YGme orally for 5 days).

e 1). Monovyloponin was reported in the intva-
venous study, bul was not discussed in reports of
the other trials. Por a discussion af other adverse

olfeers of cladribine, see section 4,

2,2 Pharmacokinetics

@. yel, no pharmacokinetic studies of cladr-
bine bave been conducted in pauients with MS, pul
the kinetics of the drug are wall siucdied in patients
with hucmutological malignancies and solid Cu-
mours, Most of the pharmacokmetic rescarch hus
been comducted in Sweden, and the

chidribine have been reviewed recently by Lillem-
ark. An overview of cladribine pharmacokinet-
ies based on the review of Liliemark is presented
tn table Hf,

The only commercially
Cladvibine is an intravenous injectable solution (1

:
   i4 

available

Table HW. Overview
adult nis with
rovl Liflerrs

 vibine phearnmacokinetis rarameiers in
raiglogical malignancies (data tram lhe

urdess otherwise noted)
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Govino: 142 aller 2h|268 alter aller 0.2
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siaie.
 

AO aNCHS fiierntional liadiwa. Al aghds rasarvesed

  

kinetics of

form of

 

AZ3
 

 
 

 rma sachinchloride and phosphate
"yu? the kinetics of the drug have heen

tested after imtravenous, oral, subcutlancous and
 

 
 - solutions have been

fisiration (bul-

fered 73 or oral use Gswtonic |

me/mb,i") and the drug has heen Formulated ito
enteric-coated capsules for oral testing 28) AL.
though che kinetics of the drug alter oral and rectal
administivalion have been examined in patients
with malgnancie hand the oral drug fas been
tested im clinical trials of patients wilh Mé bio-
ay bility of these 2 forms is low (251%oral,

rectal) and variable, so thei use in patients
with MS ig not geaersily recormmended (see sec-
tion 3), Also, althouizh originully used as a contin-
wous 24-hour intravenous Infusion, iniravenonus

cladribine is now usually administered to patents
with MS as 2-hour infusions once daily or as sub-

culancous injections, these nsfraules appear
to result in pharmacokinesics and elicacy sinvlar
io those seen with usé of the intravenous route.)

rectal acimirisival  
preparce! far sube

Sopra

ULARC GUS ¢

   

 
 
  

  
 

 
  

2.2.1 Absorption and Distribution

Having ao lowal tissue toxicity and 100%bio-
availability, cladribine is suitable for administra-
Gon as a subcutaneous myjection. il Variability in

the area underthe plesina conventnivion-lime curve
(AUC) is high between individuals, but is similar

after oral and intravenous adamstion (caefiecient of variation 38 vs 3693.4! Oral cladcibine
has low (37 to S1%) bioavailability. Food slowed
and reduced oral absorption of cladribine. Al-
though cladribine is unstable at low pH, oral bio-
availability was noi substantially increased byrais-
ing stomach pH with omeprazole

   

 
 

5
Cladvibine has a short distribution half-life of 8

to 11,9 hours and is widely distributed in the body

eelis, with a steady-state volume of distribution of
up to 368 Lint. Concentrations of the drug and its
nucleotides within cells are several hundred tines

higher than concentrations of the parent drug in
plasma, bul cannot be preclicted by plasma concen-
tradions. Cladribine andits metabolites are also re

tained in leukaemic cells, with o half-life of up to
30 hours, making the drug suitable for intermittent
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vather than continuous administration. Cladribine

also distributes to the CSF, and although concan-
iraQons are jower there lian in the plasran. the time
course Gf CSP pharraucokinetcs is roughly similar
to that i plasma"!

  

2.2.2 Metabolism and Excretion

Much of an orally adminisiered dose muy de
degiycosylated to chloroadenine before ubsorp- 

tion. resultingin Ube lower systemic uvatlabilicy ofac

oral dean intravenous cladribine/-7' Chioroadeueis a major inactive catabolite of cladribine,; us AUC
is similar te thar of cladribine afler imiravenous ad-

minisiration of S me/m? (530 vs S08 nmol/L «bh,
butit has ad.d-fold greater AUCthan cladribine at-
ter oral administration (186318423 nmol/L. hl")

Renal clearance is 51% of total systemic clear-
ance of cladribine! 21 mo 32% of an intra-
venously administered cladvibine dose was ex-

creed in the urine within 24 hours us unchanged
and <fO% was excreted as chloroaden-

239]

 

 

  

 
There are no data on the pharmacokinetics of

cladribine in patients with iaypaired renal or he~
patic function

3. Therapeutic Potential in
iNple Sclerosis

 

The results of 2 puro studies SURE sted that pa-tients with CPMSland RRMSB2-) mishe ben-
efit from cladrbinetreatment and that benefits may
be duc to inmnunalogical mechanisms. tn 4 patients
with clinically or laboratory-supparted definite
CPMS of 22 years’ duration, cladribine 0.087

inalkgldiy imravenously far ? days once a month
for @ months (otal cumulative dose 3.7 mg/kg) re-
sulted in reported unprovements in clinical ma

the SNRS)

and the disappearance of ol:gacilonal “bands from
the CSBPGA4 Ta 10 patients with RRMS and
“seemingly irreversible clinical deficits’ on the
EDSS. cladribine 5 mafday subcutaneously or 10

mau/day crally was administered for 5 days once
monthly for @ months followed by 2 additional
courses at 3-month intervals. 3244 The number of

relapses was unchanged in 3 patients and reduced

‘3 

 

festations ofthe disease (assessed using

 

  3S IntenoneLarrea) Ait ndyats re

  Langtry & LanSEDATEREESE SUMNER ASSESSESSISTAOORTTCO

markedly in the other 7, and EDSS scores dt
va mean of 4,4 at bassline to 2.4 afic

observation before gradually retvurnin

to buseliae by 24 montha1
None of Ueabdished reports of studies. exan

incd in this review differentiated between paticn
WIT primary progressive er secondary progressit

fornis of CPMS, 5 the extent that itis known, thmiformiation should be provideinreports of futu:
clinical triads.

 
ercased fran
1S suohs’

 

Additional and longer terminials exaggpned di

ferent cladribine dosage schedules vers Incl
in patients with confirmed CPMS or RRMS&(1
table Tf for study design details), and one reires
ment study is aiso under way (results unavailable
Major study end-points were neurological fun
lioning, MRI evidence of CNS lesions and clinic

relapse. For effects of cladribine on haensatologic
end-points, see sechion 2.1.2.

The EDSS and SNRS are semiquantital:
scales that were usedto test neurological Functio

NRS and tower ED!

scores indicate better functioning. EDSS a
SNES scores may not correlate in incividual ¢
tients.l The SNRS tends to show more gradi
changes in disease course, and in a sample of-
patients with CPMS if was nearly normally distr
uted about a mean of «70. The EDSS shows mc

abrupt changes, and, in the sarne sanggle of ¢tients, exhibiied bimedal distribution 2. moc
of 3.5 and 6 to 6.3.2) MRI techniques can det
nine the extent of MS lesions in the CNSand!

frequency of new disease activity, both of whi
assist prediction of the clinical course of the d

-

 ing. In general, higher $

 

ease Ml fy particular, gadoliniurn-enhanced M!
which wes used in studies examinedin this revic

may be up to 10 limes more sensitive as a marl
af disease activity than clinical data") In clink
trials, however, effects of drngs used to treat}

may be seen on MRI where no change may bes¢
in clinical findings.!3}! Thus, once it has been us
to showthe effects of agents in pilot studies, M
is best kept for use only as a secondary end-pe
m controlled clinical trials.

odie 1998 Moy!
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 asign tag anid Dwalion Ened-poinis Conrrerds
of sluuy  

Chranis pragressive muftipic sciarosia (C PMS)
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  OR Coa 0.07 ragvkyye days MAI
qs»Gne (bola dose 2.4 mg/kg)
OR PL 

Relapsing-remitting miutipie sclerosis (ARMS)
ieh RRMS 10 ink CdA Sng SC x

LOLSHS   
 
  

 
 

 
 30 f, oh, pg Cda Sig SC « & days gimea « br; 30me EGSS cagaing:

plus 7 further course Gino laler Riteapse rete as prota

Sa sdk, pg 7 mokgiiay SC x § days By SOT 
 rossover look pia is recalving¢

@.1.4 mg/kg) than those raceiving it in year 1 (2.8 mgdkq, initial
AGDreviahuns: co = crassover, dh » doubla-tiing; EDS Kurigke @uended disablity status scale, 1¥ = intravenous, MAI «

fans imaging; mb = nonblind: ges noancemparative: ofandoms ect lacebo-contralled, a A group: PA. = gkac
: ore ery xmonths andemisad: XO aneous: SMAS« Seripes reursogi Atleas! singie-bilnd

mincing Mot reper

ribING group).
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Gridelines for the design of studies af MS Crer- dion and sample size must account for the Siow pro-
apies recommend placebo controls, randomisation, gression or remitting mature of the di Stuches
investigator blinding and costrols for or consider- in patients with CPMS must be of se ent duya~

tion tu show a deterioration af function in untreatedHES  
ation of theseverity of disability, iyvpe and duration 
of disease and adequate study size and duration") patients, and randomised studies must enrol a large

fnvestigator blinding is ap important design mea- enough number of patients to be able to detect a
sure, siace nonblind evaluation of BOSS andother difference between treatments." Detection of ail
neurological function (ests is a known source of ferences in neurological function, in particular,
bias in studies"! Cansiderations for study dura- may be complicated by the fact that the most

  FORE Biolrugs | i ACES freerntoncl Lillard, Ag dey
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widely used outeame measure, the EDSS, is not
part cular
severity 4

sensitive to minor changes in disease 
Published information sboul ihe design of cum

parniive cladribioe clinical trials sugeestis Uhur most
had anproprinte study designs, despile the lack of
deta about some triais (desige details have been

published in full only forthe Se ripps.yet CIPMS
study)EPS) Alchoueh pilot studies were non-
blind, nonrandonmised and of short duration, all

comparative tris

 

 uscd randomisation, placcbo

contral and both investigator and pauient blinding.
Most studies followed patients for ai least 2 years
and appeared to have enrolled adequaie numbers of
putients Calthough some stadies are sul) ongoing).
However, the North Americar. mudticentre study
miny have enrolled too few patients and/or followed
patients for tou short u duration (see section 6).

 

 

 

3.) Effects on Neurciocica! Function 

3.1.7 Chronic Progressive Multiple Sclerosis
A clear effect of cladribine on neurological

funclioning was seea in the Scripps 2-year CPMS
study in 48 patients matched for disease sever
ity! but no effeet was observed in the t-year
multicentre North American teal that randomised

154 patients to receive cladribine or placebo.|36)

For a discussion of the effects of methodologi-
cal factors on the results of these studies, see sec
ton &.

in the Scripps 2-year CPMS study, cladribine
produced modest improvements in EDSS und
SNES scores that were sustained for 18 to 24

months, whereas placebo was associated with de-
ieriorating neurvlogical functeoning. In addition,
both the ume-to-improvement and time-to-failure

(indicated by changes of | EDSS or 10 SNRS

 

points) showed statisdcally significant benefits of cladribines

 EDSS scores in the group randaniised to receive
cladribme in the first year af study (initial cladrib-
ine group) improvedfrom 4.8 at baseline ta 4.4al
IS months, with deterigration from baseline values

occurring only after [8 months. In the group re-
ceiving placebo in year | Cinidal placebo group),

 ay ACR Pvtornahonal Lirnikect, pS (eagsrvecd

bthiNUSRATURLARESSUPES NERSESSSLEEERSOLORDO ALEYAAR SERIA SAIS RISEREAULHRAOLASNEE
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Lauigiry & Loom 

EDSS scores tiereased from 4.7 at basclineio 4,6

at pmonmii [34> low-dose cladribine therapy begun in
i pin rage13 produced an improvement abad ELYSS scores of A.) attmo:1h 1S be.

» function deteriorated again !!’! Changes in
EDSS from baseline in both patient groups are
shown in fipure La.

SNRS seares (fig. ib} showed more sustained

improvermenis with clidribine than were seen im

EDSS scores in the 2-year Scripps CPMS study, A
scare of 69.6 al bascline mcreased to a peggpl 75.7at 1S months in the mitial cladribine mY did
not return to baseline until 30 months. However, in

the initia) placebo: group, SNRS scores decreased
from 68.340 62. bat [2 months, then increased alter

the mureduction of cladrbine to 70.8 at month 19,

ater which they began a gradual decline11
invesiigaiars in the Scripps 2-year CPMSstudy

also noted a less durable therapeutic effect of the
better-tolerated lower total dose of 1.4 mafkg than
af the higher 2.8 mg/kg dose") However, ab
though there was only a minor 1.292 point differ.
ence In SNRS scores at the start of cladribine ther.

apy. EDSS seores had already deteriorated by

0.7292 pes when the initial placebo group begarthe lower cladribine dosein the second year ofthe
study, Thus, without a direct comparisan control
ling for disease severity at the Gme of drug initia
von, itis difficult to knowifdifferences tyglurabil-iy of therapeutic effects are solely @ ol:
dose-respanse relationship or may be. attributable
to disease factors.

lis ulso mteresting chat the improvements seer
in nerrological functioning imthe Scripps 2-yea

 

 

 

OPMS study began to erode =| year afterthe star
 

of treatment, long before the CD44- counts o
CD4+ + CD8+ ratios began to increase (offer «1
monihsy. U4) However, in the multicentre Nort

American study (n = 159), neither cladribine no

placebo recipients exhibited signs of progressia
on either EDSS or SNRS scales, and no difference

 

were seen between the treatment groups. The lael
of difference was thought to be due to unexpectedt:
good results in the placebo groap,’®) but may b

fMoOwuye 19GB Me2G
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attributable to imidequate study duration or suniple
stee (see section 6),

31.2 Reiaosing-Remitting Multiple Scteiosis

Althongh neurological funedening improved in
more and worsened in fewer puients with RRMS

coving cladribing than e Put
 
 nificance of this finding is dou

of che Polish double-blind study, after
30 months of observation, 42% of 31

recipients showed Improved re nical funetionand only [0%we 1 EOSS pomt, vw25
and 1¥%of 40 patients receiving placebo. Patients
receiving eladribine had EDSS sceres of 3.61 ut
entry which reduced to a statisdeally significant
maent by O63 points at 30 months. Tn cantrast, the
placebo group seore of 3.91 reduced nonsigaili-
cantly by 0.13 points in the same time.@?! How-
ever, changes of less than | pont in EDSS scares
are probably net clinically sigrficant, so these
changes suggest there is lide real difference be-
Iween groups, As yet, no published neurclogical
funcnon data are available from the Scripps 2-year
study in patients with RRMS.
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3.2 Effects on CNS Lesions ond Relapse

3.2,1 Chronic Progressive Multiple Sclerosis
The number of patients with CNS lesians pres-

anton gadolinium-enhanced MRI decreased by up
io 100% following cladribine therapy umthe

seripyos 2-year study, bet did not change during
placebo use (fig. tc).

In addition, \ appeirs that both the high (2.8me/kp, Le. initial cladribine) and low (1.4 me/ke,nial pslncebo) total doses of cladribine re-
daced the number of patients with gadolinium:
enhanced lesions in the Scripps 2-5 OP MES
study. Purthermore, the effects af the initial high-
dose regimen on MRI persisted to the end ofthe
304nonth observation period")

In the multicentre North American study, both
cladribine dosages were associated with >00%

suppression of gadolinium-enhanced lesions!)Results for placebo were not published,
Relapse was nol examined im patients with

CPMS.

&, 
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3.2.2 Reiapsing-Remilling Multiple Sclerosis
CNS lesions appeared to regress in the Sermpps

2-year RRMSstudy, with a reduction in the numbeof padienis with (ONS lesions present on sudolin.
axl

iupi-cahenced MRE deported in an abstract)!
These Icsions were said to be “virtually absent’ in

  

 

patents receiving cladribine. while sill present in
placebo recipients, In addition, the frequency and

severity of relapses was reporied io be significantly
seduced in patients recerving cladribine. No further
published details ure availabe,

Published MRI results of the Polish double-

blind study cover only 83 patients for an unspeci-
fied Hime from the start of reatment.47! Although

Howas reported Chat the number of newplaques de-
tected on MRI were twice as great in the placebo

 

as the cladribine group (8 vs 4), the numbers were
ioo small for staustical analy sis.

4, Tolerability

Doseé-limiting nvyclosuppression, culture-nega-
uve fever and infection in the weeks following
ireatrnendt are the mast common adverse events as-

sociated with cladribine in patients with haema-
iwlogical malignancies, in whom the drug has been
most intensively studied.44! Because patients are
olen unaware of the mostly haematelogical ad-
verse events seen with cladrbine }'! careful mor-

oring is essential.

4 Haematological Events<

Bone marrowsuppression has becn observed in

pauents with MS receiviag high dosages of
cladribine, because ofthis, the maximumtolerated

dose is QO.) maevke/day for 7 days every 28 days.
ever oF 24 pauients with CPMS receiving a total

uiravenous Cladribine dose of 2.8 me/kg in the
Scripps 2-yearPMS sutdy had thrombocytopenia
100 * 10" cells/Lj, comperewith only 1 of 24
receiving a lower 1.4 mg/kg total dose.2% The

muluicentre North Americar trial in patients with
CPMS also reported that thrambocytapenia was
less common at lower dosages.*°l The raaximum
tolerated dase m 7-day courses of eladribine every

28 days was defined in a dose-escalation study in
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Lanelry & LanRCLeSCELEEREaeE  

2l patients with nonhasemaological malanat
“Sl Myeletoxicity avcurred in | of 7 panient

recedving chulyibuae G4) mur/ku/day, compared wit
dof ll patients receiving G.15 mg/kg/clayand all
patients recuiving 62 muske/dayi"l A total of|

yeday courses vouk ibe given in this trial, with
total dusuge of SEZS mg/ke. For a discussion ¢

the effeets al‘the IFEB00other hacniatological pi
fanicters, see seclion 2.1.2

Cuher adverse haematological effects oecurre
with cladribine. hut may have heen related to cor

cies!

ceomitant use of other NaTYO W-SEpPDFeN drug
Two of 29 patients receiving cladribme in tt
Scripps invavenous trial?! +") developed aplast
anuemia and required transfusions of erythrecyt
and platelets. However, | patient had receive
chlorambucil 950mg in the previous year and U
other had reecived carbamazepine and phenyto
before or during cladribine use. In contrast, 1

transfusions were needed in any of 11 patients
ihe Polish triall*"! Gesults on these end-points a
unavailable for the Scripps RRMStria})29

 

4.2 Fever Neutropenia and Infection

According to the manufacturer's prescribing i
furmauion, approximately two-thirds of palier
with HCL experienced fever following clackibiy
sdnmaistralion, bat only one-third of those feve
were associated with documented infectionFIP

ver has pot been reported us an advers ent dk
ing cladribine therapy of MS, but further examin
tion of this event in MS patients is needed.Neutropenia has hoon clearly associated wi
ihe cladethine AUC in patients with solid ¢
mours,"l which suggests that the use of low
doses und shorter courses may reduce the inciden
of this adverse event.

Infections were reporied in patients with MS 1
ceiving cladribine in clinical trials, Four of 48 (8!

patients with CPMS in the Scripps 2-year intray
nous Wialexperienced herpes zoster that respond
to oral acigiovir, and | other patient had fara) fi
minating hepadis B (thought not ta be related
treatment), 3 One additional patient examined
the Scripps group developed peritoneal caccis
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ordalmycosis, wAiCh responihstl well to Ukerapy thi.Beutler. ansonal comimnaiicalion). fa the Polish
RIRMS study. several patients were reportedhavea frequency of uppur respiratory

 wet infect
mons af ©
all infe

thera

mranfignanciesssug

expecially «duviniLL the haat &
8* paticnts with hucraalKolo

est thal oppertumishc anifec
 
Hons 

PO yas

period’ - 

 
Neuratoxicity |has been reported rn puuents ce-ceiving cladribine al doses 4 to 9 times those usu-

ally cecom led far the treaunent af HCL, but
this event is cure at usual HCL treatment dos i

arnl has not been reported in patients with MS. No
been ohserved at the usual dos-

PMs 27)

 

 

nephrotoxicuy hos |
age used to treat HCL o

 4.4 Long TermFollow Up

 Unpublished data on «35 patients treated with
total cladribine doses of 2.8 mpvkg or more prior
io {992 have been gathered by the Scripps group
CEL. Beutler, personal conumunication). in 2 patients
who developed persistent mild thrombocytopenia,

o: Nhuraw examination uncovered myclodys-piastic changes in their marrew, including a dele-
tion from the long ann chromosome 2O in some
mutoses, Both patients reported to be
hacmatologically stable. requiring pe terapy.
Ceonplcating the assessiient of this finding is a
Croly history of development of a myeiadys-
plastic syndrome, occurring in the mother of | of
these patients. Beutler reperts that, because
myyeldodysplasia is a premalignant disorder, the in-
cidence of mabgnancies in all patients who re-
ceived cladribine to treat MS at Scripps was an-
alysed, tn the small cohort examined, the incidence

of malignancy was reported to be ‘slightly under
expectation” (BE. Beutler, personal communica-
tion),
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5, Dosage and Administration

‘Phere are icurrent munulacturer recommen-
dations for ite
MS. G
ty

 
use of cladribine in patients with

mven deere ure based on clinical
ds conditeted ii petienis with MS and the man-
uburer's recummenuadions foruse of the dria in

padents with hacmaologicul malignancias,
ft hos been recamunended that all w

Ms who have received Cladribine thera

  chow
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sshouted satisfytthe fi
Ys cells/L or 150 to

200 = 10? cells/L. and af previous pre-
treatment platelet counts er 125 to 150% LOP

and 80% of previous pretreatment
platelet counts

® platelet counts of -

 
celis/t.

® absolute granulocyte counts » 10° celis/L. 4

® hecmogiobis level reduced by no more than 15 

   

g/l. from previous pretreaiment level or by no
more than 39 from baseline.

Ip .s also recommended that cladribine recipi-
 

 
ents be monitored during therapy and

safier treatment for Ure [ollowing
Por up to &j

  wee

» heernatological changes (platelet count, abso-
lute neutrophil count, haemoglohin)

® sivas of nevrological toxicity Owhich is rare im

patients with hauruutologial riences andhas not been reported in patients with MS)» (dererioration in renal and hepatic hae
@ fever, the cause of which should he investigated.

The use of cladribine should be avoided in pa-
Hents with stans of active infection ar huenmuio-

disorders.

 

 

logical d
The maximumrecommended cladribime dosage

for patients with nonhaematological malignancies
mne/ky awim miyelosipnsCRSIC mn be  

 : “for patients ‘with ¢active HeL is one 7-day
course of 0.09 mg/kg/day given as a continuous
intravenous infusion!°*) In patients with MS, the
follovdng cladribine regimens have been or con-
finue to be tested:

« 0.05 ma/ka/day subcutaneously for 5
month for 4 months

days each

Rotrug: JOGR Moy 2 1)
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@ (07 me/ke/day subcutuneously for 5 days each
month fer 2 ar 6 mantlis

® Smefday subcutancously for 5 days each month

for 6 manchs,
Subc

prev MG

 

 
iuincous admisistralion has superscded

 xiy usedintravenous infusions, being casierrr
te use amd providing simular cffiesacy. The use of 

as TS HOWHICTe

common iy clinical siudies, Oral claudribine bas
regimens coniaming low total dasuge 

been used effectively in | published elinieal triad at
twice the subcutaneous daily dose.*7! However,
the risk of patients absorbing the entire dose and
experiencing bone marrow suapression is thought
by some!" to be too greal to warrant usc of cladri-
bine by the oral route. Therefore, oral use of clad-
tibine should be restricted to patients whe may
benefit from use of the drug but for whamthe use
af injectable dosage forms may be unacceptabic.
Rectal use of cladribine js no. recommended {see
section 2 

Cladribine is not recommended far women who

wre pregnant, breast-feeding or at risk of beconiung
pregnant, Cuutian is advised when cladribine is
used in patienis with renal ov hepatic insulficiency,
since HS use in Unese pauents bas not been studied.
Although there are no kaown drug interactions
with cladribine. caution is recommended when the

drug is administered before, after or with other

drags thal muy cause myelosuppression or immu-
nosuppreasion4

 

 

  

6, Place of Cladribine in the

Management of Multipie Sclerosis

HLappeurs that cladribine niay be able to slowor
femporarily reverse neurological deterioration and
ceduce the auniber af ME i-detectad CNS lesions

in patients with eitnerPMSar RRMSat high (2.8
mag/key and low (1.4 me/kg) dosages. In the
Scripps CPMS 2-year study. EDSS and SNRS
scores rnproved during the first 13 months with

high dose cladriaine and appeared fo persist be-
yond baseline for up to 2 years)! which is similar

ta the duration ofeffeccoeeledribine an lympho-
cytes in the same study/-" [also appears that dose-
limiting bene marrow suppression can be min-

AGE Ibarnchorcd Lernilgect Ag mghts reesevtant
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 etry & Lan

frised throuh (he use of cladribine dosages nt exer g _ Although putients ma

experienve ipportunistic pileclions during eladrbing therayapy OF MS, these tendedto respondto py
propriate therapy. Is uddition, cladribire may ao:
be administered subcutaneously and in shorter ¢

day) courses. which ure more canvenicnt than th
V-day itravenous regunens.

 

However10 date, details of only 2 clinical ta
 

have been published in full: mformation on othe

rials is available mainly as abstracts. This leave
gaps in the knowledge of the effects of ribin

Furthermore, the results of CPMS studies a

conflicting. Patrents receiving placeboithe mult
centre North Aimerican study showed no newclog
cal propression, which is unusual in patients s
lecied for having evidence of progressive diseas:
and it has been suggested that putients in ch

Scripps 2-year CPMS study progressed more ray
idly than is normally expected !?7! Patients receis

ing inidal placebo tn the latler tra l were carefull
matched with recipients of inuial cludribine fcSimilar disease severity, then veh maiched pa
was randomised. Pl in contrast, in the shorte

wnillicentre North American study, control for var
wlan in ciseas

 

 
oseVverily was accomplished onlybmindomisation to cladeibine or placebo groups!

Thus, despite enrolling more patients than th
Serip year study (48 pahents), the [-yea

mulucenive study nuty have had 100inl59 patients) or too short a dural to dsample
beet at es between treatment regimens mut

matched patients.
In addition, CPMS stuches have not clearly di

ferentiited between patients wilh primary and sec
ondary forms of the disease. which differ in the

stics on MRI and in the speed of progre:
sion) This information should be included in fi

wre study reports. Cladribine also producedclec
reductions in nunibers of MRIi-detected lesions |

most clinical trials, but improvements in neurc
logical functioning did nat always accompan
these changes, a finding that supports the curret
view thatMRE should be used only as a secondar
auicome measure in MS clinical trials.) Thus, a
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Clactribine in Mal ftpes Geb rOsiseseartananiericenee  
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Mertengt
OT

iL? cal sulace

  
Route of IM or SC

ynistation
  Dase Og 1M anne waek)of

i2-44yg 3 x weekly SC

Adverse events Fi-hke symptoms
Hoadache

© NauseaFever

Crronic progreasive multiple sclerosisPaasults g al No published rsaults 
 

 

 
 
 

 

5S scores

Aelapsing-remitting multigie scierosSERSEnSS

though it is encouraging that MRI findings of
CPMS studies indicated regression ef CNSlesions

during cladibine thernpy, questions about study

eo warral Caution in interpretation of re-SUES

Coiven these considerations, longer term triads of

chaciribing ip larger 1 appear to
be needed so that carly results in CPMSand RRMS
ean be confirmed. There is sill more io be learned

numbers of patients

about optimal cladribine dosuges, ideal lirning for
relweatmient and how chidribine conipares with

other agents used de treat M5. Wo miay also be worth
examuniog the potential for use of chidribine in
combination with ather agents used to meat MS.

With regard to conmparisoms, Corticosteroids are
a inainstay of treatment of acute exacerbations af
MS. Hawever, carticosteroids do natalter the usual

course ofthe disease. 8"! la the 1990s, the approach
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Véorey
day

daily
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injonto’ 3 Peachons

1S

nt (fuahing,
. dyspneca,
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Neo published results incenclusive results

 

 

cy la
KPORGENY

Lita atect on progression
 

loproved

of considering MS as an autoinwnune disecuse has
resulted int several now therapies.
bemveen the key features of clacribing and inte

is Bla and Blb and glaGramer acetate (copoly

A comparison
  

air {) is presented in table TV,
Although all these agents aet on lymphocytes,

shoroxie effecws of cladribine the nonselective lym

may have the possible advaritupe of greater effi-
cacy inpateats with CPMof dose-limiting myelotoxicity, To date, cladrihine

been shown

  , but the disudvantage
 

 us Ne only ame of these agents Gluve
fo Dnprove the course of CPMS Uable PV): results
framstudies of other agents are either inconclusive

ox have yer lo be published. For patients with
RRMS,

these agents cannot be discerned without dircet
comparative trials, Other factors may also play a

the choice of therapy. Tolerability of these

however, differences in efficacy between
 

role im
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agents and ability of padents or Uheir caregivers to
Winage injectubie therapy nuust be considered in
managerent of the discase, Coat will be another
consideration, bat the lack of data on vost factors

prevents speculation on this subpeci.
Thus, additional study ts reeded to deter

whether cladribine will be ascful in the ranage-

SFORTOSSEVE OF

 

 
ment of patients with either chrome
relapsing-renuitings forms of multiple sclerosis. |
potential activity in this disease is based on the
hypothesis that Hoacts by redacing the number of

activated lymphocytes that can damage vehiinv tapatients with chronic progressive disease, ho ap-

 
LES

 
 é

pears to result in lemporary provementCH RO
change oineurclogical fuscuhonme we a reductianin CNS jJesions as evinced by MRI. The few data

available indicate that similar effects are also seen
in patients n relapsing-remiding disease, ta
whom it may also reduce rates and severity of re-

lapses. Ongoing and future studies are needed to
confirm its © “y, compare i} wich that of othe

dle drugs aand determine US opumal adiminis-
tration schedule and the optimal tme for reireat-
mene. Tf the preliminary results are confirmed,
Gladribine may core to be used to prevent or delay

 

 
 

 

progression of multiple scleresis in appropriately
selected patients with chronic progressive or?
lapsing-remitiing forms of this disease.
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Heterogeneity of multiple sclerosis
pathogenesis: implications for
diagnosis and therapy
Hans Lassmann, Wolfgang Brick and Claudia Lucchinetti

Multiple sclerosis is a chronic inflammatory disease of the nervous system in which
a T-cell-mediated inflammatory processis associated with destruction of myelin
sheaths. Although demyelinationis the primary event, axonsare also destroyed in
the lesions, and theloss of axonscorrelates with permanentfunctionaldeficit.
Here, we discuss evidence that demyelination and axonal destruction follow
different pathogenetic pathwaysin subgroupsof patients. This might,at least in
part, explain the heterogeneity in genetic susceptibifity, clinical presentation
and responseto treatment observed betweenindividuals.
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Multiple sclerosis (MS) is the most commen
neurological disorder in young adults in the developed
world. It is a chronic inflammatory disease ofthe
central nervous system (CNS), which leadsto large
focal lesions of PRIMARY DEMYELINATION(see Glossary)
with relative axonal preservation. It is consideredto be
an autoimmunediseasethat is induced when T HELPER1

CELLS (Th) recognize components of the myelin sheath.
Activated, autoreactive T cells within the lesions are

believed to drive the chronic inflammatory process and
activate local or hematogenous macrophagesthat
destroy myelin. However, we suggestthatthis
pathogenetic schemeis oversimplified and cannot
explain lesion formation. It is knownthat T-cell
populations other than classical Th] cells contribute to
inflammation in MS and that amplification of
demyelination in a chronic inflammatory reactionin the
brain requires additional factors. Furthermore, the
patterns of demyelination are different between
different subgroups of MS patients, which suggests that
the disease is heterogeneous. Depending upon the
patient, factors that amplify demyelination can be
either antibodies directed against surface components
of myelin orfactors that impair Lhe meLlabolism of
myelin-supporting oligodendrocytes. Although these
insights are based mainly on pathologicalstudies of
biopsy or autopsytissue, new clinical andparaclinical
markers to distinguish these different patterrs of
demyelination look promising. The heterogeneity in the
pathology ofMS could formthe basis of both the
polygenic nature and the profoundheterogeneity of the
disease with respectto clinical presentation and
response to therapy.

Basic features of MS lesions

The pathology of MSis distinguishedfrom that of
otherinflammatory discascs of the nervous system by
the presenceof large, multifocal, demyelinated

plaqueswith reactive glial scar formation!. This
demyelinating process is accompanied by an
inflammatory reaction with infiltrates composed
mainly of T cells and macrophages. Although myelin
sheaths are the primary target of tissue destruction,
axons, nerve cells and astrocytes are also affected,
althoughto a lesser degree. Active lesions, defined by
the ongoing destruction of myelin, are heavily
infiltrated by macrophages andactivated microglial
cells. These cells are closely associated with the
disintegrating myelin sheaths andare responsible for
the uptake and removal of myelin debris.

Although MSis a primary demyelinating disease
with relative sparing of axons, the emphasis is on the
term‘relative’. Acute axonal injury is frequent in
actively demyelinating MSlesions, and this leads to
a 50-70% reduction in neurite density in chronic
plaques, compared with normaltissue. Although
demyelination canbe repaired, at least in part, by
remyelination’, axonal destructionis irreversible.
Thus, in MS patients, the relapsing—remitting
functional impairment is caused mainly by
inflammation and demyelination, whereas the
accumulation of an irreversible neurological deficit is
caused mainly by axonal destruction andloss.

Is Th1-mediated autoimmunity against myelin the
cause ofinflammation in MS?

The pathology of inflammation in MSlesionsis
consistent with a T-cell-mediated immunereaction,

leading to the recruitment of hematogenous
macrophages andactivation of microglia‘. This is
similarLo the pathology of experimental autoimmune
encephalomyelitis (EAE), a disease induced by
immunization of animals with CNStissue, myelin or
myelin proteins. Several features of MS lesions suggest
that, as in EAE, the inflammatory process in MS is
driven by a Thi-mediated autoimmune response. For
example, the numberof autoreactive T cells with the
cytokine spectrumofTh1 cells is increasedin bloodof
MSpatients compared with controls. Furthermore,
within actively demyclinating lesions, Thl-related
cytokines, suchas interferon y, tumour necrosis factor
a (TNF-«) or interleukin 2, are expressed in invading
leukocytes andlocal glial cellsS. The spectrum of
chemokines and chemokinereceptorsis also consistent
with a Th1-driven inflammatory response, and MSis

httpitmm.trends.com 1471-4914/01/$ — see front matter © 2001 Elsevier Science Ltd. All rights reserved. Pili: S1471-4914(00)01909-2
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Fig. 1. Summary of pathogenetic mechanisms involved in the formation of
multiple scierosis tesions. inflammation: evidenceindicates that
T helper 1 (Th1) cells have a roje in inducing inflammatory reactionsin the
central nervous system. Proinflammatory cytokines released from
Th1 cells activate rnacrophages, which are responsible for the majority of
demyelination and axonal injury, In addition, however, T helper 2 (Th2)
cells and cytotoxic, cLAss I-RESTRICTED CYTOTOXIC T CELLS (7¢1) Might modify the
outcomeofthe lesions. Demyelination: myelin sheaths and
oligodendrocytes (OG) can be destroyed, possibly by different
mechanismsin different individuals. This resuits in distinctly different
patterns of demyelination in active lesions. Demyelination may be induced
by macrophages (M} and/ortheir toxic products (resulting in pattern 1), by
specific demyctinating antibodies and complement{C, resulting in pattern
i), by degenerative changesin distal processcs, in particular those of
periaxonal oligodendrocytes (distal oligodendrogliopathy), followed by
apoptosis (resulting in patternIl!) or by a primary degeneration of
oligodendrocytes followed by myetin destruction (resulting in pattern IV).
Possible mediators of myelin and oligodendrocyte destruction include
tumor necrosis factor o (TNF- @), reactive oxygen intermediates (ROM),
antibodies against myelin otigodendrocyte glycoprotein (anti-MOG) or
galactocerebroside (anti-GC). Axonal injury: axonal injury follows acute
destruction of myelin sheaths.in the active phase of demyelination, axonat
injury is likely to be induced by macrophage toxins or by the direct effects
of cytotoxic T cells. The chronic axonal injury observedinactive piaques
may be causedby a lack of trophic support by glial cells, such as
oligodendrocytes, but couldaiso involve inflammatory mediators,
produced by macrophages,that persist in most active chronic lesions.

associated with certain major histocompatibility
complex class IT haplotypes’. Thus,it is generally
believed that the immunological mechanisms
responsible for inflammation in MSare similar to those
in EAE, an experimental paradigm ofThl-mediated
autoimmunedisease, and that immunomodulatory
therapeutic strategies that work in EAE should also be
beneficial in MS. Unfortunately, in many instances this
approachhasbeen disappointing®.

nup://imm.trends.com

 

Glossary  

Primary demyelination: destruction of myelin sheaths with
relative sparing of axons.
T helper 1 celis (Th1): MHC class Il-restricted T cells that secrete
a spectrum of cytokines including interleukin 2, interferon y and
lymphotoxin c, and elicit a delayed-type hypersensitivity reaction.
T helper2 cells (Th2): MHC class Il-restricted T cells that secrete
mainly interleukins 4, 5, and 6. They stimulate antibody
production and areinvolvedin allergic reactions.
Class l-restricted cytotoxic T cells (Te1): cells that secrete a
simiiar spectrum of cytokines to Th1 cells.

Onepossible reason for this might be that the
pathogenesis of MSlesions is more complex than a
pure Th1-mediated CNS autoimmunedisease. There
is evidence that cells other than classical 'Th1 cells

contribute to the inflammatory response in MS lesions
(Fig. 1). Numerically, CD8,class I-restricted Tcells
outnumber CD4cells®. Furthermore,class I-restricted

T cells are predominantatthe site of tissue
destruction in actively demyelinating lesions, whereas
CD4 cells are retained mainly in perivascular
inflammatory infiltrates!°. Recent studies using PCR
to analyze single cells show that clonal expansion is
much more prominent in the CD8 population thanin
the CD4 T-cell population’, Additionally, the extent of
axonalinjury andtissue destruction correlates better
with the numberofmacrophages and CD8 cells in the
lesions than with CD4 cells. Takentogether, these
data suggestthatclass I-restricted T cells could play
an important role in the pathogenesis of MS.

Anotherfeatureofinflammation in MSthatis

incompatible with the conceptofa purely Th-I-1nediated
disease is the abundanceofgranulocytes and eosinophils
in active lesions of acute and fulminate variants,in

particular in Marburg’s type of acute MSandDevic's
type of neuromyelitis optica. An inflammatory reaction
similar to that found in Devic's disease can be induced by
transfer ofTh2-polarized autoreactiveTcells to
immunocompromised animals". These data suggest
that? HELPER 2 CELL(H2)-rnediated mechanisms might
contribute to inflammation in subsets ofpatients with
MS(Ref. 12).

Additional demyelinating amplification factors are
required to form demyelinated plaques

In most vertebrates, including rats, guinea pigs and
primates, pure T-cell-mediated inflammation of the
brain does not lead to demyelination. An exception to
this is the mouse, in which extensive activation of

macrophages and microglia in EAE, or in certain
transgenic models, is associated with primary
destruction of myelin. In these mouse models,
signaling through TNFreceptor1| is required for the
destruction of myelin and oligodendrocytes'’.

Pure inflammatory T-cell-mediated
encephalomyelitis can, however, become an MS-like
demyelinating disease in the presenceofspecific
demyelinating amplification factors. One suchfactor,
which has been extensively characterized recently, is
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Box 1. Multiple sclerosis cases included ina study of the heterogeneity of multipie sclerosis lesions? 

As the mechanismsofdemyelination can
only be studied in MS lesions in which myelin
is at the stage of disintegration, observations
on the heterogeneity of demyelination are
from studies of active lesions (Table 1).
Becauseactive lesions are more commonin

patients with fulminate acute disease, such
as thatin acute MSorin biopsies from early
MS, these conditions are over-represented in
our material. Thus, the study contains an

however, are samples from 18 patients with
different forms of chronic MS, which havea

similar spectrum of lesional patterns.
Undoubtedly, the full spectrum of

pathology within active MS lesions is best
recognized following autopsy, where large
areasof the lesions plus surrounding brain
tissue can be analyzed. However, the
different patterns of demyelination,
described here (TableI!), can be identified

demyelination is present and appropriate
care is taken in staging of the lesions.
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Table I. Multiple sclerosis cases includedin this study” 
Definition of clinical MS courses Numberof cases 

Acute multiple sclerosis (Marburg’s Type):
Fuiminate inflammatory demyelinating disease with typical multiple sclerosis pathology leading to patient’s
death within one year after onset.

14 autopsics

Early muitiple sclerosis (biopsies):
Patients with severe acute neurological disease with atypical clinical and MRI presentation (e.g. large monofocal
lesions; no intrathecal immunoglobulin synthesis);

Biopsy taken generaily during the first months after disease onset with pathology of inflammatory demyelinating
disease resembling MS;

77% of these patients developclinically definite MS in follow up (average follow up time: 37 months).

51 biopsies

Chronic active multiple sclerosis:
Patients with clinically definite chronic multiple sclerosis (relapsing-remitting; primary progressive or secondary progressive);
At least one actively demyelinating lesion present within the CNS.

18 autopsies

Chronic inactive muitiple sclerosis:
Patients with clinically definite multiple sclerosis; (relapsing-remitting; primary progressive or secondary progressive);
No actively demyelinating lesions in whole CNS.

not included

Table Il. Defining demyelinating activity” 

Definition of demyelinating activity Numberof lesions_ 

Active lesions:

Lesions with infiltration by macrophages, which contain intracytoplasmic granules, immunoreactive for all myelin
proteins, including minor myelin components such as myelin oligodendrocyte glycoprotein

173 lesions in autopsies
62 lesions in biopsies

Inactive lesions: 152 lesions in autopsies
Demyelinated or remyelinated lesions, with or without macrophageinfiltration; 9 lesions in biopsies
Macrophagesdo not contain degradation products, immunoreactive for minor myelin proteins;

  
the preserice of detryelinating antibodies directed
against epitopes expressedon the surface of myelin
sheaths and oligodendrocytes. In this experimental
paradigm,brain inflammation, mediatedby T cells,
induceslocal activation of hematogenous macrophages
or microglia, and impairs the blood brain barrier. The
latter allows circulating demyelinating antibodies and
complement componentsto enter the CNS anddestroy
myelin, either by complementactivation or an
antibody-dependentcellular cytotoxicity reaction. The
pathological hallmarkofsuch lesionsis the local
precipitation of the lytic terminal complement complex
on the surface of myelin sheaths and oligodendrocytes.

However, other mechanismsthat have been

identified could induce myelin damage cluring the course
ofan inflammatory process in the CNS. These include

httpv/tmm.trends.com

direct T-cell-mediatedcylotoxicily!® and metabolic
impairmentofoligodendrocytes through ischemia!®,
toxins!” or virus infeclion!®. Thus, a major challenge for
future research,is to define which of these mechanisms

operate in actively demyelinating MSplaques.

Heterogenouspatterns of demyelination in MS

A majorrestriction of pathogenetic studies of MS is
the limited material available from actively
demyclinating lesions, and it has required a large
internationaleffort to collect sufficient specimens ta
performsucha study!®° (Box 1). A detailed
immunopathological investigation of this material
has revealeda profoundheterogeneity in the patterns
of demyelination between different patients, although
active plaques from the samepatient were very
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Table 1. Essential characteristics of different patterns of demyelination in multiple sclerosis
Pattems ofdemyelination Pathology Putative mechanisms 

(!) Macrophage mediated

(I!) Antibody mediated

(HE Distal oligodendrogliopathy

(IV) Primary oligodendrocyte damage
with secondary demyelination

Perivenous distribution of lesions;
Radial expansion of the lesions;
Inflammatory infiltrates composed of
T-cells and macrophages;

Activated macrophages and microglia
associated with degenerating myelin.

Similar lesions as in | but additional

deposition of immunoglobulin and
activated complementatsites of active
myelin destruction

Inflammation by T-cells and macrophages;
Smail vessel vasculitis with endothelial cell

damageand microvessel thrombosis;
Degeneration of distal oligodendrocyte
processes, followed by oligodendrocyte
apoptosis and demyelination

Similar lesion as in (1), but prominent
oligodendrocyte degeneration ina small
rim of periplaque white matter

T-cell-mediated inflammation with

macrophage/microglia activation;
Demyelination induced by
macrophagetoxins.

T-cell-mediated inflammation with

macrophage/microglia activation;
Complement mediatedlysis of
antibody-targeted myelin

T-cell-mediated small vessel vasculitis

with secondary ischemic damage of
the white matter

T-ceil-mediated inflammation with

macrophage/microglia activation;
Demyelination induced by

 
macrophagetoxins on the background
of metabolically impaired
oligodendrocytes;

Genetic defect of oligodendrocytes? 

similar. All actively demyelinating lesions were
associated with an inflammatoryprocess, with the
inflammatory infiltrates composed mainly of T cells
and macrophages. Despite the similarities in the
inflammatory reaction the lesions segregated into
four patterns of myelin destruction (Table 1, Figs 1,2).

Pattern I (macrophage-associated demyelination)
closely resembles myelin destruction in mouse
models of autoimmune encephalomyelitis. In these
models, toxic products of activated macrophages,
such as TNF-« (Ref. 13) or reactive oxygen species,
are mainly responsible for the destruction of myelin
sheaths?!. T.esions similar to pattern IT
(antibody-mcdiated demyclination) are foundin
models of EAE that are inducedby sensitization
with myclin oligodendrocyte glycoprotein (MOG). In
this model, demyelination is induced by cooperation
betweenencephalitogenic T cells, which are responsible
for inflammation, and demyelinating anti-MOG
antibodies‘, So far, patterns II] and IV have not been
identified in experimental models of demyelinating
disease. Distal oligodendrogliopathy-associated
demyelination (pattern III), however, is commonly
found in virus-induced human white-matter

diseases** and is also seen in the penumbra region
of white-matter strokes (Rauschkaet a/,

unpublished). Preliminary evidence from our
laboratory suggests that white-matter ischemia is a
major pathogenetic factor for demyelination and
tissue damagein such lesions. The mechanisms
responsible for pattern IV lesions (primary
oligodendrocyte degeneration), which are the most
infrequent in the MS population and are restricted
to a subsetof patients with primary progressive
disease*®, are notclear. [t is tempting to speculate

http://tmm.trends.com

that, in these patients, a genuine metabolic
disturbance of oligodendrocytes could render these
cells particularly vulnerable Lo the toxic action of
inflammatory mediators.

The heterogenous patterns of pathology so far
could only be related to a specific clinical disease
variant in patients with most acute and fulminate
disease course. All patients with Devic’s type of
neuromyelitis optica had antibody-mediatedtissue
damage* (patternIJ), whereas all patients with
Balo’s type of concentric lesions hadlesionsofdistal
oligodendrogliopathy (pattern III). Furthermore,
primary oligodendrocyte degeneration (pattern TV)
has only been found in a small subsetof paticnts with
primary progressive disease. Exceptfor this
scprcgation in the most severe disease variants, no
specific association between the pattern of
demyelination andclinical disease was found.

Axonal injury and loss: a consequence of inflammatory
demyelination

Early descriptions of the pathology of MS, published in
the early 1900s, emphasizedthe functional importance
of axonal destruction in the lesions, which ledto

secondary (Wallerian) tract degeneration and brain
atrophy*. This aspect of MS pathology has received
increased attention recently, as serial magnetic
resonance imaging (MRJ) investigations indicate that
axonalloss within the lesions and brain atrophy
correlate with permanent, progressivefunctional
deficits. Axonal injury in MS plaques occurs in two
stages**. A high incidence of acute axonalinjury is
foundin lesions during the active stage of myelin
destruction®>®, Thus, even during the earliest stages
of the disease, every newly formed plaqueis associated
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Fig. 2. Histopathology of different patterns of demyelination in multiple sclerosis. {a} Actively
demyelinating iesion following patterns | and ff. The active plaque(PL)is filled with activated
macrophages and microglia. There is a sharp demarcation betweenthe actively demyciinating lesions
andthe periplaque white matter (PPWM). {mmunocytochemistry for CD68(to identify activated
macrophages/microglia). Magnification x 200. (b) Actively demyelinating plaque of pattern If that shows
massive deposition of complement C9neo-antigen (brown staining) on degenerating myelin sheaths
and in myelin degradation products taken up by macrophagesin the zone of active demyelination
(ADM). Thereis faint C9neo reactivity on myetin sheaths in the PPWM. Immunocytochemistry for
CS8neo-antigen. Magnification x 500. (c) Actively demyelinating lesion following pattern Hil. Myetin
staining using Luxol fast blue showsan ill-demarcated demyelinated plaque(PL). In the centre of the
lesion is an inflamed blood vessel surrounded by a smaltrim of preserved myelin (arrow). Magnification
x 30. {d} The same lesion as shownin (c) stained with the leukocyte marker CD45. Myelin around the
centrai vessel has a lowerdensity of inflammatory ceils compared to therest of the lesion (arrow). in
addition, this tesion has an indistinct boundary comparedwith the iesion in panel fa).
Immunocytochemistry for CD45. Magnification x 30. fe) Higher magnification of the area indicated by
the arrow in panels (c) and (d} stained for myelin-oligodendrocyte glycoprotein (MOG, brownstaining).
There are numerous MOG -reactive fibers preserved inthe lesion. Magnification x 300. (f) Higher
magnification of the area indicated by the arrow in panels (c) and (d} stained for myelin associated
glycoprotein (MAG). Thereis very fitte MAG immunoreactivity. Magnification x 300. (q) Actively
demyelinating lesion following pattern lV. The plaque contains numerous macrophagescontaining
myelin degradation products (stained blue with the Luxol fast blue myelin stain} and has a sharply
demarcated edge. Magnification x 300. (h) The periplaque white matter of the lesion in (g}. The myelin
appears vacuolated and contains numerous oligodendrocytes with fragmented DNA (black nuciei)
identified using an in situ tailing reaction for DNA fragmentation. Magnification x 400.

with a significant loss of axons. In this phase, the
extent of axonalinjury correlates with the numberof
macrophagesandclassI-restricted T cells in the
lesions, and is apparently meciatedby toxic proclucts of
macrophagesand T cells. Afew mediators have been
identified, such as nitric oxide and proteases, that can
induce axonal injury i7? vitroor in vivo’™*8, In addition
to axonal degeneration in active plaques, there is alsoa
low level of continuous axonal destruction andloss in

chronic inactive demyelinated plaques*!. This is not
seenin inactive, remyelinated lesions, so the lackof
trophic support by oligodendrocytes in demyelinated
lesions might renderaxons vulnerable to progressive

http:/tmm.trencds.com
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damage. Althoughtheinitial event that triggers axonal
damagecandiffer, the final pathway of axonal
destruction appearsto be similarin all conditions of
cerebral damage; alterations in ion-channel
permeability disturb calcium homeostasis within the
axons, which leadsto activation of calcium-dependent
proteases, local degraclation of cytoskeletal elements,
blockade of axonal transport and, finally, axonal
disruption’.

‘The extent of axonal damagein MSlesionsis
variable and depends upontheseverity of the
inflammatory process during the active stage of
demyelination. Otherfactors that influence the
degree of axonal injury are the pathogenetic
mechanismof demyelination and, possibly,
heterogeneity in the susceptibility of individual
patients. Within the MS population, axonal loss
appearsto be most important in patients with either
primary or secondary progressive disease courses.

These data provide support for the concept that the
mechanismofdemyelination and Lissue destruction is
heterogenous between different subgroups of
patients, and could have profound consequences for
our understanding of disease pathogenesis and for
the future designof novel therapeuLic strategies.

Is inflammation in MS lesions always deleterious?

Aspreviously discussed, T-cell-mediated
inflammationis the apparent driving force behind the
pathological process in MSlesions. More recent data,
however, indicate that inflammation might also be
neuroprotective, or have a role in the repair of
damaged Lissue within Lhe CNS. For example,
autoimmuneT cells protect neurons in the optic nerve
from secondary degeneration after injury by partial
crushing*®’, The presence ofmacrophages stimulates
remyelination in organ culture*!, an observation that
could be particularly relevant for MSlesions.
Furthermore, inflammatory cells within MS lesions
synthesize neurotrophic factors, such as brain-derived
neurotrophic factor**. These data suggest that the
inflammatory response within demyclinated plaques
of MS patients might also have a role in the repair
process and, thus, complete blockageofall
inflammatory processes within the lesions could be
counterproductive.

Clinical identification of subgroups of MS patients

The heterogenous patterns of demyelination in
individuals with MS patients are definedby the
pathology of active lesions. However, we expect that
clinical diagnosis and therapy would be aided by
developing clinical and paraclinical markersto identify
patient subgroups accordingto their pathogenetic
pathwaysof lesion formation. As the association
betweenclinical formsof the disease and pathological
subtypesis limited, this approach will largely depend
uponthe developmentofsuitable paraclinical markers.

It is possible that subsets of MS patients will be
identified using MRI and magnetic resonance
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Outstanding questions

 

* What immunological and neurobiological mechanisms underlie the
heterogenouspatterns of MS pathology?

* Which are the mostsuitable clinical and paraclinical markers to define

paticnt subgroupswith different pathogenetic pathways in the
formation of demyelinated plaques?

- Do patients with different pathogenctic pathways of demyclination
require

subtype-specific therapy?
+ Arerecenttherapies developed against specific mechanismsof

demyelination or axonal injury effective in MS patients?
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spectroscopy. These techniques focus on two major
issues: determining the imaging correlate of basic
histopathological MS features, such as
inflammation, demyelination—remyelination,gliosis
andaxonal loss; andidentifying different
demyelination pathways. From their pathological
appearance”, it is predicted that pattern I and II
lesions, which reflect classical autoimmunity, will be
characterized by their sharp borders, and early and
pronounced contrast enhancementas a reflection of
damageto the blood-brain barrier. By contrast,
lesions that involve oligodendrocytes (patterns III
and IV) expand morediffusely into the white matter.
Thus, these lesions have ill-defined borders and less

pronounced and delayed blood—brain barrier
damage. Lesions with these features have been
described in subgroups of MSpatients*s and
preliminary evidence indicates that they correlate
with the respective pathological patterns.

Cases of MSin which antibody-mediated
demyelination occurs could, additionally, be identified
by the presenceofserum-demyelinating antibodies.
Suchantibodies have been found in the serum of a

subsetofMS patients**, Oneofthe majortargets of
demyelinating antibodies is MOG.Although anti-MOG
antibodies occur in serum andcerebrospinalfluid of MS
patients, a classification ofMS patient subsets on the
basis of their presence or absenceis not yet possible*5°,
Anadditional complicationis that these antibodies are
also found in control patients without MS and in
patients with other neurological diseases. Furthermore,
not all anti-MOG antibodies induce demyelination
irr vivoandin vitro: most anti-MOGantibodies

recognize regions of MOGthatare not exposed on the
extracellular surface of oligodendrocytes and are
therefore not targets for antibodies in vivo. Lastly,
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MOGis only oneof the possible target antigens for
antibody-mediated demyelination. More precise
analysis of demyelinating anti-MOG antibodies, and the
identification of other potential targets of pathogenic
autoantibodies, should lead to tools that allow a more

detailed categorization ofMS patientsubsets.

Consequencesof MS therapy

Demyelinationin MS develops by a T-cell-driven
inflammatory process. Thus, the primary nature of
inflammation is undisputed and will remain central
for treatments that modulate the immunesysterm®.
There are, however, several aspects that limit the
therapeutic efficacy of strategies directed exclusively
against the inflammatory componentof the disease.
Currently, immune suppression is unable to stop the
inflammatory reaction in the CNS and immune
modulatory regimes using interferon £ or co-
polymerI decrease, but do not abolish, inflammation.
It is not possible to intervene morespecifically in the
inflammatory process because neitherthetrigger of
inflammation (virus induced versus autoimmunity)
northe specific target antigen in the CNSofaffected
patients is known. It should also be rememberedthat,
in MS, evidence that inflammation is driven by a Th1
responseis circumstantial, and arole for otherT cells,
for example a response mediated by class-I-restricted
cells, is likely.

These uncertainties inclicate the importance of
identifying supplementary therapcutic strategics to
prevent demyelination and tissue destruction in MS.
Possible approachesinclude blocking macrophage
responsesor specific macrophagetoxins, the elimination
of specific demyelinating antibodies, neuroprotective
therapies to prevent axonal injury or the consequences
of brain ischemia, andstimulation of remyelination,
Althoughattractive conceptually, these strategies have
so far failed. It is possible that this is because of the
heterogeneity in the pathogenetic mechanismsthat
leads to the formation ofdemyelinated plaquesin this
disease, which we have described earlier.

Thus, a major challenge for MS researchis to
develop paraclinical markers that identify the
heterogenous pathogenetic components involvedin
the formation of MS plaquesin individuals at
different stages of their disease. This could lead to
the stratification of MS patients into smaller
subgroups with common,defined mechanismsof
inflammation, demyelination and tissue damage,
and to subtype-specific therapy.
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Molecularbasis of partial lipodystrophy
and prospectsfor therapy
Robert A. Hegele

Lipodystrophyis characterized byaltered partition of adipose tissue. Despite

heterogeneouscauses, which include genetic, autoimmune and drug-induced
forms, lipodystrophy syndromeshave similar metabolic attributes, including
insulin resistance, hyperlipidemia and diabetes. The mechanisms underlying the
insulin resistance are unknown.Oneform oflipodystrophy, namely Dunnigan-
type familial partial lipodystrophy (FPLD) was shownto result from mutationsin
the LMINA gene, which encodesnuclear lamins A and C. Althoughthe relationship
between the mutationsin the nuclear envelope andinsulin resistanceis unclear at

referred to as ‘metabolic syndrome X’or‘insulin
resistance syndrome’. This disorderis frequently
seen in individuals with android obesity, and is
characterized by glucose intolerance, dyslipidemia
and hypertension! *, which together contribute to
accelerated atherosclerosis. Defining the underlying
mechanismsof insulin resistance might help to

present, these findings might eventually be shownto have relevancefor the

commoninsulin resistance syndrome and for drug-associated lipodystrophies.

The compensatory hyperinsulinemia that is required
to maintain glucose tolerance in people withinsulin
resistanceis associated with a cluster of metabolic

abnormalities, which usually presents before the
onsetofdiabetes mellitus!*. This metabolic clusteris

develop preventative and/or treatment strategies. One
approach to understand a commoncomplex phenotype
is to study a genetically extreme form. An extreme
monogenic form of insulin resistance is DUNNIGAN-TYPE
FAMILIAL PARTIAL LIPODYSTROPHY (FPLD) (see Glossary).

Clinical attributes of FPLD

In the 1940s, Lawrence reported a diabetic patient
with atrophic fat stores and hyperlipidemia®,

http//tmm.trends.com 1471-4914/01/$ - see front matter © 2001 Elsevier Science Lid. Ali rights reserved. Pil S1471-4914(01)01930-X
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Views & Reviews 

Defining the clinical course
of multiple sclerosis:

Results of an international survey

Fred D. Lublin, MD, and Stephen C. Reingold, PhD, for the National Multiple Sclerosis Society (USA)
Advisory Committee on Clinical Trials of New Agents in Multiple Sclerosis*

 

Article abstract—Standardization of terminology used to describe the pattern and course of MSis essential for mutual
understanding between clinicians and investigators. It is particularly important in design of, and recruitmentfor, clinical
trials statistically powered for expected outcomes for given patient populations with narrowly defined entry criteria. For
agents that prove safe and effective for MS, knowledge of the patient populations in definitive clinical trials assists
clinicians in determining who may ultimately benefit from use of the medication. An international survey ofclinicians
involved with MS revealed areas of consensus about some terms classically used to describe types of the disease and other
areas for which there was lack of consensus. In this report, we provide a summary of the survey results and propose
standardized definitions for the most common clinical courses of patients with MS.
NEUROLOGY 1996;46:907-911
aEACHACURAAAT

The clinical course of MS may follow a variable pat-
tern over time but usually can be characterized by
either episodic acute periods of worsening (relapses,
exacerbations, bouts, attacks), gradual progressive
deterioration of neurologic function, or combinations
of both. Although the terms used to describe these
clinical forms have been used for many years,'7
there is no clear common meaning among clinicians
for the terms used to describe formsor clinical stages
of the disease. There is often lack of clarity about
exactly which patient group is described. This cre-
ates real and potential problems in communication
among investigators and in the design of, and re-
cruitment for, multicenter clinical trials for new
therapeutic agents that are based on expected clini-
cal outcomes for defined patient groups and require
narrow entrance criteria. The success of such trials

may depend on the homogeneity of the population of
MSpatients entered into the study.

MS recently joined the growing ranks of treatable
neurologic diseases, wilh reports of data on new
therapies demonstrating clinical efficacy in pivotal
clinical trials, such as interferon beta-1b (Betaseron,
manufactured by Berlex Laboratories, Richmond,
CA),® interferon beta-la (Avonex, manufactured by
Biogen, Cambridge, MA),°? and copolymer I (Copax-
one, manufactured by Teva Pharmaceutical Indus-
tries, Petah Tiqwa, Israel).'!° Many new trials begin
each year. Although each of these studies uses a

* See page 910 for Committee members.

narrowly defined population of patients, clinicians
look for guidance as to exactly which broader patient
groups will likely benefit from treatment, The terms
used to describe patient populations are crucial for
this guidance.*?

Informal discussions amongclinicians and clinical
researchers and consensus developed among investi-
gators attending a 1994 MS clinical trials design
workshop’? revealed that there was no unanimous
agreement on definitions for the various clinical sub-
types of MS. This lack of unanimity resulted from
the lack of clear biological markers to distinguish the
various forms of MS. This required use of descriptive
terms for these clinical subtypes, for which there was
no consensus. These facts and perceptions under-
scored the need for a reassessment of the terminol-

ogy used to describe MS and for more uniform defini-
tions of MSclinical subtypes.

Methods. In the absence of agreed on biological mark-
ers, the Advisory Committee on Clinical Trials of New
Agents in MS of the National Multiple Sclerosis Society
(NMSS8) (USA) undertook a survey to develop a perspective
and consensus on definitions and terminology used to de-
scribe clinical outcomes and course patterns in patients

with MS, to standardize terminology, and to facilitate a
broader understanding of patient recruitment parameters
in MS therapeutic trials. Those surveyed included 215
members of the international MSclinical research commu-

nity, including members of the NMSS Medical Advisory
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Board (current and past), members of the NMSS Advisory
Committee on Clinical Trials of New Agents in MS, attend-
ees at the 1994 International Workshop on Outcomes As-
sessment in MS Clinical Trials held in Charleston, South
Carolina, and other individuals known to be principally
involved in MS clinical research and care. Survey forms
developed by the authors in consultation with others with
knowninterest in this issue were mailed in early January
1995, with respondents asked to reply by early February
1995. Of the 215 surveys, 125 (58%) were completed andreturned.

The survey form asked respondents to choose among
several possible clinical patterns commonly used to define
the following MS disease courses and types: relapsing-
remitting (RR), relapsing-progressive (RP), primary pyro-
gressive (PP), secondary progressive (SP), benign, and ma-
lignant. The survey allowed respondents to provide their
own definitions if they were not satisfied with those pro-
vided in the survey. Because respondents were asked to
indicate all definitions that, in their view, applied to the
disease type, more than 125 total responses were collected
for some questions.

The results of the Survey were collated and distributed
to members of the NMSS Advisory Committee on Clinical
Trials. After meeting, revising, and approving revisedclin-
ical definitions based on the survey responses, the defini-
tions were presented to the executive committee of the
NMSS Medical Advisory Board and the full NMSS Medical
Advisory Board where additional clarifications and revi-
sions were made. Thefinal definitions, presented here, did
not differ substantively from those in the initial surveydocument.

Results. Clinical course definitions.
Relapsing-remitting (RR) MS. The consensus defini-

tion is as follows: clearly defined diseasc relapses with full
recovery or with sequclae and residual deficit upon recov-
ery; periods between disease relapses characterized by a
lack of disease progression (figure 1, a and b),

The defining elements of RR-MS are episodes of acute
worsening of neurologic function followed by a variable
degree of recovery, with a stable course between attacks,
Althougha clear majority (105/134) of responses included
this definition, some (16/134) favored using the term re-
lapsing-remitting only for those patients whofully recover
between relapses. However, the lack of evidence for a bio-
logical difference between those who recover fully (figure
la) and those who recover partially (figure 1b) and poten-
tial differences in the vigor with which one might seek to
determine the extent of recovery (clinical examination,
evoked potentials, and so on) favored the moreinclusive
definition.

Primary-progressive (PP) MS. The consensus defini-
tion is asfollows: disease progression from onset with occa-
sional plateaus and temporary minor improvements al-
lowed (figure 2, a and b),

The essential element in PP-MS is a gradual nearly
continuously worsening baseline with minor fluctuations
but no distinct relapses. Eighty-one of 131 responses in-
cluded this definition. Although nearly continuous progres-
sion is required, it was recognized that progression at a
constant rate throughout disease (figure 2a) was unlikely
and that accommodation must be made for variations in
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Figure 1. Relapsing-remitting (RR) MS is characterized
by clearly defined acute attacks with full recovery (A) or
with sequelae and residual deficit upon recovery (B). Peri-
ods between disease relapses are characterized by lack of
disease progression.

the rate of progression over time (figure 2b). A small num-
ber of respondents suggested that the definition of PP-MS
should include evidence from MRI to distinguish this from
other forms of disease (see Discussion),

Secondary-progressive (SP) MS. The consensus defini-
tion is asfollows: initial RR disease course followed by
progression with or without occasional relapses, minor re-
missions, and plateaus (figure 8, a and b),

SP-MS may be seen as a long-term outcome of RR-MS
in that most SP patients initially begin with RR disease as
defined here. However, once the baseline between relapses
begins to progressively worsen, the patient has switched
from RR-MS to SP-MS. Eighty-four of 124 respondents
chose the abuve definition,

Relapsing-progressive (RP) MS. There is no consensus
definition. a oo

Although this has been one of the most commonly used
terms to describe an importantclinical form of MS charac-
terized by a combination of relapse and progression, there
was no consensus for a definition of RP-MS. Some respon-
dents used this term to describe RR patients who do not
fully recover (39/138 responses), which wasclearly favared
for inclusion in the RR definition (above). Others used this
term for those patients who are algo defined above as SP
(41/138). A smaller group (26/138) indicated that the best
definition of this group included patients with disease pro-
gression from onset with acute episodes of worsening. Be-
cause of the lack of consensus and the overlap of defini-
tions with other categories, we conclude that the term

 

Petitioner TWi Pharms., Inc.

EX1003, Page 95 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 96 of 822

 

 
 

 
 

increasing
disability |.

 
 
  

time

 

 
   
 

A

increasing |:
disability |-

time

B

Figure 2. Primary progressive (PP) MSis characterized by
disease showing progression of disability from onset, with-
out plateaus or remissions (A) or with occasional plateaus
and temporary minor improvements (B).

RP-MSdoes not correspond to a clearly defined and distin-
guishable clinical population and should be abandoned.

Progressive-relapsing (PR) MS. The consensus defini
tion is as follows: progressivedisease from onset, with
clear acule relapses, with or without full recovery; periods
between relapses characterized by continuing progression
(figure 4, a and b).

Based on the survey and additional discussion, we de-
termined that PR-MS was an additional, albcit rare, clini-
cal course that deserved a separate definition, as it was not
included in the other definitions. We propose that this
form of MS be termed PR to reflect its progressive onset
and to distinguish it from the term RP, for which there
was no consensus.

Clinical severity definitions. ‘The above definitions per-
tain to clinical courses that patients with MS may follow.
The survey also queried respondents on two severity out-
come definitions, for benign and malignant disease. There
was no overwhelming consensus on definitions for these
terms and less so for benign disease than malignant dis-
ease. Further, many respondents believed that precise def-
initions were not needed or useful as these terms were not

likely to be used as enrollment criteria or end point mea-
sures in clinical trials. Although classic definitions have
often indicated a set or minimal score on the Kurtzke

Expanded Disability Status Scale (EDSS) clinical rating
scale,?!*4 there was consensus that these should not be
used, as they might narrow theclinical picture being de-
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Figure 3. Secondary progressive (SP) MS begins with an
initial RR course, followed by progression of variable rate
(A) that may also include occasional relapses and minor
remissions (B).

scribed. Further, as these terms do not necessarily reflect
future course, it was agreed that they should not be the
sole determinant of the appropriateness of any available
therapeutic measures. It was additionally emphasized that
these terms were most useful in the context of research
studies and should be used with care in communication
with affected individuals, family members, and third-party
payers.

Benign MS. The consensus definitionis as follows: dis-  

neurologic systems 15 years after disease onset.
Malignant MS. The consensus definition is as follows:

disease with a rapid progressive course, leading to signifi-
cant disability in multiple neurologic systems or death in a
relatively short time after disease onset.

 

Discussion. We report here the results of a survey
of the international MS clinical research community
on terminology commonly used to describe clinical
course and outcomes for the disease. We were grati-
fied to find clear preferences and striking agreement
on the meaning of the terms RR, PP, and SP formsof
MS. Based on survey results and resultant consen-
sus, we added a new term, PR, to represent those
patients whose course differs, as diagrammedin fig-
ures 1 to 4, from the other definitions. We expect
that this represents a small fraction of MS patients.

Wefound no clear consensus on the definition of
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Figure 4. Progressive-relapsing (PR) MS shows progres-
ston from onset but with clear acute relapses with (A) or
without (B) full recovery.

RP-MS,and because the survey results madeit clear
that its common usage overlaps with either RR or SP
as defined here, we recommend that the term RP-MS
be abandoned. Similarly, as the classically used term
chronic progressive (CP) MS includes the more re-
cently distinguished groups of PP, SP, and PR pa-
tients as newly defined here, we recommend that
this term also be abandoned, as being too vague and
including forms of MS that differ considerably in
clinical course and MRI correlates.'®

We have not included MRI parameters in these
definitions, despite reported differences in MRI le-
sion load in certain forms of MS (e.g., PP versus
SP-MS)*¥ because our respondents and committee
members with special MRI expertise believed that
the current level of knowledge did not allow suffi-
ciently confident association of MS clinical course
and MRI findings. This situation could change in the
future, as it could for developments relating to any
potential biological or surrogate marker of disease
activity. If so, we expect the definitions proposed
here to be modified accordingly.

We also have not defined a relapse. A relapse im-
plies an acute episode of new disease activity, either
a new lesion or fresh activity in an old area ofin-
volvement. Both MRI data and neuropathologic stud-
ies detail a discordance between the occurrence of

MSlesions in the CNS and the development of symp-
910 NEUROLOGY 46 April 1996

 

 
toms or signs.‘*7° A clinical relapse is dependent on
involvement of an “eloquent” area of the CNS. Vari.
ous authors provide definitions. McAlpine defined a
relapse as a new symptom or the reappearance of a
previous symptom at a time after an initial attack
Schumacheret al.?° added a requirement for a dura-
tion of symptomsof at least 24 hours when evaluat.
ing a treatment. For the purposesof a clinical trial,
the nature of a relapse will need to be defined by
consensus among investigators for each protocol to
ensure standardization of the study design. Simi-
larly, for trials of agents being tested for their ability
to slow or stop disease progression, duration and
rate of progression need to be defined by consensus
for inclusion and treatment failure criteria for each
trial.

Because at present there are no knownclear bio-
logical markers that define the various clinical
courses of MS, definitions must be made in clinical
terms and by consensus among workersin thefield.
We therefore conclude that the definitions we pro-
pose are tenable because they derive from an inter-
national survey and input from a large group of MS
clinical investigators. Use of these definitions in a
standardized fashion will allow more uniformity in
clinical descriptions, both in reports in the literature
and in designation of patient populations for clinical
trials of new agents in MS.
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Multiple sclerosis: recent developments in neuropathology,
pathogenesis, magnetic resonance imaging studies and treatment
Claudia Lucchinetti®, Wolfgang Briick® and John Noseworthy*

The cause of multiple sclerosis is generally considered to be
entirely T cell mediated. However, recent reports of studies ina
variety of animal models of inflammatory demyelinating disease,
coupled with detailed pathological analysis and neuroimaging
studies of multiple sclerosis patients, indicate that the events

involved in the formation of the multiple sclerosis lesion may be
more complicated. This complex pathogenesis is reflected in the
variable response of multiple sclerosis patients to
immunomodulatory therapy. Curr Opin Neurol 14:259-269. © 2001
Lippincott Wilkams & Wilkins.
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Abbreviations

APL altered peptide ligands
APP amyloid precursor protein
CNS central nervous system
CSF cerebrospinalfluid
EAE experimental autoimmune encephalomyelitis
EDSS expandeddisability status score
HHV-6 human herpesvirus type 6
MBP myelin basic protein
MiP-10 macrophage inflammatory protein type 1
MOG myelin—oligodendrocyte glycoprotein
MRI magnetic resonance imaging
MS multiple sclerosis
MTR magnetization transfer ratio
NAWM normal-appearing white matterNO nitric oxide
PCR polymerase chain reaction
PPMS primary progressive multiple sclerosis
RANTES—regulated upon activation: normalT cell expressed/secreted
RRMS relapsing—remitting multiple sclerosis
SPMS secondary progressive multiple sclerosis
Th T helper
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Introduction

‘The focus of multiple sclerosis (MS) research over the
past decade has been on the identification of a single
pathogenic mechanism that would allow for the devel-
opment of targeted therapeutic strategies applicable to
all MS patients. Traditionally, MS has been considered
to be an autoimmune disorder consisting of myelin
autoreactive T cells that drive an inflammatory process,
leading to secondary macrophage recruitment, and
subsequent myelin destruction [1]. The emphasis on
the inflammatory aspects of the MS Icsion has been the
major impetus for therapeutic strategies to date. This
approach has yielded disappointing results. Although
inflammatory mechanisms seem to be an important
aspect contnbuting to tissue injury in MS, whether it is a
primary or a secondary event in lesion formationis still
not clear, Furthermore, the concept that the inflamma-
tion in MSis driven by a pure Thelper (Th) type 1 cell-
mediated response is largely circumstantial, and the
potential role of other immune mechanisms must be
considered. Accumulating data with increasing numbers
of probes that can be effectively applied to MS tissue
have indicated that the events involved in the immuno-

pathogenesis of MS may be more complicated. This is
not surprising, given the inherent heterogeneity ob-
served with respect to the clinical, radiographic, genctic
and morphological features of this disease. “This review
will focus on recent developments in the field of MS
neuropathology, pathogenesis, magnetic resonance ima-
ging (MRI) studies and treatment, and reveal that MS
may be more complex than previously recognized.

What drives the multiple sclerosis
inflammatory response?
‘The hallmark of the MS lesion is focal demyelination.
‘These focal areas of myelin destruction occur on a
background of an inflammatory reaction consisting of T
lymphocytes, a few B lymphocytes and plasmacells, and
extensive macrophage/microglial activation. ‘This pathol-
ogyis simtlar to that found in experimental autoimmune
encephalomyelitis (EAE), an experimental paradigm of
Thi cell-mediated autoimmune disease, and an animal

model of MS, which can be induced in susceptible
animals by active sensitization with central nervous
system (GNS) tissue, myelin, or myelin proteins or by
the transter of autoreactive ‘TP cclls. MRI studics ofcarly
MS suggest that most lesions are preceded by focal
blood—brain barrier breakdown. These data have sug-
gested that MS is a primary ‘Ih! cell-mediated disease
with secondary macrophage recruitment, and secondary
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myelin destruction. [n support of this concept, MS is
linked to certain MEIC class IT haplotypes [2]. Auto-
reactive ‘T° cells with a cytokine spectrum of ‘Thl cells
can be isolated from the blood of MS patients, and their
frequency appears to be increased in comparison with
controls [3]. The inflammatory reaction in MS lesions is
associated with the upregulation of a variety of ‘hl
cytokines, including IL-2, y-IFN, and TNI-¢ [4,5],
which are also found in the cerebrospinal fluid (CSF) of
MSpatients with active discasc. In addition, the pattern
of chemokine expression is also compatible with a Th1-
mediated process. Some chemokine receptors, including
CCR5 and CXCR3 are overexpressed among lesion-
derived ‘I’ cells and peripheral ‘IT’ cells in patients with
MS [6-8]. The @ chemokines IP-10 and Mig are
predominantly expressed by macrophages and reactive
astrocytes within actively demyelinating MSlesions [9°].
Furthermore, MS patients have a significantly increased
migratory rate preferentially towards regulated upon
activation: normal T cell expressed/secreted (RANTES)
and macrophage inflammatory protein type la (MIP-1«),
but not other chemokines [10°]. The migratory Tcell
populations represent predominantly Th1/Th0 cells and
suggest that the aberrant migration of MS-derived ’I
cells towards RANTES and MIP-1le results from the

overexpression of their receptor, GCRS5, and can be
blocked by anti-CCR5 antibodies. Despite these ob-
servations, the supporting a primary and
exclusive pathogenic role for Thl-mediated injury in
MS remains indirect and circumstantial.

evidence

Because Th2 cells antagonize Thl cell function, many
therapeutic efforts in MS have been aimed at down-
regulating Th1 by switching responses to Th2. How-
ever, therapeutic strategies that are beneficial in EAE
have yielded ineffective or at times unexpected
aggravation of MS [11]. One possible reason for this
discrepancy may be that the pathogencsis of MS lcsions
is more complex, compared with that of a pure Thi-
mediated CNS autoimmune disease. Evidence is

accumulating that cells other than the classic ‘Tht T
cells may contribute to the inflammatory process. CD8
class [ restricted 'T cells outnumber C14 ‘T cells in MS

lesions, and predominate at sites of active myelin
destruction compared with CD4 T cells, which are
mainly restricted to the perivascular regton [12]. Recent
studies using single-cell polymerase chain reaction
(PCR) show that CID8 ‘I cells are clonally expanded
compared with the CD4 T cell population [13°°].
Axonal destruction in MS lesions correlates better with

CD8 'Tcells and macrophages rather than CD4 Tcells
[14°].

There is also evidence that Th2Z cells can participate in
pathological autoimmune processes. MS patients have
antibodies to myelin—oligodendrocyte glycoprotein

(MOG), and circulating Th2 cells could drive this
antibody formation [15]. Antibodies to both MOG and
myelin basic protein (MBP) have been demonstrated in
MS lesions [16]. Using molecular analyses, several
different laboratories have independently shown that B
cells and their immunoglobulin products within MS
lesions are restricted in diversity [17,18°,19,20,21°°].
Genes encoding immunoglobulin within MS plaques
were more restricted in gene segment usage than
germline DNA, displayed multiple somatic mutations,
and had a higher percentage of replacement mutations in
the complementary-determining regions than in frame-
work regions. These observations are characteristic of
the affinity maturation processes observed in antigen-
driven humoral immune responses [21°*]. In addition, in-
vitro generated ‘Ih2 cells trom MBP-speecifc ‘1’ cell
receptor transgenic mice surprisingly caused EAE in
immunodeficient mice (both RAG-1 knockout mice and
@B T cell-deficient mice) [22].

Furthermore, the induction of a Th2 effector response
can aggravate Thl-mediated autoimmunity. In the
marmosct modcl, EAE can be induced by immunization
with MOG, inducing a shift towards a Th2 response that
attenuates acute discase, but results in the later onset of

a lethal demyelinating disorder [23]. Similar events
occurred after attempts to treat MS with a monoclonal
antibody to CD52 (a highly glycosylated molecule
abundantly expressed by T cells). Therapy with anti-
CD52 led to massive T cell depletion, which caused a
deviation from a‘lhl to a ‘h2 phenotype, but failed to
halt progressive cerebral atrophy or disease progression
in MS, despite reducing the relapse rate and MRI
activity over an 18-month interval. The switch to Th2
cells also resulted in) approximately 40% of cases
developing autoimmune thyroiditis or Graves’ disease,
suggesting that the Thi cell response may have been
converted into a dysregulated Th2 effector ccll response
[24,25]. These findings underscore the potential danger
of therapies based on immune deviation from Th1cells
towards ‘ThZ cells, and suggest that rhe pathogenesis of
MS may be more complex than a pure Thi cell-
mediated CNS autoimmune disease.

Pathogenetic relevance of inflammation
in multiple sclerosis
Despite the presence of inflammation in MS, the
pathogenic role of the inflammatory response 1s not
clear. There is evidence supporting both the concept
that the inflammatory reaction is a prerequisite for
demychnation, whereas on the other hand, it may occur
independently of Neuropathological
studies [26-28] revealed that inflammatory cclls and
specifically "T cells are not always present in areas of

demyelination.

active demyelination, and persistent inflammation is a
frequent and typical feature of chronic MS lesions.
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Inflammatory infiltrates are also frequently found in the
periplaque white matter and in normal-appearing white
matter (NAWM) distant from sites of demyelination.
Finally, the abundance of inflammation in inactive
lesions, together with recent observations on the local
production of neurotrophic factors by leukocytes, may
indicate an important role for inflammation in the repair
of MS lesions [29].

In addition, the extent of demyelination observed in
experimental models of 'T cell-mediated autoimmune
encephalomyelitis is rather limited. This is in contra-
diction to MS, in which demyelination is the primary
feature. Recent magnetic proton spectroscopic data of
NAWM suggests that free lipid peaks may be sccn in
areas not identified as abnormal on T2 or enhanced MRI

(30], and in somecases the bulk of T cell inflammation
in the lesion apparently follows an initial destruction of
myelin [31]. This finding raises the possibility that, at
least in some cases, the MS lesion may be initiated
within the brain, whereby primary demyelination leads
to secondary inflammation. These observations coupled
with the limited efficacy of T cell-directed therapies
[32,33] suggest that the ‘I’ cell-mediated immune
reaction may not be the only pathogenic immune
response involved in MS.

Axonal pathology in multiple sclerosis
lesions

Although recent reports have refocused attention on
axonal degeneration in MS [34,35], the early literature on
MS hadalready characterized axonal damage in actively
demyelinating MS lesions, including the presence of
axonal swellings and transections [36°]. Axonal damage
oceurs within beth active and chronic MS plaques. The
extent of axonal loss correlates with the reduction of V-

acetylaspartate in quantitative magnetic resonance spec-
troscopy, as well as with Tl-weighted hypointensity in
MRI and with the exrent of CNS atrophy in the spinal
cord [37-40]. These parameters correlate with clinical
disability, and it 1s therefore thought that axonal damage
is a likely cause of chronic disability in MS. The
pathogenesis of axonal damage is largely unknown.
Furthermore, it is not certain whether demyelination is
an essential prerequisite for axonal damage, or whether
both conditions appear independently. There is a
significant correlation between the reduction in the
magnetization transfer ratio (MTR) and the reduction in
N-acetylaspartate in the MS especially in
patients with secondary progressive multiple sclerosis
(SPMS) [41°]. This suggests a tight coupling between
damage to myelin and damage to axons. However,
reports of as much as a 50% axonal loss in the corpus
callosum outside of macroscopic MS lesions suggests
that the extensive loss of axons in NAWM may be
caused by the effects of axonal transsection of lesions, or

lesions,
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the actions of diffusable neurotoxic factors from lesions

[42°].

The axonal pathology in chronic inactive MSlesions is
typically less pronounced than that seen in active MS
lesions. Kornekef a/. [43°*] describedin detail the extent

of acute axonal injury indicated by amyloid precursor
protein (APP) immunoreactivity, in different stages of
MS plaque formation. The highest incidence of acute
axonal injury was found during active demyelination,
which was associated with axonal damage in the
periplaque and NAWM_ of actively demyelinating
lesions. In addition, low but significant ongoing axonal
injury was observed in inactive demyelinated plaques,
but not in completely remyclinated shadow plaques.
These findings provide quantitative evidence for a slow
burning ehronic axonal destruction in completely in-
active demyelinated MS plaques, which may ultimately
contribute to the clinical progression of the disease. An
extensive reduction of axonal density in both the
plaques and NAWMwithin the cervical spinal cord of
SPMSpatients compared with controls further supports
the concept that slow axonal degeneration may eon-
tribute to chronic disability in MS [44°°].

Most studies on axonal damage have been performed on
autopsy cases of patients with cither long-standing
chronic or fulminant MS. As a result, little is known

about axonal damage during the carly course of chronic
MS. A recent study by Bitsch et ¢/ [14*°] investigated
whether acute axonal injury is linked to active demye-
lination in MS lesions, by examining brain biopsy
specimens from MS patients with early MS. ‘The authors
determined that acute axonal injury manifested by the
expression of APP was partly independent of demyeli-
nation, and could be found in lesions at any stage of
demyelinating activity, including remyelination. Axonal
damage correlated with the number of macrophages and
CD8 cells in the lesions, but not with the expression of
“TNF-zg or inducible nitric oxide (NO) synthase messen-
ger RNA. The study confirmed previous studies
indicating that axonal injury in chronic MS may be an
early during the disease course and lesion
formation, and suggested that axonal damage could
occur independent of active demyelination. Further-
more, the study rendered unlikely the direct involve-
ment of CD4 T lymphocytes, “TNF-o« and NOas part of
the axon-damaging process. A interindividual
variability of axonal pathology, even among MS patients
with identical clinical observed, and

suggests that the degree of axonal injury may partly

event

large

courses, was

relate to heterogencous pathogenetic mechanisms of
demyelination.

In addition to irreversible axonal injury described in MS,
there is also evidence of functional axonal injury. MS
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patients often experience rapid clinical fluctuations, not
necessarily associated with changes in metabolic status or
temperature. The basis for these rapid changes in
neurological status is unclear. A study by Brinkmeierer
af, [(45°*] suggested that blocking factors may interfere
with the axonal conduction. The authors identified a

specific pentapeptide (QYNAD) that blocks sodium
channels by shifting their steady state inactivation to
more negative potentials in NE15-CA2_ neuroblas-
toma x glioma cells. QYNAD was detected at higher
concentrations in the CSF of MS patients compared with
controls. Given the similarity in the hyperpolarizing shift
produced by QYNAD and by local anesthetic agents
such as lidocaine, rhey suggested that OQYNAD may be
an endogenous lidocaine or ‘endocaine’. Endocaines
may not be the only sodium antagonists that interfere
with axonal conduction. Several recent reports indicate
that NO can produce reversible conduction block in
axons. Demyelinated axons show preferential suscept-
ibility to blockade by NO at concentrations expected at
sites of inflammation [46], and there is evidence that this

is partly a result of an action of NO on sodiumchannels
[47,48]. However, exposure to higher concentrations of
NO can render the block persistent. In addition, even
low concentrations of NO can cause persistent conduc-
tion block if the axons are concomitantly firing at
physiological frequencies, possibly because of the
degeneration of the axons at the site of NO exposure.
These observations again emphasize that MS may
involve more than just damage to myelin. Axons and
ion channels may also prove to be potential pathogenetic
targets, and need to be considered in the design of
future MS therapies.

Oligodendrocyte pathology in multiple
sclerosis and implications for remyelination
Demyelination in MS could partly result from the
destruction of oligodendrocytes. The fate of the
oligodendrocyte in the evolution and repair of the
demyelinating lesion is uncertain and is a matter of
debate. Oligndendrocyres are susceptible to damage
via a number of immune mechanisms present within an
inflammatory response. Activared macrophages or micro-
ghal cells could mediate oligodendrocyte injury via the
production of pro-inflammatory cytokines, such as
"ENE-@ or IFN-y. (UNF-« mRNA expression has been
correlated with the appearance of DNA fragmentation

within MS [49°].

expression of TNF-a mRNA in the periplague white
matter negatively correlated with oligodendrocyte num-
bers. Other oligodendrogliotoxic factors include the
generation of reactive oxygen or nitrogen species, the
production of excitatory amino acids such as glutamate
[50], the activation of complement components, the

in oligodendrocytes lesions The

release of protcolytic and lipolytic cnzymes, T cell-
mediated injury via ‘T cell products (perforin/lympho-

toxin), the interaction of Fas antigen with fas-ligand,
CD8 class I MIIC-mediated cytotoxicity, or persistent
viral infection [51]. Human herpesvirus type 6 (HHV-6)
can lead to a pathology mimicking MS [52,53], and
appears to localize to oligodendrocytes within MS tissue
but not in control tissue [54]. High concentrations of
HHV-6 genome detected by in-situ PCR have been
reported in MS lesions [55°]. However, the PCR
detection of HHV-6 in the CSF of MS patients failed
to identify viral DNA in any CSF sample, and antibody
titers against HH V-6 were comparable to those seen in
the general population, arguing against a causal relation-
ship between HHYV-6 and MS [56]. Several smdies
[57,58] have detected CAlamydia pneumoniae in the CSF
of most patients with MS, but in only a few controls.
However, such studies have not been confirmed in
other laboratories [59-61].

Pathological studies have reported a variable degree of
oligodendrocyte preservation in actively demyelinating
lesions. A recent analysis of oligodendrocyte density
relative to lesional activity in a series of 113 MS cases
[62°] demonstrated two principal patterns of oligoden-
drocyte pathology in MSlesions. In the first pattern,
oligodendrocytes are variably reduced during the active
stages of myelin) destruction, but reappear within
inactive or remyclinating areas. An increased number
of oligodendrocytes in inactive areas expressing proteo-
lipid protein mRNA compared with MOGsuggest that
these cells may have been derived from the progenitor
pool, "These cases are characterized by the co-existence
of active plaques, demyelinated plaques, and remyeli-
nated shadow plaques. “Vhe other pattern is character-
ized by the extensive destruction of myelinating cells at
active sites of demyelination, in the absence of
progenitor cell recruitment in inactive plaque areas. In
these cases, remyelination is sparse or absent. The
profound heterogeneity in the extent and topography of
oligodendrocyte desrruction in demyelinating
lesions suggests that, in subsets of MS patients, myelin,
mature oligodendrocytes and possibly oltgodendrocyre

differentially affected. The genetic
background may also affect the formation of lesions.
‘The apolipoprotein I! e4 allele is associated with more
extensive tissue destruction and less efficient repair in
MS [63]. ‘Vhese observations suggest that different
mechanisms of myelin or oligodendrocyte injury may
be operating in individual MS patients.

active

progenitors are

Remyelination during the early stages of some MS
lesions can be extensive. However, it appears to depend
on the availability of oligodendrocytes within the lesion.
Although the lack of mature oligodendrocytes in the
lesion mayresult in incomplete remyelination, there may
be situations in which the stimulation of remyclination
might be feasible and useful. The presence ofcells in
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very carly stages of oligodendrocyte development have
been identifed in completely demyelinated plaques
devoid of mature oligodendrocytes [64,65,66"]. “To what
extent these cells can be stimulated to divide, repopu-
late the lesions and imitiate réemvelination must still be
demonstrated. In some MSlesions, many cells express
low levels of protcolipid protein mRNAin the absence
of remyelination. These cells may represent dormant
oligodendrocyte progenitors, which may require addi-
tional trophic factors to become efficient remyelinating
cells. Whether there is a specific radiological correlate for
remyelination is questionable. A recent experimental
study [67°] observed an increase in MTR during
demyelination and remyelination, suggesting that 4
candidate marker for this process maybe available.

Immunopathogenetic heterogeneity
In addition to the heterogeneity observed in the
structural aspects of MS lesions, there is an important
degree of interindividual variability in the immuno-
pathological features of MS lesions. In a large study of
actively demyclinating MS lesions (based on 51 biopsics
and 32 autopsies), Lucchinetti et af [68°] recently
reported that although most lesions contained an
inflammatory reaction mainly composed of lymphocytes
and macrophages, quite diverse patterns of myelin
destruction were observed. Lesions were analysed using
a broad spectrum of immunological and neurobiological
markers. The majonty of active MS plaques were
characterized by the precipitation of immunoglobulins
and complement components at sites of active myelin
breakdown. These lesions resembled the model of

MOG-induced autoimmune encephalomyclitis. How-
ever, not all cases of MS followed this pathway. The
other cases demonstrated signs suggestive of a primary
oligodendrocyte dystrophy. This was reflected either by
a disproportionate loss of myelin-associated glycoprotein,
and oligodendrocyte apoptosis, or the degeneration of
oligodendrocytes in a small rim of periplaque white
matter adjacent to active sites of demyelination. These
lesions were more reminiscent of virus, ischemic, or

toxin-induced demyelination rather than autoimmunity.
‘The patterns heterogeneous
between patients, but homogeneous within multiple
active plaques from the same patients. “Pheretore, it is
possible that different pathogenic mechanisms of de-
myelination may operate in different subgroups of MS
patients. If this can be confirmed, the identification of
paraclinical markers of the underlying pathological
processes might guide the appropriate treatment regi-
men for individual patients.

of demyelination were

Magnetic resonance imaging and
multiple sclerosis
MRI is not only used for the diagnosis of MS, bur has
become increasingly important in order to monitor

Multiple sclerosis Lucchinetti et al. 263

disease activity, to establish prognostic parameters, and
to find the radiological correlate of key morphological
features of the MS lesion, such as inflammation,

demyelination, remyelination or axonal loss [69-71].
There is a poor relationship between magnetic reso-
nance measurements and clinical findings, and T2-
weighted images in particular lack pathological specifi-
city. Therefore, the main purpose of current MRI
rescarch focuses on the establishment of new magnetic
resonance measurements that might correlate better with
disability or clinical course, and reflect specific patholo-
gical events occurring in either the MS plaque or in
NAWM.

General radiological markers include total lesion load
(TL or 'T2), ‘T1 hypointense leston load and gadolinium
enhancement. A recent retrospective analysis [72**]
identified the open-ring imaging sign as highly specific
for demyelinating lesions. This phenomenon was
associated with macrophage infiltration in a previous
study [40]. Gadolinium-enhancing lesions on MRI
reflect incrcased permeability of the blood—brain barrier
and inflammation within the jesions [40]. The number of

perforin mRNA-expressing cells in the CSF was shown
to correlate with gadolinium-enhancing lesions in MS
patients [73]. This suggests a possible pathogenetic role
for perforin in the destruction of the blood—brain barrier.
‘The immune system mayalso have implications for the
development of T2 lesion volume. When compared on
the basis of T2 lesion volume, primary progressive
multiple sclerosis (PPMS) patients with a high lesion
volume have a higher in-vitro migration and IFN-y
production by the 'T' cells [74°°|.

Different magnetic resonance parameters have been
studied for their relevance and their correlation to

clinical disability in MS patients. A serial MRI study
[75] revealed an increase in lesion volume over 1 year
in all patient groups, except in those whowere clinically
stable. “The increase in expandeddisability status score
(EDSS) and the occurrence of attacks correlated with

 

the number of gadolinium-enhancing lesions in’ the
course of relapsing-remitting disease [75]. Magnetiza-
tion transfer has become an important tool for the
characterization of MS patients. The MTR is signif-
cantly lower in MS patients [76], and there may be
differences in MTR between patients with different
disease courses. SPMS patients have a lower M’TR than
relapsing-remitting patients [77]. The correlation of
MTR. with disability is with
reports ranging from a decrease in the MTR indepen-
dent of the EDSS [78] to a weak [79] or significant
correlation between the MTR. [80] and clinical dis-

ability. These differences may partly be due to the fact
that different regions, such as the whole brain or spinal
cord, were studied.

clinical controversial,
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Diffusion imaging may be another method to define
the radiological substrate of brain damage more
effectively. ‘The average apparent diffusion coefficient
was shown to be elevated in MS patients, especially
those with a secondary progressive disease course
[81,82].

Axon pathology in MS is considered to be an important
feature of MS plaques, and may represent the substrate
of disability [83]. T1 hypointense lesions are thought to
represent axonal damage in MSlesions andto correlate
with clinical disability [84]. A comparative pathological—
radiological study in postmortem autopsy cases showed
that M’T'R and‘I'l contrast ratio significantly corrclated
with axonal density in the lesions [85°]. ‘These
hypointense ‘I'l lesions revealed significantly lower
concentrations of \-acerylaspartate in proton magnetic
resonance spectroscopy [86*°]. N-acetylaspartate is
regarded as a biochemical marker of axon integrity,
and therefore is considered to be the most reliable

current marker for monitoring axonal pathology im vive
[87]. The relationship between N-acetylaspartate levels
and MTR is uncertain. A correlation between A-

acetylaspartate loss and M’IR has been reported in
SPMS patients [41°]. However, another study of stable
MS patients [88°] did not find a correlation between
these parameters, suggesting that demyclination might
oecur independent of axonal damage. This conclusion
was also supported by a detailed morphological study
[14°]. Nonetheless, if carefully interpreted, A-acerylas-
partate may be an attractive candidate molecule to
monitor different features of the disease iv vivo,

including disease load, functional axonal recovery and
differences in axonal pathology in different disease
subgroups [89°°,90-92],

Axonal damage may eventually lead to the loss ofbrain
tissue and brain atrophy, a potential new surrogate
marker of MS [93]. Progressive cerebral atrophy was
shown to be an important feature of the disease [94°"I,
and is more pronounced in patients with an increase in
their EDSS [95], The correlation between brain atrophy
and EDSS is stronger in SPMS versus relapsing—
remitting multiple sclerosis (RRMS) [96°]. Brain atrophy
is thought to be an early event in the development ofthe
disease [97°], and is closely associated with the TI
hypointense lesion load [98].

Cognitive deficits are frequently observed in) MS
patients; however, the pathological substrate of this
feature is not yet clear. The cortical/subcortical disease
burden in MS patients seems to have an important
impact on the development of cognitive impairment
(99°,100,101] and on cortical metabolism [102°]. The
total lesion load, in contrast, is not well correlated with

cognitive function in MS patients [103,104].

Pathological changes in NAWMmayalso contribute to
clinical symptoms, including cognitive impairment, as
reflected by decreases in NAWM MPR [105**] or
disability, as shown by low N-acetylaspartate levels in
NAWM ([106°°). Patients with either RRMS, PPMS or

SPMS have lower MTR than control subjects [107°].
‘The pathogenesis of changes in NAWMare not yet
clear. Axonal injury in a demyelinating lesion may lead
to Wallerian degeneration of axons in the surrounding
white matter, and may thus predispose to lesion
development [108]. On the other hand, changes in
tissue integrity may precede lesion formation, indicating
an intrinsic process in the CNS being responsible for
Iesion devclopment. Although it has generally been
accepted that the breakdown of the blood—brain barrier
is the initial event in lesion formation, a detailed and

careful diffusion MRI study (109°*] suggested the
opposite, namely that subtle changes in NAWM may
precede and perhaps trigger the formation of demyeli-
nated plaques. These observations are in agreement
with the heterogeneous pathology of MS plaques
observed in recent pathological studies [62°,68°"].

Multiple sclerosis therapy
‘The major goal ofidentifying the mechanisms of injury
in the MS lesion is to design effective therapies that are
safe and long lasting. The focus on the inflammatory
aspects of the MS lesion has been the major impetus for
therapeutic strategies to date. This is largely driven by
the case of demonstrating inflammation-mediated neu-
rological injury after autoantigen immunization or the
adoptive transfer of CNS-reactive 'T’ cells in  experi-
mental models of MS. Unfortunately, this approach has
been limited in predicting effective therapies for
immune-mediated demyelination in humans. ‘The re-
sults of several recently completed MSclinical trials are
discussed.

Interferon B-1a in patients at risk of multiple sclerosis

The phase IT randomized, placebo-controlled trial of
383 patients considered at high risk of developing
clinically definite MS (clinically isolated syndrome with
baseline MRI evidence of at least two asymptomatic
lesions suggestive of MS) [110°*] reported an apparent
treatment advantage from the administration af IFN-f-
la. ‘At risk’ patients received corticosteroids and then
either active or placebo treatment, and were followed art
6-monthly intervals until they developed either a relapse
or worsening, meeting criteria for clinically definite MS
in the opinion of an independent, blinded committee.
Fifty per cent of the placebo group ‘converted’ to MS
compared with 35% of the IFN-treated patients. A
treatment advantage in MRI activity was also apparent in
the patients who remainedwell at the time the trial was
stopped after a plannedinterimanalysis. The duration of
the study was shorter than most trials (55% followed for

Petitioner TWi Pharms., Inc.

EX1003, Page 104 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 105 of 822

2 years, 34% for 3 years). The findings provide additional
support for the theory that beta interferons favorably
influcnce presumed inflammatory-demyclinating discase
activity, and are not unexpected. However, the investi-
gators have not so far reportedtheclinical findings (e.g.
stability of the baseline or follow-up neurological
findings). ‘The decision to remove patients from the
study upon conversion to definite MS precluded the
opportunity to measure and report treatment effects in
the patients who had a second event (in total 192/383;
50%). These findings may change practice patterns in
some settings. ‘Those considering treating all such ‘at
risk’ patients should be mindful that no published study
has demonstrated a long-term benefit (e.g. beyond 4
years) in the development of clinical disability. In
addition, there are healthcare costs and adverse effect
issues, and the difference between those ‘fortunate’ to

be randomly assigned to active drug and those who
received placeboare less convincing when one considers
the combined outcomeof ‘discontinued treatmentearly’
or ‘canversion to MS’ (44% TFN versus 54% placebo).

Glatiramer acetate

‘The investigators of the North American study of
glatiramer acetate in RRMS [111°] reported their
experience with a 6-year extension study of 208 of the
original 251 patients. ‘The finding that treated RRMS
patients showedless disability progression than predicted
from natural history information needs to be considered
with caution, however. Observational studies require both
complete follow-up and the appropriate use of natural
history information. Unfortunately, this was not the case
with their report, in that 27% of patients who joined the
extension study were lost to follow-up, and the natural
history database (historical controls) inchided patients
with both relapsing and progressive MS. In a second
study [112°], glatiramer acetate was shownto reduce MRI
evidence of ongoing disease activity in 27 RRMS
patients, providing support to a previous report [113].

Cladribine in progressive multiple sclerosis
Cladribine (2-chlorodcoxyadenosine) reduced MRI evi-

progression (enhanced Tl
number and volume; ‘}2 lesion load) compared with
placebo in a randomized, placebo-controlled, variable
dose trial in 159 patients with PPMS and SPMS [114°].
The MRI effect was seen primarily in the SPMS
patients. The effect on the T2 lesion load was seen
with the higher dose only. The duration of the trial was
too short (one year) to have any chance of demonstrating
a clinical benefit using EDSS change, regrettably.

dence of disease lesion

Does intravenous immunoglobulin enhance recovery in
multiple sclerosis?

A non-randomized, placebo-controlled crossover tial of
intravenous immunoglobulin [115] failed to demonstrate
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improvements in central motor conduction time in 10
RRMSpatients. In a randomized, double-blind, placebo-
controlled study [116], intravenous immunoglobulin was
not shown to reverse long-standing motor deficits in 67
patients with established weakness.

Antigen-specific immunotherapy

Two phase II trials of specific immunotherapy designed
to block ‘cell responses in RRMSusing altered peptide
ligands (APL) of myelin antigens were reportedin 2000.
‘Vhe APL. administered in the first trial ((@GP77116) was

poorly tolerated (continued relapses, systemic hypersen-
sitivity reactions) despite dose reduction, and was
terminated when only eight of the planned 24 patients
had been enrolled [117]. Two of the three patients with
on-study rclapses developed high precursor frequencics
of T cells reacting to both the APL and MBP3-99),
suggesting that treatment may have led to increased
disease activity. The secondtrial was also terminated for
safery reasons when hypersensitivity reactions devel-
oped in 9% of the 142 enrolled patients [118].
Immunological studies demonstrated that treatment
was followed by regulatory Th2 responses to APL and
MBPin the study. ‘here was MRI evidence that the
low dose of the APL in the study (NBI5788, 5 mg
subcutaneously once a week; dose range tested intrial:
placebo, 5, 20 and 50 mg) was followed by reduced
subclinical disease activity, but the short trial duration
prevented any cvaluation of meaningful clinical efficacy.
Such studies illustrated both the potential for benefit
and harm with immunotherapy, and further work is in
progress with these treatment approaches.

The intravenous administration of different doses of a

solubilized complex of humanleukocyte antigen-specific
DR2 with MBP"! (AG284) was safe, but was without
evidence of clinical or MRI effect or induced ‘Il’ cell

tolerance to MBP or MBP®*!® in 33 patients with
SPMS [119].

Conclusion

"The hallmark of the MS lesion is multifocal demyelina-
tion. The clinical deficits are partly dependent on
demyclination, but also on subsequent axonal injury.
‘The extent to which demyelination and axonal injury in
MS are a direet consequence of inflammation is still
uncertain. Apart from focusing on the inflammatory
aspects of the MS lesion in the design of therapeutic
strategies, novel approaches to inhibit demyelination,

neuronal death, protect axons or promote
remyelination will probably be required for effective
therapy. Future stucies will also need to define specific
clinical or paraclinical parameters that allow for differ-
entiating the heterogeneous pathogenetic components in
MS lesions, in order to tailor current or future MS

therapies more effectively.
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Update on the diagnosis of
multiple sclerosis
David H Mattson

The diagnosis of multipie sclerosis has been increasingly standardized aver the years and
has evolvedto Incorporate new diagnostic modalities. The gold standard for diagnosing
multiple sclerosis remainsclinical, with dissemination of typical white matter symptoms
andsigns in time and space. The Schumachercriteria In 1965 attempted to standardize
clinical criteria for diagnosing multiple sclerosis. The Poser criterla in 1983 added evoked
potential and cerebrospinal parameters and the McDonald criteria in 2001 added MRI
parameters. All criteria for diagnosing multiple sclerosis include the caveat that no
alternative diagnosis better explains the clinical picture, makingthe differential diagnosis
of multiple sclerosis critical. Recent availability offirst generation immunotherapies for MS
has increased pressure to make an early and accurate diagnosis of multiple sclerosis and
to use the diagnostic work-upto try to prognosticate a future disease course.

Expert Rev, Neurotherapeutics 2 (3), 319-328 (2002)

Multiple sclerosis (MS) is an inflammatory
demyelinating presumably autoimmune dis-
ease of the CNS white matter (1). It typically
starts between the ages 20 and 40 years,
though onset in teenage years or up into the
60sis possible. MS causes symptoms referable
to white matter pathways in the brain and
spinal cord and in 90% ofcases starts as a
relapsing-remitting disease (RRMS) i.
RRMS can be casy to diagnose clinically,
when there ate discreet typical relapses/
attacks/exacerbations/bouts of demyelination
accompanied by objective findings on neuro-
logical examination, followed by remissions,
when sytnptoms can be absent and neurologi-
cal examination can be normal. RRMS is
more challenging to diagnoseclinically when
attacks of demyelination are historical and
unaccompaniedby current objective findings,
or where objective findings on exam arc
minor, mostly sensory (which is by nature
subjective), or clouded by functional overlay.
The current push to diagnose MS as quickly
as possible is also challenging, to be able to
gtarc currently available immunotherapies as
early as possible and to prevent farther brain
damage as muchas possible. This is where the

© Buture Drugs Ltd, All rights reserved. ISSN 1473-7175

newer criteria incorporating cerebrospinal
fluid (CSF) and MRI parameters, which can
be sensitive diagnostically and helpful for
prognostication, have particular utility. Half
the cases of RRMS, at a median of 10 years
from onset, become moreinsidiously progres-
sive, either in berweenattacks or independent
of attacks [3]. Such cases of secondary progres-
sive MS (SPMS)are generally less difficult co
diagnose even byclinical criteria because of
the longer history, greater likelihood of find-
ing neurological exam abnormalities and with
CSF analysis and MRI being of higheryield.
In the current era of first generation partially
effective immunotherapies for MS, which
appear to be most effective if started as early
as possible after an MS diagnosis, it is cer-
tainly hoped that vircuaily all patients can be
diagnosed well before they become SPMS.
The 10% of MS that starts out with aninsid-
iously progressive course and not attacks, typ-
ically with a spastic paraparesis, so-called pri-
mary progressive MS (PPMS)and the 10% of
PPMS that eventually has superimposed
attacks on top of initial progression, so-called
progressive relapsing MS (PRMS), present a
different diagnostic challenge. Since these
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forms of discase do not meetclassic clinical criteria for MS,
they have been a major focus of the newer diagnostic criteria
incorporating especially CSP parameters. The differential
diagnosis also broadens in these less typical cases.

Criteria for diagnosing MS have become more complex.
Byen a quick scan of TABL#S 1,2 and 5, which summarizethe gen-
erations of diagnostic criteria from the 1960s, 1980s and
2000s, demonstrates the growing complexities of standardized
criteria, Whether these complexities add clarity and new
insights, or confusion andarbitrary dogma, remains to be seen.

Clinical diagnosis of MS
McAlpine/Schumacher(1965) criteria
Thegold standard for diagnosing MSis byclinical criteria and
this has been best elucidated by McAlpine and standardized by
Schumacher (TABLE 1) [4,5]. These clinical criteria are the foun-
dation for all subsequent criteria for diagnosing MS which
incorporate new technologies and MS can andstill is diag-
nosed by purely clinical criteria. The clinical diagnosis of MS
requires two temporally dissociated typical attacks of demyeli-
nation referable to cwo geographically separate white matter
pathways ofthe brain or spinal cord, with objective evidence
of each lesion, Attacks are typically of somewhat stuttering
onset over hours to days and mustlast more than 24 h unac-
companied byfever. Attacks typically last weeks to months and
to be separate attacks, must occur more than a month apart.
Attacks of demyelination are often triggered by infectious ill-
nesses, mostly viruses, but usually start as the viral! illness is
abating. Symptoms and signs which occur in association with
fever or overheating and resolve with control of fever or cool-
ing down, representa ‘pseudoexacerbation’ and not a real exac-
erbation, Sudden onset of deficits, especially lasting less than
24 h, suggests transient ischemic attacks.

Typical white matcer pathways that are involved in MS
attacks include:

* Optic nerves causing painful or painless unilateral more often
that bilateral visual loss {optic neuritis, ON)

* Corticospinal tract causing mono-, hemi- or paraparesis (the
latter from transverse myelitis, TM)

* Spinothalamic tracts causing mono- or heminumbness, par-
esthesias, or dysesthesias, or even a sensory level (the latter
from TM)

* Medial longicudinal fasciculus causing an internuclear oph-
thalmoplegia, typically bilateral, causing diplopia, oscillopsia
and/or vertigo

Somewhat less common demyelinating involvements,
include: facial nucleus or nerve causing facial weakness that can
even look peripheral in nature and be diagnosed as a Bell’s
palsy, trigeminal nerve causing facial numbness or trigeminal
neuralgia, vestibular nerve causing vertigo or oscillopsia, cere-
bellum or brainstem cerebellar pathways causing ataxia of gait
or limbs or oscillopsia, or sixth cranial nerve causing diplopia.
Lhermitte’s phenomenais a classic symptom of MSalso seen in
other cervical cord diseases, where bending the neck produces
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electrical shocks down the spine. Neurogenic bowel and blad-
der involvements and sexual dysfunction can bepart of the sub-
acute presentation of TM,but otherwise are more typically part
of SPMSand unusual as isolated bouts of demyelination to
help make an MSclinical diagnosis. Similarly, cognitive dys-
function is a very unusual presenting complaint for MS.
Fatigue is a very typical totally subjective symptom of MS,is
unusual as the presenting complaint and often accompanies
typical neurological exacerbations. Bouts of new or increased
fatigue, unaccompanied by new neurologic symptomsor abjec-
tive signs, cannot be counted as a typical bout of demyelination
to help make an MS diagnosis.

Anyfirst atcack of demyelination, especially isolated and par-
tial ON or TM orother brainstem syndrome, butalso multifo-
cal demyelination, such as acute disseminated encephalomyeli-
tis (ADEM), represents ‘possible’ or ‘probable’ MS. Individuals
with ON go on to develop MS in 40-90% of cases, with TM
in 10-50% of cases, other isolated typically brainstem events,
such as internuclear ophthalmoplegia in 40-60% of cases and
ADEM in 15-20% ofcases (7-10). Denseinitial episodes oF ON
or TM or ADEM,with less complete recovery, are more likely
to be one-time events and mot the beginning of MS.A definite
clinical diagnosis of MS cannot be made until a secondtypical
geographically disseminated attack occurs at least 1 month after
the initial one.

With recent knowledge from serial MRI studies (discussed
below) that clinical attacks of demyelination are the ‘tip of the
iceberg’ of ongoing damage from MS,weareless willing to wait
for the secondclinical attack of demyelination to occurin otder
to make a gold standard MS diagnosis and thenstart anavaila-
ble immunotherapy for clinically definite MS, Thisis certainly
part of the pressure to incorporate more sensitive diagnostic
modalities into the MS diagnostic process. If we can gainafeel
for the clinical tempo of a person’s MSover a significantperiod
of time, it can give us useful prognostic indications. Poor recov-
ery from the first or early attacks, frequent or severe early
attacks, early cerebellar attacks and significant disability 2, or
especially 5 years from onset of MS, all represent a relatively
 

/_Table 1. Clinical criteria for MS diagnosis - McAlpine/
Schumacher (from (4-6).

Clinically definite MS

Remitting and relapsing
22 episodes 1 month apart or steadily progressive 26
months

Signs of lesions at two or moresites
Lesions of predominantly white matter
Age at onset 10-50 years
No better explanation

Probable MS

Single episode suggestive of MS with signs of multiple
lesions at onset So
Good recovery with subsequentvariability in signs
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On the other hand, early mild infrequentpoorer prognosis.
attacks with complete recovery, long interval between che first
and second MS-defining attack and a benign 2, or especially
5 year course from onset of MS,all are relatively reassuring of a
becter prognosis (3.21,12).

Any diagnosis of MS mustincorporate the caveat that no bet-
ter diagnosis explains the signs and symptoms, so the section of
this article on differential diagnosis is crucial to the MS diag-
nostic process. Clinical parameters that raise particular concern
about an MS diagnosis include: unusually young or old onset,
sudden onset attacks, dense attacks, lack of cye findings, lack of
bowel or bladder findings, prominent orearly mainly cognitive
complaints, seizures, peripheral nervous system involvement,
prominent family history of similar neurologic problems, or
relentless progression from disease onset [13].

Development of more rigorous & standardized diagnostic
criteria for MS

Poser (1983) criteria: addition of evoked potential &
cerebrospinalfluid parameters

Developmentofobjective CSF and evoked potential tests to help
diagnose MS led to the convening of the ‘Workshop on the
Diagnosis of Multiple Sclerosis’, under the chairmanship of
Charles Poser [14]. The criteria derived from this workshop have
become referred to as the ‘Poser criteria and these criteria were

initially used mainly to standardize diagnosis for patients for
entry into clinical trials, but over the years also became incorpo-
rated into clinical practice (TABLE 2). This workshop embraced the
workofSchumacherin usingclinical criteria for diagnosing clin-
ically definite MS, in category Al of TABLE 2. Categories Cl and
C2 incorporate the concept of‘probable’ MSinsituations where
one of the two clinical events have no objective evidence for
demyelination, or where there is only one event of multifocal
demyelination. The comments appended to the Poser criteria are
crucial to making an accurate diagnosis of probable or definite
clinical or laboratory supported MS, withclinicians occasionally
forgecting the caveats about needing multiplicity of events in
time and space, whetherthey beclinical, paraclinical, or CSE.

Categories A2 and C3 and B1 and B3, incorporate so-called
‘paraclinical evidence’ of demyelination from evoked response
testing, as a way to confirm that events referable to visual,
brainstem, or somatosensory pathways from the past from
which a person has recovered wichouc residual signs, were on
the basis of a demyelinating lesion, or to provide objective cor-
relates for current bouts of symptoms without accompanying
objective signs on neurological examination [15]. Evoked
response testing is the least sensitive of the newer modalities
which have been incorporated into the MS diagnostic process,
with sensitivity in picking up abnormalities in the relevant vis-
ual, somatosensory, or brainstem pathways being 65-85, 40-
65, or 15-20% ofcases, respectively {15}. If the relevant evoked
potential is abnormal, it is very helpful to che MS diagnostic
Process, but if as often happens, it is normal,it is not helpful at
all. The presence of evoked potential abnormalities suggesting
demyelinating involvement in a part of the neuraxis different

MS dlagnos!s

from an initial clinical event can be used as evidence for geo-
graphic dissemination of demyelinating disease, but cannot be
used as evidence of temporal dissemination, unless a previously
nermal evoked response test becomes abnormal. In essence,
evoked response cesting represents a somewhat sensitive and
objective extension of the clinical exam.

The Poser criteria also incorporated CSF analysis for detec-
tion of an elevated immunoglobulin (Ig)G synthesis in the
CNS, or of CSF (but not serum) oligoclonal IgG bands [16}.
Elevated CSF IgG levels occur in 60% of MS cases and the
CSF IgG index or CNS IgG synthesis rate, which are calcu-
lated by formulae that correct for blood~brain barrier break-
down, are clevated in 80-90% of MS cases, Agarose electro-
phoresis, or more sensitively, isoelectric focusing, detects CSF
oligoclonal IgG bands in CSF that are not in serum, in 90~
95% of patients with MS. Oligoclonal IgG bandslikely reflect
chronic antigenic stimulation from an ongoing autoimmune
inflammatory process and therefore may be evidence of dis-
semination of the demyelinating discase process over time,
CSF abnormalities are thus incorporated into Poser categories
Bl, B2 and B3 to make a laboratory supported definite MS
diagnosis when there are two clinical episodes only one of
which can be collaborated by clinical or paraclinical parame-
ters, or when are multiple lesions, but only oneclinical attack.
In the latter case, the oligoclonal IgG bands must appear over
time. In the comments, B2 and B3 can also be used to diag-
nose ‘the so-called progressive form’ of MS, if CSF abnormali-
ties accompany at least 6 months of progression, Early in the
course of MS, the CSF oligoclonal IgG bands or elevated IgG
index are most likely to be absent, so when one most wants the
diagnostic support, it may not be there, Even the presence of
oligoclonal IgG bands is fairly nonspecific. CNS infections
with many different infectious agents can produce oligoclonal
IgG bands, including most of the subacute or chronic infec-
tions that are in the differential diagnosis of MS, Oligoclonal
IgG bandshave also been reported in meningeal carcinomate-
sis, sarcoidosis and CNS lupus. The presence of oligoclonal
IgG bands in the setting of an isolated acute demyelinating
event, such as ON or TM,puts a patient at higherrisk chac
this is the first event of whar will turn out to be MS, buc spe-
cific comments in the Poser criteria make it clear thar this is
not yet laboratory supported definite MS (17.18).

MeDonaild (2001) criteria: addition of MRI parameters
Introduction of neuroimaging to the MS diagnostic process in
the 1980s wich CT scanning and the 1990s with MRI scan-
ning, represented a significant improvement in the sensitivity of
detection of MS (TABL8S 3, 4 & 5). CT scanning with double-dose
delayed contrast administration detected MS in about 25% of
cases, MRI scanning was a major advancement, increasing sen-
sitivity of detecting MS to around 90%. This led to addendums
to the Posercriteria in which a new category of MRI‘paraclini-
cal evidence’ was added (19,20). In addition, studies in which MS
patients were monitored by frequent MRI scanning in research
protocols revealed that the MS disease process is much more
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(“rable 2. Poser criteria for MS diagnosis (from {14)).
 
 Category Attacks Clinical evidence Paraclinical evidence CSF OB/igG'
A Clinically definite?

CDMS A1 2 2
CDMS A2 2 1 and 1

B Laboratory-supported?
definite
LSOMS 81 2 or 1 +
LSDOMS 82 1 2 +
LSDMS B3 1 1 and 1 +

c Clinically probabie4
CPMS C1 2 1
CPMS C2 1 2
CPMS C3 1 Jand 1

D Laboratory-supported®
probable

LSPMS D1 2 + 

'OB/IaG = oligoctonat bands or increased IgG.
2Clinically definite MS (CDMS).
1, Two attacks and clinical evidence of two separatelesions.
2. Two attacks:clinical evidence of one lesion and paraclinical evidence of another, separate lesion.
Comment: The two attacks must involve different parts of the CNS, must be separated by a period of at least 1 month and must each last a minimum of 24h.
“Laboratory-supported definite MS (SDMS).
The laboratory support consists of demonstration in CSF of IgG oligoclonal IgG bands (OB) or Increased CNS synthesis of IgG, Oligoclonal bands mustnotbe present in the
patient’s serum and the serum IgG level must be normal. This assumesthat other conditions causing CSF changes, such as syphills, subacute sclerosing panencephalitis,
sarcoidosis, collagen vascular disease and similar disorders, have been ruled out.
1. Two attacks: eitherclinical or paractinical evidence of one lesion; and CSF OB/IgG.
Comment: The two attacks must involve different parts of the CNS and be separated by a minimum of 1 month, each having lasted a minimum of 24h. One of the episodes
must invotve a part of the CNS distinct from that demonstrated by the clinica! or paraclinical evidence,
2. Oneattack;clinical evidence of two separate lesions; and CSF OB/IgG.
3. Oneattack: clinical evidence of one lesion and paractinical evidence of another, separate lesion; and CSF OB/IgG.
Comment: Historical information cannot be substituted for the clinical evidence. Whether the evidenceIs clinical or paraclinical, both lesions must not have been present
at the time of the first examination and must be separated by at least 1 month. This separation in time is designed to reduce the possibility of Including a case of acute
disseminated encephalomyelitis. In a patient with the so-called progressive form of MS ~ without remissions and exacerbations ~ evidence of clinical pr paraclinical optic
nerve involvement, for example, should not have been presentat the time the paraparesis first appeared, Under those circumstances and onlyif steady progression has
taken place for at least 6 months, may such a case be accepted as MS.
4Clinically probable MS (CPMS).
1. Two attacks andclinical evidence of one lesion.
Comment: The two attacks must Involve different parts of the CNS. Historical information cannot be considered as a substitute for the clinical evidence.
2. One attack and clinical evidence of two separatelesions.
3. One attack; clinical evidence of one fesion and paraclinical evidence of another, separate lesion.
5laboratory-supparted probable MS (LSPMS),
1, Two attacks and CSF OB/IgG.
Comment: The two attacks must Involve different parts of the CNS, must be separated by a minimum of 1 month, and must each have lasted at least 24 h. 

active than suspected previously, with five to ten times more of what are already commonlyreferred to as the ‘McDonald cri-
MRI activity than clinical activiry and with MRI activicy being ceria’ (va), These criteria will be most useful and are already
commen even when a patient was in clinical remission (21,22). being used, to standardize the kind of patients entering into
This suggested the possibility chat MS could be diagnosedfive clinical trials, where MS research centers already have standard-
to ten times more quickly than previously chought. There was ized MRIprotocols and reporting of results. They will not be as
also increasing evidence that MRI provided useful prognostic useful in general clinical practice until such protocols are gener-
information about whether individuals experiencing their first ally disseminated and radiologists, neuroradiologists and MRI
clinical attack of demyelination were likely to go onto have MS_technicians are trained to use them.
and that at the time of a diagnosis of MS, the burden of MS The McDonald criteria built on and incorporated the previous
disease provided useful prognostic information about future clinical, Schumacher and Poser criteria. They maintain the
MSdisease course {24,25}. This led to a push to incorporate and requirement of dissemination of typical disease in time and
standardize the way MRI was being used in the MS diagnostic space, byclinical, paraclinical, CSF and new MRI criteria. As
process, The convening of the International Panel on the Diag- with previouscriteria, the footnotes are key to avoiding incorrect
nosis of MS, chaited by Ian McDonald, led to the development definite diagnoses of MSinsituations that could be explained by,
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for example, one multifocal bout of demyelination. Careful
attention mustalso be paid to the conjunctions‘and’or‘or’in the
various data combinations being used to support an MS diagno-
sis, As always, the caveat that no better explanation or diagnosis
can be found applies, with MRI certainly helping to rule out or
differentiate amongthe differential diagnoses of MS.

The McDonald criteria simplify the Poser criteria by includ-
ing only visual evoked response tests and not brainstem or som-
atosensory modalities as paraclinical evidence to support an MS
diagnosis. This reflects the concern that the latter two modali-
ties are fess sensitive at picking up demyelinating lesions and
the fact that visual pathway involvementis so typical in MS.
They do include CSF criteria in the Posercriteria, though elim-
inate use the qualifier ‘laboratory supported’. A concern is that
CSF oligoclonal IgG bands are not being detectedas sensitively
in general laboratory medicine practice as the reported 90-95%
positive in earlier researchstudies.

The major focus of the McDonald criteria was to incorporate, in
atiporous fashion,the growing use ofMRI to make MS diagnoses.
MSlesions are typically periventricular and corpus callosum, but
also occur in the centrum semiovale, internal capsule, cerebellum
and cerebellar pathways. These lesions are best scen on T2 and
proton density sequences and more chronic andsclerotic lesions
appear as so-called ‘black holes’ on T1 sequences. Ovoid lesions
that are perpendicularto the ventricles and corpus callosum on T2
sequences, are fairly specific to MS. The McDonaldcriteria specifi-
cally incorporate parameters oflesion location and numbers for
typical geographic dissemination in MSin TABLE3 [24,25]. Gadolin-
ium contrast is another commonly used parameterto both increase
the sensitivity of detecting MS lesions andto assess lesion activity
(21,223, An MS lesion typically enhances with gadolinium for
approximately 1 month and then the enhancement resolves, leav-
ing a smallerarea of signal abnormality on T'2 sequences. A single
MRI scan of rhe brain demonstrating multifocal lesions, can be
used to demonstrate geographic dissemination to help with an MS
diagnosis, but cannotbe used to provide evidence for temporal dis-
sociation, Even if somelesions enhance with gadolinium and oth-
ers do not, this does not prove remporal dissemination and can be
consistent with an acute demyelinating event, such as ADEM.
TABLE4 is crucial, by emphasizing the additional need to see evolu-
tion of new typical T2 or gadolinium-enhancing MRI lesions over
specific time-frames.
 

Table 3. MRI criteria to support MS Diagnosis ~ brain
abnormality (from (23,24,251). 

Three out of four of the following: 

One gadolinium-enhancing lesion or nine T2-
hyperintense lesions if there is no gadolinium enhancing
lesion

At least one infratentorial lesion

At least one juxtacortical lesion

At least three periventricular lesions
 

MS diagnosis

 

{
Table 4. Magnetic resonance imaging criteria to
support MS Diagnosis: dissemination of lesions in time
(from (22). 
\fa first scan occurs 3 months or more after the onset of the

clinical event, the presence of a gadolinium-enhancing lesion is
sufficient to dernonstrate dissemination in time, provided thatit is
not at the site implicated in the original clinical event. If there is no
enhancing Jesion at this time, a follow-up sean is required. The
timing ofthis follow-up scan is not crucial, but 3 monthsis
recommended. A new T2- or gadolinium-enhancing lesions at this
time thenfulfills the criterion for dissemination in time.

If the first scan is performed Jess than 3 months after the onset of
the clinical event, a second scan carried out 3 months or more after
the clinical event showing a new gadolinium-enhancinglesion
provides sufficient evidence for dissemination in time. However,if
no enhancing lesion is seen at this second scan, a further scan not
Jess than 3 months after the first scan that shows a new 172lesion
or an enhancing fesion will suffice.

 
 

Though MRI scans of the brain are a very sensitive way of
detecting MS demyelinating lesions and assessing disease actiy-
ity, it must be kept in mind that MRIlesions in the brain are
very nonspecific anda diagnosis of MS should not be made on
MRLalone.Itis also very unusual and raises concern aboutdiag-
nosis, if a person with suspected MS has a consistently normal
or statically abnormal MRI over a significant period oftime. If
an MSdiagnosis is secure by other means, a normal or mildly
abnormal MRI represents a good prognostic feature. On the
other hand, higher disease burdenat the time of a first demyeli-
nating event increases the tisk of subsequent conversion to clini-
cally definite MS and higher disease burden at the time of an
MSdiagnosis is an indicator of worse clinical prognosis [26-28],

The McDonald criteria are already controversial. One con-
cern is how much of the MRI criteria is truly evidence-based
and other MRI-based criteria are being proposed. For example,
a single cypical MRI lesion in the spinal cord may carry more
import than several nonspecific lesions in the brain, but this is
not accounted for in the criteria, Another concern that may

create confuston for patients and physicians is the elimination
of the category of ‘probable’ MS,so that a patient can only be
diagnosed. with definite MS, possible MS, or ‘not MS’. I still
find the ‘probable’ qualifier useful in situations where there are
acute multifocal presentations with variable gadolinium-
enhancing quality to MRI brain lesions, or where there is a
monosymptomatic demyelinating presentation with at least
two typical white matter lesions of 3 mmorgreater in size,
which is known to place the patient at high risk of going on to
have another tetnporally dissociated attack to then make the
MSdiagnosis. The distinction between the qualifiers ‘possible’
or ‘probable’ may net make a difference therapeutically, how-
ever, In monosymptornatic presentations with these MRI
abnormalities, there is now evidence that immunotherapy
should be initiated to decrease the frequency and delay the tim-
ing at which the next and MS-defining attack of demyelination
occurs. Another criticism of these criteria is that they have
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Table 5. McDonald criteria for MS diagnosis (from (23)).

Additional data needed for MS
diagnosiserene

Two or more attacks; None?
objective clinical
evidence of two or more
lesions

Clinical presentation

Two or more attacks; Dissemination in space, demonstrated
objective clinical by MRP
evidenceof one lesion or

Two or more MRi-detected jesions

consistent with MS plus positive CSFSor

Await furtherclinical attack implicating
a different site

One attack; objective Dissemination in time, demonstrated by
clinical evidence of two—MRI
or more lesions or

Second clinical attack

 
One attack; objective Dissemination in space, demonstrated
clinical evidence of one—by MRIP
lesion (mono- or
symptomatic Two or more MRI-detected lesions
presentation; clinically consistent with MS plus positive CSFS
isolated syndrome) and

Dissemination in time, demonstrated by
Ni
or
Second clinical attack

Positive CSFS
and

Dissemination in space, demonstrated
by:
® Nine or more 72 !esions in brain

* Two or more lesions in spinal cord
* 4-8 brain plus 1 spinal cord lesions or
abnormal VEP* associated with 4-8
brain lesions, or with fewer than four
brain lesions plus one spinal cord lesion
demonstrated by MRI
and

Dissemination in time, demonstrated by
mid
or

Continued progression for 1 year

Insidious neurological
progression suggestive of
M5

 
if criteria Indicated are fulfilled, the diagnosis is multiple sclerosis (MS): if the
criteria are not completely met, the diagnosisIs ‘possible MS': if the criteria are
fully explored and not met, the diagnosis is ‘not MS!

®No additional tests are required; hawever,if tests MRI and CSF tests are
undertaken and are negative, extreme caution should be taken before making a
diagnosis of MS, Alternative diagnoses must be considered, There must be no
better explanation for the clinical picture.
SMI demonstration of space dissemination must fulfill the criteria from Barkhof
etal [24] and Tintoré et of [25] (TABLE 3).
“Positive CSF determined by oligoclonal bands detected by established methods
(preferably isoelectric focusing} different from any such bands in serum or bya
raised IgG index,
MRI demonstration of time dissemination must fulfill the criteria listed inTABLE 4.

“Abnormal visual evoked potential of the type seen in MS (delay with a well-
preserved wave form),
 

introduced prognostic aspects into the diagnostic Process,
though in the future this may be embraced as an advantage,
Even as these newest criteria try to anticipate, incorporate and
standardize all possible clinical nuances, there are whole articles
still trying to define PPMS[2s).

As MRI parameters and repeated MRI scansare increasingly
used to help in the MS diagnostic process, there are unresolved
issues. If a second brain MRI does not reveal dissemination of
disease per TABLE 4 to make an MS diagnosis, chere is no further
evidence-based recommendation about how often to repeat
MRI and at what interval and with what clinical indications. In
addition, as we use comparison MRI in clinical practice and
not just in the tightly controlled clinical research settings from
which the newer MRI criteria were derived, there is a need to

standardize the field strength, pulse sequences,slice thickness,
gadolinium dose and landmarks, so that comparisons can val-
idly be made. Scans carried out on different machines with dif-
ferent protocols are often notreliable at providing the precise
information we are now asking of MRI. Newerscans carried
out with better analytical software and on higherfield strength
magnets may demonstrate more lesions which are not true new
disease activity, but just more sensitive detection, MRI recorded
on radiographic hard-copy film may not be developed identi-
cally cach time and may be hard to compare with newer MRI
for which hard copies may no longer be printed and only elec-
tronic images available. Neuroradiologists are not used to read-
ing out ‘spot counts’ and may report comparisons in broad
brush strokesif at all, which again does not provide theprecise
information that our decision-making increasingly requires.

Differential diagnosis of MS

‘Whenever a diagnosis of MS is proposed, by whichever ofthe
previously discussed criteria, there is always the caveat that no
other disease process provides a better diagnosis (TABLE 6). Cer-
tain diagnoses should always be ruled out at least once in the
early evaluation for MS andlaterif atypical attacks or unusual
clinical or MRI findings occur. Possible MS cases should be
screened for collagen vascular disease, looking for the unusual
systemic lupus erythematosus case with a CNS presencation, or
Sjogren’s syndrome. Such testing includes sedimentationrate,
antinuclear antibody, rheumatoid factor and rapid plasmareagin
(RPR). Any positive test should be followed up with testing,
such as: Sjogren’s syndrome antigens-A and B, autidouble-
stranded DNA, SCL-70, antiRNP, antisingle-stranded DNA. It
must be kept in mind that typical MS patients have a low titer
false-positive antinuclear antibody in about 25% ofcases and
othertesting will be negative. If there is evidence forcentral and
peripheral demyelination, or early or prominent occurrence of
seizures, screening for Wegener's granulomatosus with antineu-
trophil cytoplasmic antibody (ANCA) and CNS vasculitis in
isolation or with systemic manifestations with cerebral arteriog-
raphy (MRangiographyis not likely sensitive enough yet to rule
out vasculitis of the small and medium size vessels typically
affected by CNSvasculitis). Presence of oral and genital ulcers,
especially in individuals of Middle Eastern descent, suggests
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Table 6. Differential diagnosis of MS
(partially from [1,4,6,30]}-
1. Acute isolated demyelinating event: optic neuritis,

transverse myelitis, Devic’s syndrome, other

2. Acute multifocal demyelinating event: acute or
postinfectious encephalomyelitis, Marburg's

3. Vasculitis: isolated CNS, system lupus erythematosus,
Wegner's granulomatosis, polyarteritis nodosa

4, Nutritional/endocrine: hypothyroid, subacute combined
degeneration

5. Subacute or chronic infections: HTLV-I, toxoplasmosis,
tuberculosis, neurosyphilis, Lyme, progressive multifocal
leukoencephalopathy, HIV, Herpes zoster

Neurosarcoidosis

Sjogren's syndrome

Bechet's syndromeeps
Muitiple strokes: thrombotic/lacunar, multiple embolic,
subacute bacterial endocarditis, hypercoaguable state,
anticardiolipin antibody syndrome, cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL)

10. Multiple metastases, CNS lymphoma, paraneoplastic
syndrome

11. Spinal cord compressive lesion: tumor, disc, spondylosis,
Armold-Chiari malformation

12, Complicated migraine

13. Dysmyelinating condition, carrier of gene for:
adrenoleukodystrophy (adreno myeloneuropathy}, Tay Sachs
disease, metachromatic leukodystrophy

14 Hereditary ataxias and paraplegias, Leber's optic atrophy

 
 

Bechet’s syndrome. Another entity that can present with multi-
focal CNS and PNS involvement is sarcoidosis, which can be

initially screened for by serum and/or CSF angiotensin-convert-
ing enzyme (ACE) level and pursued depending uponclinical
suspicion with chest x-ray, pulmonary function tests with diffus-
ing capacity, serum calcium and gallium scanning. ACE levels
can be falsely elevated in otherwise cypical MS. Other diseases
that can cause multifocal CNS involvements include thyroid
dysfunction and viramin B12 deficiency. Individuals with vascu-
lar disease risk-factors should be evaluated with: neuroimaging
(acutely with CT if thrombolysis may be appropriate, otherwise
with MRI), MR angiography and or ultrasound of the carotid
arteries, echocardiography looking for sources of emboli and
lipid profile, Presence of fever suggests infective endocarditis
with septic emboli. Association of headache suggests compli-
cated migraine or cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy (CADASIL)
Young onset of vascular events warrants investigation for hypet-
coagulable state, including: PT/PT'T, protein C and S levels,

MS diagnosis

antithrombin Til level, Factor V Leiden, homocysteine level
and screening for ancicardiolipin antibodies. CSF analysis for
the typical IgG abnormalities of MSis particularly useful at dis-
tinguishing multifocal demyelination from multifocal subcorti-
cal vascular disease. If there is a prominent farnily history sug-
gestive of MS, early prominent cognitive involvement or
dementia, seizures, or evidence of CNS and PNS demyelina-
tion, it can be worth screeningfor carriers of the genes for adre-
noleukedystrophy (very long chain fatty acid level) who can
develop adrenomyeloneeuropathy, Tay Sachs disease (hex-
osaminidase A level), or metachromatic leukodystrophy (aryl-
sulfatase A level). In a case of suspected PPMS,it is crucial to
rule out a compressive spinal cord lesion ~ intrinsic or extrinsic
~ and also a Chiari malformation or cerebellar degeneration,
using spinal MRI or myelography if spinal MRI cannoc be
accomplished.

Early in the work-up for suspected MS,serological evaluation
can rule out subacute or chronic infections with HIV, Lyme
disease, human T-cell lymphocytic virus (H'TLV-D), or syphilis
and CSF evaluation can reveal atypical protein or white blood
cell elevations or cultures that indicate subacute or chronic

infections, such as Lyme, tuberculosis (TB), or fungus. MS
patients can also have false positive Lymetiters.

Expert opinion

Major questions still to be answered, are: whether the use of
‘splitting terms like RRMS, SPMS, PPMS and PRMS,are
meaningfulclinically, pathologically, or in predicting responses
to immunotherapies or to newer neuroprotective therapies in
development; whether newer more meaningful ‘splits’ can be
made based on pathological, MRI, CSK or peripheral blood
criteria: or whether MS will in the short or longer term be
‘Jumped’ as one disease with therapies available that are searcecl
not dependent on morespecific subcategorization,

Five-year view

Though creating some initial controversy, I suspect that the
McDonald criteria will become second nature to neurologiscs
engagecl in the MS diagnostic process, as did the Poser criteria
before them. There will be workshops and meetings and publi-
cations that help us all get familiar with and comfortable using
the new criteria. Loop-holes and inconsistencies will be found
and corrected or clarified, but I do not think there will be a
need for a whole new set of criteria over the next 5 years.

The MS diagnostic process will likely begin to incorporate
techniques such as magnetic transference resonance (MTR),
diffusion sequences, or MRspectroscopy, all of which may
increase the sensitivity of detected MSlesions and may begin
to allow better differentiation of different components of the
MS disease process, such as: inflammation, edema, blood
brain barrier breakdown and axonal degeneration. Software
programs to measure and monitor atrophy, with diagnostic
and prognostic implications, are likely to be available and clin-
ically useful soon. Quick (and therefore cheap) MRIprorocols
will likely become available, some of which may give one or a
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few reproducible measurements that will be shown to have
diagnostic and prognostic implications and can be used to
monitor the MS disease process ‘an MS sed rate’. As part of the
diagnostic process, parameters, such as cytokine profiles, HLA

(‘Key issues
* There must be objective evidence of dissemination of typical demyelinating disease in both time and space to be sure of an multiple

sclerosis (MS) diagnosis and to make sure the diagnosis is not an acute mono- or multifocal demyelination that may never reoccur,
No single event of demyelination, no matter how multifocal by clinical, MRI, or evoked potential testing parameters, can result ina
definite MS diagnosis.

types and apolipoprotein E haplotypes will be measured to
provide additional confirmatory evidence of diagnosis, but
more importantly, will have prognostic implications.

 

  

* There must be a second temporally dissociated objectively proven event of demyelination to make an MS diagnosis and that event
could be a previous historical event, or a prospective future event.

* Apatient with a clinical event of mono- or multifocal demyelination whohas a previous suggestive historical event of
demyelination, can be diagnosed with definite MSif the previous event can be objectively collaborated by a neurological
examination sign, or by an evoked potential abnormality of the relevant pathway, or by cerebrospinal fluid (CSF) showing oligocional
immunoglobulin (Ig)G bands or elevated IgG index, or by a current MRI scan fulfilling the criteria for disseminationin space, If the
patient with a current episode of mono- or multifocal demyelination does not have a previous history suggestive of demyelination,
or if the above waysto objectively support a historical event of demyelination are not helpful, then a definite diagnosis of MS
cannot be made. The McDonald criteria only allow use of ‘possible’ MS in such situations, but Poser criteria also allow use of
‘probable’ MS, which may be more accurate and helpful to patients in some situations.

* To prospectively diagnose definite MS in cases of a mono- or multifocal episode of demyelination with no prior history suggestive of
demyelination, or where the previously discussed ways to objectively support a historical event of demyelination are not successful,
one must wait for a new event consistent with typical demyelination to occur. The classic and gold standard new event,at greater
than a month after the first one, would be a new geographically dissociated symptomatic attack of demyelination, with objective
abnormality on neurologic exam. Evolution of a subclinical definitely new neurologic exam finding would also suffice, albeit at a low
sensitivity. Similarly, a new clinical event, typically sensory or visual, without objective new findings on neurological examination,
could be supported objectively as being on the basis of CNS demyelination if the relevant evoked potential is abnormal.If initially
normal CSF evolves to demonstrate abnormal {gG index or oligoclonal IgG bands, with or without suspiciousclinical episodes,this
would allow a definite MS diagnosis, Patients are unlikely to allow a second lumbar puncture, however, so it can be better to wait to
carry out tumbar puncture until further suspiciousclinical activity has occurred and CSFis more likely to be abnormal and helpful,
unless early differential diagnosis depends on acute examination of the CSF.

* Prospectively repeating the MRI brain is the fastest and most sensitive way to definitely diagnose MS, in the era when quick
diagnosis is desired to eliminate uncertainty for the patient and to recommendinitiation of maintenance immunotherapy to
decrease future disease activity as best we can. A repeat MRI brain comparable in technique to the first one, that showsa definitely
new gadolinium-enhancing lesion at a 3 month interval, or a new 12 signal lesion at a 6 month interval, provides a definite MS
diagnosis.
In cases of an initial isolated demyelinating event, such as optic neuritis, transverse myelitis, or another brainstem event, where the
diagnosis must beleft as ‘possible’ or ‘probable’ MS,the lack of a definite diagnosis of MS does not mean that therapeutic
recommendations cannot be made. In such cases, if MRI brain demonstratesat jeast two lesions of greater than or equal to 3 mm in
size that do not explain the clinical syndrome, there is class | evidence that initiating interferon-B1a can delay or prevent the next
MS-defining attack from occurring.
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SPECIAL REPORT 

Recommended Diagnostic Criteria for
Multiple Sclerosis: Guidelines from the
International Panel on the Diagnosis of

Multiple Sclerosis
W,. Ian McDonald, FRCP,’ Alistair Compston, FRCP,? Gilles Edan, MD,*? Donald Goodkin,*

Hans-Peter Hartung, MD,” Fred D. Lublin, MD,° Henry F. McFarland, MD,’ Donald W. Paty, MD,®
Chris H. Polman, MD,’ Stephen C. Reingold, PhbD,'° Magnhild Sandberg-Wollheim, MD,!!

William Sibley, MD,'? Alan Thompson, MD," Stanley van den Noort, MD,“ Brian Y. Weinshenker, MD,'°
and Jerry S. Wolinsky, MD!¢
  

The International Panel on MS Diagnosis presents revised diagnostic criteria for multiple sclerosis (MS). The focus remains
on the objective demonstration of dissemination of lesions in both time and space. Magnetic resonance imaging is inte-
grated withclinical and other paraclinical diagnostic methods. The revised criteria facilitate the diagnosis of MS in patients
with a variety of presentations, including “monosymptomatic” disease suggestive of MS, disease with a typical relapsing-
remitting course, and disease with insidious progression, without clear attacks and remissions. Previously used terms such
as “clinically definite” and “probable MS” are no longer recommended. The autcome of a diagnostic evaluation is either
MS, “possible MS” (for those at risk for MS, but for whom diagnostic evaluation is equivocal), or “not MS.”

Ann Neurol 2001;50:121—127  

Because no single clinical feature or diagnostic test is
sufficient for the diagnosis of multipie sclerosis (MS),
diagnostic criteria have included a combination of
both clinical and paraclinical seudies.'** The last for-
mal revicw of criteria for MS diagnosis occurred in
1982,” at which time degrees of diagnostic cercainty
were identified by categories ranging from clinically
definite diagnosis to laboracory-supporced definite
MS, clinically probable MS, and laboratary-supported
probable MS.

In July, 2000, the International Panel on the Diag-
nosis of MS was convened in London, United King-
dom, under the auspices of the U.S. National Multiple
Sclerosis Society and the International Federation of
MS Societies co reassess existing diagnostic critecia and
to recommend, if necessary, appropriate changes. The
Panel set out to create diagnostic criteria that could be
used by the practicing physician and chat could be

From the ‘Royal College of Physicians, London, "University of
Cambridge, Cambridge, United Kingdom: *CHU Rennes, Rennes,
France; *University of California, San Francisco, CA; *Kar!-Franzens
Universitit, Graz, Austria; "Mount Sinai School of Medicine, New
York, NY; ’National Institute of Neurological Disorders and Stroke,
Bethesda, MD; "University of British Columbia, Vancouver,
Canada; °Free University of Amsterdam, Amsterdam, The Nether-
lands; '®National Multiple Sclerosis Society, New York, NY; Unie
versity Hospital of Lund, Lund, Sweden; University of Acizona
Health Sciences Center, Tucson, AZ; ‘Institute of Neurology, Lon-
dan, UK; “University of California, Irvine, CA: Mayo Clinic and

adapted, as necessary, for clinical urials. The Panel also
set out to integrate magnetic resonance imaging (MRI)
into the overall diagnostic scheme because ofits unique
sensitivity to pathological change and co include a
scheme for the diagnosis of primary progressive dis-
ease?—that characterized by the absence of relapses or
remissions from onset—because neither had been suf

ficiently defined or integrated into existing diagnostic
criteria for MS. The Panel also sought to clarify certain
definitions currently used in the diagnosis of MS and,
whenpossible, to simplify the diagnostic classification
and descriptions. While refining che diagnostic criteria
to reflect improved understanding of the disease and
new technologies, the Panel wished to retain as many
as possible of che useful features of existing criteria.
Among general ouccomes of the discussion, the Panel
concluded the following.
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* Obtaining objective evidence of dissemination in
time and space of lesions typical of MSis essen-
tial in making a secure diagnosis, as is the exctu-
sion of other, better explanations for the clinical
features.

® Clinical evidence depends primarily on objec-
tively determined clinical signs. Historical ac-
counts of symptoms may lead co a suspicion of
the disease but cannot be sufficient on their own

for a diagnosis of MS. A diagnosis of MS on
purely clinical evidence remains possible if there
is objective evidence of lesions separated in time
and space.

¢ Radiological and laboratory investigations, in-
cluding MRI, analysis of cerebrospinal fluid
(CSF), and visual evoked potentials (VEP), can
add to a clinical diagnosis and may be essential in
making a diagnosis when clinical presentation
alone does not allow a diagnosis to be made.
These tests provide different types of informa-
tion, and their value depends on the context in
which the diagnosis is being made. Each has lim-
itations of sensitivity and specificity. Imaging is
viewed as the most sensitive and specific of these
in making an MS diagnosis. Because CSF adds a
different kind of information—about inflamma-

tion and immunological discurbance—-it may be
useful in situations when the clinical piccure is
unusual or the imaging criteria for diagnosis are
not fulfilled. VEP may provide additional sup-
port, particularly in situations in which MRI ab-
normalities are few (eg, in patients with primary
progressive MS with progressive myelopathy) or
when MRI abnormalities have lesser specificity
(eg, in older individuals with risk factors for mi-
crovascular ischemic disease or in indivicluals

with abnormal radiological findings that do noc
satisfy the MRI specificity criteria for diagnosis).
Other cypes of evoked potential analysis were
viewed as contributing little to the diagnosis of
MS.4

¢ Following a diagnostic evaluation, an individual
is usually classified either as having MS or as not
having MS. A pacient with appropriate clinical
presentation who has not yet been evaluated, or
whose evaluation meers some but not all of the

necessary criteria, is considercd to have “possible
MS.” Subcategories that define the rypes of stud-
ies used in the diagnostic workup (“clinically def-
inite,” “laboratory supported,” etc.) are unneces-
sary.

Definitions

The Panel reviewed definitions used in previous diag-
nostic criteria to clarify terms for fucure diagnostic pur-
poses,

122) Annals of Neurology Vol 50 Not July 2001

What Constitutes an “Attack”?

An “actack” (exacerbation, relapse) refers to an episode
of neurological disturbance of the kind seen in MS,
when clinicopathological studies have established cthac
the causative lesions are inflammatory and demyelinat-
ing in nature. Alchough there was some divergence of
opinion, the group agreed that, for general diagnostic
purposes, an attack, defined either by subjective report
or by objective observation, should last for at lease 24
hours.” This assumes that there is expert clinical assess-
menc that the event is not a pscudoattack, such as
might be caused by a change in core body tempera-
ture? or infection. Whereas suspicion of an attack may
be provided by subjective historical reports from the
patient, objective clinical findings of a lesion are re-
quired to make a diagnosis of MS. Single paroxysmal
episodes (eg, a tonic spasm) do not constitute a relapse,
bue multiple episodes occurring over not less than 24
hours do.

How Is the Time Between Attacks Measured?

In defining what constitutes separate attacks, for the
purposes of documenting separation in time of such
events, it was agreed that 30 days should separate the
onset of the first event from che onset of a second

event. This interpretation has the advantage of being
less ambiguous than considering che interval from be-
ginning of recovery from the first event to initiation of
the second event, as suggested in the definition of the
“Poser Committee.”*

How Is “Abnormality” in Paraclinical
Tests Determined?

MRI. Lesions in the brain detected by MRI can pro-
vide evidence of dissemination oflesions in both time

and space. Ie was agreed that stringent criteria for MRI
abnormality should be followed in making an MS di-
agnosis. From among those thac have been proposed,
the Panel preferred those derived from che studies of
Barkhof et al® and Tintoré et al,” which require evi-
dence ofat least three of four of the following: 1) one
gadolinium-enhancing lesion or nine T2 hyperintense
lesions if gadolinium-enhancing lesions are not present;
2) at least one infratentorial lesion; 3) at least one jux-
tacortical lesion (ie, involving the subcortical u-fibers);
4) ac lease three periventricular lesions (see Table 1).
Lesions will ordinarily be larger than 3 mm in cross
section. These criteria provide an acceptable degree of
sensitivity while providing greater specificiry and accu-
racy’ than the MRI criteria proposed by Fazekas et
al? and Pary et al.'°

The assessment of dissemination in time is discussed

below in relation to each particular mode of clinical
presentation (see Table 2). The criteria derived from
Barkhof et al® do nor deal withlesions detected in the
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Table 1, Magnetic Resonance Imaging Criteria
fer Brain Abnormality 

Three of four of the following
lL. One padolinium-enhancing lesion or nine T2-

hyperintense lesions if there is no gadolinium enhanc-
ing lesion

2. At least one infratencorial lesion

3. At least one juxtacortical lesion
4. Ar least three periventricular lesions 

Nore: One spinal cord lesion can be substituted for one brainlesion.
Data from Barkhofet al® and Tintoré et al.”

spinal card. Prospective data are currency insufficienc
to define more precisely the role of spinal cord lesions
in diagnosis. However, the characteristics and distribu-
tion of spinal cord lesions in MS are well-described, as
is their absence in healthy controls, even among older
adults.'' There should be little or no swelling of the
cord, although exceptions occur, and such spinal le-
sions should be unequivocally hyperintense on T2-
weighted images, be at lease 3 mm but under cwo ver-
tebral segments in Jength, and occupy only part of the
cross section of the cord.'* Accordingly, spinal cord Ie-
sions detected by MRI might, in some situations (such
as in clinically isolaced syndrosmes'?
propressive from onsec*), supplement incomplete infor-
mation from brain MRI scans, Whereas it is possible
that, in the absence of brain lesions, two or more spi-
nal cord lesions clearly separated in time and/or space
could satisfy criteria, prospective data in this regard are
still awaited. It is expected that with further research
the necessary information on sensitivity and specificity
ofspinal cord images for MS diagnosis will be available.

or whendisease ts

CSF ANALYSIS. Abnormality on CSF analysis can pro-
vide supportive evidence of the immune and inflammia-
tory nature of lesion(s), which may be helpful when
imaging criteria fall shore, when they lack specificity (as
in the older patient), or when the clinical presentation
is atypical, CSF analysis cannot provide information
about dissemination of lesions or events in time or space.

For the purpose of diagnosing MS, CSF abnormality
is defined (preferably using isoelectric focusing) by che
presence of oligoclonal IgG bands differenc from any
such bands in serum and/or the presence of an elevated
IgG index.'*'° Lymphocytic pleocyrosis should be less
than 50/mm‘?*.Ir is recognized that the quality of CSF
analysis is not uniform among laboratories, regions, or
countries. Ic is the practitioner's obligation, when in-
cluding results of such analyses, to ensure that they are
being done in che mosc reproducible fashion, with
state-of-the-art technology. Failure co do so might re-
sule in unreliable measurement and incorrect diagnosis.

vee, Abnormal VEP, typical of MS (delayed but with
well-preserved wave form'®), can be used co supple-

ment information provided by a clinical examination*
to provide objective evidence of a second lesion pro-
vided that the only clinically expressed lesion did not
affect che visual pathways. As with MRI and CSFanal-
ysis, correct interpretation is essential.

The Diagnostic Scheme
Table 3 indicates che steps that should be undertaken
in making a diagnosis of MS. In this scheme, che mode
of clinical presentation is indicaced in che left column.
The data needed to make an MS diagnosis are indi-
cated, for each presentation, in the righe column. Fail-
ure to satisfy the criteria for an MS diagnosis will resule
in either a “possible MS” diagnosis, pending furcher
analysis, or classification as “noc MS.” The order in che
cable of “clinical presentation” is deliberate; che Panel
believes that a diagnosis is simplesc in the case of “two
attacks, clinical evidence of two or more lesions” and

becomes increasingly difficult chrough “insidious neu-
rological progression suggestive of MS.” The additional
criteria needed to make a diagnosis of MS, therefore,
become more stringent as the clinical evidence upon
presentation becomes weaker. As is made clear below,
follow-up with additional clinical assessments, labora-
tory investigation, and in particular MRI is imporranc
when a diagnosis cannot be made on clinical criteria
alone at first presentation.

Two or More Attacks, Objective Clinical Evidence of
Two or More Lesions

Two clear attacks typical of MS, documented by objec-
tive evidence of two lesions separated in time and nec-
essarily separated in space may be sufficient to make an
MSdiagnosis solely on clinical grounds. No additional
rests may be needed. However, it would be expected char

Table 2. Magnetic Resonance Imaging Criteria for
Dissemination of Lesions in Time 

1. Ifa first sean occurs 3 months or more after the onset

of the clinical event, the presence of a gadolinium-
enhancing lesion is sufficient ro demonstrate dissemina-
tion in cime, provided chat it is mor at the site impli-
cated in the original clinical event. If there is no
emhancing lesion at rhis time, a follow-up scan is re-
quired. The timing of this follow-up scan is not crucial,
but 3 months is recommended.?* A new T2- or
gadolinium-enhancing lesion at this come then fulfills
the criterion for dissemination in time.

2. If the first scan is performed less than 3 months after
the onset of the clinical event, a second scan done 3

months or more after the clinical event showing a new
gadolinium-enhancing lesion provides sufficient evidence
for dissemination in time. However, if no enhancing
lesion is seen at this second scan, a further scan not less
than 3 months after the first scan chat shows a new T2

lesion or an enhancing lesion will suffice. 
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Table 3. Diagnostic Criteria 

Clinical Presentation

Two or more attacks; objective clinical evidence of 2 or
more lesions

Two or more attacks; objective clinical evidence of 1 lesion

Oneattack; objective clinical evidence of 2 or more lesions

Oneattack; objective clinical evidence of 1 lesion (mono-
symptomatic presentation; clinically isolated syndrome)

Insidious neurological progression suggestive of MS

Additional Data Needed for MS Diagnosis   

Dissemination in space, demonstrated by
MRI®
or

Two or more MRI-detected lesions consistent with MS

plus positive CSF*or

Awaic furcher clinical attack implicating a different sire
Dissemination in time, demonstrated by

MRI?
or

Second clinical attack

Dissemination in space, demonstrated by
MRIP
or

Two or more MRI-detected lesions consistent with MS plus
positive CSF*

and

Dissemination in time, demonstrated by
MRI*
or

Second clinical actack
Positive CSF*

and

Dissemination in space, demonstrated by
1) Nine or more T2 lesions in brain or 2) 2 or more lesions

in spinal cord, or 3) 4~8 brain plus 1 spinal cord lesionor

abnormal VEP* associated wirh 4—8 brain lesions, or with
fewer than 4 brain lesions plus ] spinal cord lesion dem-
onstrated by MRI

und

Dissemination in time, demonstrated by
MRI!
or

Continued progression for 1 year 

If criteria indicated are fulfilled, the diagnosis is multiple sclerosis (MS); if the criteria are not conspletely met, the diagnosis is “possible MS”;
if the criteria are fully explored and not met, the diagnosis is “not MS.”

“No additional tests are required; however, if tests [magnetic resonance imaging (MRI), cerebral spinal fluid (CSF)) are undertaken and are
negative, extreme caution should be taken before making a diagnosis of MS. Alternative diagnoses must be considered. There must be no better
explanation for the clinical picture.
bMRI demonstration of space dissemination must fulfill che criteria derived from Barkhofet al? and Tintoré et al” (see Table 1),
“Positive CSF determined by oligoclonal bands detecced by established methods (preferably isoelectric focusing) different from any such bands
in serum or by a raised IgG index. 415
“MRI demonstration of time dissemination must fulfill the criteria listed in Table 2.
“Abnormal visual evoked potential of the type seen in MS (delay with a well-preserved wave form).'®

one or more such rests—MRI, CSF, or VEP—would he

abnormal were they done. If these tests are undertaken
and are wer abnormal in a manner typical of MS, ex-
treme caution must be taken in making a diagnosis of
MS. It muse be stressed chat there should be no better

explanation than MSfor the clinical picture.

Two or More Auacks, Objective Clinical Evidence of
One Lesion

To make a diagnosis of MS, objective evidence of a
second lesion is required to demonstrate dissemination

124 Annals of Neurology Vol 50 No 1 July 2001

in space. This can be provided by an MRI scan ofthe
brain fulfilling criteria derived from Barkhofer al® and
Tintoré er al’ (see Table 1). A spinal cord lesion can be
substituted for one of the brain lesions. Alternatively,
should MRI data fall short of these requirements, the
presence of at least two brain lesions or one brain and
one spinal cord lesion consistent with MS, coupled
with abnormal CSF analysis (to avoid misdiagnosing
nonspecific vascular lesions as inflammatory), can be
used co document dissemination in space. Alrerna-
tively, if MRI is not performed, the occurrence of a
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further clinical attack implicating a difference site will
fulfill criteria for dissemination in space.

One Attack, Objective Clinical Evidence of Two or
More Lesions

Yo make a diagnosis of MS, dissemination in time
must be demonstrated. This can be done by MRI, al-
though careful consideration must be given to che tim-
ing of the clinical evenc and subsequent scans (see Ta-
ble 2). There must be a minimum of 3 months
between che clinical event and evidence for a new le-

sion. (This incerval is arbitrary, but ic reduces the risk
of misdiagnosing MS in cases of acuce disseminated en-
cephalomyelitis with a scuctering onser.'”) Alterna-
tively, if MRI tests are not performed, the occurrence
of a second clinical actack is necessary to fulfill criteria
for dissemination in time.

One Attack, Objective Clinical Evidence
of One Lesion
To make a diagnosis of MS, dissemination of lesions
both in space and in time will have to be demon-
strated. The typical situation is the patient presenting
solely with a clinically isolatced syndrome suggestive of
MS (so-called monosymptomatic presentation). A diag-
nosis of MS then requires 1) evidence of dissemination
in space through detection of lesions using MRI as de-
scribed above (see also Table 1) or, lacking such solid
evidence, at least two brain lesions plus positive CSF,
and 2) evidence of dissemination in time demonstrated

as for the patient presenting with one attack andclin-
ical evidence of cwo lesions (see above and Tables 2,

3). In chis situation as well, if MRI tests are not per-
formed, the occurrence of a second clinical attack im-

plicating a difference site will fulfill criteria for dissemi-
nation in time and space.

Insidious Neurological Progression Suggestive of
Multiple Sceloris
This is often a difficult presentation for a diagnosis of
MS, in that typical relapses are absent and dissemina-
Gon in time and in space of separate events may be
difficult to determine. The Panel had particular diffi-
culty in reaching a consensus on che criteria for diag-
nosis in chis clinical group, because the amount of
published follow-up data for this is much less than for
other modes of clinical presentation. For this reason,
the stringent criteria proposed in a cecent position pa-
per? serve as che basis for che proposed diagnostic cri-
teria. The Panel recognizes that modifications may be
appropriate as more information becomes available.

With this mode of clinical presentation, to make a
secure diagnosis of MS, the majority of the Panel con-
sidered that an abnormal CSF finding with evidence of
inflammation and immune abnormality is essential and
thac evidence is required of dissemination in space (us-

ing MRI or abnormal VEP) and time (using MRI or
continued progression of disability for 1 ycar). When
these criteria are fulfilled, the diagnosis is “primary
progressive MS” (see Table 3).

No Better Explanation
The Panel emphasizes that, even if the clinical evidence
and paractlinical studies are strongly indicative of MS,
there must be no better explanation for the clinical and
paraclinical abnormalities than MS for a secure diagno-
sis to be made.

Discussion

The diagnosis of MS has traditionally relied upon ac-
cumulation of information, clinical and paraclinical,
that leads to a positive diagnosis and can help to elim-
inate alternative diagnoses. Among the key indicators ts
evidence that the disease is inflammatory, whether re-
current or progressive. The International Panel on the
Diagnosis of MS reaffirms the need to demonstrate dis-
semination of clinical events and lesions in space and
time, long-held criteria for MS diagnosis, and the di-
agnostic scheme presented is organized to emphasize
this poine. Requiring objective clinical evidence of at-
tacks or progression (symptomsalone are not enough)
is a renewed emphasis but one that the Panel believes is
essential because of the implications of the diagnosis of
MSfor treatment.

The criteria presented in this report are intended for
use by the practicing physician, and it is expected that
in most cases these clinicians will have access co the

technologies required for the diagnostic workup. How-
ever, the Panel recognizes chat in some parts of the
world access to advanced technologies such as MRI is
limited; if so, and if no alternatives to imaging (such as
analysis of CSF and VEP) are available, a diagnosis of
“possible MS” will be made until the subsequent clin-
ical course allows the critecia of ac least two attacks and

clinical evidence of at least two separate lesions to be
fulfilled.

It is further recognized chat the methods andsensi-
tivity of paraclinical cesting and analysis vary world-
wide, The Panel’s recommendations are predicated on
the availability of highest quality, state-of-the-art crech-
nology related to imaging, CSF analysis, and evoked
potential recording. For example, in the use of imaging
to document dissemination of lesions in cime, accurate

tepositioning andcoregistration of scans may be neces-
sary to determine whether some of the lesions appear-
ing on a follow-up scan are new.'® When a physicianis
not ensured of the quality and ceproducibility of any
paraclinical analyses, extrerne care must be taken in us-
ing the results as evidence supporting a diagnosis of
MS.Ic is hoped that these recommendations will en-
courage greater uniformity and reliability in the use of
such technologies.

SPECIAL REPORT: McDonald er al: Diagnosis of MS 125

Petitioner TWi Pharms., Inc.

EX1003, Page 123 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 124 of 822

The Panel’s recommendations represent a pragmatic
approach to allow a diagnosis of MS in the most typ-
ical clinical presentations. It is important co note that
che recommendations are based on data and experience
available primarily from adults with typical features of
MS and thac these criteria would best apply to individ-
uals between 10 and 59 years of age and in cases in
which the clinical presentation is reasonably suggestive
of MS. Special care must be taken in making a diag-
nosis of MS in those who are younger or older at pre-
sentation, those with a progressive onset, and chose
with unusual features or an “atypical” presentation,
such as dementia, epilepsy, or aphasia. In such cases,
additional evidence from CSF and VEP analysis may
help in atcaining security about a diagnosis of MS,
even if these are not required for the more typical
cases. For unusual cases, the importance of follow-up
assessments cannot be overemphasized.

Several MS-like presentations and clinical syndromes
presenc parcicular difficulties in considering a diagnosis
of MS. A detailed discussion of differential diagnosis is
beyond the scope of this paper, and the reader is re-
ferred to standard accounts of differential diagnosis.”
Nevertheless, several conditions that may be confused
with MS should be kept in mind in assessing a patienc
for an MS diagnosis. These include multifocal areas of
cerebral ischemia or infarction in young adulcs from
such illnesses as phospholipid antibody syndrome,
acute disseminated lupus erythematosis, CADASIL,
Takayasu’s disease, meningovascular syphilis, or even
carotid dissecrion. Various infections such as HTLV1

and Lyme disease can present striking similarities to
MS. Cerebellar ataxia presenting as a result of a para-
neoplastic disorder in young adults may be a problem,
especially because elevated [gG often occurs in the CSF
in chis illness. Monophasic demyelinating diseases such
as acute disseminated encephalomyelitis, postviral De-
vic’s syndrome, and some cases of acute transverse my-
elicis presenc special difficulties in diagnosis; a diagnosis
should not be made in chese circumstances unless new

symptoms andsigns or imaging abnormalities appear
more than chree months after clinical onset. Some re-

gard recurrent demyelinating diseases such as acute dis-
seminated encephalomyelitis with a stuttering onset,
neuromyelitis optica (Devic’s syndrome”), and recur-
rent longitudinally extensive transverse myelitis as sep-
arate diseases, but others regard them as variants of
MS. Genetic disorders of myelin, such as the leukodys-
trophies, should be considered in certain settings, par-
ticularly among children and teenagers.

Clinical crials for evaluating new therapeutic agents
and other clinical experimental protocols may require
different diagnosis-related inclusion and exclusion cri-
teria chan those provided in the present recommended
basic steps. Given the wide variation in presentation of
MS, there must be someflexibility in che application of
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the new diagnostic scheme. A secure diagnosis, how-
ever, should be based on the elements presented here.
It muse always be remembered that there should be no
better explanation for the clinical and investigative data
obtained.

Whereas ic might be said chat che only proved diag-
nosis of MS can be made upon autopsy,”* or occasion-
ally upon biopsy, where lesions typical of MS can be
directly detected through standard hiscopathological
techniques, MSis essentially a clinical problem and can
be diagnosed using clinical and paractinical criteria. Bi-
opsy is a diagnostic technique that can confirm that a
lesion is inflammatory and demyelinating (though ic
cannot on its own lead to a diagnosis of MS) and
should rarely be undertaken. Interpretation by neuro-
pathologists experienced in the demyelinating diseases
is essential in avoiding misdiagnosis.

Imaging undertaken for other purposes occasionally
uncovers “silent disease.” When such silent cases are

uncovered, some degree of monitoring may be desir-
able.

The International Panel on MS Diagnostic Criteria
built upon diagnostic recommendations for MS thar
have served the community well for decades. Key
points include a continued emphasis on dissemination
of lesions in time and space and on the value of para-
clinical cesting, especially imaging, as a key part of che
overall diagnostic workup. Specific imaging criteria are
presented. However, the diagnosis of MS remains a
partly subjective and partly objective process. The di-
agnosis is best made by an expert who is familiar with
the disease, ics differential diagnoses, and the interpre-
cation of paraclinical assessments (imaging, CSF analy-
sis, and evoked potentials) that can supplement che di-
agnostic process.

The International Panel on MS Diagnosis was organized and sup-
ported by the U.S. National Multiple Sclerosis Society with addi-
tonal support provided by the International Federation of Muleiple
Sclerosis Societies.

The Panel chanks Drs Massimo Filippi (Milan, faly), David Miller
(London, United Kingdom), Frederik Barkhof (Amsterdam, The
Netherlands), Jiirg Kesselring (Valens, Switzerland), Aaron Miller
(Brooklyn, NY), and John Noseworthy (Rochester, MN) for their
review of a drafr version of the manuscript.
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Therapeutic advances in ALS
R. Miller, MD, and M. Swash, MD, FRCP, FRCPath

 

. For patients, as well as for many physicians and
* scientists who have spent much of their careers try-
“sing to understand ALS, the data presented here rep-
: resent renewed hopefor the future. Only a few years
“ago, the idea that we would be discussing therapeu-
“.tic advances in June 1995 would have been treated

* with some skepticism. Clearly, more progress is re-
. quired before this work can have a significant impact
on the progression of ALS. The mix of basic and
* clinical research presented in this Supplement repre-
: gents a cross-section of the rapidly increasing mo-
“ mentum in the field of ALS investigation. There is
“an emerging consensus about pathophysiology—par-
- ticularly regarding oxidative stress and excitotoxic-
 ity—and this offers great promise for the future.

The reviews by Leigh and Meldrum ofthe impact
~ of excitotoxins in ALS serve to illustrate two points.
- First, the cascade of events leading to neuronalcell
: death is a complex process, involving many agents
- with potentially toxic effects, including free radicals,
* glutamate, and Ca?* ions. Secondly, evidence ob-
. tained using many different approaches is accumu-
‘. lating, which supports a pathophysiologic role of ex-
 citotoxicity in this disease.

However, there remain many frustrations in ALS
research, and Ludolph summarizes some of these in

“ his article on animal models. The monosynaptic cor-
’. ticospinal tract is unique to primates and as this is
* the target system in ALS, the development of good

- animal models represents a substantial challenge. In
.. addition, the biologic characteristics of the disease

are not fully identified, leading to further difficulties.
- Nonetheless, the transgenic mouse with mutant
. SOD, represents an important forward step in exam-
ining pathophysiology and in screening potential
’ therapeutic compounds.

In his article on the pharmacology of riluzole,
* Doble expands on the basic science of the first
“approved treatment for patients with ALS. The

antiglutamate properties of riluzole appear to be
- mediated via four mechanisms: (1) inactivation of
: voltage-dependent sodium channels on glutamater-
' gic nerve terminals; (2) inhibition of presynaptic re-
lease of glutamate; (3) noncompetitive blockade of

postsynaptic NMDA channels; and (4) activation of a
’ G protein-dependent pathway.

The results of the pivotal clinical study ofriluzole,
- presented by Laconiblez, have been reported else-
: Where.! This controlled trial is the first to show a

significant impact on survival in ALS. In addition to

confirmation of the safety and efficacy ofriluzole
(100 mg/day) seen in thefirst controlled study, there
were two other important outcomes. First, a dase
response relationship was established, with 100 mg
of riluzole being the dose of choice. Second, the trend
for a difference in response betweenbulbar and limb
onset patients noted in the earliertrial was not con-
firmed. Overall, the percentage differences in sur-
vival may appear small but, for the treated group,
the relative risk of death or tracheostomy ratios at
12 months and at 18 months must be viewed as very
positive outcomes.

In the final article, Hugon considers future ap-
proaches to the treatment of ALS. Thanks to the
convergence of results from many different avenues
of research, such speculation is now founded as
much on experience as it is on hope. The biological
processes leading to ALS are complex and possibly
interdependent. It is not surprising, therefore, to ex-
pect that combinations of someorall of the following
types of agents will be the best treatment options for
the future:

anti-excitotoxics

neurotrophic factors
free radical scavengers/anti-oxidants
novel calcium channel blockers

anti-apoptotic therapy
gene therapy.

In conclusion, it is true to say that now, perhaps
for the first time, scientists and clinicians alike have
a new and genuine optimism about tackling this dev-
astating disease. There are still many unanswered
questions, and more basic science and well-controlled
clinical studies are required before the current prom-
ise can be translated into tangible benefits for the
thousands of patients, and their families, affected by
ALS and the motor neuron diseases in general. How-
ever, there is now good reason to believe that we can
build on these recent advances and look to a future

where ALS will truly be a treatable disease.
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MULTIPLE SCLEROSIS

JOHN H. Nosewortnhy, M.D., CLAUDIA LUCCHINETTI, M_D.,
Moses Rooricuez, M.D.,

AND BRIAN G. WEINSHENKER, M.D.

ORE than 100 years has passed since
Charcot, Carswell, Cruveilhier, and others
described the clinical and pathological |

characteristics of multiple sclerosis! This enigmatic,
relapsing, and often eventually progressive disorder
of the white matter of the central nervous system
continues to challenge investigators trying to under-
stand the pathogenesis of the disease and preventits
progression.? There are 250,000 to 350,000 patients
with multiple sclerosis in the United Stares.? Multiple
sclerosis typically begins in early adulthood and has
a variable prognosis. Fifty percent of patients will need
help walking within 15 years after the onsct ofdis-
case.* Advanced magnetic resonance imaging (MRI)
and spectroscopy may allow clinicians to follow the |
pathological progression of the disease and monitor
the response to treatment. Recent progress has oc-
curred in understanding the cause, the genetic com-
ponents, and the pathologic process of multiple scle-
rosis. The short-term clinical and MRI manifestations

of disease activity have been reduced by newtherapies,
although the degree of presumed long-term benefit
from these treatments will require further study.

CLINICAL COURSE AND DIAGNOSIS

A patient’s presenting symptoms and the temporal
evolution ofthe clinical findings may suggest the cor-
rect diagnosis. In relapsing—remitting multiple scle-
rosis —~ the type present in 80 percent of patients —
symptoms andsigns typically evolve over a period of
several days, stabilize, and then often improve, spon-
taneously or in response to corticosteroids, within
wecks. Relapsing~remitting multiple sclerosis typi-
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cally begins in the second or third decade of life and
has a female predominance of approximately 2:1. The
tendency for corticosteroids to speed recovery from
relapses often diminishes with time. Persistent signs of
central nervous system dysfunction may develop after
a relapse, and the disease may progress betweenrelaps-
es (secondary progressive multiple sclerosis}. Twenty
percent ofaffected paticnts have primary progressive
multiple sclerosis, which is characterized by a gradu-
ally progressive clinical course anda similar incidence
among men and women.

Relapsing~remitting multiple sclerosis typically
starts with sensory disturbances, unilateral optic neu-
ritis, diplopia (internuclear ophthalmoplegia), Lher-
mitte’s sign (trunk and limb paresthesias evoked by
neck flexion), limb weakness, clumsiness, gait ataxia,
and neurogenic bladder and bowel symptoms. Many
patients describe fatigue that is worse in the afternoon
andis accompanied by physiologic increases in body
temperature. The onset of symptoms post partum and
symptomatic worsening with increases in body tem-
perature (Uhthoftf’s symptom) and pseudoexacerba-
dons with fever suggest the diagnasis. Some patients
have recurring, brief, stereotypical phenomena (par-
oxysmal pain or paresthesias, trigeminal neuralgia, ep-
isodic clumsiness or dysarthria, and tonic limb postur-
ing) that are highly suggestive of multiple sclerosis.

Prominent cortical signs (aphasia, apraxia, recurrent
seizures, visual-field loss, and early dementia) andex-
trapyramidal phenomena (chorea andrigidity) only
rarcly dominate the clinical picture. Eventually, cog-
nitive impairment, depression, emotional lability, dys-
arthria, dysphagia, vertigo, progressive quadriparesis
and sensoryloss, ataxic tremors, pain, sexual dysfunc-
tion, spasticity, and other manifestations of central
nervous system dysfunction may become troublesome.
Patients who have primary progressive multiple scle-
rosis often present with a slowly evolving upper-
motor-neuron syndrome of the iegs (“chronic pro-
gressive myclopathy”). Typically, this variant worsens
gradually, and quadriparesis, cognitive decline, visual
loss, brain-stem syndromes, and cerebellar, bowel,
bladder, and sexual dysfunction may develop.

The diagnosis is based on established clinical and,
when necessary, laboratory criteria.’ Advances in cer-
ebrospinal fluid analysis and MRI, in particular, have
simplified the diagnostic process (Fig. 1).° The relaps-
ing forms are considered clinically definite when neu-
rologic dysfunction becomes “disseminated in space
and time.” Primary progressive multiple sclerosis may
be suggested clinically by a progressive course that
lasts longer than six months, but laboratory studies
to obtain supportive evidence and efforts to exclude
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Figure 1. MRI Scans of the Brain of a 25-Year-Old Woman with Relapsing—Remitting Multiple Sclerosis.
An axial FLAIR (fluid-attenuated inversion recovery) image shows multiple ovoid and confluent hyperintense lesions in the periven-
tricular white matter (Panel A), Nine months fater, the number and size of the lesions have substantially increased (Panel B). After
the administration of gadolinium, many of the lesions demonstrate ring or peripheral enhancement, indicating the breakdownof
the blood-brain barrier (Panel C}, In Panel D, a parasagittal T,weighted MRI scan shows multiple regions in which the signal is
diminished (referred to as “black holes”) in the periventricular white matter and corpus callosum. These regions correspondto the
chronic lesions of multiple sclerosis.
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other, potentially treatable illnesses are advised; for
example, structural or metabolic myelopathy can be
identified by appropriate laboratory studies, including
spinal MRI (lable 1). On MRL, findings of multifo-
cal lesions of various ages, especially those involving
the periventricular white matter, brain stem, cerebel-
lum, and spinal cord white matter, support the clin-
ical impression. The presence of gadolininm-enhanc-
ing lesions on MRIindicates current sites of presumed
inflammatory demyelination (active lesions).

When there is diagnostic uncertainty, repeated
MRI after several months mayprovide evidence that
the lesions are “disseminated in time.” Cerebrospi-
nal fluid analysis often shows increased intrathecal
synthesis of immunoglobulins of restricted specifici-
ty (oligoclonal bands may be present, or the synthesis
of IgG may be increased), with moderate lympho-
cytic pleocytosis (almost invariably there are fewer
than 50 mononuclear cells). Physiologic evidence of
subclinical dysfunction of the optic nerves and spinal
cord (changesin visuat evoked responses and soma-
tosensory evoked potentials) may provide support
for the conclusion that there is “dissemination in

space.””? Thereforc, spinal MRI and cvoked-potential
testing may provide evidence of a secondlesion that
can confirm the diagnosis. Abnormalities detected
by testing of somatosensory evoked potentials and
spinal MRI mayclarify the diagnosis in patients with
optic neuritis alone orisolated brain-stem abnormal-
ities and in those suspected of having unifocal cere-
bral multiple sclerosis on the basis of MRI. If posi-
tive, abnormalities detected by tests ofvisual evoked
responses may support the diagnosis of multiple scle-
rosis in patients with isolated brain-scem or spinal
cord lesions.

The course of multiple sclerosis in an individual
patient is largely unpredictable. Patients who have a
so-called clinically isolated syndrome (¢.g., optic ncu-
ritis, brain-stem dysfunction, or incomplete transverse
mycelitis) as their first event have a greater risk of both
recurrent events (thereby confirming the diagnosis
of clinically definite multiple sclerosis) and disability
within a decade if changesare seenin clinically asymp-
tomatic regions on MRIofthe brain.’ The presence
ofoligoclonal bands in cerebrospinal fluid slightly in-
creases the risk of recurrent disease.’

Studies of the natural history of the disease have
provided important prognostic information that is
useful for counscling patients and planning clinical
trials4/011 Ten percent of patients do well for more
than 20 years and are thus considered to have benign
multiple sclerosis. Approximately 70 percent will have
secondary progression.‘ Frequentrelapsesin the first
two years, a progressive course from the onset, male
sex, and early, permanent motoror cerebellar find-
ings are independently, but imperfectly, predictive of
a more severe clinical course. Women and patients
with predominantly sensory symptoms and optic neu
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Taste 1. DitFERENTIAL DIAGNOSIS OF MULTIPLE SCLEROSIS. 

Metabolic disorders

Disorders of B,, metabolism*
Leukodystrophies
Autoimmunediseases

Sjdgren’s syndrome, systemic hipus erythematosus, Behget’s disease, sar-
coidosis, chronie inflammatory demyelinating polyradiculoparhy associat-
ed with central nervous system demyelination, antiphospholipid-anti-
body syndrome

Infectionst
HIV-associated myclopathy* and HTLV-1-associated myelopathy,” Lyine

disease, meningovascular syphilis, Eales’ disease
Vascular disorders

Spinal dural arteriovenous fiscula*
Cavernous hemangiomata
Central nervous system vasculitis, inchiding retinocochiear cerebralvasculitis
Cerebral autosomal dominant arteriopathy with subcortical infarcts and

leukoencephalopathy
Genetic syndromes
Hereditary ataxias and hereditary paraplegias*
Leber’s optic atrophy and other mitochondrial cytoparhies
Lesions of the posterior fossa and spinal cord
Arnold- Chiari malformation, nonhereditary ataxias
Spondytotic and other myelopathies*
Psychiatric disorders
Comersion reaction, malingering
Neoplastic discascs
Spinal cord nimors,* central nervous system lymphoma
Paraneoplastic disorders
Variants of multiple sclerosis}
Optic neuritis; isolated brain-stem syndromes; transverse myclitis; acute

disseminated encephalomyelitis, Marburg disease; neuromyelitis optica

“This disorder or group of disorders is of particular relevance in the dif-
ferential diagnosis of progressive myelopathy and primary progressive mul-
tiple sclerosis.

THIV denotes human immunodeficiency virus, and HITLV-1 human
T-cell lymphotropic virus type 1.

fn many patients with rhese variants, clinically definite multiple. sclerosis
develops or the course is indistinguishable from that of multiple sclerosis.

ritis have a more favorable prognosis. Life expectan-
cy may be shortened slightly; in rare cases, patients
with fulminant disease die within months after the on-

set of multiple sclerosis. Suicide remains a risk, even
for young patients with mild symptoms.'?

EPIDEMIOLOGIC FEATURES

The prevalence of multiple sclerosis varies consid-
erably around the world.!3 Kurtzke classified regions
of the world according to prevalence: a low preva-
lence was considered Iess than 5 cascs per 100,000
persons, an intermediate prevalence was 5 to 30 per
100,000 persons, and a high prevalence was more
than 30 per 100,000 persons.“ The prevalence is
highest in northern Europe, southern Australia, and
the middle part of North America. There has been
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a trend toward an increasing prevalence and incidence,
particularly in southern Europe.'5.!6 Even in areas with
uniform methods of ascertainment and high preva-
lence, such as Olmsted County, Minnesota, the in-
cidence has increased from 2 to 6 per 100,000 dur-
ing the past century..7 However, the incidence has
actually declined in some,!*!9 but notall,?° areas of
northern Europe. Stable or declining rates have been
reported most often in regions with high prevalence
andincidence. The extent ro which the observedin-

creases in incidence are explained by an enhanced
awareness of the disease and improved diagnostic
techniques is uncertain. There is a large reservoir of
mild cases, the recognition of which may depend
heavily on the zeal and resources ofthe investigaror.

The reasons for the variation in the prevalence and
incidence of multiple sclerosis worldwide are not un-
derstood, Environmental and genetic explanations
have been offered, and both factors probably have a
role. The occurrence of rapid shifts in the incidence
of multiple sclerosis, if not artifactual, is an argu-
ment for an environmental influence,as is the equiv-
ocal, but suggestive, evidence ofthe clustering ofcases
in terms of both geography and time andof epidem-
ics, especially on the Faroe Islands?! The apparent
change in the frequency of multiple sclerosis among
people?2.4 and their offspring** who migrate to and
from high-prevalence areas is another factor that has
been presented to support the existence of an envi-
ronmental factor. However, each ofthese relations
has potential confounders that preclude the drawing,
ofa definite conclusion regarding the importance of
environmental factors.25 The nature of putative envi-
ronmental factors remains unclear in numerous case-
control studies. Studies that show that the incidence

of multiple sclerosis among the adopted children of
patients with multiple sclerosis is not higher than ex-
pected seem to argue against the possibility that a
transmissible factor is primarily responsible for the
increasedrisk of the disease among relatives and in
stead suggest that genetic factors may be responsible.?¢

GENETIC FACTORS

Evidence that genetic factors have a substantial ef-
fect on susceptibility to multiple sclerosis is unequiv-
ocal. The concordance rate of 31 percent among
monozygotic twins is approximatelysix times the rate
among dizygoric twins (5 percent).?7 The absolute risk
ofthe disease in a first-degree relative of a patient with
multiple sclerosis is less than 5 percent; however, the
risk in such relatives is 20 to 40 times the risk in the

gencral population.?* Since 1973, it has been recog-
nized that the presence of the HLA-DR2 allele sub-
stantially increases the risk of multiple sclerosis.”
‘This effect has been found in all populations, with the
exception ofthat in Sardinia.* The magnitude of the
relative risk depends on the frequency of the HLA-
DR2 allele in the general population. Given the high

 
frequency of this allele in the population, the risk at-
tributable to the HLA-DR2 allele is considerable. Pop-
ulations with a high frequency ofthe allele (e.g., those
in Scotland) have the highest risk of multiple sclerosis.

The mode oftransmission of genetic susceptibility
to multiple sclerosis is complex. Most cases are sporad-
ic, despite the clear excess risk amongthe relatives of
patients. Investigators have used the usual genetic
approaches to identify genes associated with an in-
creased risk of multiple sclerosis.

Studies of candidate genes have targeted individu-
al genes with microsatellite markers with use ofasso-
ciation and linkage strategies. For some genctic re-
gions, such as the HLA region on chromosome 6, it
has beendifficult to identify the specific polymor-
phismthat predisposes persons to the disease, given
the high degree of linkage disequilibriumat that locus.
Candidate-gene studies were followed by four stud-
ies in which the entire genome was scanned .3'-44 Re-
gions of interest have beenidentified, although none
have becn linked to the disease with certainty. Con-
sidering the rather large numberofpatients evaluated
in such studies, one might conclude tentatively that no
single gene, except possibly those for HLA antigens,§
exerts a strong effect.

Further refinement of the linkage map is in prog-
ress.36 Whether this approach will prove powerful
enoughto identify genes with a relatively weak effect
is difficult to predict. To enhance the detection of
genes with a weak effect, investigators have begun to
use strategies involving linkage-disequilibrium map-
ping and transimission-disequilibrium tcsting. In these
approaches, purative causative alleles or marker al-
Icles and haplotypes are assessed to determine wheth-
er they are associated with the disease at a popula-
tion Icvel or whether they are associated with a
higher-than-expected rate of transmission of disease
from heterozygous parents to their children. This ef-
fort will involve a major cxpenditure of resources to
achieve genome-wide coverage. The development of
novel analytic techniques for these types of genetic
data sets makes such an undertaking feasible.37

The severity and course of multiple sclerosis may
also be influenced by genetic factors. Epidemiologic
evidence to support this premise comes from studies
examining the rate of concordance for measures that
describe and quantitate variations in the course of
disease, including the age at onset, the proportion
ofpatients in whomthe disease progresses, and the
extent of disability over time.28 HLA-DR and DQ
polymorphismsare not associated with the course and
severity of multiple sclerosis, despire their substantial
contribution to disease susceptibility.” Recently, vari-
ants of the interleukin-18—receptor andinterleukin-1—
receptor antagonist genes,# immunoglobulin Fe re-
ceptor genes," and apolipoprotein E gene*? have been
associated with the course of the disease, but these
findings await confirmation.
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PATHOLOGICAL FEATURES
AND PATHOGENESIS

Muttiple sclerosis is generally believed to be an im-
mune-mediated disorder that occurs in genetically sus-
ceptible people (Fig. 2).44 However, the sequence of
events that initiates the disease remains largely un-
known. Given the considerable clinical, genetic, MRI,
andpathological heterogeneity of multiple sclerosis,
perhaps more than one pathogenetic mechanism con-
tributes to tissue injury. This possibility has therapeutic
implications, because more than one approachto treat-
ment may be required to treat this disease effectively.

The pathological hallmark of chronic multiple scle
rosis is the demyclinated plaque, which consists ofa
well-demarcated hypocellular area characterized by
the loss of myelin, relative preservation of axons, and
the formation ofastrocytic scars (Fig. 3). Lesions have
a predilection for the optic nerves, periventricular
white matter, brain stein, cerebellum, and spinal cord
white matter, and they often surround oneor several
medium-sized vessels. Although the Icsions are usu-
ally round or oval, they often have finger-like exten-
sions along the path of small or medium-sized blood
vessels (Dawson’s fingers). Inflammatorycells are typ-
ically perivascular in location, but they maydiffusely
infiltrate the parenchyma. The composition of the
inflammatoryinfiltrate varies depending onthe stage
of demyelinating activity. In general, it is composed

 
of lymphocytes and macrophages, the latter predomi-
nate in active lesions.

For meaningful conclusions to be drawn regarding
the carliest immunologic and molecular events con-
tributing to the formation of lesions, only actively de-
myelinating plaques should be considered. Identifying
myclin-degradation products in macrophages is the
mostreliable methodofidentifying active lesions (Fig.
4).44 Whenstringentcriteria are used to define lesion-
al activity, the frequency of active plaques in patients
with chronic multiple sclerosis is extremely low. Al-
though remyelination is minimal in lesions associated
with chronic multiple sclerosis, plaques in acute and
carly multiple sclerosis may have extensive remycli-
nation (referred to as shadowplaques) (Fig. 5), Fur-thermore, the lesions of chronic multiple sclerosis
reportedly contain substantial numbersofoligoden-
drocyte precursorcells.4* Thus, central nervous sys-
tem myelin can be repaired, and mechanisms that

promote endogenous remyelination may represent a
feasible therapeutic strategy.

Early symptoms of multiple sclerosis are widely
believed to result from axonal demyelination, which
leads to the slowing or blockade of conduction. The
regression of symptoms has beenattributed to the
resolution ofinflammatory edema andto partial re-
myelination. However, inflammatory cytokines may
inhibic axonal function, and the recovery of function

Figure 2 (facing page), Possible Mechanisms of Injury and Repair in Multiple Sclerosis,
Genetic and environmental factors {including viral infection, bacterial lipopolysaccharides, superantigens, reactive metabolites, and
metabolic stress) may facilitate the movementof autoreactive T ceils and demyelinating antibodies from the systemic circulation
into the central nervous system through disruption of the blood-brain barrier. in the central! nervous system, local factors {including
viral infection and metabolic stress) may up-regulate the expression of endothelial adhesion molecules, such as intercellular adhe-
sion molecule 1 (ICAM-1}, vascular-cell adhesion molecule 1 (VCAM-1), and E-selectin, further facilitating the entry of T cells into
the central nervous system. Proteases, including matrix metailoproteinases, may further enhance the migration of autoreactive im-
mune cells by degrading extraceliular-matrix macromolecules. Proinflammatory cytokines released by activated T ceils, such as
interferon-y and tumor necrosis factor 6 (TNF-8), may up-regulate the expression of cell-surface molecules on neighboring lymmpho-
cytes and antigen-presenting cells. Binding of putative multiple sclerosis {MS) antigens, such as myelin basic protein, myelin-asso-
ciated glycoprotein, myelin oligodendrocyte glycoprotein (MOG), proteolipid protein, «B-crystallin, phosphodiesterases, and S-100
protein, by the trimolecular complex — the T-cell receptor {TCR) and class I} major-histocompatibility-complex (MHC) molecules on
antigen-presenting cells —~ may trigger either an enhanced immune response against the bound antigen or anergy, depending on
the type of signaling that results from interactions with surface costimulatory molecules {e.g., CD28 and CTLA-4) and their ligands
{e.g., B7-1 and B?-2}, Down-regulation of the immune response (anergy} may result in the release of antiinflammatory cytokines
(interieukin-1, interleukin-4, and interleukin-10) from CD4+Tcells, leading to the proliferation of antiinflammatory CD4+ type 2 help-
er T {Th2} cells. Th2 cells may send antiinflammatory signals to the activated antigen-presenting cells and stimulate pathologic or
repair-enhancing antibody-producingBcelts. Alternatively, if antigen processing results in an enhanced immune response,proin-
flammatory cytokines (e.g., interleukin-12 and interferon-y) may trigger a cascade of events, resulting in the proliferation of proin-
flammatory CD4+ type 1 helper T (Th1) cells and ultimately in immune-mediated injury to myelin and oligodendrocytes. Multiple
mechanismsof immune-mediated injury of myetin have been postulated: cytokine-mediated injury of oligodendrocytes and myelin;
digestion of surface myelin antigens by macrophages,including binding of antibodies against myaiin and oligodendrocytes {i.e.,
antibody-dependentcytotoxicity); complement-mediated injury; and direct injury of oligodendrocytes by CD4+ and CD8+Tcells.
This injury to the myelin membrane results in denuded axons that are no longer able to transmit action potentials efficiently within
the central nervous system (loss of saltatory conduction). This slowing or blocking of the action potential results in the production
of neurologic symptoms. The exposed axon segments may be susceptible to further injury from soluble mediators of injury (in-
cluding cytokines, chemokines, complement, and proteases}, resulting in irreversible axonal injury {such as axonal transection and
terminal axon ovoids}). There are several possible mechanismsof repair of the myelin membrane, including resolution of the in-
flammatory response followed by spontaneous remyelination, spread of sodium channels from the nodes of Ranvier to cover de-
nuded axon segments and restore conduction, antibody mediated remyelination, and remyelination resulting from the proliferation,
migration, and differentiation of resident oligodendrocyte precursor cells. Adapted from a drawing by the Mayo Foundation.
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Figure 3. Photomicrographs of a Chronic Multiple Sclerosis
Plaque.
In Panel A, a well-demarcated hypoceliular region of myelin
loss is evident in the periventricular white matter (luxol fast
blue and periodic acid—Schiff myelin stain, X15). In Pane! B,
neurofilament staining for axons in the same iesion demon-
strates a reduction in axonal density (X15).

mayresult from che redistribution of sodium chan-
nels across segments of demyelinated axons.4¢47 Irre-
versible axonal injury, gliotic scarring, and exhaustion
of the oligodendrocyte progenitor pool may result
from repeated cpisodcs of disease activity andlead to
progressive loss of neurologic function. Axonal inju-
ry may occur not only in the late phases of multiple
sclerosis but also after early episodes ofinflammatory
demyelinarion.##-50 The pathogenesis ofthis early ax-
onal injury is still unclear.

Experimental im vitro and in vivo models of in-
flammatory demyelination suggest that diverse disease
processes, including autoimmunity and viral infection,
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Figure 4. Photomicrographs of an Actively Demyelinating Mul-
tiple Sclerosis Lesion {immunocytochemical Staining of Myelin
Oligodendrocyte Glycoprotein [Brown] with Hemataxylin Coun-
terstaining of Nuclei [Biue]).
In Panel A, at the active edge of a multiple sclerosis lesion (in-
dicated by the asterisk}, the products of myelin degradation are
present in numerous macrophages (arrowheads) (100). in Pan-
ef B (x 100}, macrophages containing myelin debris {arrowheads}
are interdigitated with degenerating myelin sheaths,
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Figure 5. Remyelination in a Lesion Associated with Chronic
Multiple Sclerosis.
The area stained pale blue (indicated by the asterisk} repre-
sants a region of partial remyelination (a shadow plaque) along
the periventricular edge of a lesion in a patient with chronic
multiple sclerosis (luxol fast blue and periodic acid-Schitf my-
alin stain, 15). NAVWM denotes normal-appearing white matter.

mayinduce multiple sclerosis—like inflammatory de-
myelinated plaques. Activated CD4+T cells specific
for one or more self antigens are believed to adhere
to the luminal surface of endothelial cells in central

nervous system venules and migrate into the central
nervous system at the time of disruption of the
blood—brain barrier. This process is followed by an
amplification of the immuneresponseafter the recog-
nition oftarget antigens on antigen: presenting cells.
The existence of T cells that are reactive to several

purative self myclin and non-myelin “multiple sclerosis
antigens,” including myelin basic protein, myelin-asso-
ciated glycoprotein, myelin oligodendrocyte glycopro-
tein, proteolipid protein, aB-crystallin, phosphodi-
esterases, and §-100 protein, has been proposed.§'58
Additional amplification facrors including autoanti-
bodies or cytokines mayalso be necessary to produce
the demyclinated plaque?*4 (Fig. 2).

Antibodies against antigens located on the surface
ofthe myelin sheath or oligodendrocyte can cause de-
myelination directly, possibly through the activation
of complement, leading to complement- mediated cy-
tolysis.*5 These antibodies may gain access to the cen-
tral nervous system through the disruption of the
blood —brain barrier as a consequence of a T-cell—-
initiated inflammatory response. The existence of an-
tibody-mediated demyelination is supported in part
by the observation that demyelination was augmented
by the administration of antibody specific for myelin
oligodendrocyte glycoprotein to rats with experimen-
tally induced allergic encephalomyelitis’® (the glyco-

 
protein is present on the outer lamellae of the myelin
sheath). Antibodics against both myclin oligodendro-
cyte glycoprotein and myelin basic protein can be
found in the brains of patients with multiple sclero-
sis.5? Deposits of immunoglobulin and activated com-
plement may be present in multiple sclerosis Iesions
in which myclin is being degraded.** Taken together,
these observations suggest chat an antibody-mediated
process may have an importantrole in the pathogen-
esis of multiple sclerosis.

Other factors may also help degrade myelin and
damageoligodendrocytes. Activated macrophages and
microglial cells may mediate such activity by produc-
ing proinflammatory cytokines (such as tumor necro-
sis factor a and interferon-y), generating reactive ox-
ygen or nitrogen species, producing excitatory amino
acids, activating complement components,or relcas-
ing proteolytic and lipolytic enzymes. Other factors
potentially toxic to oligodendroglial cells include sol-
uble T-cell products (such as perforin), the interaction
ofFas antigen with Fas ligand, cytotoxicity mediated
by the interaction of CD8+ Tcells with class I ma-
jor-histocompatibility-complex (MHC) antigens on
antigen-presenting cells, and persistent viral infec-
tion.54 Ffumanherpesvirus type 6 can cause a con-
dition that mimics multiple sclerosis’? and appears in
oligodendrocytes within multiple sclerosis tissue in
some patients, but not in control tissue.A direct
causal link, however, remains to be confirmed. In
one study, Chlamydia pneumoniae was isolated from
64 percent of paticnts with multiple sclerosis, as
compared with 1]. percent of contro] patients with
other neurologic diseases, and it was detected in cer-
ebrospinal fluid by a polymerase-chain-reaction assay
in 97 percent of patients with multiple sclerosis, as
compared with 18 percent of control patients.*
These results have yet to be confirmedin other lab-
oratories.6?

Various pathogenic mechanisms may be involved
in multiple sclerosis. There is an important degree of
variability among patients in the structural and im-
munologic features of the lesions of multiple sclero-
sis.63 The extent of survival of oligodendrocytes varies
from patient to patient but is uniform within a given
patient, suggesting that the focus of injury (myelin,
mature oligodendrocyte, or progenicor cell} varics
among, patients.4? Although most lesions are cliarac-
terized by an inflammatory reaction, composed main-
ly of T lymphocytes and macrophages, diverse pat-
terns of myelin destruction have been described.“

In somelesions, the presence of immunoglobulins
and activated terminal complement components sug-
gests that demyelinating antibodies have a pathogenic
role. In others, a primary oligodendrocyte dystrophy
manifested by the selective loss of myclin-associated
glycoprotein and apoptosis of oligodendrocytes has
been seen. Finally, in other cases, a small rimofne-
crotic oligodendrocytes has been foundin the nor-
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mal-appearing white matter adjacent to the active
plaque edge. The patterns of demyelination were het-
erogeneous among patients, but homogencous with-
in active plaques fromthe same patient. Multiple scle-
rosis may therefore be a scrics of syndromes with
different causes and pathogenic mechanisms (c.g.,
cellular-mediated immune injury, complement- and
antibody-mediated injury, or primary oligodendro-
glial dystrophy). If confirmed, this possibility could
lead to the identification of markers of the underlying
pathologic processes that could be used to individ-
ualize treatment.

MRI and spectroscopy may be helpful in charac-
terizing, the underlying pathologic processes in mul-
tiple sclerosis. There is consensus that T3-weighted
MRI reflects a broad spectrum of pathological chang-
es, including inflammation, edema, demyelination, gli-
osis, and axonal loss. Changes in the numberand vol-
ume of lesions on T,-weighted MRI (referred to as
the T,-weighted lesion load) are sensitive but nonspe-
cific indicators of disease activity and the response to
treatment. Newlesions and areas of gadolinium en-
hancement on T,-weighted MRI suggest recent in-
flammatory demyelination with disruption of the
blood—brain barrier (Fig. 1). Monitoring by means
ofserial MRI studies with gadolinium enhancement
helps to identify agents that may be active against this
early inflammatory stage of multiple sclerosis (¢.g.,
corticosteroids, interferons, glatiramer acetate, and
certain immunosuppressive agents) 65-6?

There is MRI andpathological evidence that the
normal-appearing white matter is not normal in pa-
tients with multiple sclerosis.707! Serial MRI studies
of normal-appearing white matter may be useful to
determine where abnormalities are likely to develop.7?
Findings of “black holes” on T,-weighted images,
changes in magnetization-transfer ratios (a measure
of free and bound water, which is an indication of
the degree of structural disruption) (Fig. 1), and se-
rial decreases in the volume ofthe brain and spinal
cord (indicating atrophy) on imaging studics most
likely correlate with both the loss of axons and the
occurrence of extensive demyelination; these may ul-
timately be useful markers ofthe late, secondary de-
generative phase of the illness.These measures, along
with MRI spectroscopic markers of the number and
function of neurons (¢.g., the levels of N-acetyl as-
partate), may eventually prove to be valid, objective
surrogate measures of axonal abnormalities.

TREATMENT

Principles of Therapy

Patients with multiple sclerosis face enormous
prognostic uncertainty, and they must become well
informed about their illness. This ts perhaps best ac-
complished with a multidisciplinary approach involv-
ing a neurologist, an allied health worker (e.g., nurse
or a social worker) with expertise in multiple sclero-
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sis, and information from national and local multiple
sclerosis organizations. Treating physicians must con-
tinually assess the need for psychological support for
patients and their families, since depression is com-
mon and the rate ofsuicide is relatively high in this
population ofpaticnts.!?

Physicians and patients need to distinguish clinical
relapses from the transient worsening of symptoms
that may accompanyan increase in body temperature
orfatigue. Patients should be reassured that findings
ofrecent disease activity do not invariably indicate an
unfavorable long-term prognosis and that pregnancy
does not worsen the long-term outcome.”? Patients
should limit their exposure to viral illnesses because
infections may triggerrelapses.”4 Vaccinations may be
safely administered to patients who maybeat risk for
influenza.75 Because of reports that the hepatitis B
virus vaccine may trigger multiple sclerosis, this vac-
cine should be administered only to persons at sub-
stantial risk of exposure to the virus —~ until rhe rel-
ative risks associated with vaccination are clarified by
definitive, prospective studies that include MRI.

Relapses

Corticosteroids are often used to treat clinically
significant relapses in an attempt to hasten recovery;
for example, intravenous methylprednisolone may be
given for five days, followed by an optional brief
course of prednisone. There is no consensus about
the optimal form, dose, route, or duration of cor-
uicosteroid therapy (Table 2). Other experimental
strategics7® have not proved to be better than corti-
costeroids. A post hoc analysis of the Optic Neuritis
Treatment Trial suggested that prednisone might in-
crease therisk of recurrent episodes ofdisease activity”?
and that early intervention with intravenous mcthyl-
prednisolone and prednisone delayed the recurrence
of neurologic events for two years.8¢ These findings
changedclinical practice: oral prednisone is now rare-
ly used to treat acute optic neuritis.

Arecent, double-blind, crossover trial demonstrat
ed that a regimen of seven alternate-day plasma cx-
changes was followed by substantial clinical improve-
ment in approximately 40 percent of patients who
had catastrophic episodes ofinflammatory demyelina-
tion that were unresponsive to corticosteroids.*! These
results require confirmation.

The optimal treatment of patients after a first clin-
ical episode of possible multiple sclerosis remains un-
certain, As discussedearlier, the risk of recurrence and
the extent of disability can to some extent be predict-
ed by the findings on MRI ofthe brain at the time
of the first clinical episode.8 Two recently completed
phase 3 tcrials82.83 suggest that treatmenr with inter-
feron beta-la may delay the developmentofa second,
diagnosis-defining, bout (clinically definite multiple
sclerosis}. In this issue of the Journal, Jacobs et al.}#
report that carly treatment with interferon beta-la
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TABLE 2. CURRENT

Type of MULTIPLE
SCLEROSIS OR

RELAPSE AGENT Dose

Relapsing~ Interferon beta: bb 8 million TU subcuta-
remitring (Retaseron} neously every other

day

Interferon beta-la
(Avonex)

30 jeg intraniuscularly
once weckly

High-dose mterfer-
on beta- la (Rebif}*

22 or 44 pg subcutane-
ously every other
day

Glatiramer acetate 20 yg subeutancously
(Copaxone) daily

tmmune globulin 0.16~0.2 p/kp of
bodyweight intra-
venously monthly
for 2 yr

Secondary Interferon bera- ib 8 million 1U subcuta-
progressive (Betaferon) neously every other

day

Mitoxantrone 5 or 12 mg/m? of
hydrochloride body-surface area

intravenously every
3 mo for 2 yr

Primary None
progressive

Acute relapses Corticosteroids Various doses (see text)

Plasma exchange Seven exchanges of
one plasma volume
on alternate days

*This formulation is only available in Canada and Europe.
TThis benefit has been observed in one of two stucies.7677

TREATMENTS FOR MULTIPLE SCLEROSIS.

KNOWN OR PossIBLE BENEATS
or TREATMENT

Reduces rate of clinical relapse
Reduces the development of newlesions on MRI
Delays the increase in the volumeof lesions on MRI

Reduces rate of clinical relapse
Maydelay progressionof disability
Reduces the development of new

lesions on MRI
Delays the increase in the volumeof lesions on MRI
Possible dose-related benefit in pa-

tients with more severe disabilities

Reduces rate of clinical relapse
Moderately reduces the develop-

ment of newlesions on MRI

Reduces rate of clinical relapse
Maydelay progression of disability

Reduces rare of clinical relapse
May reduce progression of dis-

ability regardless of relapse
status (recent or current)t

Delays the increase in the volurneof lesions on MRI
Reduces race of clinical relapse
Delays progression of disability
Reduces activity evident on MRI

Hastens clinical recovery
Transiently restores blood—brainbarrier on MRI

Enhances recovery of relapse-relat-
ed neurologic deficits in panents
with no response to high-dosecorticosteroids

UNKNOWN Erfects On ASPECTS OF TREATMENT

Ability to delay progression of disabiliry
Duration and clinical significance of benefir
Mechanism of action
Mosteffective dose and route of

administration
Frequency and clinical significance of the forma-

tion of neutralizing antibodies
Whether the effect on disability is clinically mean-

ingful and sustained
Duration and clinical significance of benefit
Mechanisms ofaction
Most effective dose and route of administration
Frequency and clinical significance of the forma-

tion of neutralizing antibodies

Effect on the progression of disability
Duration and clinical significance of benefit
Mechanism of action
Mosteffective dose and route of administration
Whether progression of disability is actually ce-

layed, as measured by a second evaluation in3 mo
Effeer on the number and volume of lesions, as

assessed by MRI
Duration and clinical significance of bene fit
Mechanismof action
Mosteffective dose and route of administration

Whether progression ofdisability is actually de-
layed, and ifso, for howfong and to whateffectMechanism of action

Mosteffective dose and route of administration
Frequency and clinical significance of the forma-

tion of neutralizing antibodies
Duration of benefit
Mosteffective dase
Dose-dependent risk of cardiac toxicity

Duration andclinical significance of benefit
Effect on progression of disability
Mechanism of action
Most effective agent, dose, and route of adminis-tration
Whyresponsiveness to carticosteraids declinesover dme
Effect on recurrent disease
Duration of effect
Mechanism of action

delayed the development of clinical and MRI evi-
dence of recurrent disease in patients with a first de-
myclinating central nervous system event. This is an
expected finding, given the published evidence that
interferon beta reduces clinical relapses and changes
on MRI scans. This report may influence patients’
and physicians’ decisions regarding the timing ofin-
terferon therapy, alchough the inconvenience, treat-

ment-related side effecrs, cost, and lack of evidence
of an important long-term benefit of interferon beta
will deter others from starting treatmentearly in the
disease course, The relations among inflammatory-
mediated demyelination, axonal injury, and clinical
disability remain to be clarified. There is a pressing
need to determine whether the currently approved,
partially effective immunomodulatory therapies re-
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duce the degree or delay the developmentofdisabil-
ity in patients with clinically isolated demyelinating
syndromes and definite multiple sclerosis.

Relapsing Multiple Sclerosis

The first of several convincing trials demonstrated
that interferon bera-l1b (Betaseron, Berlex Laborato-
ries) reduced the frequency of relapse by approxi-
mately 30 percent.%46.84 There was also a trend to-
ward a delay in the progression ofdisability, but this
finding did not reachstatistical significance. Interfer-
on beta-la (Avonex, Biogen) and glatiramer acetate
(Copaxone, Teva Pharmaceutical Industries )§5.86 were
subsequently found to reduce the frequency ofrelapse.
Interferon beta-la may delay the progression ofdis-
ability in patients with minor disability who have a
relapsing form of multiple sclerosis.67.87.88

Each of these agents has a number of immune-
mediating activities; the specific mechanisms ofaction
of these agents in multiple sclerosis are incompletely
understood. The interferons reduce the proliferation
of Tcells and the production of tumornecrosis fac-
tor a, decrease antigen presentation, alter cytokine
production to favor ones governed by type 2 helper
T (Th2) ceils, increase the secretion of interleukin-10,
and reduce the passage of immune cells across the
blood—brain barrier by means oftheir effects on ad-
hesion molecules, chemokines, and proteases. Glatir-
ameracetate, formerly known as copolymer-l, is a mix-
ture of synthetic polypeptides containing the L-amino
acids glutamic acid, alanine, lysine, and tyrosine.
Glatiramer acetate may promote theproliferation of
Th2 cytokines; compete with myclin basic protein
for presentation on MHC class IT molecules, rhereby
inhibiting antigen-specific T-cell activation (Fig. 2);
alter the function of macrophages; and induce anti-
gen-specific suppressor T cclis.

All these drugs reduce the development of new,
gadolinium-enhancing lesions on MRI withvariable
effectiveness. All three agents are approved by the
Food and Drug Administration (FDA) andare used
widely. A higher-dose formulation of interferon beta-
la (Rebif, Ares Serono International) has yer to be
approved for use in the United States but is licensed
for use in Canada and Europe.These agents must
be administered parenterally, are expensive (each costs
approximatcly $10,000 per year in the UnitedStates),
andhave variable adverse effects. Their long-termef-
fectiveness has not been established, and studies are
now addressing the cost effectiveness ofthese agents.8?
Interferon beta-la and interferon beta-lb may in
duce the formation ofneutralizing antibodies, espe-
cially during the first 18 months of treatment. The
relevance of neutralizing antibodies, particularly with
regard to the level that is clinically significant, is un-
certain. There is concern that high titers of neutral-
izing antibodies may decrease or abrogate the biolog-
ic activity of interferon beta, It may be advisable to
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test patients for neutralizing antibodies if they have
no response to interferon beta, although practice
guidelines with respect to the interpretation ofthese
tests are not yet available.

Opinions vary on whento initiate treatment with
interferon beta and glatiramer acetate, The practice
direcrive of the National Multiple Sclerosis Saciety
states that these agents should be considered in pa-
tients with relapsing—remitting multiple sclerosis who
have had recent rclapscs.°° Neurologists who initiate
treatment when the diagnosis of relapsing—remitting
multiple sclerosis is established, or shortly thereafter,
believe that these drugs are maximally effective against
the early inflammatory phase ofthe disease. They rea-
son that treatment may limit irreversible axonal inju-
ry and delaylate deterioration; this hypothesis is based
in part on evidence from biopsy studies showing that
axonal injury can occur in acute or severe multiple
sclerosis.48 Other neurologists delay treatment until
there is a history of recurrent relapses over a more pro-
longed period, for a numberofreasons. Patients may
have a benignearly course.?!

Data on the long-termefficacy and safety of these
agents are not available. Although axonal injury may
occur early, the frequency of early axonal injury is
unknown. The formation of neutralizing antibodies
may render interferon beta inactive, leaving the pa
tient without this treatment optionlaterin the clin-
ical course. There is no evidence that these agents re-
duce such injury. The enthusiasmfor these treatments,
whether started immediately after the diagnosis is
made or sometimelater, must be tempered by the dis-
appointing reality that most patients continue ro have
relapses during treatment and ulrimately become in-
creasingly disabled.

Patients frequently have firm: opinions about the
timing andchoice of trearment. Given that there are
no long-term studies (e.g., ones lasting longer than
five years) confirming that any of the agents delay the
progression of disability and that there have been no
phase 3 comparative studies clarifying which agent is
most effective, the treating physician must consider
the patient’s individual risk of clinically significant
early disability and the patient’s desire to start or
delay treatment. Many North American neurologists
initiate treatmentafter repeated relapses, particularly
if the patient’s clinical recovery is incomplete. The
choice of the specific agent remains highly depend-
ent on the specialist’s opinionofits relative potency
and the patient’s anticipated tolerance oftreatment-
related side effects. Glatiramer acetate is generally well
tolerated and may be most effective for mildly disabled
patients with a recent diagnosis of multiple sclerosis
who wish to start treatment early in the course of the
illness.

Some multiple sclerosis specialists believe that the
published evidence favors interferon beta, alrhough
the side effects are generally more troublesome than

Downloaded from www.nejm.org at SERONO PHARMACEUTICAL RSRCH on January 19, 2004.
Copyright © 2000 Massachusetls Medical Society. All rights reserved.

Petitioner TWi Pharms., Inc.

EX1003, Page 137 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 138 of 822

MEDICAL PROGRESS

those of glatiramer acetate. The evidence of a dose—
responsefor interferon beta®68.92.93 may influence the
treating physician in the United States to choose in-
terferon beta-1b, which delivers a higher cumulative
weekly dose ofinterferon, rather than interferon beta-
la. (A high-dose formulation of interferon beta-la
[Rebif] is available in Canada and Europe.) Higher
doses, however, may be accompanied by more fre-
guent side effects and an increased risk of the forma-
tion of neutralizing antibodies. If these factors are con-
sidered paramount, the treating physician may choose
a lower dose of weekly interferon beta-la.

One placebo-controlled trial reported that intra-
venous unmune globulin reduced the frequency of
relapse.°* These results have yet to be confirmed, and
immune globulin is not widely used for this indica-
tion in North America.

Sacondary Progressive Multiple Sclerosis

The indications for the treatment of secondary
progressive multiple sclerosis are unclear. Manytrials
have reported a marginal benefit with various immu-
nosuppressive therapies. A recent phase 3 European
trial reported chat interferon beta-Lb reduced clini-
cal and MRI evidence ofdisease activiry.%7Treat-
ment delayed the progression ofdisability regardless
of whether relapses occurred before or after random-
ization, although the magnitude of the cffect was
moderate. It is not known whether this benefit in pa-
tients who were not having ongoing relapses results
from an ability of interferon to interfere with the de-
generative changes that presumably contribute to the
clinical worsening that occurs in most patients alter
the first decade ofthe illness. Alternatively, this ap-
parent benefit may reflect an ability of interferon to
reduce inflammatoryactivity, whether manifested clin-
ically or not (c.g., subclinical relapses).

Interferon beta-]b has been approvedfor use in sec-
ondary progressive multiple sclerosis in Europe and
Canada. The results of two recently completed phase
3 trials?295.96 indicate that interferon beta-1b andinter-

feron beta-la may reduce the frequencyofrelapses and
the evidence of disease activity on MRI onlyin pa-
tients who have continual clinical relapses. However,
neither of these studies found that treatment slowed

the progression ofdisability. Consequently, the status
ofinterferon beta with respect to the rreatment of
secondary progressive multiple sclerosis, with or with-
out recent relapses, remains controversial. In a phase 3
European trial, mitoxantrone hydrochloride, an an-
thracenedione derivative and a cytotoxic agent with
associated antiinflammatoryactivities, reduced both
clinical and MRIevidence of discase activity in pa-
tients with secondary progressive multiple sclerosis.%7
Primary Progressive Multiple Sclerosis
and the Management of Symptoms

There are no proven therapies for primary pro-
gressive multiple sclerosis, although phase 3 trials of

 
interferons and glatiramer acetate are under way. None
of the treatments reverse the neurologic disabilities.

Treatment of Complications

‘There are moderately effective treatments for several
of the complications of multiple sclerosis. Fatigue may
respond to amantadine and to energy-conservation
strategies. Depression and siecp disorders may con-
tribute to fatigue and must be recognized and treated
appropriately, Paroxysmal events typically respond well
to carbamazepine and phenytoin (alone or in com-
bination), acetazolamide, gabapentin, and pergolide.

Spasticity, pain, problems with gait, decubitus ul-
cers, speech and swallowing disorders, and cognitive
and mood disorders are best treated by a multidisci-
plinary approach that may involve specialists in phys-
ical medicine and rehabilitation. Stretching, a pro-
gram of aerobic exercise, and centrally acting muscle
relaxants may help patients with mild, symptomatic
spasticity. Patients with clinically significant weakness
ofthe legs may require a moderate degree of extensor
tone in order to walk and therefore may not be able
to tolerate antispasticity medications. The implanta-
tion of a pump for the intrathecal administration of
baclofen may assist in the management of intracta-
ble, painful spasticity in patients who cannot walk
and who have lost bowel and bladder function. Neu-

rogenic bladder and bowel disturbances are amena-
ble to treatmentafter appropriate investigations have
clarified the underlying physiologic mechanisms. Sex-
ual dysfunction and chronic, central pain are com-
mon and may respond to appropriate symptom-based
treatment strategies. Disabling, high-amplitude, ccr-
ebellar-outflow tremors rarely respond well to med-
ication but may decrease after continued contralat-
eral thalamic stimulation or ablative thalamotomy.
CHALLENGES IN CONDUCTING CLINICAL

TRIALS AND FUTURE DIRECTIONS

Multiple sclerosis remains a challenging disease to
study because the cause is unknown, the pathophys-
iologic mechanisms are diverse, and the chronic, un-
predictable course of the discase makes it difficult to
determine whetherthe favorable effects of short-term

treatment will be sustained. Most published trials are
small (usually including fewer than 150 patients per
study group) and brief(less than three years offol-
low-up"). Clinical measures (the degree ofdisability,
the relapse rate, and the timeto clinical progression)
remain the primary outcomes assessedin phase 3 tri-
als. These measuresare relatively insensitive to change
and only weakly predictive of the long-term clinical
outcome. No laboratory studies, including MRI, meet
the requirements of the FDA for a surrogate marker
of prognosis.

‘The important limitations ofclinical trials involv-
ing patients with chronic illnesses, such as imperfect
blinding, a high rate of withdrawal, and an incom-
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pletely matched or inappropriate control group, are
particularly prominent in studies of multiple sclero-
sis. In the past several] years,-trials have used increas-
ingly sophisticated methods to identify promising
agents as well as those that are toxic orineffective 291
Careful atrention must be paid to the demographic
characteristics of the control group before enroll-
ment and to their clinical behavior after enrollment

to avoid false positive results. For example,if the re-
sults in the control group are worse than those expect-
cd onthe basis of the predicted natural history of the
disease, the putative benefit of treatment in the other
group may be exaggerated.

There is interest in designing trials to assess ways
of delaying irreversible axonal injury and promoting
remyelination. One strategy would be to evaluate
whether combinations ofdrugs with different mech-
anisms of action are more effective than single-agent
therapy. Other immunomodutating approaches in-
clude anticytokine and “immune-deviation”strategies,
which are designed to favor the proliferation of an-
tiinflammatory Th2 cells and Th2 cytokines (Fig, 2).
Inhibitors of matrix metalloproteinases and other pro-
teases, inhibitors of cathepsin B, inhibitors and scav-
engers of oxygen radicals, and efforts to reverse or
reduce the activation of the trimolecular complex (in-
cluding peptide immunotherapy and T-cell vaccina-
won) may be worth additional study. Investigators who
favor an infectious cause of multiple sclerosis, such
as human herpesvirus type 6or C. prenmoniae,®
mayinitiate trials of antiviral and antibacterial agents.
Other approaches focusing on reparative and remyeli-
native strategies include cfforts to block antibody-
mediated demyelination. It may be possible to enhance
remyclination by transplanting oligodendroglial pre-
cursorcells into discrete, clinically important lesions
(e.g., those affecting the optic nerves, the middle cer-
ebellar peduncle, or the spinal cord)!02!03 while ad-
ministering growth factors and neuroprotective agents
Gene-therapy strategies may also ultimately be wor-
thy ofstudy.

The widespread use of the partially effective im-
munomodulatory agents has left few patients who
have not received such agents and who would there-
fore make good candidates for enrollment in trials.
it may no longer be ethical to evaluate newtreat-
ments for relapsing—remitting m ultiple sclerosis in a
placcbo-controlled study except in unusual circum-
stances, such as those involving patients who have
declined standard therapies or who have had no re-
sponse to them and those involving brief trials in pa-
tients with recently diagnosed multiple sclerosis. The
costs of definitive trials have also escalated markedly.
Phrase 3 studies should include at least three years of
follow-up to identify biologically meaningful effects
of treatment.?8,104

During the past decade, there has been moderate
progress in reducing the inflammatory component
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of multiple sclerosis. Unfortunately, most patients
continue to have relapses and progression of their
symptoms. This finding has forced a reexamination of
the hypothesis that the elimination ofacute relapses
and, by inference, inflammation would be curative. An
alternative hypothesis is that clinical progression is
independent of inflammation but depends on factors
intrinsic to the pathologic substrate influencing de-
myelination and, in particular, injury to axons. Ifthis
hypothesis is confirmed, newer approaches directed
toward interfering with demyelination and axonal
injury will be necessary to prevent progression and
restore function. Many degenerative neurologic dis-
eases share mechanisms of injury (e.g., apoptosis,
oxidative stress, loss of trophic support, and proteoly-
sis). As the margins between the necurodegencrative
diseases begin to blur, unifying concepts of nervous
system injury will emerge, providing opportunities
for the design of rational treatments.
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Several schemes for the diagnosis and clinical clas-
sification of multiple sclerosis (MS) have been ad-
vanced {lL}. The best known is that published by
Schumacher et al [3}. Thecriteria for this scheme were
established in order to select patients for participation
in therapeutic trials, and pertain only to what might be
called definite MS. No provision was made for incor-
porating supporuvelaboratory data into the diagnostic
criteria.

As ao réliable specific laboratory test for che diag-
nosis of MS has been discovered, the diagnosis remains
a clinical one, and there is still a need for clinical diag:
nostic criteria. Flowever, several laboratory and clinical
procedures have been developed within the last decade
which aid greatly in demonstrating neurological dys-
function atcributable to lesions, and even the lesions
themselves.

One problemi with the various published diagnostic
classifications is their discrepant terminology: whatis
considered “probable” in one is called “definite” in
another. Another problem is chat all the proposed
schemes require much subjective judgment,a difficulty
which cannot be completely overcome burt can be di-
minished by adding to the clinical evaluauon the results
of laboratory, neuroimaging, neuropsychological, and
neutophysiological procedures. Today there is a need
for more exact criteria than existed earlier in order co

conduct therapeutic trials in multicenter programs, to
compare epidemiological surveys, to evaluate new
diagnostic procedures, anc to estimate the activity of
the disease process in MS,

Method and Procedure

On April 26 and 27, 1982, the following personsparticipaced
ina Workshop on the Diagnosis of Multiple Sclerosis, held in
Washington, DC, for the purpose of establishing new diag-
nostic criteria for MS: Bruce Becker (National Naval Medical

Center), Jerry Blaivas (Columbia), Keith Chiappa (Harvard),
Floyd Davis (Rush), Burton Drayer (Duke), George Ebers
(Western Ontario), Andrew Eisen (British Columbia),
Robert Herndon (Rochester, NY), Kenneth Johnson (Mary-
land), Tan McDonald (National Hospiral, London), Dale
McFarlin (NINCDS), Donald Paty, Co-chairman (British
Columbia), Janis Peyser (Wermont), Charles Poser, Chairman
(Boston), David Regan (Dalhousie), Daniel Sax (Boston),
Labe Scheinberg, Co-chairman (Albert Einscein), Simon
Sears (Texas-Houston), William Sibley (Arizona), Donald
Silberberg (Pennsylvania), Roberc Slater (National MS Soci-
ety), Emanucl Stadlan (NINCDS), Wallace Tourtellocte
(Wadsword: VWA/UCLA), and Byron Waksman (National MS
Sociery). Dr Robert Daroff (Case—Western Reserve) made
many useful suggestions. The disciplines represented in-
eluded neurology, neuropsychology, urology, immunology,
neuroradiology, neuroophthalmology, clinical neurophysio}-
ogy, aod neuropathology.

The participants reviewed in detail historical and clinical
symptomatology.in MS; immunological observations; cere-
brospinal fluid (CSF) tests; neurophysiological procedures in-
cluding visual, brainstem auditory, trigeminal, and somato-
sensory evoked potential measurements; the evoked blink
reflex; a variety of physiological and psychophysiological
procedures; neuropsychological assessment; tissue imaging
procedures such as computer assisted tomography (CTscan-
ning) and nuclear magnetic resonance (NMR); and urological
studies of bladder, bowel, and sexual dysfunction. This re-
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view resulted in formulation of guidelines for the perfor-
mance of these procedures and for evaluation of the results
that will be published with recommendations regarding their
usefulness in the diagnosis of MS [2]. The diagnostic criteria
presented here represent the views of the majority of the
workshop participants.

Definitions

1, Attack (bout, episode, exacerbation}: The occurrence of
a symptom or symproms of neurological dysfunction,
with or without objective confirmation, lasting more
than 24 hours constitutes an attack. This may be com-
plecely subjective and anamnestic, e.g., the patient re-
ports having had double vision for three days but.did
not consult a physician; or numbness and tingling of a
leg caused a visit to a physician who was unable to
demonstrate objective changes; or the patient was hos-
pitalized because of severe araxia and was found to
have signs of cerebellar dysfunction, bilateral Babinski
signs, and left facial weakness. Individual symptoms,
however, may last for considerably less time than that:
e.g., a Lhermitte sign (which is really a symptom) or
vertigo may last for only seconds; these manifestations
cannot be considered attacks in this context.

2. Historical information: The description of symp-
toms by the patient. The example just cited (under the
definition of attack) of che episode of diplopia would be
historical, and so would the leg numbness, although
medical corroboration would strengthen the latter. Ide-
ally, medical records which confirm anamnestic infor-
mation should be obtained.

3. Clinical evidence of a lesion: Signs of neurological
dysfunction demonstrable by neurological examina-
tion. Such neurological signs are acceptable evénif no
longer present, provided chat they were elicited and
recorded in the past by a competent examiner.

4, Paraclinical® evidence ofa lesion: The demonstration
by means of various tests and procedures of the exis-
tence of a lesion of the central nervous system (CNS)
which has not producedsigns of neurological dysfunc-
ton but which may or may not have caused symptoms in
the past. Such tests and procedures include the hot
bath test, evoked response stuctiés, tissue imaging pro-
cedures, and reliable, expert urological assessment,
provided that these tests and procedures follow the

guidelines and are interpreted according to the newly
established criteria to be published [2]. These diag:
nostic procedures represent various options, al] of
which may not be available and some of which may nor
be deemed suitable or reliable enough by individual
neurologists.

“Webster's Third New International Dictionary, unabridged, 1971,
gives the following definitions for para-: la. beside, alongside of, 1d.
associated in a subsidiary or accessory capacity. Paraclinical would
appear more suitable than sadclinreal,
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5. Typical of MS: MS is known to involve certain
parts of the CNS much more frequently than others,
and thus certain signs and symptoms are more fre-
quently noted. Gray matter lesions occur rarely enough
in MS that they should not be considered in establish-
ing the diagnosis. Lesions of the peripheral nervous
system, except when accounted for by their in-
tramedullary course (e.g., oculomoror, trigeminal, or
facial nerves), may not be counted, Complaints such as
headaches, convulsive seizures, depression, or alter-
ations of the state of consciousness are too nonspecific
to be considered in the diagnostic construct.

6. Remission: A definite improvementof signs, symp-
toms, or both thar has been present for at least 24
hours is called a remission for the purpose of these

’ guidelines. A remission must last at least one monthto
be considered significant.

7. Separate lesions: Separate signs or symptomscannot
be explainable on the basis of a single lesion; simulta-
neously occurring internuclear ophthalmoplegia, facial
weakness, and signs of involvement of the corticospinal
tracts could have been caused bya single lesion (e.g.,
brainstem infarction) and thus would not be acceptable, :
Optic neyritis involving both eyes occurring simulta-
neously, or the second eye becoming involved within
15 days of the first (provided that compression of the
chiasm by tumor or aneurysm has been ruled out),is
considered to represent a single lesion. Only lesions
that involve distinctly difference parts of the CNSare
called separate lesions.

8. Laboratory support: The termis applied here only
co the examination of CSF for oligoclonal bands and
increased production of immunoglobulin G (IgG). All
other laboratory procedures, such as evoked responses
or tissue imaging’ techniques, are considered to be ex-
tensions of the clinical examination.

General Considerations

The acceptable age of onset for research purposes 15
berween 10 and 59 years inclusive. The manifestations
of the disease offered in evidence must be shown to be
characteristic of MS and not attriburable co another

condition. Such a decision must be made by a physician
who is experienced in clinical neurology. It is strongly
recommended that the diagnosis of MS be established
only by a competent neurologist. Although extended
and expensive investigations are not encouraged, other
illnesses capable of producing signs and symptoms of
multiple lesions of che CNS must be considered. More
important, clinical observation over several weeks or
months may obviate the need for much laboracoryin-
vestigation. A steadily progressive disease from onset,
without reliable evidence of exacerbations or remis-

sions, with manifestations reflecting a single lesion, and
without paraclinical evidence of a lesion elsewhere in
the CNS is nor to be classified as MS for-research
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 New Diagnostic Criteria for Multiple Sctleross

 

 

Clinical Paraclinical CSF

Category Attacks Evidence Evidence OB/gG

A. Clinically definite
CDMS Al | 2 2
CDMS A2 2 1 and i

B. Laboratory-supported
definite

LSDMSBL 2 1 or l +
LSDMSB2 } 2 +
LSDMS B3 ] 1 and I +

C. Clinically probable
CPMS Cl 2 1
CPMS C2 1 2

D. Laboratory-supported
probable

LSPMS D1 2 +

OB/|gG = oligoclonal bands or increased IgG.

purposes, even in the presence of oligoclonal bands or
increased IgG production in che CSF. Most neurolog-
ical clinicians will regard such patients as probable cases
of MS; nevertheless, they should not be enrolled in
research protocols.

Classification of Multiple Sclerosis
The proposed classification of MS for use in research
protocols consists of two major groups, definire and
probable, each with rwo subgroups, clinical and labora-
tory supported (Table). The traditional possible MS
group is not included because patients so labeled would
not be acceptable for research studies. _

A. Clintcally definite MS (CDMS)
1. Two attacks and clinical evidence of two sepa-

rate lesions

2. Two attacks; clinical evidence of one lesion and

paraclinical evidence of another, separate lesion

COMMENT. The two attacks must involve different

parts of the CNS, must be separated by a period ofat
least one month, and musr each last a minimumof 24
hours.

Certain historical information may be substituted for
clinical evidence of one of the ewolesions (in category
A?) if it fulfills che following conditions: the informa-
wonis reliable, is adequate co localize a lesion typical of
MS, and has no other explanation. Examples include a
Lhermitte sign in any person under the age of 50 years
who does not have radiologically demonstrable evi-
dence of cervical spine disease; a useless hand due to
severe impairment of position sense causing severe
stcreoanesthesia, a typical optic neuritis occurring be-

Special Arcricle: Poser et al: DisgnosietiOnerTWi PHarms., |
EX1003, Page 144 of 82

fore the age of 50 with loss of vision and with pain on
motion ofthe eye or, if no substantialloss of vision has
occurred, with description of visual field defect or alter-
ation of color vision; transient paraparesis with pares-
thesias; oscillopsia; typical diplopia (in the absence of
thyroid disease or a prior history of orbital crauma) that
is abolished by closing either eye; and trigeminal
neuralgia with onset before the age of 40. Extreme
caution musc be exercised in making such a substitu-
tion. If possible, confirmation by a relative or friend
should be obtained if the attack was not observed and

recorded by a physician.
Many individuals have become quite familiar wich

the symptoms of MS fromarticles published in lay
magazines and other easily available sources of infor-
mation. MS Munchausens are known to exist, and es-
tablishment of the diagnosis of MS may be of advan-
tage ta some individuals in some circumstances.

Paraclinical evidence of CNS lesions may be elicited
by a variety of means, including induced hyperthermia,
evoked potential studies, CT and NMRscans, or spe-
cial urological studies. Neuropsychological evaluation
by an expert examiner chat indicates definite cognitive
impairment in a patient under the age of 50 may be
suggestive and helpful bur not yet specific enough to be
fully diagnostic. No other explanation for chese lesions
must be evident. Use of the procedures and evaluation
of resules must follow che guidelines, which will be
published shortly [2].

B. Laboratory-supported definite MS (LSDMS)
The laboratory support consists of demonstration in
CSF of IgG oligoclonal bands (OB) orof increased
CNS synthesis of IgG. Oligoctonal bands must not
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be present in the patient’s serum, and the serum
IgG level must be normal. This assumes that other
conditions causing CSF changes, such as syphilis,
subacute sclerosing panencephalitis, sarcoidosis,
collagen vascular disease, and similar disorders,
have been culed out.

1. Two attacks; either clinical or paraclinical evi-
dence of one lesion; and CSF OB/IgG

COMMENT. The two attacks must involve different

parts of the CNS and be separated by a minimum of
one month,each having lasted at least 24 hours. One of
the episodes must involve a part of the CNS distinct
from that demonstrated by the clinical or paraclinical
evidence.

2. One attack; clinical evidence of two separate le-
sions; and CSF OB/IgG

3, One attack; clinical evidence of one lesion and
paraclinical evidence of another, separate lesion;
and CSF OB/IgG

COMMENT. Historical information cannot be sub-
sticuted for the clinical evidence. Whether the evidence

is clinical or paraclinical, both lesions must not have
been present at the time of the frst examination and
must be separated by at least one month. This separa-
tion in time is designed to recuce the possibilicy of
including a case of acute disseminated encephalomyeli-
tis. In a patienc with the so-called progressive form of
MS, i.e., withouc remissions and exacerbations, evi-
dence ofclinical or paraclinical optic nerve involve-
ment, for example, should not have been present at the
time the paraparesis first appeared. Under those cir-
cumstances, -and only if steady progression has taken
place for at least six months, may such a case be ac-
cepted as MS.

C. Clinically probable MS (CPMS)
L. Two attacks and clinical evidence of one lesion

COMMENT. The two atracks must involve separate
parts of the CNS. Historical information cannot be
considered as a subsucute for the clinical evidence.

2. One attack andclinical evidence of two separate
lesions

3. One attack; clinical evidence of one lesion and
paraclinical evidence of another, separate lesion

COMMENT. See under B3,

D. Laboratory-supported probable MS (LSPMS)
1. Two attacks and CSF OB/IgG
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COMMENT. The two attacks must involve different

parts of the CNS, must be separated by a minimum of
one month, ancl must each havelasted at least 24 hours,

Discussion

The main reason for establishing these criteria is to
restrict therapeutic trials and other research protocols
to patients with definite MS; the category of probableis
designed for the purpose of prospectively evaluating
new diagnostic methods. The introduction of the cate-
gories of laboratory-supported definite and probable
MS extends the limits of the diagnostic criteria, thus
making available a larger reservoir of patients for inves-
tigative purposes. Naturally, investigators retain the
prerogative of availing themselves of this additional
group of patients or restricting their choice on the basis
of the classic clinical criteria.

The guidelines may appear unduly complicated to
the neurological pracutioner. They are not meant to
deter the clinician in the efforc to establish a diagnosis
of MS. They will not replace the intuitive feelings de-
rived from subtle indices that so often lead an experi-
enced physician co the solution of the problem; rather,
they should help guide the diagnostic investigation in
the right direction. To a physician, che distinction be-
cween definite and probable MS may matterverylictle.
To a patient, the end ofuncertainty is important. If the
guidelines resulc in diminution of the patient’s (and the
family’s) search for alternative or confirmatory opin-
ions, they will be worthwhile.

A major concern in establishing diagnostic criteria
for MS is differentiation of the discase from acute dis-

seminated encephalomyelitis (ADEM)with its mulciple
separate lesions. With rare exceptions, ADEM is a
monophasic illness, all its lesions occurring within a
couple of weeks in most instances. Patients with
ADEM may also have CSF oligoclonal bands or in-
creased CNS production of IgG. The problem of
steadily progressive myelopathy is equally difficulr co
resolve, and a prolonged period of observation may be
necessary. The need to make the diagnostic criteria
fairly rigid for the intended purposes means that some
types ofpatiencs will noc fit any of the proposed catego-
ries despite the fact that many neurologists would con-
sider them to have definite MS; for example, a young
woman who during the course of an employment phys-
ical examination is found to have monocular optic at-
rophy, sustained nystagmus onleft lateral gaze, and a
right Babinski sign bur who denies ever having bad
symptoms referable to the CNS will almose certainly
be so diagnosed, as will a young man who, following an
automobile accidenc, is found to have several separate,
contrast-enhancing periventricular lesions on CT scan.
The former patient in fact may well have had a single .
episode of ADEMthat manifesteditself only as a cou-
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ple of days of headache, malaise, and slight nausea, a
constellation of symptoms hardly suggestive of MS. It
can be argued that such asymptomatic patients should
not be included as subjects for therapeutic trials.

The Schumachercriteria have served us well, bur
‘presently available reliable and productive ancillary
procedures must be incorporated into more up-to-date
guidelines. These diagnostic criteria were developed to
delineate groups of patients whose diagnosis will be
accepted by a wide range of investigacors worldwide for
inclusion in various studies and protocols.

 

The Workshop on the Diagnosis of Multple Sclerasis was sponsored
by the Deparemenrc of Neurology of Boston University School of
Medicine. The generous suppore of the Technolugy and Research
Foundation of the Paralyzed Weterans of America is gratefully ac-
knowledged. Additional support was provided by the National Mul-

 
tiple Sclerosis Society and by the Kroc Poundation, for which grati-
cude is also expressed.

The financial support provided by these organizations neither
signifies nor implies endorsement of these diagnostic criteria.

Theorganizationalskills of Suzanne Morin contributed to the success
of che deliberations which Jed to this report. 
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Cladribine and progressive MS
Clinical and MRI outcomes of a multicenter controlled trial

George P.A. Rice, MD, for the Cladribine Clinical Study Group*; and Massimo Filippi, MD,
and Gianearlo Comi, MD, for the Cladribine MRI Study Group*

 

Article abstract—Objective: To evaluate the safety and efficacy of two doses of cladribine in patients with progressive
MS. Background: Treatment of progressive MS patients with cladribine in a previous single-center, placebo-controlled
clinical trial was associated with disease stabilization. Methods: In the current study, 159 patients with a median baseline

Kartzke’s'Expanded Disability Status Scale (EDSS)score of 6.0 were randomly assigned to receive placebo or cladribine
COOTSIHEMKB/Aay“for 5 consecutive days every 4 weeks for either two or six cycles (total dose, 0.7 mg/kg or 2.1 mg/kg,

ChespEctivelRESloWed by placebo, for a total of eight cycles. Thirty percent had primary progressive MS (PPMS) and 70%
had secondary progressive MS (SPMS). EDSS and Scripps Neurologic Rating Scale (SNRS) scores were assessed bi-
monthly and MRI was performed every 6 months. The primary outcome measure was disability (mean change in EDSS).
Results: Mean changes in disability did not difter among the groups at the end of the 12-month double-blind phase. Both

. cladribine treatments were superior to placebo for the proportion of patients having gadolinium-enhanced T1 lesions andoe for the mean volume and number of such lesions (p s 0.003). Differences were statistically significant at the 6-month
evaluationtime, with =90%reduction in volume and numberof enhanced T1 lesions, which was maintained through final
evaluation. This effect segregated largely with the SPMS group. The T2 burden of disease showed a modest improvement
in cladribine-treated patients and worsenedin placebo-treated patients. Most adverse events were mild or moderate in
severity and not treatment limiting. Conclusion: Notsigfiificantstreatmentazeffectaywene..foundefor:cladribine intérma*of*
chanigestinrFEDSS:onSNRS)scores. Both doses of cladribine produced and sustained significant reductions in the presence,
number, and volune of gadolinium-enhanced T1 brain lesions on MRI, and cladribine 2.1 mg/kg reduced the accumulation
of T2 lesion load. Cladribine at doses up to 2.1 mg/kg was generally safe and well tolerated. Key words: Cladribine—
MRI-—Progressive MS—Suppressionof disease activity.
NEUROLOGY 2000;54:1 145-1155
 

With the exception of trauma, MS—a demyelinating
disease of the CNS with an estimated prevalenceof
250,000 to 350,000 in the United States and 1.1 mil-
lion worldwide—is the most common cause of neuro-

logic disability in young adults.' About two thirds of
patients develop a relapsing-remitting pattern
(RRMS), and the majority of these will experience a
progressive deterioration, or secondary progressive

@us (SPMS),; about 15% of patients appear to have a
progressive course from onset, or primary progres-
sive MS (PPMS).? The mandate for prevention ofdis-
ease progression is compelling. The natural history of
progressive MS has heenlittle altered, at least in the
short term, by currently available agents. 3-Interferons
have been reported to be effective in the treatment of
RRMS;**" and recently, interferon B-1b has been re-
ported to delay the time to confirmed progression in
patients with SPMSby 9 to 12 months."

MRIhas allowed direct visualization of the num-

ber, location, and volumeof acute and chronic lesions
associated with undertying disease pathology, and

some correlations between MRIandclinical parame-
ters have been demonstrated."® In patients with
RRMS and SPMS, there is a correlation between the
frequency and extent of lesion enhancement and
short-term disease activity.'!*' In clinical trials, the
presence of contrast-enhanced T1 lesions at baseline
has been shown to predict both clinical and MRI
activity in the following 6 months,’ and, in patients
with clinically isolated syndromes suggestive of MS,
T2 lesion load at presentation is strongly correlated
with disability after 5 years.2°?! A recent meta-
analysis of data from nine studies in 307 patients
with RRMS and SPMS, however, found that although
enhancement predicts the occurrence of relapses it is
not a strong predictor of subsequent accumulation of
disability over a 2-year period of observation.?# Phase
ITI clinical trials evaluating new therapies for MS now
abnost always include MRI evaluations along with tra-
ditional clinical assessments.!5**

Cladribine (2-chlorodeoxyadenosine; 2-CdA) is a
purine nucleoside analogueresistant to the action of

*Sec Appendix | on page £154 for a listing of members of the Cladribine Study Group and the Cladribine MRI Stady Group,
From the University Hospital (Dr. Rice), University of Western Ontario, London, Canada; and the Neuroimaging Research Unit (Dr. Filippi) and Clinical
Trials Unit (Dr. Commi), Department of Neuroscience, Scientific Institute Ospedale San Raffaele, University of Milan, Italy.
Supported by the R.W, Johnson Pharmaceutical Corporation, Raritan, NJ.
Presented in part at the 49th annual meeting of the Ainerican Academy of Neurology; Boston, M.A; April 1997; and at the 5ist annual meeting of the
American Academy of Nesrology; Toronto, Onlario, Canacla; April 1999.
Received June 10, 1999. Accepted in final form November1, 1999.
Address correspondence and reprint requests to Dr. Rice, LHSC-UC, 339 Windermere Road, London, Ontario NGA 5A5, Canada: e-mail: grice@julian.uwo.ca

Copyright © 2000 by the American Academy of Neurology 1145
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adenosine deaminase, which results in preferential
lymphocytotoxicity. In cells with a high ratio of deoxy-
cytidine kinase to deoxynucleotidase (e.g., lymphocytes
and monocytes), cladribine is phosphorylated into the
active triphosphate deoxynucleotide, 2-CdATP,
which accumulates, causing a disruption of cellular
metabolism, DNA damage, and subsequent cell
death.” Its long-lasting lymphocytotoxic activity sug-
gests that cladribine could be useful in modulating
autoimmune processes involving lymphocyte abnor-
malities such as MS, Sipe and colleagues have re-
ported the outcome of a placebo-controlled clinical
trial of cladribine in patients with progressive
MS.2526 Treatment with a total dose of 2.8 mg/kg
cladribine was associated with significant stabiliza-
tion of the disease in patients with SPMS. Compared
with a progression rate of 50% of the patients treated
with placebo, 95%of cladribine-treated patients were
stable at 1 year. These clinical observations were
supported by favorable effects in the MRI brain
scans, i.e., nearly complete elimination of enhanced
T1 lesions and stabilization of T2 lesion volume at

final evaluation. Encouraged by this single-center
study, a multicenter, double-blind, placebo-controlled
trial was conducted to evaluate the safety and effi-
cacy of two doses of cladribine in patients with pro-
gressive MS.

Methods. Study population.&totalof150patientswith progressive MS were enrolled at six clinical centers in
the United States and Canada. Inclusion criteria for entry
into the trial were clinically definite or laboratory-
supported MS according to the Schuinacher criteria?’ or
Poser criteria** and defined as chronic progressive by the
slow progression of signs and symptoins over the preceding
12 months; a baseline Expanded Disability Status Scale
(EDSS)* score between 3.0 and 6.5; age 21 to 60 years;
serum creatinine levels <1.5 mg/dL and creatinine clear-
ance = 80% of age-adjusted normal value; aspartate and
alanine transaminase (AST and ALT) and alkaline phos-
phataselevels less than twice the normal upper limit; nen-
trophil count >1600/.L and platelet count >130,000/.L;
andclinically normal ECG and chest x-ray. Patients were
excluded from the trial if there was significant history of
medical disease within the preceding 2 years that would
impair participation in the trial; use of corticosteroids or
other inimunosuppressants such as cyclophosphamide,
azathioprine, cyclosporine, or §-interferon within the pre-
ceding 3 months; total lymphoid irradiation; persistent
leukopenia or thrombocytopenia after treatment with iin-
munosuppressive agents; history of alcohol or drug abuse
within the preceding year or of attempted suicide; malig-
nancy or history of malignancy within the preceding 5
years; pregnancy or nursing; positive test result for HIV;
use of an experimental drug or device within the preceding
60 days; or prior participation in a trial with cladribine.
The pratoceal was approved by the respective institutional
review boards, and patients signed informed consent
forms.

Study design. This multicenter trial was a random-
ized, double-blind, parallel-group, placebo-controlled study
designed to compare the safety and efficacy of two doses of
1146 NEUROLOGY 54 March (1 of 2) 2000

cladribine and placebo administered by subcutaneous (SC)
injection in patients with progressive MS, to evaluate the
dose-response relationship, and to obtain information con-
cerning the duration of any effects. The study included a
4-week screening phase, a l-year double-blind phase, and
a 6-year long-term extension. Patients were assigned to
one of three parallel treatment groups (cladribine, 2.1 mg/
kg; cladribine, 0.7 mg/kg; or placebo) according to a
computer-generated randomization schedule stratified by
baseline disease severity and site. Sample size computa-
tion was based on an assumed SD of 1.7 for change from
the baseline EDSS score. The planned sample size of 50
patients per treatinent group would have a statistical
power of 80% based on a two-sided alpha of 0.05 to detect a
difference of 1.0 in change from the baseline EDSS score
between the cladribine, 2.1 mg/kg, and placebo groups.

The trial was initiated in December 1994. During the
l-year double-blind phase, patients were evaluated
monthly for vital signs, adverse events, and a complete
blood count (CBC) that was obtained just before the
monthly visit. Neurologic status was evaluated bimonthly
by assessinent of EDSS and Scripps Neurologic Rating
Scale (SNRS) scores by the blinded clinical investigators,
who underwent standardized training. Brain MRI scans
were obtained at baseline and months 6 and 12, as were
total lymphocyte count and lymphocyte subset counts
(CD3*, CD4*, CD8~, CD19", CD16* plus CD56', and
CD4"*/CD8"* ratio). Physical examinations were performed
at baseline and months4, 8, and 12; a chemistry panel and
urinalysis were performed periodically, and an ECG was
obtained at the end of the treatment phase. During the
first year of the post-double-blind follow-up phase, EDSS
scores, CBC, and lyinphocyte counts were assessed quar-
terly; MRI scans were obtained at months 18 and 24.

In additionto the treating physician, an examining phy-
sician was designated at each site to assess the patient’s
neurologic function using EDSS and SNRS scoring. All
study investigators and patients were blinded to treatinent
assignment; adverse events and unblinded hematology re-
sults were routinely reviewed by an independent safety
monitoring board. After all patients at a study site com-
pleted the 12-month double-blind phase, the blind was bro-
ken, and patients who fulfilled the hematologic dosing
criteria were permitted to receive open-label cladribine
treatment during the long-term extension phase of the
study, provided at least 12 months had elapsed since the
last dose of cladribine and there was evidence of disease

progression. Patients treated with open-label cladribine
wore evaluated monthly for 12 months following initiation
of the drug, and then quarterly.

Study medications and dosage. Patients who met the
protocol-specified entry criteria were randomized in ap-
proximately equal numbers to receive eight monthly
courses of therapy. Patients received six coursesof cladri-
bine 0.07 mg/kg/day SC for 5 consecutive days (total dose,
2.1 mg/kg), followed by two courses of placebo or two
courses of cladribine 0.07 mg/kg/day SC for 5 consecutive
days (total dose, 0.7 mg/kg), followed by six courses of
placebo or eight courses of placebo SC for 5 consecutive
days. To receive a subsequent course of blinded study
drug, patients were required to meet the hematologic crite-
ria, which were based on the results of a CBC obtained 2 to
4 days before each dosing period and arelisted in Appen-
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dix 2. For a patient who did not meet these criteria, pla-
cebo was substituted for the active drug for that dosing
period. If the hematologic criteria for dosing were met at
the next evaluation, the patient received active drug the
following month, up to the eighth month. All CBC data
were reviewed by an independentthird party. The treat-
ing physician remained blinded but was provided with
any abnormal CBC results required for proper inedical
managenient.

Concomitant therapy. Methylprednisolone, 1 g/day for
up to 5 days, was allowed only for treatment of severe
exacerbations. In addition, patients were allowed to con-
tinue receiving symptomatic therapies to treat trouble-
some symptoms of MS (e.g., baclofen for spasticity or
oxybutynin chloride for bladder dysfunction).

MRI evaluation. Dual-echo conventional spin-echo im-
ages were obtained using repetition times of 2500 msec
and echo times of 30 (proton-density weighting) and 90 (T2
weighting) nsec. T1-weighted images were obtained using
repetition times of 600 msec and echo times of 20 msec.
For both sequences, slices were axial with a matrix size of
256 x 256 mmand a field of view of 200 x 200 mm.

Sections were 4 min thick with a 1-mminterslice gap for
the dual-echo scans and 3 inmthick and contiguousfor the
Tl-weighted scans. The total imaging time was approxi-
inately 20 to 25 minutes. Special attention was given to
careful repositioning of the patient, using laser guidance
and external landmarks to help achieve reproducible slice
positions. All scan data were blinded to treatment, date,
and sequenceof scan.

gbesionidentification, Postcontrast Tl -weighted images.
A single experienced observer identified enhanced lesionsfol-
lowing rules and criteria established in recently published
guidelines2° Arcas of enhancement were marked on trans-
parent sheets superimposedover the scan hard copies, and
then the total number of enhanced lesions per scan was
counted. Corresponding dual-echo images were used to in-
crease the confidencein lesion detection.

___T2-weighted images. A single experienced observer
identified hyperintense MSlesions and marked the corre-
sponding areas on transparent sheets superiinposed over
the proton-density scan hard copies. Corresponding T2-
weighted images were used to increase the confidence in
lesion detection.

4,uesion segmentation and measurementoflesion volume.
Trained technicians measured the lesion volumes for the

scans belonging to the same patient to avoid vartabilities
of interobserver measurement. A local thresholding tech-
nique was used for lesion segimentation on colmputer-
displayed images, with the marked hard copies kept as a
reference. This lucal thresholding technique fur segmenta-
tion was provided by the Dispune display software for MR
images, developed by David Plummer (University College,
London, UK). The observer first chooses a point on the
lesion using a mouse-controlled cursor, and the algorithm
starts contouring, following froin the strongest edge point
in the neighborhood of the user-selected point. This stron-
gest edge point (i.e., the starting point) is found by search-
ing over a § X 6 pixel square area with the manually
selected point in its center. Once the algorithm has found
the starting point, the program, searchingin all directions
and choosing the strongest one, finds the next contour
point, which must have at least as strong a gradient as the

starting point. The program then traces a contourfrom the
most recent point, following the same principle described
above; the contour is complete when it traces back to the
starting point. The MS lesions detected are recorded in a
file as regions of interest (ROIs) and superimposed on each
image slice. The program automatically calculates the sin-
gle ROI area. Manualoutlining is required to modify part
of the boundary of poorly defined lesions or (more rarely)
to fully outline lesions not definable by contouring. The
total lesion volumeis then calculated, multiplying the total
ROI area bythe slice thickness. For the whole measure-
ment process, the technicians followed recently published
guidelines.®}

Statistical analyses. Efficacy and safety analyses were
based on the population of patients who received at least
one dose of study medication and had available data. For
efficacy variables, all hypothesis tests were carried out
two-sided, with a significance level of <0.05 considered to
be statistically significant.

The designated primary efficacy parameter was mean
change in EDSS score from baseline to the final evalua-
tion. Secondary clinical outcome measures were mean
change from baseline in SNRS score and time to progres-
sion of MS. Disease progression was defined as an increase
in EDSS score of =1.0 for patients with a baseline disabil-
ity of 3.0 to 5.0 and an increase in EDSS score of =0.5 for
patients with a baseline disability of 5.5 to 6.5, which was
confirmed at the next scheduled visit. EDSS and SNRS

examinations were performed by the blinded examining
physician every second month during the double-blind
phase. Treatment differences for the change from baseline
to the final evaluation for these variables were assessed

using a Wilcoxon’s rank sumtest. Comparisons were made
between the placebo and cladribine 2.1 mg/kg groups and
the placebo and cladribine 0.7 ng/kg groups, respectively.
Time to progression of MS was analyzed using survival
analysis methods. Kaplan-Meier estimates for the proba-
bilities of failure were computed for each group. Log-rank
tests were used to compare the distributions between the
placebo and cladribine 2.1 mg/kg groups and between the
placebo and cladribine 0.7 mg/kg groups.

The evaluation of MRI efficacy is based on the propor-
tion of patients with contrast-enhanced T1-weighted brain
lesions at the final evaluation. Additional MRI efficacy
assessments are based on the number and volume of en-

‘hanced Ti1-weighted lesions and volume of T2-weighted
lesions. Comparisons between treatment groups (placebo
versus cladribine 2.1 mg/kg, placebo versus cladribine 0.7
ing/kg) of the proportion of patients with enhanced T1
lesions at months 6 and 12 and the final evaluation were

nade using Fisher’s exact test. Treatinent differences in
enhanced T1 lesion volume and number, T2 leston volume,
and change and percent change in T2 lesion volume from
baseline to final evaluation were assessed using Wilcoxon’s
rank sumtest.

Safety analyses included summaries of adverse events.
For laboratory analytes, vital signs, and body weights,
means and mean changes from baseline were computed at
each monthly visit.

Results. Demographic and baseline characteristics.
The 159 eligible patients were randomly assigned tu re-
ceive placebo (n = 54), cladribine 0.7 mg/kg (n = 53), or ©
cladribine 2.1 mg/kg (n = 52). The three treatment groups
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Table I Demographic and baseline characteristics

Cladribine Cladribine

Placebo 0.7 mg/kg 2.1 mg/kg
Characteristic (n = 54) (n = 53) (n = 523

Age, mean (y) 44.2 44.6 43.8
% Male/female 37/63 42/58 50/50

Pattern of disease

% PPMS 26 36 29

% SPMS 74 64 71

Duration of disense (y)
Mean 12.3 10.9 10.6

Median 11.7 10.0 8.8

EDSSscore at entry
Mean 5.6 5.6 5.6

Median 6.0 6.0 6.0

Category, % 3.0-5.0/5.5-6.5 31/69 30/70 25/75
SNRSscore at entry

Maan 60.9 60.7 62.3

Median 62,0 62.0 62.0 

PPMS = primaryprogressive MS; SPMS = secondary progres-
sive MS; EDSS = Expanded Disability Status Scale; SNRS =
Scripps Neurological Rating Scale.

were similar with respect to age, gender, duration and
pattern of disease, and baseline disability as defined by
EDSS or SNRSscores (table 1). Overall, the median age
was 44 years; 43% of patients were men and 57% were
woinen. At baseline, 111 (70%) patients had SPMS and 48
(30%) patients had PPMS; 71% of patients had a baseline
EDSSscore of =5.5, indicating a population with substan-
tial disability. Consistent with a population of more ad-
vanced disease and 30% of patients with PPMS, 63% had
no enhanced lesiuns at baseline. Mean enhanced T1 lesion

count was 1.3, and mean enhanced T1 lesion volume was
216.4 nL at baseline. Mean T2 lesion volume at baseline
was 12.0 mL. Patients in the placebo group had a some-
what smaller mean enhanced T1 lesion volume than pa-
tients in the two cladribine groups (p = NS), and T1 lesion
voluines at baseline had higher standard deviations among
the cladribine patients than among the placebo patients.

Compliance. All 159 patients randomized to receive
double-blind therapy received at least one dose of the
study drug, and all are included in the efficacy analysis;
155 (97%) patients completed the double-blind phase.
There were no withdrawals due to adverse events; 4 (3%)
patients withdrew voluntarily from the study (subject
choice) before completion of the double-blind phase (three
from the low-dose cladribine group and one from the
higher-dose group). The majority of patients received all
eight scheduled courses of therapy (7/54 placebo-treated
patients, 11/53 cladribine 0.7 mg/kg-treated patients, and
16/52 of 2.1 mg/kg-treated patients received a placebo sub-
stitution). The most commonreasons for failure of the dos-

ing criteria were fluctuations in hemoglobin levels and
platelet counts, which occurred at a similar frequency in
all groups.

Post-double-blind follow-up data are available for 148 of
the 159 patients enrolled in the double-blind phaseof this
1148 NEUROLOGY 54 March (1 of 2) 2000
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Figure 1. Probability of disease progression over time. SP
= secondary progressive.

ongving study. For the outcomes presented here, the mean
duration of follow-up from the first dose was 29 months.

Clinical outcomes. During the 12-month double-blind
phase, the’medi changes in EDSS and SNRSscores from

, baseline to’ final evaluation were small in all three treat-
ment arms (placebo, 0.7 ing/kg, and 2.1 mg/kg cladribine),
and no differences among treatment groups were observed
for placebo and cladribine. Examination of changes in
EDSSscores according to pattern of disease showed that
for patients with SPMS, EDSS scores increased modestly
(0.8) over time in the placebo group but less in the active
treatment groups (+0.0, p = NS); by coinparison, very
little change in EDSS score was experienced in any treat-
ment arin by patients with PPMS. Similarly, although no
significant differences ainong treatment groups were found
in time to progression assessed by Kaplan-Meier estimate
for all patients, there was a trend toward a more favorable
clinical response to cladribine than to placebo in the SPMS
subgroup (figure 1); 33% of patients in the placebo group
met the criteria for disease progression by the end of the
double-blind phase, compared with 24% to 27% of
cladribine-treated patients with SPMS.

Exacerbations, steroid utilization, and hospitalizations
did not differ among the three groups.

Follow-up EDSS scores obtained after the 12-month
double-blind phase, but before retreatment, are available
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Table 2 Summary of MRI outcomes during double-blind phase of study: ali patients 

 

 

Placebo Cladribine 0.7 mg/kg Cladribine 2.1 mg/kg

MRI parameter n (%) or mean (SD) n (%) or mean (SD) p Value n(%) or mean (SD) p Value

Enhanced T1 lesions

Proportion of patients with lesions (%)*"4
Baseline 53 (38%) 52 (33%) 50 (36%)

Month6 51 (33%) AD (12%) 0.0169 52 (2%) 0.001

Month 12 50 (32%) 48 (10%) 0.0131 48 (6%) 0.0017

Final evaluation 54 (31%) 51 (10%) 0.0080 52 (6%) 0.0009

Meannumberof lesions (SD)""*4

Baseline 1.17 (2.23) 1.64 (4.43) 1.10 (2.07)

Month 6 0.78 (1.49) 0.17 (0.52) 0.008 0.12 (0.85) <0.001

Month 12 0.57 (1.10) 0.13 (0.40) 0.007 0.09 (0.35) 0.001

Final evaluation 0.58 (1.12) 0.12 (0.39) 0,005 0.08 (0.34) 0.001

Mean volumeof lesions in pL (SD)*"4

@ Baseline 142.66 (302.15) 283.82 (803.10) 235.24 (777.94)
Month6 718.67 (168.07) 12.44 (44.35) 0.008 19.40 (137.18) <0.001

Month 12 67.76 (119.65) 10.94 (39.99) 0.005 6.36 (26.63) 0.001

Final evaluation 78.11 (155.74) 10.28 (38.83) 0.003 5.98 (25.85) 0.001

T2 lesions

Mean lesion volume (mL) (SD)?

Baseline 12.90 (12.35) 13.03 (12.37) 9.91 (8.50)

Month 6 13.45 (12.77) 13.15 (12.09) 0.872 9.78 (8.60) 0.155

Month 12 13.13 (13.11) 12.62 (11.52) 0.944 9.79 (8.80) 0.231

Final evaluation 13.31 (13.00) 12.65 (11.96) 0.868 9.71 (8.56) 0.180

Change from baseline to final evaluation®“*
Mean (SD) 0.41(1.72) ~0.39 (1.70) —0.20 (1.13)

Median 0.10 ~0.01 0.055 —0.13 0.040

Percent change from baseline to final
evaluation®**

Mean (SD) 1.81(11.38) — 1.67 (14.98) —3,93 (14.80)

Median 1.53 0.03 0.144 —2.51 0.029 

* Includes patients with both baseline andfinal evaluations.
» Pisher’s exact test (two-sided significance).
© Based on Wilcoxon’s (Mann-Whitney) rank sum test.
* The final evaluation is the last evaluation for each patient up to month 12 during year1.
* Positive change indicates disease progression.

through month 24 for a sizable cohort of patients, although
cohort sizes became smaller as some patients entered re-
treatment during the follow-up phase. Although mean
EDSS scores increased over time in all treatment groups,
scores for the follow-up period were also analyzed by pat-
tern of disease. For patients with SPMS, mean changesin
EDSS scores were somewhat more favorable with cladri-

bine (0.2 and 0.3, respectively, for the 0.7-mg/kg and 2.1-
mg/kg doses) compared with placebo (0.6) by 24 months.
No difference was observed for patients with PPMS.

Magnetic resonance outcomes.
with:enhanced T1 lesions. At baseline, approximately
35%of*patients in each treatment group had enhanced T1
lesions ‘(figure 2, table 2). Whereas the proportion of pa-
tients with enhanced T1 lesions remained nearly un-
changed froin baseline to final evaluation in the placebo

Proportion of patients ‘

group, the proportion of cladribine-treated patients with
enhanced T1 lesions decreasedsignificantly, to 10% in the

i,mg/kg group.(p = 0.0080) and 6% in the 2.1 mg/kg
p¢p = 0.0009). By final evaluation, there was a 70%

reduction in the proportion of patients with enhanced T1
lesions in the cladribine 0.7 mg/kg group and an 83% re-
duction in .this' proportion in the cladribine 2.1 mg/kg
group; conipared with a reduction of 18% in the placebo
group. The difference between the cladribine and placebo
groups in the proportion of patients with enhanced T1
lesions was statistically significant at month 6 (see figure
2, table 2). It remained significant through month 18 for
the 0.7 mg/kg dose and through month 24 for the 2.1 mg/kg
dose (table 3).

Subgroup analysis of the proportion of patients with
enhanced T1 lesions by pattern of disease showed nosig-
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Figure 2. Proportion ofpatients with enhanced TI lesions
during the double-blind phase study. *p < 0.02 versus
placebo. **p < 0.001 versus placebo. ***p < 0.0001 versus
placebo.

nificant difference among treatment groups in patients
with PPMS (data not shown). In patients with SPMS, how-
ever, significantly smaller proportions of patients treated
with either cladribine dose had enhanced TI lesions at

month 6 and the double-blind final evaluation, and those
treated with 2.1 mg/kg maintained significant differences
at follow-up months 18 and 24 (data not shown).

Examination of the relationship between the status of
patients with and without enhanced T1 lesions at baseline
and their status at final evaluation showed that for pa-
tients who presented without enhanced T1 lesions at base-
line, new enhanced T1 lesions developed by final
evaluation in 18% of placebo patients compared with 9%
and 6%, respectively, of the low- and high-dose cladribine
groups (NS). Moreover, for patients with enhanced 7T'l le-
sions present at baseline, the treatmenteffect on enhanced
T1 lesions at final evaluation was significantly greater in
patients receiving 0.7 mg/kg (p < 0.02) and 2.1 mg/kg
(p < 0.002) cladribine than in the placebo patients; these
differences in treatment effect between the placebo group

Table 3 Summary of MRI outcomes during post-double-blind follow-up: all patients 

 

Placebo Cladribine 0.7 mg/kg Cladribine 2,1 mg/kg

MRI parameter n (%) or mean (SD) n(%)ormean (SD) pValue n(%)or mean (SD) p Value

Enhanced T1 lesions

Proportion of patients with lesions (%)*~*
Baseline 14 (86%) 15 (32%) 16 (36%)

Final evaluation 14 (36%) 5 (10%) 0.0079 2 (4%) 0.0002

Month 18 14 (36%) 5 (11%) 0.0089 1 (2%) 0.0001

Month 24 T (24%) 4 (11%) 0.1965 0 (0%) 0.0014

Mean numberoflesions (SD)*"“

Baseline 0.64 (1.04) 1.72 (4.56) 1.09 (2.13)

Final evaluation 0.62 (1.14) 0.13 (0.40) 0.004 0.04 (0.21) <0.001

Month 18 0,62 (1.37) 0.20 (0.67) 0.011 0.07 (0,46) <0.001

Month 24 1.17 (3.97) 0.26 (0.82) 0.182 0.0 (0.00) 0.001

© Mean volumeoflesions (wL)"*"
Baseline 83.10 (160.33) 298.11 (826.49) 241.36 (816.41)

Final evaluation 75.87 (126.94) 10.94 (39.99) 0.003 3.20 (15.10) <0.001

Month 18 111.59 (351.47) 21.16 (90.58) 0.006 4.42 (28.97) <0.001

Month 24 168.83 (708.80) 69.40 (236.50) 0.238 0.00 (0.00) 0.001
T2 lesions

Meanlesion volume (mL) (SD)

Baseline 10.42 (8.80) 13.28 (12.49) 10.34 (8.81)

Final evaluation 10.47 (8.71) 12.87 (12.06) 0.395 10.08 (8.87) 0.825

Month18 10.60 (8.75) 13,22 (12.21) 0.379 9.91 (8.29) 0.769

Month 24 10.75 (9.55) 12.41 (12.95) 0.839 10.36 (8.83) 0.945

Percent change from baseline to Month 24°*
Mean (SD) 3.74 (15.38) 1.02 (23.16) 4,22 (17.55)  

* Includes patients with both baseline and final evaluations.
» Fisher's exact. test (two-sided significance).
© The final evaluation is the last evaluation of the double-blind phase.
4 Based on Wilcoxon’s (Mann-Whitney) rank sum test.
© Positive change indicates disease progression.
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and cladribine groups were statistically significant at
month6.

Molume, and number of enhanced Tl lesions. The
clédribine*groupshad’approximately 90% reductionsin the
mean number of enhanced T1 lesions at month 6 and

maintained 92% reductions through final evaluation, com-
pared with 33% and 50% reductions in the placebo group
at month6 and final evaluation, respectively (see table 2).
The differences in the numbersof these lesionsat the final

evaluation between the placebo and cladribine 0.7 mg/kg
groups (p = 0.005) and the placebo and cladribine 2.1
me/fkg groups (p = 0.001) were statistically significant, as
were the differences at month 6. Compared with a 3%
reduction in the mean number of enhanced TI lesions in

the placebo group at month 18 and a 77% increase at
month 24, the cladribine groups maintained a 91% reduc-
tion at month 18 (py < 0.001) and month 24 (p = 0.005, see
table 3).

The meanvolumeof enhanced T1 lesions also decreased

frombaseline in all three treatment groups during double-
blind therapy, with greater reductions observed in the two
cladribine groups (96% and 97%, respectively, for the low-
and high-dose groups) compared with the placebo group
(45%; see table 2). Differences between placebo and
cladribine treatments in enhanced T1 lesion volume were

Statisticallysighificant at each timepoint after baseline,
with:>90%reduction in both cladribine treatment groups

“at«month 6. Compared with 34% and 70% increases in the
volume of enhanced T1 lesions in the placebo group at
months 18 and 24, respectively, patients receiving cladri-
bine had a 95% reduction in volume at month 18 (p <
0.001) and an 87% reduction at month 24 (p = 0,007, see
table 3).

Subgroup analysis of the volume and number of en-
hanced T1 lesions by pattern of disease and post-double-
blind follow-up data are consistent with the observations
on proportions of patients having such lesions and support
the finding that the effect of cladribine on suppression of
enhanced T1 lesions is greater in patients with SPMS and
is sustained for up to 24gmonths, particularly at the 2.1
mg/kg dose.

Voliine’of T2 lesions. Mean baseline T2 lesion vol-
umes were generally comparable across all treatment
groups. During the double-blind phase, both cladribine
groups had a slight decrease in mean T2 lesion volume
from baseline to final evaluation (—0.39 mL forthe cladrib-

ine 0.7 mg/kg group and —0.20 mL for the cladribine 2.1
mg/kg group; the placebo group showed a mean increase of
0.41 mL) (see table 2). The change from baseline to final
evaluation between the placebo group and the cladribine
2.1 mg/kg group wasstatistically significant (p = 0.040),
indicating that lesion load did not accumulate as rapidly in
the high-dose cladribine gronp.

In the placebo group, there was a median percent in-
crease of 1.53% in T2 lesion volume frombaseline to final

evaluation (see table 2). Cladribine-treated patients, how-
ever, had a small, dose-dependent, median percent de-
crease in T2 lesion volume during the double-blind phase
of the study, suggesting a stabilization of T2 lesion accu-
mulation by the end of 1 year following the start of treat-
ment (figure 3). The difference in median percent change
in T2 lesion volumefor the cladribine 2.1 mg/kg group was
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Figure 3. Change in T2 lesion volume overtime during
the double-blind phase of the study. *p = 0.029 versus
placebo.

significantly different from that for placebo treatment
(p = 0.028).

Ainong patients with available data during the second
year of follow-up, the mean percent change in T2 lesion
volume remained negative at ~4.2% in patients treated
with 2.1 mg/kg cladribine, whereas the placebo group con-
tinued to show an increase of 3.7% and the 0.7 mg/kg
group showeda slight increase of 1.0% (see table 3). Sub-
group analysis showed that the treatmenteffect of cladri-
bine on median percent change in T2 lesion volume was
significant over 24 months of follow-up in patients with
SPMSbut not in those with PPMS(data not shown). More-

over, the decrease in T2 lesion volume, which appeared to
be dose related in the overall study analysis, was indepen-
dent‘of dose-in patients with SPMS.

Safety evaluation. All 159 patients were included in
the safety analyses. Most patients within each treatment
group received the maximumassigned total cladribine
doses. Cladribine was generally well tolerated, and 97% of
patients completed the 12-month double-blind phase of the
study. There were no drop-outs due to adverse events.

Adverse events. A majority of reported adverse events
occurred withcomparable frequency in patients who re-
ceived placebo and patients treated with cladribine. Most
of the aclverse events in all three treatment groups were,
mildzor moderate in severity, not treatment limiting, ard
were-judgeéd bythe investigator to be unlikely to be related
to study drug therapy. Many of the frequently reported
adverse events, such as pain, urinary tract infection, and
injury, were often related to the underlying disease, and
the various application site disorders were related to sub-
cutaneousinjection of the study medication.

The most common treatment-emergent adverse events
(reported for =10% of patients in any treatment group),
whose fréquency wasat least 5% higher among patients in
one or both cladribine groupsrelative to the placebo group,
are listed in table 4. Muscle weakness, hypertonia, pur-
pura, rhinitis, and ataxia occurred more frequently among
cladribine-treated patients than in the placebo graup. In-
jection site pain, injury, dizziness, and tremor were re-
ported more frequently in the placebo group than in
cladribine-treated patients. Upper respiratory tract in-

fection,pharyngitis, back pain, arthralgia, and skin dis-
order were. ‘more coinmon in patients in the cladribirie
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Table 4 Treatment-emergent adverse events seen more frequently
in cladribine-treated patients*

Cladribine

 

Cladribine

Placebo, 0.7 mg/kg, 2.1 mg/kg,
Preferred term n = 54 n = 53 n = 52

Upperrespiratory tract 16 (30) 13 (25) 23 (44)
infection

Muscle weakness 3 (6) 10 (19) 11 (21)

Purpura 5 (9) 8 (15) 13 (25)

Injection site reaction 9 (17) 7 (13) 13 (25)

Hypertonia 6 (11) 9 (17) 10 (19)

Back pain 7 (13) 5 (9) 11 (21)

Urinary tract infection 6 (11) LO (19) 6 (12)

Depression 9 (17) 12 (23) 4 (8)

Arthralgia 4(7) 4 (8) 7 (13)
Rhinitis 2 (4) 5 (9) 5 (10)

Ataxia 2 (4) 4 (8) 5 (10)

Pharyngitis 2 (4) 1(2) 8 (15) 

Values are n (%).
* Adverse events reported by 210%of the patients in any one of

the three treatinent groups and 25% more patients in a
cladribine group than in the placebo group.

2.1 mg/kg group than in those receiving cladribine 0.7
mg/kg or placebo.

Among the less common but clinically important
treatment-emergent adverse events, the incidence of infec-
tions not usually seen in the MS population was similar in
the three treatment groups. One patient in each treatment
group experienced herpeszoster infection of marked sever-
ity; in two of these patients, one receiving placebo and the
other 0.7 mg/kg cladribine, the infection contributed to
discontinuation of the study drug, and all three cases re-
solved with antiviral treatment. Herpes simplex infection
occurred in 3 (6%) placebo-treated patients and in 1 (2%)
patient in the cladribine 0.7 ng/kg group.

Clinical laboratory analytes. Hematologic changes. At
the final evaluation of the double-blind period, dose-related
decreases in mean leukocyte count, absolute lymphocyte
count, absolute neutrophil count, absolute monocyte count,
platelet count, hemoglobin, and hematocrit were observed
in cladribine-treated patients, compared with small in-
creases or no change in the meanvaluesof these analytes
in the placebo group. Consistent with the expected phar-
macologic activity of cladribine, the largest observed effect
was a suppression in lymphocyte count. The mean lympho-
cyte count was suppressed at both dosagelevels of cladri-
bine from the first cycle of treatment throughout the
double-blind observation phase, and remained below the
normal range for this analyte over time in the 2.1 mg/kg
group (figure 4). The observed decreases in the other ana-
lytes were modest, and the mean values were within the
normal range at the final visit. Two patients (one receiving
placebo and the other high-dose cladribine) hadshort-lived
thrombocytopenia (platelet counts = 100 x 10°/L), and one
patient in the cladribine 2.1 mg/kg group had a single low
neutrophil count (960/L).

Lymphocyte subset analyses showed cladribine treat-
ment to be associated with dose-dependent decreases in
1152 NEUROLOGY 54 March(1 of 2) 2000
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Figure 4. Change in mean lymphocyte count over time
during the double-blind phase of the study.

mean levels of CD4*, CD3*, CD8*, and to a lesser degree,
CD19* lymphocytes. More patients in the 2.1 mg/kg group
experienced CD4~ counts = 200/nL (nm = 31) than did
those in the 0.7 mg/kg (n = 5) or placebo (n = 1) groups;
two patients in the high-dose group had at least one CD4*
count = 50/.L. In addition, there was a dose-dependent
decrease in the mean CD4*/CD8* ratio among cladribine-
treated patients compared with a smal] increase amang
placebo-treated patients. Although both CD4* and CD8*
lymphocyte counts showed a dose-related suppression
among cladribine-treated patients, the observed decrease
in the CD4*/CD8* ratio indicated a more pronouncedef-
fect on the CD4" subset. Subset analysis also revealed a
modest and transient dose-dependentincrease in the mean
percentage of CD16* plus CD56~ lymphocytes. The rela-
tively minor, transient effect on CD19* lymphocytes and
the effect on CD16" plus CD56* lymphocytes may explain
the relatively low numberof serious infections in the pres-
ence of significant overall lymphocytopenia.

Serum chemistry. Examination of mean changes from
baseline to final evaluation during the double-blind phase
revealed no treatinent-related effects on hepatic or renal
function tests or other serum chemistries.

Physical findings. Mean changes from baseline values
for vital signs, body weight, physical findings, and ECG
were small andclinically insignificant.

Discussion. Using EDSS scores as an outcome
measure, no significant treatment effects were found
for cladribine in this double-blind study of patients
with progressive MS. The lack of overall treatment
difference in this study is likely due to the majority
of patients having relatively high EDSS scores at
baseline (median score for all three treatment

groups, 6.0) and the placebo group having only a
modest increase from baseline in mean EDSSscore.

Multivariate predictive models of short-term and
long-term worsening on the EDSS and meta-analysis
of placebo-treated control groups in progressive MS
have shown that the spectrumof disability is bi-
modal, with one peak at EDSS 1 to 3 and anotherat
6.°* Patients with a baseline EDSSscore of 3.0 to 5.0

are much morelikely to deteriorate by 1 full point on
the EDSS in a shorter period of time than are those
with a baseline score = 6.0.5454 :

The statistical sizing and duration of the double-
blind phase of this study were based on the assump-
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tion that placebo-treated patients with progressive
MS would show a greater degree of disease progres-
sion over the course of 12 months and did not antici-

pate enrollment of mainly patients with more severe
disability. The trial was underpowered for the pa-
tient population enrolled. In addition, patients with
PPMS may be more resistant to therapy than those
with SPMS, and approximately one third of the pa-
tients enrolled in this study had PPMS. Subgroup
analysis by disease pattern suggested stabilization of
disability in cladribine-treated patients with SPMS
at final evaluation but not in those with PPMS.

Long-term follow-up through month 24 showed a
trend toward a beneficial cladribine effect in the

SPMSsubgroupat both the 0.7 and 2.1 mg/kg doses.
Because clinical efficacy was not shown in this

trial, it is necessary to scrutinize the Scripps study
for type I errors (false positives). Sources of concern
in the Scripps trial’ include the replacement of
cladribine dropouts in a small crossover trial. An
intent-to-treat analysis, which would have included
data from these patients, is mentioned but not re-
ported in detail. The disability scores upon which
efficacy was determined were not “confirmed” by a
definition of sustained worsening over the standard
3- to 6-month periods used in other trials. The use of
means of ordinal scores (e.g., the Kurtzke scale) as
an outcome measure is problematic. In the second
year of the study, 5/24 patients destined to receive
placebo in the crossover limb actually received one
dose of cladribine. Rapid worsening of the placebo
group presaged the ultimate failure of the trial’s re-
producibility. This type of placebo-group worsening
has been the Achilles heel of many previous studies.
The late (month 27 to 30) worsening of patients who
received cladribine initially, although perhaps con-
taminated by small numbers and examiner unblind-
ing (which should have mitigated the effect),
suggested that the early treatment effect was not
durable.”

The MRI findings, however, were more compel-
ling. Gadolinium-enhanced T1 lesions represent ar-
eas of breakdownin the blood—brain barrier and are

generally believed to be sites of new inflammation
that probably precede symptoms and other MRI
signs in MS.* Gadolinium-enhancing lesions were
virtually eliminated by treatment with cladribine.
Both the 0.7 me/kg and 2.1 mg/kg doses weresignif-
i¢antlySiiperior to placebo with respect to the pro-,
portanyor"bEatients,havingdetectable enhanced T1*
legicnsas$well'as tothe mean volume and numberof
such.lesions at 6 months andfinal evaluation, More-
oyer,,Statistically.‘significant differences were main-
tained through month 18 for the 0.7 mg/kg dose and
through month 24 for the 2.1 mg/kg dose. These MRI
outcomes compare favorably with those in a recently
published 2-year study of interferon {-1b in the
treatment of patients with SPMS (mean baseline
EDSSscore, 5.1 + 1.1), and are supported by simi-
lar observations from two previous studies with
cladribine treatment in patients with SPMS (median

 

EDSSscore, 4.0): and in patients with RRMS (me-
dian EDSS score, 3.5).**

Although it is conceivable that events related to
progression are different from those involved with
the inflammation identified by gadolinium enhance-
ment, the MRI changes in this study were robust.
Longitudinal natural history studies in MS patients
suggest that clinical and radiologic worsening over
the short term can be predicted by gadolinium en-
hancement and by new T2 lesions.’ However, en-
hancement does not appear to predict the
development of long-term disability in MS, at least
in studies of 2 years’ duration.”

Cladribine doses of 0.7 mg/kg and 2.1 mg/kg were
well tolerated. The most common adverse events

were related to the patients’ underlying diseaseor to
SC administration of the study drug. They were mild
or moderate in severity, not treatment limiting, and
were judged by the investigator to be unrelated to
study drug therapy. There were no systemic consti-
tutional signs and symptoms that would haveled to
unblinding. Cells of most hematologic lineages
showed modest dose-related suppression following
cladribine treatment but means were within the nor-

mal range; this is an expected consequence of the
selective lymphocytotoxic effects of the drug. A more
marked, long-lasting, dose-related lymphocyte count
reduction confirmed the pharmacologic activity of
cladribine in this study. This has persisted beyond 2
years in several patients. Herpes infections occurred
rarely, with similar frequencies in the three treat-
ment groups, and resolved with appropriate medical
care, There were no serious infections in this group
of patients; the risk of potentially serious infections
not commonly’ encountered in patients with MS ap- ‘
pears tobe"‘higheriin patients with SPMSreceiving’
cladribine ata dose of 2.8 mg/kg.75:26

Although serious neurologic, hepatic, and renal
adverse events have been observed in cancer pa-
tients receiving cladribine at doses considerably
higher than those administered to patients with
MS,”*4 no serious adverse events could be attributed
to cladribine treatment in this study. There were no
treatment-related deaths, no suicides or suicide at-
tempts, and the incidence of depression was consid-
erably lower in patients treated with 2.1 mg/kg than
in the other two groups.

The cladribine doses used in the current study
were chosen to reduce the hematopoietic effects of
the drug reported in the previous trial, in which a
total dose of 2.8 mg/kg was administered.**** The
high dose in the current study (2.1 mg/kg) sup-
pressed the mean lymphocyte count by 60%, com-
pared with 70% in the previous study. The intensity
of the dosing schedule differed in the twotrials (0.07
mg/kg/day versus 0.1 mg/kg/day; 0.35 mg/kg/5-day
cycle versus 0.7 mg/kg/?-day cycle), which may have
contributed to the improved tolerability and lower
incidence of infections in this study.
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Appendix 1
The Cladribine Clinical Study Group comprises the following par-
ticipating research centers, principal investigators(in italics), and
investigative teams: University Hospital, London, Ontario, Cana-
da—George P. A. Rice,MD, George Kbers, MD, Kang Howson-Jan,
MD, M. Vandervoort, RN, L. Froste, RN, W. Koopman; Oregon
Health Sciences University, Portland, OR—Dennis N. Bourdette,
MD, James J. Cereghino, MD, Michele K. Mass, MD, Joseph
Quinn, MD, Gerald M. Segal, MD, Ruth H. Whitham, MD; Yale
University School of Medicine, New Haven, CT—Joseph B. Guar-
naccta, MD, Brian Smith, MD, Jonathan M. Goldstein, MD, Henry
M. Rinder, MD; University of Medicine and Dentistry of New
Jersey, Newark, NJ—Stuart D. Cook, MD, Shalini Bansil, MD,
Mary Ann Picone, MD; Allegheny University of the Health Sci-
ences, Philadelphia, PA- -Fred D. Lublin, MD; Thomas Jefferson
University, Philadelphia, PA—Rodert L. Knobdler, MD; University
of British Columbia, Vancouver, Canada-—Joel Oger, MD, Stanley
A. Hashimoto, MD, Donald W. Paty, MD; The R.W. Johnson Phar-
maceutical Research Institute, Raritan, NJ—Jatmes Baldassarre,
MD,Liang Xiu, PhD.

The Cladribine MRI Study Group consists of the following in-
vestigators: Neuroimaging Research Unit, Dept of Neuroscience,
Scientific institute Ospedale San Raffaele, University of Milan,
Italy—Massimo Filippi, MD, Giovanna Mastronardo, MD, Marco
Rovaris, MD; Clinical Trials Unit, Dept of Neuroscience, Scientific
Institute Ospedale San Raffaele, University of Milan, Italy—
Giancarlo Comi, MD.

The Independent Safety Monitoring Board was composedof N.
Fishinan, MD, University of Penosylvania, Philadelphia; R. Hem-
don, MD, Department of Veterans Affairs, Jackson, MS; S. van
den Noort, MD, University of California, Irvine; K. Rai, MD, Long
Island Jewish Medical Center, New Hyde Park, NY; N. Temkin,
MD, Harborview Medical Center, Seattle, WA; W. Tourtellotte,
MD, PhD, Veterans Affairs Medical Center, Los Angeles, CA.

Appendix 2
Hematologic dosing criteria

1. Platelet count:
2200 x 10°/L or
if 150-200 x 10°/L, not <50% of previous count or
if 125-150 x 10°/L, not <80%of previous count

2. Absolute neutrophil count > 1.0 x 10°L
3. Hemoglobin:

no decline >1.5 g/dL from previous monthly value or
no decline >3 g/dL from baseline value
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A Wallerian degeneration pattern in
patients at risk for MS

J.H. Simon, MD, PhD; R.P. Kinkel, MD; L. Jacobs, MD; L. Bub, MD; and N. Simonian, MD

 

Article abstract—Background: Demyelination alone may not explain the progressive disability that frequently develops
in MS.An alternative explanation for irreversible disability assumes a contribution from axonal injury or loss, In theory,
axonal injury may occurin the focal areas characterized by early inflammation, or can be more distant, as in Wallerian
degeneration. However, Wallerian degeneration is thought of as a rare or a late finding in MS. Methods: Studies showing
a classic Wallerian degeneration pattern in the corticospinal tract were selected froin a review of MR studies from patients
enrolled in a longitudinal treatment trial. Entry was based on first occurremce of an isolated neurologic syndrome
consistent with MS and a positive MRI. Resuéts: This report is based on five cases followed longitudinally who showed
development of a classic T2-hyperintense lesion along the ipsilateral corticospinal tract, subsequent to an initial inciting
event located in the white matter located in the superior aspect of the corona radiata. Lesions were evident as T2-
hyperintensity persisting throughout the 12 to 18 monthsof observation. Conclusions: This series suggests that Wallerian
degeneration, implying axonal injury, may occuras a sequela of acute demyelinating lesions in patients presenting with
their first symptoms suggestive of MS. This can produce a componentof the increasing burden of T2-hyperintense lesions
temporally and spatially dissociated from inflammatory or demyelinating activity. Further studies are required to deter-
mine if Wallerian degeneration is an importantfactor contributing to disability progression in MS. Key words: Wallerian
degeneration——-MS.
NEUROLOGY 2000;54:1155-1160

 

MSis understood to be a predominantly inflamma- considered a finding oflate stages of disease, or asa
tory and demyelinating disease with glial prolifera- consequenceof relatively severe, but rare lesions.”
tion that is relatively sparing of axons. When As demyelination alone may not account for progres-
described in MS, axonal injury has generally been sive disability in MS, interest has been focused re-
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A Deuble-Blind, Placebo-Controlled,
Randomized Trial of Cladribine in Relapsing-Remitting
Multiple Sclerosis

John 8. Romine,* Jack C. Sipe,* James A. Koziol,? Jack Zyroff,t and Ernest Beutler?
*Division of Neurology and *Departinent of Radiology, Scripps Clinic, and *Department of Molecular and
Experimental Medicine, The Scripps Research Institute, La Jolla, CA

‘We'conducted an 18-month, placebo-controlled, double-blind study to evaluate cladribine in the treatmentof |
52. patients with relapsing-remitting multiple sclerosis. Patients received either placebo or cladribine 0.07 mg/
kg/day by subcutaneous injection for 5 consecutive days as six monthly courses for a total cumulative dase of
2.1 mg/kg. Analysis of results revealed a statistically significant favorable effect of cladribine on the joint fre-
quency and severity of relapses and magnetic resonance imaging (MRI) findings. MRI-enhancing lesions were
completely suppressed in the cladribine patients by the sixth month of treatment. Mild segmental herpes zoster
occurred in two cladribine-treated patients and one patient receiving placebo. Otherwise, there were no side ef-
fects or adverse events. We conclude that cladribine shows promise as a treatmentfor relapsing-remitting mul-
tiple sclerosis.

\though the cause and cure of multiple sclerosis
(MS) remains unknown,it is generally accepted

that immunological mechanisms play an important
role in the inflammatory demyelination of the central
nervous systemthat is the pathological hallmark of
the disease. For this reason, current approachesto the
treatment of MS patients are focused on modulation
or suppression of the immunesystem.

The drug cladribine [2-chlorodeoxyadenosine
(2-CdA), Mylinax, Ortho McNeil, Raritan, NJ] is a se-
fective immunosuppressive molecule synthesized by
Carson to mimic the immunodeficiency state seen in
hereditary adenosine deaminase deficiency (1). It is a
purine nucleoside with chlorine substituted for hydro-
gen at the 2 position of the purine ring. This makes the
molecule resistant to adenosine deaminase, leading to
accumulation of deoxynucleotides and selective killing
of lymphocytes with relatively little toxicity in other
tissues (2). The drug is used widely as a treatment for
lymphoid malignancies and is especially effective in
hairy cell Jeukemia (3,4). Because ofpositive results
trom our therapeutic trial of cladribine in progressive
MS(5,6), we undertook this study to evaluate cladrib-
ine in patients with the relapsing-remitting form of MS.
 

Key words: immunosuppression; 2-chlorodeox yadenosine.

Address correspondence and reprint requests to: John S. Romine,
M.D., Division of Neurology, MS313, Scripps Clinic, 10666 North
Torrey Pines Road, La Joila, CA 92037.

Received 18 September [998; Accepted 23 September 1998.

METHODS

Patient Selection

The study subjects were 52 patients with clinically
definite relapsing-remitting MS for at least | year. All
patients had a history of two or more relapses in the
previous 2 years and Extended Disability Status Score
(EDSS) scores of 6.5 or less at time of study entry.
The majority of patients had been followed at Scripps
Clinic. Exclusion criteria included: 1) prior treatment
with an immunosuppressive drug within 3 months;
2) a serum creatinine of >1.5 mg/dl; 3) serum gluta-
mic-oxaloacetic transaminase/serum glutamic-pyruvic
transaminase or alkaline phosphatase elevated to twice
the upper limit of normal; 4) baseline neutrophil counts
of <1600/p.1 or platelet counts of <130,000/1; and
5) previous total lymphoid irradiation or prior exten-
sive myelosuppressive chemotherapy.

The study plan, risks, and potential benefits were
explained to each patient in detail. All patients gave
informed consent to participate in the study.

Study Design

An [8-month, randomized, placebo-controlled, dou-
ble-blind study was conducted in the facilities of the
General Clinical Research Center (GCRC)of Scripps
Clinic. After completion of screening evaluations, 52
patients were stratified according to gender, age (in
10-year intervals), and degree of disability as. mea-

Copyright © 1999, Proceedings of the Association of Amterican Physicians, Volume 111, Number1, pp. 35-44
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sured by Scripps Neurological Rating Scale (SNRS;
7) Gn 10-point intervals). The stratified groups were
then randomized in blocks of four to either the pla-
cebo arm or the cladribine arm. In ail, 27 patients
were randomized onto the cladribine arm and 25 onto

the placebo arm. Throughoutthe study, patients, neu-
rologists, nurses, and the neuroradiologist remained
blinded to treatment assignment. A pharmacist was
informed of patient assignment by code in order to
dispense placebo or the appropriate dose of cladribine
to each patient.

In all patients, clinical neurological exams plus
SNRS and EDSS rating scales were performed at
baseline and repeated by the same neurologist every
monthfor the first year, every 3 months for the sec-
ond year, and within 48 hr or-less of report by a pa-
tient of a relapse. A clinical relapse was defined asthe
appearance of new symptoms or worsening of an ex-
isting symptom, attributable to MS and accompanied
by abjective worsening of neurological findings. To
be scored as a relapse the alterations must have been
preceded by disease stability or improvementlasting
for at least 30 days, and the worsening must have
lasted at least 24 hr and occurin the absence offever,

Relapse severity was rated as follows: 1) mild re-
lapse~—decrease in SNRS of 1-7; 2) moderate relapse
—decrease in SNRS of 8-14, or 3) severe relapse—
decrease in SNRSof15 orgreater.

Magnetic resonance imaging (MRI) of the brain
was performed on a 1.5 T Signa scanner (General
Electric, Milwaukee, WI) for each patient at baseline,
and then monthly for the first year and every 6 months
the second year, Tl-weighted scans were obtained in
the sagittal and axial planes. Axial scans of 3 mm
thickness and zero interslice gaps were done about 10
min after the intravenous injectton of gadopentetate
dimeglumine (Magnevist, Berlex Laboratories). Spe-
cial attention was given to careful repositioning of pa-
tients to guarantee reproducible slice positions. The
regions of contrast enhancement on T|!-weighted
scans were outlined by hand on filmed images. All
scans were interpreted and marked by the same neuro-
radiologist (.Z.), who had no knowledge of patient
treatment assignment. These were then duplicated by
a technologist using the taped raw data and a com-
puter workstation [ANALYZE (8), Rochester, MN}.
Quantitation of MRIfindings involved the determina-
tion of lesion areas on the consecutive sections of the

Ti-weighted scans as interpreted by one of two
skilled technologists, then calculation of volumes by
assuming homogeneity of lesions across the sections.
Initially, the taped raw data from the individual scans
were read into a volume-rendering software program,
ANALYZE, running on a Hewlett-Packard 712/60
workstation. Our methodology for lesion area deter-

January/February 1999

mination is a@ semiautomated quantitative technique

adapted from Wickset al. (9) and Filippi et al. (10).

Drug Administration

In contrast to ourearlier study of intravenous cladrib-
ine in progressive MS (5), the drug was administered
subcutaneously because of greater ease of administra-
tion and because it has now been established that the

pharmacological properties and response rates of
cladribine in lymphoproliferative diseases are the
same if the drug is given either intravenously or sub-
cutaneously (11). Each patient received a course of
five consecutive daily subcutaneous injections of
cladribine, 0.07 mg/kg/day or an equivalent volume
of saline placebo, fractionated into two or three injec-
tion sites, and given monthly for 6 monthsfor a total
cumulative dose of 2.1! mg/kg of cladribine. A com-
plete blood count was obtained before each monthly
course of treatment and reviewed by the pharmacist,
and the next dose of cladribine was given only if
blood count safety criteria were met according to an
algorithm designed for this purpose by one of us
(E.B.: Table 1). If these criteria were not met, a pla-
cebo dose was substituted. The study design included
eight monthly courses. The fast (wo courses ordinarily
consisted of placebo, but if a drug dose had been
omitted because of blood count inadequacy, then ac-
tive drug could be given at month 7 or 8 instead of
placebo.

Statistical Considerations

Two primary outcome measures were identified: 1)
the joint frequency and severity of clinical relapses as
Judged by neurological examination; and 2) the num-
bers of enhancing lesions on Tl-weighted MRI brain

Table 1. Pretreatment safety criteria for monthly
courses of cladribine in multiple sclerosis
 

lL. Platelet count must be:

a. 200,000 or higher, or
b. Between 150,000 and 200,000 and represent more

than 50% of previous pretreatment platelet count, or
c. Between 125,000 and 150,000 and representat least

80% of previous pretreatment platelet count
2. Absolute granulocyte count must be greater than 1000
3. Hemoglobin level must not have declincd:

a, More than 1.5 g/di from previous monthly
pretreatment level, or

b. 3 g/dl or more from baseline
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scans. Outcomes were to be assessed at | year. A
sample size of 25 patients per group would be suffi-
cient to detect a decline in the annual rate of exacerba-

tions, from 1 in the placebo group to 0.5 in the
cladribine group, with a two-sided Poisson test at al-

pha level 0.05 (12). Similarly, on the basis of findings
from our chronic progressive MS trial, we postulated
that the frequency of enhancing lesions in the placebo
group would remain at 50% throughout the course of
this study, whereas the frequency of enhancing le-
sions in the cladribine-treated group would decline
trom 50% to <10%at | year. A sample size of 25 pa-
tients per treatment group would be sufficient to de-
tect u difference of 50% versus 10% with a powerof
0.90, using a two-sided binomial test at alpha level
0.05.

Our unayses were intent-to-treat, in that all data
trom every patient initially randomized cither to pla-
eebo or to cladribine ure included and reported for
that initial treatment group. Blinded observations
were undertaken up to 18 months frombaseline (trial
envy); henee, information is reported out to this pe-
riod. We present primary analyses—that is, analyses
of the primary outcomes at | year—and identify other
analyses as secondary. We did not impute data values
for uny patient not observed out to 18 months.

Comparison of the joint frequency and severity of
relapses betweenthe two treaunent groups was under-
taken using Mantel’s (13) extension of the Mantel-
Haenszel procedure, here denoted Q,,. (Mantel’s pro-
cedure can incorporate arbitrary scores for the degree
of relapse. but we chose to score objectively by means
of ranks based on drop in SNRS score, separately in
each monthly summary table of relapses, as cross-
classified by treatment group.) A stratified version of
Mantel’s test and a general linear model with Poisson
link (that is, a Poisson regression model; 14) were
also used to evaluate the significance of covariate in-

 

formation as predictors of clinical relapse. Confidence
intervals for relapse rates were calculated under the
assumption that the numbers of events Followed a
Poissondistribution in each treatment group. Compar-
ison of the frequency of enhancing lesions on TI-
weighted MRI scans over time was done with McNe-
mar’s test for paired data (within treatinent groups)
und Fisher exact test (between treatment groups), lo-
pistic regression was also used to assess the signifi-
¢eance of covariate informatian. A nonparametric re-
pealed measures analysis of variance procedure (15)
was used to compre neurological performance scores
(EDSS and SNRS) betweenthe two treatment groups
over the course of the study. The EDSS and SNRS
scores were considered to be secondary outcome mea-

sures since little change might be expected between
ihe (wo groups overthe relatively short time frame of

the study. Two-sided p values relative to the null dis-
tributions of the observedtest slatistics are reported.

Intrarater reliability of the determination of pres-
ence of enhancing lesions on Tl-weighted MRI scans
was assessed by meansof a test-retest of 20 scans by
the examining neuroradiologist (J.Z.). Discrepancies
between the two independent evaluations were [5%
(3/20). In a similar spirit, both examining neurologists
QR. and J.S.) participated in a study ofinter-rater and
intrarater reliability, with regard to the neurological
rating scales. Twenty patients (J.R., 10; J.S., 10) were
assessed by the same examinertwice on the same day,
the period between examinations ranging from 135
min to 240 min. Intrarater agreement for one exam-
iner (J.S.) on the EDSS was perfect, the weighted k
coefficient of agreement (16) for the other examiner
was 0.997, The weighted « coefficients of agreement
between the paired SNRS scores were 0.999 for both
examiners. Separately, 20 patients were indepen-
dently assessed by each examiner on the same day. In-
ter-rater agreement was high: the weighted « coeffi-
cient of association was 0.990for the EDSS and 0.957

for the SNRS. Inter-rater agreement on the EDSS was
100% for all sets of examinations when agreement
was defined as a difference of less than or equal to
1.0, and 95% when agreementwas defined as a differ-
ence ofless than or equal to 0.5. Inter-rater agreement
on the SNRS was 95% when agreement was defined
as a difference of no more than 10 points, und 90%
when agreement was defined as a difference of no
more than 5 points.

RESULTS

Trial Considerations

There was one withdrawal on the placebo arm at 3
months (conversion disorder coniplicating assessment
of underlying MS), and one withdrawal on the
cladribine arm at 4 months (patient moved out of
state); all of the remaining patients received standard
intervention without deviations, as specified in the
protocal. Thus, 26 cladribine patients and 24 placebo
paticnts were available for evaluation at 12 months.
During the period from 12 ta 18 months, five patients
on placebo withdrew: twopatients moved out ofstate,
two withdrew for unspecified reasons, und one with-
drew because of worsening MS. One patient receiving
cladribine also withdrew because of worsening MS.
Thus, 25 cladribine patients and 19 placebo patients
were available for evaluation the entire 18-month pe-
riod. Figure { depicts the trial profile. During the pe-
riod from 12 to 18 months, the blinding was removed
from two cladribine patients and two placebo patients.
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152 PATIENTS WITH PRESUMED
RELAPSING-REMITTING

MULTIPLE SCLEROSIS
WERE SCREENED 

100 NOT RANDOMIZED
89 EXCLUSIONS

1 REFUSED CONSENT

~'"82 PATIENTS WITH
RELAPSING-REMITIING
MS WERE RANDOMIZED

27 CLADRIBINE 25 PLACEBO

1 WITHDRAWAL
AT 4 MONTHS

1 WITHDRAWAL
AT 3 MONTHS

26 COMPLETED
12 MONTHS

24 COMPLETED
12 MONTHS

19 FOLLOWED
TO 18 MONTHS

25 FOLLOWED
TO 18 MONTHS

Figure f. Trial profile of the cladribine relapsing-remitting,
MIS clinical trial,

Because of potendal bras. information from these pa-
licnts concerning their frequency and severity of ex-
acerbations subsequent to the point of unblinding ts
not used in the calculation and comparison of exacce-
bation rates between the (wo treatment groups.

Demographic and Baseline Characteristics in the
‘Two Treatment Groups after Randomization

The Ovo groups were similar in terms of baseline clin-
ieal characteristics (Table 2). Each group had an ap-
proximate 2:1 female-to-male preponderance and
comparahle mean age, disease duration, and baseline
DSS. Patients randomized to eladribine therapy av-
uriged a slightly greater number of exacerbations in
the 12 months prior to study entry than patients ran-
domized toplacebo.
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Table 2. Baseline demographic and clinical
characteristics
 

 

Placebo Cladribine
(n = 25) (n = 27}

Sex
Mile 7 9g
Female 18 18

Ruce
White 25 a4
Other 0 3

Age Cycurs)
Mean 39.8 43.4

25th percentile 36.5 38.5
50th peeentile ty 44.5
750th perventile abe 49.5
Range 31-52 30-52

Years with sviaptoms
Moun Dt {0.2

2Sth percentile 3.5 45
S0th pecentile 9 §
73th pereentife 12.5 12.5
Range |-25 1~29

Numberof exacerbations

in previous year
i 13 5
2 5 la
3or4+ 7 6

Baseline EDSS
Meun 3.8 3.9

25th percentile 2.5 2.3
SOth pecentile 3.5 5.5
73th persentile 3.3 5.5
Range 2-6.5 2~6.5

Bascline SNRS
Mean 738 76.1
25th pereendle o7 G4
SOth pecentile 73.5 78.5
75th perventile S60 86.5
Range 54-98 41-03
 

FOSS. Extended Disability Status Scare. SNRS. Scripps Neuralog-
ical Raving Scuie.

Effect of Cladribine on Outcome Measures

Figure 2 depicts the Frequency and severity of exacer-
bations for all patients enrolled in the study. We
examined the joint distribution of frequency and se-
verity over months 7 through 12 for treatment com-
parisons: on the basis ofour prior experience (17), we
expected the maximum immunosuppression on chid-
ribine therapy would not be achieved prior to month
7. Using the extended Mantel-Haenszel procedure, we ~
found that there is a statistically significant reduction
in the frequency and severity of exacerbations in the
cladribine group compared to the placebo proup over
months 7 through 12 (Qy = 2.30. 2p = .021). Over
this period, the relapse rate in the cladribine yvroup
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Placebo
 

EOSS

  
 

Months on Protocol

 

 

 
 
 
 Figure 2. Event charts for frequeney and

severity of exacerbations over the course
of the study in placebo-treated and cladri-
bine-treated patients,
Within treatment groups, paticmis are or-
dered in terms of decreasing EDSS scores at
baseline, patients with identical EDSS scores
at baseline are ordered by mumbers of new

 
 

Cladribine

Ebss ~ . ore ——
6.5 . ia .

6 xX:
85° x

5 cee Xe
45 x

4 bees Ken
35 (x

3

25
2 .

“y 7 — tT + T 7 ~
a 3 6 9 12 15 18

Months on Protocol

was 0.77 per year (95%confidence interval (CI), 0.37—
1.41], compared to 1.67 per year in the placebo group
(95% Cl, 1.02~2.57). With Poisson regression, we
identified treatment alang with two other covariates,
baseline EDSS and number of exacerbations in the

year prior to start of treatment, as significant predic-
tors of relapse Over months 7 through 12 (with fewer

exacerbations. Mild, moderate, or severe ex-
acerbations are denoted by progressivelyheavier X's.

relapses being associated with cladribine therapy,
lower EDSSscores at baseline, and fewer exacerba-

tions in the year prior to start of treatment). In second-
ary analyses, we foundthat the reduction in the distri-
bution of Frequency and severity of exacerbations in
the cladribine group relative to the placebo group is
sustained at 18 months: Qy = 2.59, 2p = .010 over
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the l-year period from month 7 through month 18.
Over this extended period, the exacerbationrate in the
cladribine group was 0.66 per year (95% CI, 0.37-
1.05) compared to 1.34 per year in the placebo group
(95% CI, 0.90--1.93).

Figure 3 compares the frequency und severity of
relapses at 6-month intervals during the study with the
frequency of relapses in the [2 months preceding
treatment with drug or placebo. [t is apparent that
there was striking improvement in the first 6 months
of the study, when injections of placeboor cladribine
were being given 5 days of each month, regardless of
whether the patients received placebo oractive drug.
When injections were stopped, the Frequency ofre-
lupses in the placebo group returned to its baseline,
pretreatment frequency. but the Frequency and sever-
ity of relapses continued to decline in the patients who
received cladribine.

MRI results (Fig, 4. Table 3) revealed complete
suppression of enhancing lesions after study month 6
in the cladribine group, whereas lesion enhancement
persisted in the placebo group. Formally, with regard
to the primary outcome measure at 12 months, there is
a highly significant decrease in the occurrence of en-
hancing lesions at 12 months relative to baseline in
the cladribine group (2p < .0003 by McNemar’s test).
in contrast, there is a slight increase in the occurrence

January/February 1999

of enhancing lesions at [2 months relative ta baseline
in the placebo group (2p = .109 by McNemar’s test);
and, the frequency of enhancing lesions is signifi-
cantly greater at 12 months in the placebo group than
in the cladribine group (2p = .000] by Fisher exact
lest). In secondary analyses, we find a significant re-
duction in the frequency of enhancing lesions experi-
enced by the cladribine group relative to baseline al-
ready at month 7 and persisting at month 18 (2p <
.GO05 by McNemar’s test at each time point). More-
over, the Frequency of enhancing lesions in the pla-
cebo groupis already significantly greater than that in
the cladribine group by 7 months (2p = .0O001 by
Fisher) and remains so at 18 months (2p = .002 by
Fisher). No significant predictors of enhancing lesion
presence other than treatment were found by logistic
regression.

We found no significant differences between the
treatment groups in either EDSS or SNRS scores, the
secondary outcome parameters, over 18 months (p > .5
for each, Fig. 5).

Adverse Events and Side Effects

Infections were timited to an episode of mild segmen-
tal herpes zoster that occurred in two cladribine-

 

2.5

Placabo

 
2-Cda

2-Cda
PlaceboKAA

BAx4
se

RateofExacerbationsperYear
ee5eeBSSoe    

WE Severe

 = Mild
Ree Unknown |

 

Moderate

Plocebo

Figure 3, Rates of exacerbutions for the
two treatnient groups.
The number of exacerbations for the year
prior to initiation of treatment was obtained
from the patient's history. Over the course of

 
 

 
1to6é

a the trial itself. exacerbations were docu-
mented by the neurolopist and classified as
mild, moderate, Or severe as explained in the
text, For purposes of comparison, rates arc
presented as relapses per year.
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Fipure 4. Average volumes of enhancing lesions on Tl-weighted scans (bars, left vertical axis), and proportions uf patients with enhane-
ing lesions (dots, right vertical axis), fur the Qvo treatment yroups over the course of the trial.
Averages aad proportions were computed on the basis of all available MRI data al each time point. Standard error bars are also given for the MRIvohunes.

treated patients and in one patient receiving placebo.
Acyclovir was administered orally in cach case,
Cladribine-treated patients experienced no side ef-
fects that might have led to unblinding of putients or
examining neurologists. Average lymphocyte counts
in the cladrihine group declined as expected to a nadir
at 7 months of 0.4  10%ah The average platelet
count in the chadribine group declined modestly to a
low of >200 * JOY) at 6 months, and the average
hemoglobin to a low of > 43.5 e/di at ft] months, but
there were no individual cases of significant thrombo-

Table 3.) Presence of enhancing lesions hy MIRI over
the course of the trial
 

 

 

Placebo Cladribine

Time Lesions Lesions Lesions Lesions
tne absent present absent present

Baseline 15 10 \3 14
Jamonths ia il 25 0
12 months 7 16 25 0
18 months 9 10 22 2
 

Nate: One cladribine patient did not have an MRI daring month 7,
one placebo patient and one cladribine patient did not have an MRI
during nionih £2. and one chidribine patient did not have an MRI at
month 18,
 

 

cytopenia, anemia, granulocytopenia, or generalized
marrow suppression (Fig. 6).

DISCUSSION

In view of the long-lasting lymphopenia and rela-
tively low toxicity from cladribine, we began studies
in 1990 with progressive MS patients in the hope that
depletion of immunocytes might be beneficial. Be-
cause initial observations were encouraging, we un-
dertook a 2-year, placebo-controlled, double-blind
study in 5! patients in which cladribine (total dose =
2.8 mg/kg) or placebo was administered during the
first year via a central venous access device using a
portable infusion pump. A favorable effect on neuro-
Jogical performance scores and on MRI findings was
documented In patients treated with cladribine (5,6).

A multicenter trial has subsequently been con-
ducted in 159 patients with progressive MS using
cladribine subcutancously at a total dose of 2.1 mg/
kg. Unexpectedly, there was no worsening of neuro-
logical performance scores in the placeho arm and
therefore no significant differences were seen be-
tween cladribine and placebo-treated groups. This
study was probably underpowered due to inclusion of
more patients with advanced disability (18), How-
ever, marked suppression of enhancing MRI lesions
with cladribine treatment was confirmed in the pro-
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gressive MS multicenter study and no signifteant tox-
icity was observed,

The results in relapstng-renittiag MS. as. re-
ported in the current study. indicate that cladribine
given subcutaneously atu total dosage of 2.1 me/ke
appears to be safe and effective in reducing the rate
and severity of clinical exacerbations for at feast the
relatively short duration of the study. Particularly
striking was the placebo effect noted in the test 6
months of our study. when pidiicnts were receiving ine
feetions: the relapse frequency dropped to about one
half in both groups of patients. En the secand 6
months, however, when no ijeclons were given but
after immunosuppression had been achieved ino the
drug-treated group. the relapse frequeney returned to
baseline in patients who had received plicebo. but pa-
tients who had received drug continued ta enjoy rela-
tive freedomfrom exacerbations. an effect that con-

tinued into (he second year of the study.
Our primary analyses are preclicated on outcomes

at | year following randomization. During this periad,
all patients received the treatment to which they had
been randomized, that is. treatment allocduen and

wreatment actually received were identical for every-
one. Two patents, one randomized to placebo and the
ather to cladnibine. withdrew from the study during

 the first year. Henee. the attrition rate was <oS4¢ on
each arm over the formal length of the tial, The re-
sulls oF our primary analyses at | year. comparing: the
jomt Trequency and severity of exacerbations hetween

the treatment groups. and comparing the frequencies
of enhancing lesions. are insensitive to the foss of in-
formation from these patients. With regard to the sec-
ond primary end point, the presence of enhancing le-
sions of Th-weighted seans. it is clear fram Table 3
that even under the least) favarable

cladribine—noenhancing Jesions in the placebo with-

scenario far

drawal, but enhancing lesions in the chidribine with-
drawal—the favorable outcome of elodribine therapy
relative to placebo at |
whelmingly significant. The lack of uny demonstrable

disability, CEDSS and
SNRS scores) between the chadribine and placebo
groups is of uncertain significance since neither treat-

year would) rennin over-

difference in neurological

ment group, including the phieebo group, shawed sig-
nificant worsening over the duration of the study.

The suppression of MET-
enhancing lesions with clidribine is a very robust treat:
ment effect similar to that previously reported with
cladribine in progressive MS (5.6.18) and exceeding
the effect of interferon beta- ta (19). Since enhance-

ment of MRE lesions is thought to reflect ucuve dis-

almost complete

euse (20), the question arises as to hawsome cladrbine-

treated patients continued to have clinical relapses,
but with no apparent lesion enhancement on serial
MRI scans,

The mechanism of action of the beneficial effect

of chadribine on MS ts presumably related to the se-
lective und sustained depletion of lymphocytes, faa
previous study of cladribine in chronic progressive
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MS (6), there was an approximately four-fold de-
crease in the CD4/CD$ “helper/suppressor” ratio and
an approximately five-fold reduction of CD25-acti-
vated To und B lymphocytes, which lasted for many
months after a 4-month course of the drug. By com-
parison, eatment of MS with the general immuno-
suppressive drugs cyclophosphamide (21) ar chlor-
ambucil (22) produced a relatively transient two-fold
decline in the CD4/CD& ratio. This difference sug-
gests that cludribine may have a niore potent immuno-
suppressive effect in MS than other drugs,

The duration of the beneficial effect on relapsing
MSvatter ad course Of cladribine could not be deter- *
minedfrointhis study since the patients were un-”
blinded after 18 months? However. an estimate based

on observations of cladribine in chronic progressive

MS (6) would indicate that beneficial effect should

eventually decline and would not be expected to last
much beyond 2 years. The lengthy but impermanent
duration ofeffect of cladribine means that retreatment

will be necessary if cladribine is to become apractical
long-term therapy for MS. At present, there are few
data on the safety of long-term retreaunent with
cladribine in a nonmalignant disease such as MS,
Twenty-four patients from our inidal study ofcladrib-
ine in chronic progressive MS have been retreated
(0.07 mg/kg * 5 days * 4 courses) because of a re-
currence of discase worsening. There were no in-
stances of marrow suppression or thrombocytopenia
in these patients, but 6 (25%) developed herpes zoster
with a second course of cladribine us compared to 2 of
St (4%) with the first treatment. Repeated treatment
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raises long-term toxicity issues including: 1) suscepti-
bility to opportunistic infection; 2) marrow stem cell
depletion; and 3) an increase in the incidence of ma-
lignancy, known to occur in association with other
long-term immunosuppressive treatments (23).

Since currently available treatments for relapsing

MSare only partially effective and because, in the
case of interferons, there is concern that the beneficial

ettect may be lost due to induction ofneutralizing an-
tibodies (24), new treatments need to be developed. In
this regard, cladribine shows promise as a relatively
safe and at least temporarily effective treatment in re-
ducing the frequency and severity of MS exacerba-
tions and in suppressing new contrast-enhancing MRI
lesions,
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MULTIPLE SCLEROSIS: REPORT BY THE PANEL ON-
THE EVALUATION OF EXPERIMENTAL TRIALS OF

THERAPY IN MULTIPLE SCLEROSIS

George A. Schumacher (Chairman), Gilbert Beebe, Robert F. Kibler, Leonard T.
Kurland, John F. Kurtzke, Fletcher McDowell, Benedict Nagler, William A.

Sibley, Wallace W. Tourtellotte, Thomas L. Willmon
Division ofNeurology, The University of Vermont

College of Medicine, Burlington, Vt.

INTRODUCTION

Multiple sclerosis has become a focus of growing interest to neurologists, general
physicians, and the public. The disorder has an uneven but worldwide distribution
and is present in approximately 30 to 60 people per 100,000 in the temperate zones
of the world. Though some of these individuals remain unaffected by serious dis-
ability, in the majority the disease leads to crippling and ultimately premature death.
To the public a special appeal lies in the frequent occurrence of multiple sclerosis
in the young adult, often with disruption of early family life.

To date no satisfactory treatment for the amelioration or cure of the disease has
been discovered. Since its etiology and pathogenesis have eluded detection, it is
not surprising that therapeutic attempts have been empiric and often unscientific,
Reports of benefit from various types of therapy based on uncontrolled observa-
tions have led to unwarranted and occasionally widespread application of methods
whose value remained unsubstantiated. In recent years criticisms have been made
of the lack of adequate controls in trials of therapy. The difficulties inherentin judg-
ing the effects of therapy have been stressed.’:* These are; (1) Lack of precision in
diagnosis, (2) The erratic and unpredictable course of the disease with periods of
spontaneous remission of symptoms. (3) Lack of a direct method for investigating
activity of the disease. (4) The existence of only crude parameters for quantitating
and recordingthe clinical course ofthe disease. (5) The irreversibility of gliosis and
its masking effect on disease activity elsewhere in the nervous system. (6) Psycho-
logical disturbances, including hysterical tendencies, in somepatients. (7) Problems
of keeping large groups of patients under standard conditions of therapy or control
for long periods (necessary because of the chronicity and erratic nature of the dis-
ease). Aitempts to apply some degree of scientific control to therapeutic investiga-
tions in multiple sclerosis, however, have been made recently?"

Because of the prevalence of poorly controlled therapy reports, the National
Institute of Neurological Diseases and Blindness provided financial support for a
Symposium on the Evaluation of Drug Therapy in Neurologic and Sensory Diseases*
which was held at the University of Wisconsin in May, 1960. Ten panels composed
of investigators, clinicians, andstatisticians met to consider the problem of experi-
mental trials of therapy in various areas of nervous system disease. The results of
the discussions were subsequently published.* The conclusions reached by the Panel
on Multiple Sclerosis comprised essentially a statementof the problems that needed
study and solution to permit the design of a protocol for sound experimental trials
of therapy. Thus, they formed merely a point of departure for future study.

As an outgrowth of theinitial considerations of the Panel on Multiple Sclerosis,
a continuing pane! was formed which held a series of workshops on the problem.

PROBLEMS OF EXPERIMENTAL TRIALS OF THERAPY IN

*Chairman, Francis M. Forster.
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An early aim was to achieve definition and uniformity in the use of terms in order
to provide a common ground of acceptable terminology among different investiga-
tors and writers. The overall aim was to relate established principles of scientific
investigation and control’-'? to experimental trials of therapy of multiple sclerosis.
A need was believed to exist for a statementof criteria to provide guide-lines for
potential investigators and for editors ofscientific journals. The conclusions and
recommendations derived from the work of the group are embodiedin this report.*

It was realized that all the problems inherent in future experimental trials of
therapy in multiple sclerosis would not be detected in this preliminary study and
undoubtedly many would cometo light onlyastrials of therapy actually were under-
taken. Also recognized was the fact that scientific evaluation of therapy might
require relatively large numbers ofpatients followed over a reasonable length of
time, thus necessitating a cooperative approach on the part of investigators repre-
senting severalinstitutions. This fact enhanced the importanceofa carefully devised
protocol with standardization of observational techniques. Though the study sought
to delineate the requirements of controlled trials of therapy, the report does net
presumeto outline a specific protocol; rather the problemsof control are taken up,
attempts made to clarify them, and recommendations made.

The principles originally stated by Fisher’ necessary to insure validity and
reliability in therapeutic experiments are those of replication, randomization, and
comparison. The later sections of this report have as their aim theclarification of
methods of achieving these principles.

I. THE EXPERIMENTAL SUBIECTS

Definition of Multiple Sclerosis
Multiple sclerosis is a disorder characterized in cross-section by symptoms and

signs of neurologic dysfunction indicating multiple and separate lesions in the
central nervous system. Symptoms appear longitudinally in the form of acutely or
slowly developing episodes scattered over a period of time. Individual attacks may
assume a variety of patterns, The overall course is made up of multiple attacks or
of erratic or steady progression over prolonged periods, usually many years.

A common pattern of attack is one of sudden or gradual development of
neurologic dysfunction followed by gradual, occasionally rapid disappearance of
symptoms. A second common pattern is one of sudden or gradual onset with pro-
gression of disability to a particular level at which symptomsor signs remain with
minor fluctuations for an indefinite period. A third pattern is one of sudden or
gradual onset of symptoms and signs which reach a peak, and then gradually sub-
side, but not completely, leaving the patient with some degree ofresidual dysfunc-
tion, Regardless of the course assumed by an attack, subsequent recurrenceor steady
progression usually leads ultimately to chronic and permanent disability, Rarcly, a
fulminating attack exhibits rapid onset of neurologic dysfunction with progression
over a short period to death.

Diagnostic Criteria

Clinical diagnostic criteria. The diagnosis in most cases, even when termed
“clinically definite” must remain one merely of high probability because of the lack
of specific diagnostic tests. The familiar list of common symptomsand signs of the

“The workshops of the continuing panel were financially supported by a grant fromthe
National Institute of Neurological Diseases und Blindness. This financial support and the
encouragement provided by Richard L, Masland, Director, N..N.D.B., and Francis M.
Forster, Chairman of the Symposium,aregratefully acknowledged by the authors.
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disease is of limited yalue since these may be caused by other diseases or be absent
in multiple sclerosis. As emphasized below, laboratory tests may lend supportto
the diagnosis or aid in ruling out other conditions but, for the presentat least, are
not of use in confirming the diagnosis.

The following six criteria are deemed essential to characterize the disease state
as clinically “definite multiple sclerosis.”

a. There must be objective abnormalities on neurologic exami-
nation attributable to dysfunction of the central nervous
system, Symptoms alone, no matter how suggestive, cannot
be accepted as diagnostic of multiple sclerosis.

b. On neurologic examination or by history there must be evi-
dence of involvement of two or more separate parts of the
central nervous system.
(In determining multiplicity of lesions, certain signs or com-
bination of them require cautious interpretation. For example,
paleness of the temporal half of the optic disc is pathologic
only if beyond the average range and if supported by evidence
of impairmentof visual acuity and/or fields or by a history
suggesting a previous attack of retrobuibar neuropathy. It
must also be kept in mind that “multiplicity of structural :
involvement” may occur in other central nervous system dis- t
ease without fulfilling the requirements of ‘‘separateness,”
“multiplicity,” or dissemination” of lesions. Thus, if the
involvementof several structures can be attributed to a single
lesion at one locus, as is the case, for example, in tumor or
infarct of the brainstem or compression of the spinal cord,
such involvement cannot be considered as fulfilling the cri-
terion of “multiplicity.” Further, evidence reflecting the simul-
taneous and symmetric involvement of the lateral and
posterior columns of the spinal cord, found commonly in
disease of the central nervous system other than multiple
sclerosis, cannot be interpreted as caused by multiple sclerosis
in the absence of additional sites of involvement)

c. The objectivé neurologic evidence of central nervous system
disease must reflect predominantly white matter involvement,
i.e, fiber tract damage. Thus, signs must consist mainly of
optic nerve, cerebral subcortical, corticobulbar, corticospinal, i
medial Jongitudinal fasciculus, cerebellar subcortical, spino- {
cerebellar, and long sensorytract (especially posterior column)
dysfunction. More than a minor proportion ofsigns of lower
motor neurone (brainstem, spinal nuclear gray matter, or
peripheral nerve) dysfunction will disqualify a subject as
having multiple sclerosis for purposes of an experimentaltrial
of therapy.

d. The involvement of the neuraxis must have occurred tempo-
rally in one or the other of the following patterns:
(1) In two or more episodes of worsening, separated by a

period of one month or more, each episode lasting atleast 24 hours.

(2) Slow or step-wise progression of signs and symptoms, over
a period of at least six months.  
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These arbitrary time-limits are necessary to exclude: (1) fluc-
tuating or transitory neurologic impairment due to other
causes (e.g., vascular); and (2) acute disseminated neurologic
disease which is short-lived and nonrecurrent (such as en-
cephalomyelitis).

e, The ages of the patient at the onset ofthe disease must fall
within the range’of 10 to 50 years, inclusive.

f. The patient’s signs and symptoms cannot be explained better
by some other disease process, a decision which must be
made by a physician competent in clinical neurology.

It is realized there will be patients who do not meetprecisely these criteria, yet
have multiple sclerosis; conversely, there will be those who technically fit these
criteria, yet will not be considered to have multiple sclerosis by the clinician.
Nevertheless,all these criteria should be metfor inclusion of patients in a test scries.

Laboratory diagnostic criteria. No laboratory test pathognomonic of multiple
sclerosis useful im the selection of cases for an experimental study has been
discovered.

Minimum routine laboratory investigations, Patients accepted for an experimental
trial of therapy should have the usual routine laboratory tests required in a
thorough medical evaluation including a spinal puncture. These proceduresassist
in the differential diagnosis by providing negative evidence helpfulin ruling out
other conditions, as well as (in the case of the routine cerebrospinal fluid examina-
tion) revealing the occasional mild abnormalities consistent with the diagnosis of
multiple sclerosis. The recommendedtests are the following:

(1) Peripheral blood
a. Hematocrit or hemoglobin,
b. Total and differential leucocyte count,

(2) Urinalysis
(3) Blood serologic reaction for syphilis
(4) Fasting blood sugar
(5) Chest X-ray
(6) Spinal tap

a, Manometrics

. Gross appearance
Total and differential cell count

. Total protein conient
. Serologic reaction for syphilis

Colloidal gold curve or other modification of
the Lange procedure,

Test lending support to the diagnosis ofmultiple sclerosis. Gamma-globulin content
of cerebrospinal Quid. Because of the higher incidence, and higher levels, in this
disease than in most other neurologic disorders (except neurosyphilis) of raised
cerebrospinal fluid gamma-globulin content!™* it is recommended thatthis be
measured, preferably by the immunochemical method,"*** In the absence of
facilities for this technique, paper electrophoresis or even the relatively less accu-
rate Zn SO,precipitation procedure may be utilized since significant correlations
between the diagnosis of multiple sclerosis and pathologic elevations of this
protein fraction huve been shown in large series of cases investigated by these
methods.'**:*'* On the basis of recent work, however, it seems likely that quanti-
tative immunochemical measurements specifically of the gamma-2 (7s) subfraction
of gamma-giobulin will have the greatest diagnostic import.‘
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Other fests, Further laboratory procedures may be required if the history,
examination, or the above laboratory studies suggest the possibility of a disease in
addition to, or other than, multiple sclerosis. Examples of such tests, including :
tests of potential importance for differential diagnosis of multiple sclerosis are
shown in the followinglist:

(1) Blood urea nitrogen
(2) Glucasetolerancetest
(3) Blood preparations for “L.E.” cells
(4) Serum electrophoresis
(5) Gastric analysis and/or Schilling test
(6) Roentgenographyof the skul! or spine
(7) Myelography
(8) Hlectroencephalopraphy
(9) Neostigmine diagnostic test

Criteria for Exclusion

Not all patients who have multiple sclerosis are suitable for inclusion in an
experimental trial of therapy. Indiscriminate utilization of all subjects with a
diagnosis of multiple sclerosis might open the way to the operation of factors
which would introduce bias, or include subjects in whom testing was not feasible,
or include some who might be detrimentally affected. Categories of cases unaccept-
able for a controlled therapeutic trial are defined under the following headings:

Advanced disease. A patient with “advanced multiple sclerosis” is one in whom
both of the conditions listed below have been present for a period of one year or
longer without definite functional improvement. (Definite functional improvement
does not include such changes as fluctuations and transitory improvementin
the degree of spasticity, subjective improvement unaccompanied by objective find-
ings on neurologic examination, or improvementlasting less than 48 hours.)

a. Paraplegia or sufficient weakness of both legs to prevent
ambulation. Patients able to walk with the aid of canes, \
braces, or the arm support of one individual, however, are |
not included in this category. !

b. Sufficient ataxia, sensory loss, or weakness in both upper |
extremities to prevent independent feeding and dressing.

It is ikely that in subjects with extensive and permanent destruction of paren- i
chyma such tissue would be insusceptible of improvement from any form of :
therapy and that the clinical signs of both increased or decreased activity of the 'disease in other areas would be masked.

Dementia. While it does not seem feasible to define rigidly the degree of i
disqualifying mental impairment, Joss of intellectual functioning sufficient to :
impair understanding and cooperation in the treatment and evaluation program i
should be cause for exclusion of the patient. :

Concomitant disease. Subjects with other disorders, confusing or mimicking the
picture of multiple sclerosis, or rendering evaluation unfeasible, impractical or |
harmful, should be excluded. These groups are as follows: \

a Other primary nervous system diseases productive of neuro- i
logic deficit (such as brain or spinal cord tumors, neuropathies,
myopathies, symptomatic cranial or spinal traumas, neuro-
syphilis, and others). :

b. Diseases with possible secondary effects on the nervous sys- :
tem (such as collagen diseases, hematologic disorders, embolic
disease, advanced vascular disease, diabetes and others). {
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c. Diseases which limit function and therefore interfere with
evaluation of the neurologic state (such as symptomatic pul-
monary or cardiac disease, major amputations, ankyloses, or
arthropathies).

d. Diseases so grave as to reduce life-expectation to less than
the likely duration of the experimentaltrial of therapy (such
as metastatic cancer).

e. Diseases for which the proposed therapy against multiple
sclerosis is contraindicated (such as tuberculosis if steroids
ate to be used).

OBSERVATION OF COURSE OF DISEASE

Methods of Assessment of Neurologic Status
Assessment of status at fixed pertods (serial neurologic examinations). a, Method

of recording and numerically scoring data from routine neurologic examination.
Though crude, the only available indicator of change in the disease process is
change in peripheral function as measured heretofore by the standard neurologic
examination. This may be supplemented by more detailed tests of mentation, visual
acuity, visual fields, and bladder responsiveness (cystometrograms) whicharerefine~
ments of bedside neurologic testing. Although such measures are neither wholly
reliable nor accurate indicators of the amountor degree of underlying disease activity,
more precise methods have not been available, It is desirable to bring together
such neurologic data and the examiner’s inferences into a more manageable form
for recording and analysis. For the statistical analysis of results which ultimately
will be a part of any program of evaluating therapy, the neurologic findings and
related observations must be coded. To date, among the systems available for
coding netrologic findings,® t '‘~'° the one of Kurtzke’? seems the simplest and
least subject to error. .

The method consists of grading the results of the neurologic examination and
recording the scores in two complementary parts, (1) a set of grades expressing the
degree of deviation from normal for each of eight categories of neurologic func-
tion, and (2) a general disability status score determined from an ovcrall estimate
of the patient’s functional capacity, Only verifiable defects as elicited on neurologic
examination are considered; symptoms per se are not included in the scoring
process. , ,

The separate categories of nervous system function are graded in terms of
degree of dysfunction from 0 to 5 (or 6). These are: (1) mental functions, (2) visual
functions, (3) brainstem functions, (4) cerebellar system functions, (5) pyramidal
tract functions (6) sensory functions, (7) excretory functions, and (8) other func-
tions. The disability score, estimated from the overall impairment of functional
‘capacity, is based on a O to 10 point scale, Careful definitions are provided for the
five to six grades of neurologic dysfunction in each category and of the 10 degrees
of overall disability permitting the assignment of numerical scores.

The eight classes of neurologic function selected for scoring are representative
of roughly separate anatomic quanta of central nervous system tissue in which the
lesions of multiple sclerosis commonly occur. The method avoids the overlapping
and indiscriminate duplication of scores found in other methods of numerical
conversion that have been recommended, The dysfunction scores for the eight
roughly separate anatomic-physiologic areas of the central nervous system cannot
be logically added to give a valid numerical score of total dysfunction for reasons
stated elsewhere.*® They lend themselves, however, to following the progress

 

ftactrwwr ~ SORTERTEETETTTNgREEETI

Petitioner TWi Pharms., Inc.

EX1003, Page 173 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 174 of 822

 
CTereyon

558 Annals New York Academy of Sciences

of separate dysfunctions (and hence, presumptively, that of lesions underlying them)
during the course of the disease and in association with therapy. The disability score
does give a crude quantitative picture of the progress of the disease as a whole and
is utilized as a separate index to which the individual neurologic dysfunction scores {
are helpful adjuncts. The details of the method are outlined in the original report :
by Kurtzke."

b. Techniques of quantitative netirologic testing and scoring of data. Methods of
testing individual neurologic functions with apparently greater precision than the
standard neurologic examination and employing tools and techniques of motor
and sensory testing which give quantitative values of function in terms of numeri-
cal units have been investigated by Kuzma and Tourtclotte et al.'**" to determine
their feasibility, practicability, and stability under varying conditions in normal i
subjects. These consist of test procedures for measuring: (1) balance; (2) visual
acuity; (3) cutaneous two-point discrimination, (4) vibration sense; (5) coordina-
tion of hand; (6) speed of hand and foot movements; (7) muscle strength of
selected muscles; and (8) muscle fatigue in selected muscles. :

In a pilot study*** in which these techniques were used in intact subjects it was i
found that the methods provided reproducible results in different hands, including i
those of technicians, students, and different physicians at different times. Prelimi-
nary studies have also been carried out on subjects with multiple sclerosis and i
reported to have reproducible results,’

The potential value of such a system of examination and scoring rests on
the following apparent advantages: (1) Greater precision and objectivity in the
measurement of neurologic dysfunction as exhibited in the subject’s quantitative
performanceor response. (2) Greater ease of converting test responses into numeri-
cal values. (3) Greater reliability of comparisons between functions at different :
times because of the uniform methods of measurement and objective scoring. (4)
Greater efficiency and speed in performing tests of neurologic function. (5) Satis-
factory administration of tests by trained paramedical or non-medical personnel
(6) The ready handling of the numerical data obtained from these tests in statis-
tical analysis.

Apparent disadvantages are that all aspects of neurologic function and accessible
locations of examination in which dysfunctions might appear are not tested. A
limited selection of accessible functions is tested, probably representing areas in
which the majority of peripheral neurologic dysfunctions are likely to be located
in subjects with multiple sclerosis, but actually governed by the availability of
techniques and tools for “quantitative” testing.

As in any method of clinical neurologic testing, the disparity between the
activity of the basic disease process and the amount of peripheral neurologic
dysfunction is unknown and the correlation between these two variables may be
crude. It is questioned whether anything less than gross changes in function are
acceptable as reliable evidence of change in the basic disease process. The finer
degrees of alteration in peripheral neurologic function to which precise quantita-
tive methods might be sensitive may not be indicators of change in the basic :
disease process but at times indicate simply physiologic alterations, Further :

experience with the application of these methods may provide insight into these |problems.
For the present it is recommended that for measuring the currentstatus of the

disease process and following its course in an experimental trial of therapy, the
routine neurologic examination continue to be carried out at intervals and
scored as indicated, but that quantitative test procedures be included and evalu-
ated further whenfeasible. .
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Assessment ofrelapses. A characteristic feature of multiple sclerosis is the ten-
dency in many patients for the signs of activity of the disease to wax and wane,
somelimes in a pattern of acute attacks of symptoms separated by intervals of
improvement. In the literature on multiple sclerosis, marked fluctuations in the
condition of patients have been referred to as “exacerbations and remissions,”
“episodes,” “bouts,” and “relapses.” This feature of the disordcr has been of inter-
est not only in connection with the natural history, etiology, and pathogenesis of
the disease, but also utilized as a basis for investigating the effects of treatment. In
fact, some have held that the only certain way of establishing the efficacyof treat-
ment is through the prevention of relapses.

The major problems associated with the effective utilization of data on relapsesare four: :

(a) The umcertain proportion of patients with multiple sclerosis
who exhibit this feature. Brown and Putnam" claimed that a
third of their cases never showed a remission. Thygesen’”’
stated that only half of his patients began with an exacerbat-
ing course, and, of these, a third becamesteadily progressive,
Of the half that were chronically progressive from thestart,
80 per cent never showed subsequent remissions. In Muller's
large series'® 90 per cent are claimed to have followed a
relapsing or intermittent course and the same proportion
was found in McAlpine and Compston’sseries.'* In the latter
series, over half of those with steady progression from the
onset had superimposed relapses.

(b) The wide disagreement among observers regarding thefrequency
af thephenomenon,including the alleged tendencyfor relapse
rates to decline progressively as the disease advances. Muller
found the relapse rate greatest in the first year, still high
during the next five years, and lower thereafter. His finding i
of an average annual relapse rate of 0.5 over an average :
period of 9.7 years (in 810 cases with 3797 ‘‘bouts”) obscures
the wide variation in the relapse rate between different indi-
viduals; between different phases of the disease in the same
individual; and between subjects who have had the disease
for varying durations, Thygesen'’ found an attack rate among
subjects which was approximately the same regardless of
the duration of disease up to 20 years, namely, an average of
1,15 per year. McAlpine and Compston™ concluded that the
average number of relapses per year tended to diminish
with time. This was based on a range of average rates of
0.23 to 0.42 per year in cases with up to four years” duration
of the disease; 0.31 in cases up to nine years’ duration; 0.26
in cases up to 14 years’ duration; and 0.2 to 0.22 in cases up
to 30 years’ duration. Alexanderconcluded that relapses
occur chiefly during the first five years of the disease. Swank's
curve’ showed an irregular exacerbation rate for cases of
varying duration ranging from approximately } to 1.6 per
year in groups of cases with different average durations up
to 10 years.

(c) The questionable validity of retrospective data obtainedfrom
patients concerning previous relapses. The inherent inaccuracy
of such information has posed grave problems in treatment
comparisons ofthe historical variety, iie., before and after
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treatment in the same patient. Experimentaltrials of therapy
utilizing the unreliable data of pretreatment relapse rates '
based on historical information are therefore not likely to be :
sound.

(d) The lack of uniformity or precision in definitions of “relapse.” ;
In the literature this concept has mot been clearly enough :
defined to endow the observations of various investigators
with adequate uniformity. If the prevention of relapses is to
be utilized in the evaluation of therapy, clarification of terms
is essential. Any attempt at defining recurrent bouts shows
difficulties and complexitics not apparent on the surface,

Yn a long-range experimental trial of therapy where tabulation of relapse rates
might serve a useful purpose for comparison of treatment and control groups,it
is obvious that the intensity of disease recrudescence, the duration of periods of
disease recrudescence, and the duration of periods of inactivity over a given
period of time would also be of significance. If these aspects also are to be
measured, they require definition. The terminology and definitionsfinally adopted
should be those which best serve the purposeof recording, tabulating, and analyzing
the data for valid evidence of changes in the disease state. To achieve reasonable
uniformity of concept, certain arbitrary, though rational, elements have been
included in the following definitions:

(1) Period ofworsening (relapse): This phase represents the period
of development of a new symptom or group of symptoms or
the period of aggravation of an existing symptom or symp-

toms if the course has been stationary or improving duringthe previous One month. To be counted as a separate perio
of worsening or relapse, the period must last at least 24
hours or longer. In any instance, symptomatic worsening
should be counted as a relapse only if it is accompanied by
an appropriate change in objective neurologic Function as
determined by examination.

The duration of a period of worsening is the time elapsing
from the beginning of the worsening until symptoms and
signs reach their maximum. If symptoms progress after a
Stationary or improving period of less than one month,this
time periodis included as part of the duration of the episode
of worsening. The latter qualification seems important to
avoid the danger of recording minor changes in the course
of downhill progression, noted from week to week, as sepa-.
rate relapses or new episodesofdisease, thus giving a falscly :
high numerical score for the relapse rate if this is calculated. ‘
In order to utilize relapse rates as a reflection of the course
of illness, the attempt must be made to distinguish between
minor and questionable degrees of progression and the abrupt '
flare-ups of disease activity generally implied by the term .
“relapse.” The course reflected by the temporal aspects of :
disease activity will probably be better shown, however, in
the statistical tabulation of the duration of periods of
worsening, than merely in their number.

(2) Period of maximal symptoms (plateau): This phase extends
from the time a symptom or group of symptomsreachesits
maximum intensity until improvement begins, or one year
has elapsed, whichever occurs sooner, provided that in the
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following one month no new symptoms develop, Measuring
and recording the duration of the phase of maximal symp-
toms in each patient may provide additional data reflecting
the intensity of the disease, tabulations of which may be of
use in following its course. :

(3) Period of improvement (remitient phase}: This period extends
from thefirst evidence of improvementuntil the endof further
improvement. The end of the period of improvement will be
considered to be a point, (1) marked by disappearance of
symptoms or (2) marked by the beginning of stationary
residual symptoms (providing that the periods following (1)
or (2) last at least one month); or a point (3) marked by the
beginning of an exacerbation of symptoms entering a new
period of worsening (relapse). Additional improvement after
an inactive period of less than a month will be counted as an
extension of the preceding period of improvement. Con-
versely, if a period of improvement, or of a combined period
of improvement and subsequent stationary period is ofless
than one month and followed by a period of worsening, then
the brief period of lessened symptomswill not be so counted
but as a continuation of the previous period of worsening.

(4) Period of inactivity (stationary phase): This period begins with
the end of the period of improvement, but is counted as such
only if it lasts more than one month. A shorter stationary
period is designated as part of a period of worsening or im-
provement depending on factors referred to under(3). In the
event of persistence of a previous period of worsening at a
maximal level without an ensuing period of improvement
(i.e., a remittent phase), the so-called period of inactivity is
not considered to begin until one year after the worsening
reached its maximum. From whatever point the period of
inactivity is considered to begin, it extends until new symp-
toms appear or continuing symptoms worsen,

The above are operational! definitions, of necessity somewhat arbitrary, which
may not fit every situation encountered in the subjects who are being followed, but
will provide a starting basis for classification of changes in the course of the disease,
Thoughit is likely that most of the total time-span involved in the observations
can be classified under these several designations, it may be necessary after analyz-
ing the data retrospectively to modify the definitions or to add additional categories
in order to clarify the state and magnitude of activity of the disease in time and to
provide uniformity of interpretation of the data.

Minor fluctuations of existing symptoms to be excluded from the category of
relapses may be defined as improvement or worsening of an established symptom
lasting less than 24 hours. Such changes, especially brief ones lasting minutes or

hours, may be due to physiologic influences unrelated to the basic disease process,
though it is recognized that genuine exacerbations (periods of worsening) of
multiple sclerosis probably can last less than 24 hours, Because of the lackofreliable
distinguishing criteria, however, and because of the frequency of such transient
changes, it is recommended that these phenomenanot be tabulated as evidence of
renewed or intensified activity of the disease.

Since by the definition given above, a period ofworsening is acceptable as a valid
datum in an experimentaltrial of therapy only if confirmed by neurologic examina-
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tion revealing objective signs of worsening, the use of historical information con-
cerning relapses is acceptable only tentatively when related in letters or by telephone
by subjects who cannot be examined immediately, Before final acceptance of such
data, a reported episode of worsening will require corroboration by subsequent
examination and finding of objective changes in the neurologic examination, Be-
cause of the tendency to forget details with the passage of time, patients serving
as subjects in an experimental trial of therapy should be encouraged to report im-
mediately new symptomslasting longer than a day.

In an experimental trial of therapyit is recommended that records be maintained
of the temporal phasesof the disease as an index ofits activity during the period
of observation in treatment and control groups. If a summation in each case ofthe
number of flare-ups, the total number of weeks or months of worsening, and the
duration of periods of maximal symptoms were taken into account in the compari-
son, additional factors reflecting duration of disease activity would be included in
the analysis, By what means this data should be integrated might better be deter-
mined after preliminary analysis. Lastly, the data derived from the assessmentof
the neurologic status reflecting extent and severity of pathology may also be
integrated with the temporal aspects of worseningin arriving at yalues representing
the true status of the disease at any time during or at the end of a period of
observation,

Laboratory Evaluation

Of the many reportedclinical pathological alterations in multiple sclerosis such
as changes in capillary fragility, platelet adhesiveness, sedimentation rate, serum
protein chromatograms, serum fibrinogen level, cerebrospinal fluid phosphorus
content, and others, a few have been alleged to fluctuate with the courseofthe dis-
ease, None has been substantiated as varying predictably with disease activity to a
degree warranting its routine use in following the course of multiple sclerosis.
Though abnormalities in the cellular and protein composition of the cerebrospinal
fluid have been thought to reflect activity of the disease, these criteria are not
dependable to determineif the disease is in exacerbation or remission. (Quantita-
tive estimations of cerebrospinal fluid gamma-2 globulin content should be repeated
at intervals during the course of observation to further explore the significance of
this abnormality.)

Changes in visual acuity and abnormalities in the visual ficlds, cystometrogram,
or electroencephalogram should be followed up and repeated at appropriate inter-
vals during the courseof the disease, since data from these procedures may provide
useful information reflecting aspects of the progress of the disease,

Tum ExPERIMeNTAL DESIGN

The design of the experiment should insure an unbiased andefficient comparison
so that nothingin its conduct favors one therapy over another. A successful experi-
mental trial of therapy depends on seeking specific information.’ Limiting the in-
quiry to whether one treatment is better than another is too general to guide the
development of research plans for an experimental trial. The conditions mustfirst
be madespecific gs to the type of patient, the therapeutic goal and how it is to be
measured, the type, dosage, and mode of administration of therapy, the duration
of therapy, and the nature of the comparison on which the evaluation of thera-
peutic benefit will eventually depend, If the treatment involves a new drug its
pharmacology must be well worked out so that hazards for particular kinds of pa-
tients will be appreciated and consideration may be given to their exclusion fromthe trial,
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Therapeutic Regimens and the Needfor Comparison
Comparison of therapies is an essential element of experimental trials, even

though oneofthe regimens may be a mock procedure, placebo, or no special medi-
cation. Only rarely can past experience with one regimen provide a valid contrast for
a new treatment, thus permitting the new regimen to be administered to all the
subjects in an experiment. Simultaneous application of two or more regimens to
randomly differentiated subgroups of subjects, with the subgroups exposed to con-
ditions identical in all respects except for the therapeutic agent, is virtually always
necessary to provide an unbiasedtrial of therapy. If there are several treatments
to be evaluated it may be more efficient to evaluate them simultaneously than in
separate experiments, This is especially truc whenever the administration of one
would notinterfere with the administration of another to the same patient.’® Since
there is no well-established therapy for multiple sclerosis, the experimenter has
greater freedom in the use of the placebo, a useful device for eliminating from the
estimate of the therapeutic effect any componentof the respouse that rests merely
on the meaning of the therapy and of the therapeutic situation for the patient. Even
though in the evaluation of changes in multiple sclerosis attention is directed chiefly
to objective signs and the placebo effect is chiefly on subjective symptoms,it is
pertinent to note that the magnitude of the average placebo effect on subjective
symptoms has been estimated as on the order of 35 per cent."

The therapeutic agent should be given in sufficient dosage to fairly representits
full therapeutic potential, with due attention to the possibility of toxicity in the
higher range of dose. Although one or more fixed dosage schedules are usually ade-
quate, individual response to certain drugs may be so variable as to require indi-
vidualization of dose. This need not invalidate the controlled trial, but may limit
the interpretation of the results, in that the skill of the therapist then becomes an
integral part of the therapeutic situation, Should variation in his skill seem impor-
tant, efforts to estimate its.effect may be considered,

In the course of any experimental trial some multiple sclerosis subjects may en-
counter difficulties leading to consideration of discontinuing treatment. An “escape
clause” in the protocol is essential for the protection of the patient and the physi-
cian. To protect the scientific integrity of the therapeutic trial, however,it is essential
that such withdrawals be made without regard to the particular regimen the patient
may have been assigned, e.g, whether the test regimen or a placebo,

Sample Size

All measurements have a degree of inherent variation dependent on technical or
human factors and independent of changes in the value measured. The estimation
of this intrinsic variation is accomplished by repeating the observations (replica-
tion), Any observed difference between the results in different treatment groups
must be referred to this estimate of intrinsic variation in order to determine the

probability with which the observed difference might occur by chance between
regimensof exactly the same effectiveness. Since the size of the sample is a measure
of the amountof replication, the precision of any comparison will increase with
sample size and the risks of erroneous inference will decrease,

If the patients are so hctcrogeneous, however, that the treatment could be effec-
tive for some types and not for others, then the subjects must be subdivided
accordingly. The estimate of the number of subjects required to detect true treat-
ment differences, if they do exist, then pertains not to the aggregate numbertreated
but to the most meaningful subgroups. If the sampling variability of the material
is known, then a required sample size may be calculated on the basis of: (1) the
size of smallest change in the subject’s condition thought to be important; (2) the
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acceptable degree of risk of attributing an advantage fo the new treatmentit does
not possess, ie., the level of statistical significance to be used in testing the treat-
ment difference observed at the end of the trial, and (3) the degree of acceptable
risk that a true treatment effect will go undetected. Since the problem is a common
one, there are tables,7?~™ that will shorten the labor of computing samplesizes
according to such specifications. Although such calculations often seem quite arbi-
trary, the “fixed-sample” approach to sample size is the classical one. Investigators
frequently prefer to determine sample size in relation to the numberof patients
available to them, to their costs, etc., but such practical considerations alone will
not protect a clinical trial from failure to detect even a large therapeutic effect.

Design of the Treatment Contrast (Planned Comparison of Treatment Results)
To effect a comparison of competing regimens, patients must be groupedin rela-

tion to these regimens and possibly to other major factors as well. Such groupings
will determine the way in which the analysis of treatment and othereffects will be
made. A secondary purpose of grouping is to isolate, and usually to measure,the
influence of major variables other than treatment so that they will not exaggerate
the estimate of experimental error to which the treatment difference will be referred
in testing its significance,”

‘There are two main patterns for arranging treatment contrasts,7* ** *? In the first
the individual patient receives each treatment under study, and thus serves as his
own control. In this way, the heterogeneity among patients is eliminated and the
measure of intrinsic variation is derived from changes within patients over time. It
seemslikely that the spontaneous variability within patients over time gives this pat-
tern little value in designing trials of therapy for multiple sclerosis patients,In
the second pattern the treatment comparison is made by comparing physically dis-
tinct sets of patients on different treatments, In multiple sclerosis a treatment
contrast will probably need to beof this type. If the patients under study were known
to be heterogeneous as to treatment response, then it would be advantageous to
group patients into more homogeneous blocks so that treatments might then be
assigned at random within these blocks.

Another approach to the control of heterogeneity in clinical material is to match
cases with respect to variables known to be influential, and then to assign treat-
ments randomly to the members of the matched set. Rarely is enough known about
the significant covariables to invest this approach with much efficiency,” and in
any event the critical question is not whether there is an association between the
covariable and the criterion or response variable, but rather how large any corre-
lation is. The correlation must be high (over 0.5) before matching on a covariable
is likely to add much precision to the treatment comparison.If patients are becom-
ing available one at a time, such matching will be difficult. If many variables are
to be used in matching, a very large series may be required to match a few cases,
Therefore, in experimental trials of therapy in multiple sclerosis, matching of
cases is impractical.

Allocation of Subjects to Groups
Randomnessin the allocation of patients to treatment and control groups guar-

antees the validity of the comparison and insures that it is unbiased. Various sys-
tematic arrangements are often proposed as if they had the property of randomness,
but close inspection will always reveal uncertainties or even frank bias. The stand-
ard vehicle for achieving randomness is the table of random numbers.®.* All
factors not systematically taken into account in the structure of the treatment
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comparison, as by controlling the groupingof patients, will be so handled by ran-
domization as nat to favor one treatment over another, andto justify the use of
random-variable theory in the statistical interpretation ofthe resulting data, inchud-
ing the measurementof the uncertainties to be attached to the resulting inferences.
The allocation by means of random numbers will not, of course, protect against
influences arising for the first time after the point of allocation. Only factors present
at the time of allocation are effectively randomized.

Observation of “Therapeurie Response”
Specification of the changes in the subject’s condition’ #? to be measured (i.e,

changes in neurologic status, relapse rate, or other features utilized to reflect the
course of the disease) is made in the planning stage and the necess observations
defined. Unless there is agreement on this point before the observations are made,
there is no guarantee that conclusions will be unbiased and unaffected by the hapes
or prejudices of the experimenter. Agreement should extend to specification of the
way in which the response variables are to be observed, and how they are to be
used in the analysis. If somestatistical method of combining the data is to
be employed, it should be worked out in advance. A time-limit should be specified
for the period of observation, a period considered adequate for the full demonstra-
tion of any therapeutic effects. The objective observations which may be utilized
for measuring and recording the course of activity of multiple sclerosis have beendescribed above under OsSERVATION OF COURSE OF DISEASE.

The precision of the observations, to which the measurementof intrinsic erroris
intimately related, affects the power of the experiment to detect treatment differ-
ences, as does the closeness of correlation between the features observed and the
underlying disease, It is obvious that great power from this source is not available
in experimental trials of therapy in multiple sclerosis. It may be more important
to increase the sample-size of the experiment than to sharpen the observational
techniques, Nevertheless, standardization of the observational techniques, includ-

ing specification of equipment, examination procedures, and laboratory protocols,ill aid precision. These must be worked out and reduced to writing in order thatthe
observations be not only relevant and valid, but also reliable. Recommendations
as to these have been madeabove.It will also be of practical benefit to develop
special record forms, scales, check lists, etc. for the clinical trial and to pre-
test them in an actual clinical situation before placing them into effect.

Thesetting of the experimental trial needs careful attention so as not to defeat
the intent of the randomization The biasing influence of later events must be
avoided, such as knowledge by various individuals participating in the experimental
trial of therapy as to what treatmentindividualsubjects are receiving. Unconscious
bias may derive from knowledge by the patient, by the physician (experimenter), or
by other personnel involved in the observation or recording of data. The value of
the so-called “blind” procedures has been amply demonstrated in clinical trials of
therapy. Acceptance of the principle, however, is often easier than the achievement
of a truly “blind” experiment.° Whatever bias may result from failure to attain
truly blind conditions will be combined with the apparent treatment effect in
a way that will defy separation,

lis recommended that experimentaltrials of therapy in multiple sclerosis utilize
the “double-blind” method. In view of the need to adjust the individual dose, the
experimental therapeutic situation may require the operation of two physicians, one
with responsibility for dose and the welfare of the patient, the other to serve as
unbiased observer, The possibility of feed-back to the observer from the treating
physician via the patient must be guarded against should this compromise
be necessary.
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“Drop-outs”’ need to be handled with special care if they are not to be a source
of bias: in a given situation, interpreted as a threat to the patient’s welfare, removal
from therapy should in no way be influenced by the particular therapy which the
patient is receiving. In general, whatever limitations seem indicated morally, or
necessary medico-legally, should be imposed to minimizerisk to the patient butin
such fashion as to avoid bias from leaks of information to both subjects and
experimenter.

Incomplete follow-up is another potential source of bias. In long-term studies
patients drift away from observation, and there is ample opportunity for this drift-
ing to be influenced by their reactions to the therapeutic trial. Special efforts are
needed to keep follow-up at a sufficiently high level to minimize such error and to
investigate its presence in specific trials.

Analysis and Interpretation

i The analysisis largely dictated by the design, It provides a test on the hypothesis
to to which the trial is directed, An early step in the analysis should be the examina-

tion of the results of randomizations on salient characteristics of the treatment and

control groups. If these characteristics are not similarly distributed within the
treatment groups, and there is always a small probability that this will be so, then
it will be advisable to take this fact into account in the analysis in some fashion
not visualized in the experimental design.

In the analysis of the results of the experiment, the significance tests on differ-
ences among treatment groups should he supplemented by estimates of the thera-
peutic effect, if any, and these estimates stated in the form of confidenceintervals.
The drop-outs and losses from follow-up introduce possible bias and add uncertainty
to the measurementofthe treatment effects. If appreciable, they should be included
in the analysis in such fashion as to obtain upper and lower limits of treat-
ment ettects. .

It is rare that a single therapeutic trial will seem sufficient to establish the value
of a new method of therapy and,in view of the uncertainties inherent in biological
material, it behooves the investigator to be conservative. In addition to the usual
risks of false inference, the investigator rarely can be certain that the groups of
patients in his trial are representative of the population of patients of interest, The
interpretation of the significance tests implies acceptance of risks, most obviously
in the significance levelitself, .05 or .01. On the other hand, if the results appear
not to differ significantly, the power of comparison should be estimated to deter-
mine whether the experiment was really powerful enough to have had a good
chanceof finding a therapeutic effect if there were one.

SUMMARY

Multiple sclerosis, a demyelinative nervous system disease of world-wide occur-
rence and unknowncause, has been reported to be benefited by various types of
therapy based on uncontrolled observations. Such reports have led to unwarranted
and occasionally widespread application of methods whose value remained unsub-
stantiated. Numerousobstacles standing in the way of judging the effects of treat-
ment in this disease have been cited.

Problems of achieving scientific contro] in experimental trials of therapy in
multiple sclerosis were studicd and an attempt made to work out procedures which
would insure the soundness ofsuch investigations, It was hoped by this meansto
encourage the application of uniform standardsofscientific control in the evalua-
tion of the effects of therapy in this disease.
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Problems to which solutions were sought were the following: (1) Selection of
subjects, requiring a definition of multiple sclerosis, clinical and laboratory diag-
nostic criteria, and criteria for exclusion of patients from an experimental inves-
tigation of therapy; (2) methods ofevaluating the course of the basic disease process
(a) through assessmentof the ncurologic status with emphasis on scoring of the
clinical manifestations of the disease and (b) through following the chronologic or
longitudinal patteros of activity; (3) the general principles necessary to insure
validity and reliability in therapeutic cxperiments, including statistical methads ap-
plicable to the special problems of treatment trials in multiple sclerosis.

Though a specific protocol was not designed, important elements entering into
an experimental design were presented and recommendations made regarding their
incorporation in a therapeutic trial in multiple sclerosis. It is hoped that the report
will provide guidelines for potential investigators of therapy in multiple sclerosis
and serve perhapsalso as a basis for larger, cooperative trials of therapy among
clinical scientists interested in progress in this field.
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ABSTRACT: Objective: To evaluatethe safety and tolerability of subcutaneous (s.c.) cladribine therapy
in patients with chronic progressive multiple sclerosis (CPMS), and to evaluate the effects on lymphocyte
subsets. Background: Cladribine, a synthetic antineoplastic agent with immunosuppressive effects, may
favourably affect the course of CPMS. Howeverresults of a previous reported clinical trial showed signif-
icant myelosuppression in some patients. Design/Methods:19 patients with severe (mean extended dis-
ability status score [EDSS] = 6.7) CPMS were treated on a compassionate basis with cladribine 0.07
me/kg/ day s.c. for 5 days per cycle, repeated every 4 weeks for a total of 6 cycles. Patients underwent
clinical evaluation, EDSS, and hematologic analysis before, during, and following therapy. Results: The

@ treatment was very well tolerated with noclinically significant side effects observed. Between baseline
and the end of cycle 6, mean decteases were noted in absolute lymphocyte count from 1697 to 463 (p =
0.000012), CD4 count from 865 to 187 (p = 0.0000008), CD8 from 418 to 165 (p = 0.005) and CD19
from 197 to 26 (p = 0.000002). Platelet, granulocyte and RBC counts were unaffected. Approximately
one year after completion of therapy, some recovery of CD4 and CD8counts had occurredalthough both
counts remained suppressed compared to baseline (302 and 227 respectively); the CD19 count had recov-
ered essentially to normal by one year. EDSS scores post-therapy revealed some deterioration in 8
patients and stable scores in the remaining 11. Global patient evaluations of the treatment were mixed,
Conclusions: Cladribine therapy, at lower doses than previously reported, was remarkably well tolerated
in CPMS,with nosignificant myelosuppression. Profound effects occurred in total lymphocyte count and
CD4, CD8 and CD19 subsets.
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RESUME:Sécurité et tolérabilité de Ja cladribine sous-cutanée dansle traitement de la sclérose en plaques
progressive. But: D’évaluer la sécurité et la tolérabilité de la cladribine sous-cutanée (s.c.) chez les patients arteints
de sclérose en plaques progressive chronique (SEPPC) et d’évaluer ses effets sur différentes populations lymphocy-
taires. Introduction: La cladribine, un agent antinéoplasique synthétique qui a des propriétés immunosuppressives
peut influencer favorablement |’ évolution de la SEPPC. Cependant, les résultats des essais thérapeutiques rapportés a
date ont montré une myélosuppression significative chez certains patients. Méthodes: 19 patients atteints de SEPPC
sévére (score moyen a l’échelle d’invalidité EDSS = 6.7) ont été traités sur une base humanitaire avec Ja cladribine &

@ la dose de 0.07 mg/kg/jour par voie s.c. pendant 5 jours par cycle, 4 toutes les 4 semaines, pour un total de 6 cycles.
Les patients ont subi une évaluation clinique, EDSS,et des analyses hématologiques avant, pendantet aprés le traite-
ment. Résultats: Le traitement a été trés bien toléré, sans effet secondaire cliniquementsignificatif. Entre la phase
pré-traitementet la fin du sixiéme cycle, des diminutions moyennes du décompte absolu des lymphocytes de 1697 a
463 (p = 0,000012), du décompte CD4 de 865 4 187 (p = 0.0000008), du décompte CD8 de 418 4 165 (p = 0.005) et
CD19 de 197 & 26 (p = 0,000002) ont été observées. Le décompte des plaquettes, des granulocytes et des globules
rouges n’était pas atteint. Environ un an aprés la fin du traitement, une récupération du décompte CD4 ct CD8 était
évidente, bien que ces deux décomptes demeuraient supprimés en comparaison avec ceux de la phase pré-traitement
(302 et 227 respectivement), le décompte CD19 était revenu 4 la normale A un an. Les scores EDSS post-traitement
ont montré une détérioration chez 8 patients et des scores stables chez les 11 autres, L’évaluation globale du traite-
mentpar les patients était mixte. Conclusions: La cladribines.c., 4 dose plus faible que dans les études rappartées
antérieurement, a été remarquablementbien tolérée chezles patients atteints de SEPPC, sans myélosuppression signi-
ficative. Des effets marqués ont été notés sur le décompte lymphocytairetotal ct sur les sous-populations CD4, CD8
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Can. J. Neurol. Sci. 1998; 25: 295-299

BACKGROUND From the Division of *Hematology, (R.S., J.B.) The Toronto Hospital and Division of
. . . . Neurology, (P.O.) St. Michael's Hospital, University of Toronto, Toronto, Ontario,

There is considerable evidence that cel! mediated immunity Canada.
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plays an importantrole in the pathogenesis of multiple sclerosis Reprint requests to: Dr. P. O’Connor, Division of Neurology, St. Michael's Hospital, :
(MS). Helper (CD4) T lymphocytes are found in MS Jesions 30 Bond Street, Suite 3133-D, Toronto, Ontario, Canada MSB 1W8 u
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along with abnormal MHCclassII expression.'? In experimental
allergic encephalomyelitis (EAE), injection of myelin basic pro-
tein (MBP) and other myelin proteins results in T-cellinfiltration
into the CNS, accompanied by CNSlesions similar to those seen
in MS. T lymphocytes specific to such myelin antigens have
been shown to induce CNSinflammation in several mammalian
species.’ T lymphocyte clones reactive to MBP havealso been
found in the blood of patients with MSDespite these observa-
tions the exact mechanismsof demyelination are unclear.

Beta interferons have been shown to reduce the frequency

and severity of exacerbations in the relapsing remitting form of
MS.* However,little progress has been madein altering the nat-
ural history of the disease particularly in patients with chronic
progressive MS. Despite early encouraging results, immunosup-
pressive agents such as cyclophosphamide, azathioprine, and
cyclosporin have demonstrated, at best, only marginalactivity in
double blind controlled trials.”#°

Cladribine (2 - chlorodeoxyadenosine) is a purine analog
which is incorporated into DNA and is resistant to the enzyme
adenosine deaminase.’ It has demonstrated considerable anti-

neoplastic activity in hairy cell leukemia, chronic lymphocytic
Jeukemia and certain forms of non-Hodgkin’s lymphoma.""'*It
hassignificant immunosuppressive effects, with reduction in the
numbers of CD4 and CD8 lymphocytes!"which persist for 6-
12 months or more after a course of therapy. The drug is gener-
ally well tolerated with the major toxicity being
myel osuppression.'015

Recently a small (n = 51), randomized, double-blind, placebo
controlled, cross-over trial was reported using intravenous
cladribine in patients with CPMS.16 48 patients entered as
matched pairs and the trial was stopped after one yearof treat-
ment before the cross-over occurred, Treatment consisted of

four monthly cycles of 0.7 mg/kg cladribine given through a
central line. Cladribine appeared to favourably influence the
course of CPMS, with improvementor stabilization in neurolog-
ical scores, lesion volumes on MRI,and concentrationsof oligo-
clonal bands in cerebrospinalfluid in treated patients, compared
to placebo. However,although the treatment was generally well
tolerated, significant hematologic toxicity was reported, in addi-
tion to severalviral infections.!>

Subcutaneous cladribine has shown good bioavailability
compared to the intravenous route, with a similar pharmacoki-
netic profile.'4 Our objective was to evaluate the safety and tol-
erability of subcutaneous cladribine therapy in patients with
chronic progressive multiple sclerosis, and to assess if lower
doses than those previously used would be immunosuppressive
with less myelosuppression.

PATIENTS AND METHODS

19 patients (13 females and 6 males) with chronic progres-
sive MS (CPMS)attending the MS Clinic at St. Michael’s Hos-
pital in Toronto were treated. EDSS scores ranged from 5.5 to B,
and ages from 31 to 60 years (mean age 43). Patients were
selected for treatment on compassionate grounds based primari-
ly on rapid progression in the two years prior to therapy.

The average disease duration in these patients was 12.6
years, 15 patients had no comorbid medical conditions. The fol-
lowing conditions were found in one patient each: asthma,
insulin-dependent diabetes mellitus (IDDM), depression, and
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IDDM with depression. Mostpatients had at some pointin their
disease been treated with short term high dose corticosteroids
for MS exacerbations. Apart from brief courses of corticos-
teroids, no patient had received immunosuppressive therapy in
the year prior to the study. No patient received concomitant cor-
ticosteroid or other immunosuppressive therapy while on
cladribine. Cladribine (Leustatin7®, Ortho-Biotech) was admin-
istered at a-dose of 0.07 mg/kg/day by subcutaneous injection
for 5 days.per cycle, or 0.35 mg/kg/cycle, repeated every 4
weeks for 6 cycles in total. Complete blood count (CBC) and
differential; as well as clinical assessment, were done prior to
each treatment cycle; CBC wasrepeated at day 14 following at
least the first cycle to assess the nadir counts. Total lymphocyte
counts and:CD4, CD8 and CD19 positive lymphocyte subsets
were determined prior to initiation of treatment, then at Cycle 3
and 6, and (in most instances) at one year following completion
of therapy. Lymphocyte subset analysis was done by
immunophenotyping using a FACScan flow cytometer. The nor-
mal referencé ranges for total lymphocyte count, CD4, CD8 and

CD19 subsets were 1500 ~ 2900, 535 — 1125, 300 — 810 and 335
— 447 x 10°/Lrespectively.

Neurologic assessments and EDSSscores were performed by
neusologists at the MS clinic at baseline, during therapy, after
completion of the 6 cycles, and in follow-up over the next 21
months. Because of difficulties involved in getting significantly
disabled patients to return for follow-up, the exact timing of the
EDSS assessment varied somewhat.

Data are presented as mean “+ standard deviation. The Stu-
dent’s t-test for paired data was used to compare observations; a
significance level of 0.05 was used to indicate statistical signifi-
cance,

RESULTS

Of the 19 treated patients, 13 received all six cycles of
cladribine. Six patients chose not to complete therapy,2 patients
after 5 cycles, 3 after 4 cycles and 1 after 3 cycles. The primary
reasons patients gave for not completing therapy were perceived
lack ofefficacy together with the medication cost. Toxicity did
not limit treatmentin any of the cases.

Laboratory data from 4 patients (patients 2, 8, 10 and 13 on
Table 3) were excluded from analysis because of absent baseline
lymphocyte subset data in two cases, and insufficient follow-up
data in the other two. The total lymphocyte count and CD4,
CD8 and CD19 lymphocyte subsets at baseline (prior to the start 

Table 1: Lymphocyte subset analysis during therapy (n = 15).

Baseline 3Months pvalue* 6months pp value**

Lymphocyte
count 1697+ S570¢ 8014350 0.0000007 463+207 0.000012

CD4 count 8654313 4114170 0.000005 187494 0.0000008

CD8 count 418+170 2482145 0.00002 165 +127 0.005 

CD19 count 1974104 25427 0.000002

P value derived from Student’s t test for paired data
*Baseline vs. 3 months
**3 months vs, 6 months

26416 0.4

TAI values expressed as mean + standard deviation, x 10%/L.
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of cladribine therapy), and at 3 and 6 months on therapy in the
15 evaluable patients are summarized in Table 1. As shown, sig-
nificant decreases in total lymphocyte counts as well as in
helper (CD4+) and cytotoxic/suppressor (CD8+) lymphocyte
subsets were seen during cladribine therapy. There was a contin-
uing decline in T lymphocyte subsets from 3 to 6 months; this
was particularly true for the CD4 subset. Highly significant
decreases in the B lymphocyte (CD19+) subset was also seen
with trough values attained at 3 months.

Follow up laboratory data, one year after completion of
cladribine, were available on 12 of these 15 patients and are
summarized in Table 2, The mean total lymphocyte, CN4 and
CD 8 counts had shown somerecovery comparedto the values
at the end of therapy, but werestill significantly below baseline
level. The mean CD19 count had recovered to normallevels. 

Table 2: Lymphocyte subset analysis following completion of therapy
(n=12).

 

 

6 Months 1 year post p value*
therapy

Total Lymphocyte count 475 +200f 895+367 0.0003

CD4 count 199 + 97 302+133 0,018

CD8 count 156 + 91 2274142 0.047

CD19 count 28 + 16 179+ 110 0.00014

*P value derived from Student’s t test for paired data
+AL values expressed as mean + standard deviation, x 1O*/L.

Table 3: Summary of EDSS scores obtained on cladribine therapy; 0
months represents baseline (n = 19). 

Pt. # cycles Monthsfrom start of therapy
0 3 6 9 2 15 18 210 2 27

 

 

 

 

 

 

1 6 75 8.5

2. 6 7 7

3. 6 6 6 6

4, 6 8 8 8.5 8.5

5. 6 8 8.5

6. 6 65 65 65 65 65

7. 6 65 65 7 7 6.5

8. 6 6.5 65 7

9. 6 6 6 6 6.5

10. 6 6.5 65 6.5

11. 6 6 6 65 6

13, 4 7 7 7 7S

MoTTT
15. 5 7 7 7 7

57.J
17. 4 75 85 8.5

18.4 65 65 7

93 4655 55 5.5
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There were no opportunistic infections seen either during
cladribine therapy or in the following year. The hemoglobin,
granulocyte and platelet counts were within normal reference
ranges throughout the duration of cladribine therapy. One
female patient developed a borderline anemia with a
hemoglobin of 117 g/L while on cladribine which recovered to
normal post therapy. Another patient had a mild thrombocytope-
nia with a platelet count of 136 x10%L, after one cycle of
cladribine which returned to normal by the subsequent 2 cycles.

No definite nonhematologic toxicity was reported or
observed. No patient required a reduction of cladribine dose or
treatment delay secondary to adverseeffects.

Details of EDSS scores are in Table 3. A significant change
in EDSS score was defined as a change of one-half point or
more measured at the first post therapy visit and compared to
baseline. Follow-up data are availablein all patients, at times
varying from 6-21 months after completion of therapy, Of these,
8 patients had an EDSS score that increased significantly as
compared to baseline, while 11 were unchanged. None had a
significantly lower EDSS. Patient global rating scores obtained
approximately 1 year after therapy indicated that 5 patients felt
they were doing better, 3 were unchanged and 9 worse; the
remaining 2 were uncertain.

DISCUSSION

Cladribine is recognized to have significant immunosuppres-
sive effects, characterized by marked reductions in T and B lym-
phocyte subsets, when used in the treatment of hematologic
malignancies. Myelosuppression is the major toxicity. In the
original report of cladribine treatment in MS, a statistically sig-
nificant drop in blood counts was observed.'* In 7 patients, the
platelet count dropped below 80 x10°/L, while a substantial and
sustained decrease in granulocytes was seen.'5 Two patients
developed severe and prolonged aplastic anemia requiring red
cell and platelet transfusions. In one case, the patient had
received prior therapy with carbamazepine and wasreceiving
phenytoin while on cladribine. The second patient had previous-
ly received extensive therapy with chlorambucil. Both recovered
after several months of marrow suppression. Twopatients devel-
oped herpes zoster which subsided rapidly on acyclovir treat-
ment. One patient presented with acute fulminant hepatitis B
infection 3 days after her second cladribine infusion and died 5
days after admission. She had negative hepatitis B serology at
start of therapy and a history of probable recent exposure.

Our series of patients received a lowertotal treatment dose
(total of 2.1 vs 2.8 mg/kg, as well as a lower treatment dose per
cycle:(0.35 mg/kg vs. 0.7 mg/kg). Using this dosing regimen,
patients experienced no significant myelosuppression or infec-
tious problems despite achieving profound lymphocyte suppres-
sion, When compared to the higher dose regimen, the rate of
decline in the CD4 count using our regimen wasless rapid,
although the trough CD4 count at six months into treatment was
similar.}5 In contrast, the rate of decline, nadir and post-therapy
levels of CD8 and CD19 counts were similar in the two groups.
At approximately 1 year post-therapy, we noted a partial but
incomplete recovery in CD4 counts, while CD4 levels remained
severely depressed in the higher-dose study.'* In view of the pre-
sumed pathogenetic role of T helper cells in MS,'? the slower
decline and earlier recovery in these cells could have implications
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Figure 1; Absolute lymphocyte count and lymphocyte subsets - CD4, CD8 and CD19 at baseline, 3 months and 6 months while on Cladribine thera-
py, and I year after completion of Cladribine.

reparding therapeutic efficacy, However, since only a small sub-
set of T cells is likely involved in producing MS, these implica-
tions are unclear. Measuring T lymphocytes reactive to myelin
basic protein’ could address this question in vitro, although only
a randomizedtrial could accurately assess the clinical relevance
ofthe effects of the different dosing regimens.

In addition to the lower cladribine dose, none of our patients
were on concomitant immunosuppressive or myelosuppressive
therapy which may have contributed to the lack of toxicity, Con-
comitant use of corticosteroids and purine analogs has been
associated with opportunistic infections.'? Whether cladribine is
safe to use along with or soon after medications such as beta-
interferon, methotrexate, azathioprine or cyclophosphamide is
unclear and requires further study. The long-term safety of
cladribine in MSis also unknown.

The subcutaneous route of administration has been shown to

have a favorable pharmacokinetic profile, with 100% bioavailabil-
ity and no local toxicity.Such treatment is easy to administer, not
requiring intravenous access, Although given in our Medical Day
Care outpatient unit, there is no reason in principle why patients
could not be trained in self-administration of the medication.

Subcutaneous cladribine therapy, at the doses used in this
study, is remarkably well tolerated in chronic progressive multi-
ple sclerosis, with no significant toxicity despite achieving pro-
found and long lasting immunosuppression. The degree of
suppression of lymphocytes was similar to the higher-dose regi-
mens, although differences were noted in the rate of decline and
recovery of CD4 counts.

As this was a safety and tolerability study with no controj
group, nothing meaningful can be stated regarding the observed
EDSSchanges, given the unpredictable course of MS, Although
no objective improvements were noted in any patient, we cannot
exclude the possibility that cladribine may have contributed to
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disease stabilization in some instances. We await the results of a

large appropriately powered randomized blindedtrial of this
medication with interest. Although safe and easy to use, the
therapeutic effectiveness of cladribine in chronic progressive
MSremainsto be established.
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includinga large area of abnormal uptakeat the base of the
skull, consistent with metastatic disease. Plain radio-
graphs demonstrated extensive erosive lesions at the base
of the skull. Needle biopsy of the hepatic lesion demon-
strated large-cell undifferentiatedcarcinoma with “squa-
moid” features. After tracheostomy and gastrostomy,
palliative chemotherapy andradiation therapy were given.

Discussion. The genioglossus, an extrinsic tongue
muscle, is stronger than the intrinsic tongue mus-
cles.? When the tongue is forcibly protruded, action
of the weaker intrinsic tongue muscles may be
masked, The intrinsic muscles that turn the tip of
the tongue are the superior and inferior longitudinal
muscles.*+ Unilateral contraction of these muscles
shortens the tongue ipsilaterally, turning the tip to
thatside. .

Afer unilateral denervation, the protruded tongue
deviates to the weak side. However, the tip of the
nonprotruded, unilaterally weak tongue can be
turned to the normal side, but not to the weak side.
This pattern on protrusion, a sign of unilateral
extrinsic muscle weakness, has been well described
and illustrated. The sign of intrinsic muscle weak-
ness in the unilaterally weak, nonprotruded tongue
may be known to some experiencedclinicians, but
has not beenillustrated in the neurologic literature.

Finally, a unilaterally weak tongue protrudes the

cheek on the weak side by using the contralateral
genioglossus muscle, not by usingipsilateral intrinsic
tongue muscles to turn the tongueinto the cheek.
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Article abstract—A neurologic rating scale (NRS) has been developed for
clinical assessment of MS patients. The scale has been tested on 250 MS
patients. Assignment of the NRS score is based on assessment of each

A neurologic rating
scale (NRS) for use in

multiple sclerosis

component of the neurologic examination and accurately reflects overall
neurologic function, Clinical exacerbations are evident as significant devia- -
tions from baseline scores. There was close interexaminercorrelation, with
the rangeofvariability no greater than 2.6%. The NRSis a simple, reliable,
and sensitive scale that can be used with other objective measurements of
neurologic function, such as neurophysiologie studies, in the clinical assess-
ment of MSpatients.

NEUROLOGY(Cleveland) 1984:34:1368-1372

Jack C. Sipe, MD; Robert L. Knobler, MD, PhD; Sherry L. Braheny, MD; George P.A. Rice; MD;
Hillel 8. Panitch, MD; and Michael B.A. Oldstone, MD

Multiple sclerosis presents unique and difficult
problems in the long-term assessment of patients
because thereare neither diagnostic tests nor reliable
laboratory indicators of disease activity. Changes in
clinical status have been the principal means for
evaluating improvementand assessing new forms of
therapy. Several rating scales have been developed to
assess neurologic disability and function in attempts
to quantify changesin clinical status.15 Refinements
of these rating scales have also been proposed.** The
scales are based primarily on activities of daily living
rather than on the standard neurologic examination,

1368 NEUROLOGY 34 October 1984

and they are insensitive to many changes in neu-
rologic function; someare too elaborate for efficientuse.

Increased interest in clinical trials!*!? demon-
strates the need for a simple,reliable, sensitive, and
clinically reproducible scale. We describe a neu-
rologic rating scale (NRS) that was developed in
conjunction with a standard neurologic examination
protocol.

Materials and methods. Patients. We studied 250
MSpatients whofulfilled the conventional diag-
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nostic criteria.®45 Twenty-four patients with the
exacerbating-remitting form of MS were enrolled in
a clinical treatment protocol and were examined at
least 15 times each year for 3 years. Other patients
were examined at 3-month intervals or more fre-

quently during periodsof clinical fluctuation.
Neurologic exarnination protocol. A neurologic his-

tory and examination form (figure 1) was completed by
a neurologist experienced in the evaluation of MS
patients. Normal neurologic function was graded as —
zero, with 1+, 2+, 3+, and 4+ indicating incre-
ments of activity (mild, moderate, severe, or max-
imally increased), and grades of —1, —2, —3, and ~4
indicating decrements of functional activity (mild,
moderate, severely reduced, or absent). The grading
system was applied to mentalstatus, cranial nerves,
motor system, sensation, and tendon reflexes.

Neurologic rating scale (NRS). The assignmentof
points in the NRSdirectly reflects the examiner’s
clinical assessment of each component in the neu-
rologic examination (table 1). An intact system
receives the full ‘‘normal” point value, with a pro-
gressive loss in points for mild (—1; 1+), moderate
(-2;2+), or severe (—38, —4;3+,4+) involvement.
Severe (—3; 3+) and maximal (— 4; 4+) deficits are
scored as severe on the NRS. A category for impor-
tant subjective symptomssuchas bladder, bowel, or

NEUROLOGICAL HISTORY AND PHYSICAL EXAMINATION
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sexual dysfunction was incorporated, becausethere.
is no simple way to measure central autonomic func-
tion. The total point distributions for the several
systems are specifically weighted for commonfluc-
tuating neurologic abnormalities of MS, such as
visual, motor, sensory, and cerebellar signs. Tendon
reflexes and Babinski responses, more often present
than other signs, are less emphasized. Disorders of
cognition, affect, and moodare also included. The
final score is obtained by noting the assigned points
in each of the columns and adding the subtotals. A
neurologically normal individual would havea score
of 100 points.

Results. The NRS has been applied to 250 MS
patients. Serial NRS scores for six MS patients are
provided (figure 2). The numerical value for each
patient encounter measures residual neurologic
function. Clinically significant exacerbations were
manifested as negative deviations from baseline val-
ues, and clinical improvement led to an increase on
the NRSscale (eg, figure 2, patient A). Kurtzke
Disability Status Scores (DSS)* provide a correla-
tion with the status of the patient but were less
sensitive to clinical changes than were NRSscores
(figure 2, patients A-F).

Four neurologists independently scored the NRS

om(USSeconds:TRYvTapringer Te:

WALKING TIMEwith Turn
withiut Tura |

Figure 1. Neurologic history and examination form completed by the examining neurologist at each patient encounter.
The grading conventionfor all systems is noted at the upperleft corner of the form.
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Table 1. Scripps Neurological Rating Scale (NRS) worksheet*

Maximum
System Examined Points

Mentation and Mood 10

Cranial Nerves: Visual Acuity 21
Fields, Dises,- Pupils
Eye Movements
Nystagmus

Lower Cranial Nerves

Motor:

DTRS:
LE

Babinski: R; L (2 ea)

Sensory: RU
LU
RL
LL

Cerebellar: UE
LE

Gait; Trunk and Balance

Degree of Impairment
Mod.

 

Mild Severe

7 4

 

Special Category:
Bladder/Bowel/Sexual Dysfunction 

Totals 

Neurological Rating Scale Score 

* Points assigned for each component of the neurologic examination are subtotaled, and points for autonomic dysfunction are subtracted, leavingthe final (NRS) score.

for five individual patients, using the neurologic his-
tory and examination form that had been completed
by an examiningphysician;the resulting NRS scores
were in close agreement (table 2), with a range of
variability less than 2.6%.

Discussion. The MS NRShas been introduced and
tested as a clinical indicator in the evaluation of
patients with MS. It provides a rapid summation of
neurologic function as objectively measured by the
neurologic examination (figure 1) and, in practical
terms, provides a convenient quantitative base of
information (table 1 andfigure 2) for neurologic func-
tions of MSpatients who are followedserially.

NRSscores are moresensitive indicatorsofclini-
cal change than the Kurtzke DSS, allowingfor rapid
recording of clinical changes that may notbe identi-
fied in the DSS(figure 2). Isolated new clinical find-
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ings during an exacerbation, such as internuclear
ophthalmoplegia, can make up to a 10-point change
in the NRSscore without altering the DSS. For
example, patients D and E (figure 2) had 17-point
and 20-point declines in NRS scores, while DSS
scores did not change. Similarly, the NRS score of
patient A (figure 2) revealed a 17-point improvement,
while the DSS was unchanged. Analyses based on the
DSS alone may mask important changes in neu-
rologic function.

The NRSis not intended to replace the DSS, but
is a more sensitive, complementaryclinical method.
It is suited for clinical studies with serial observation
and may be used with other objective measurements
such as neurophysiologic studies, spinal fluid exami-
nations, or other laboratory data. The NRS can be
used in either a prospective or retrospective manner,
depending on the study design. Becauseit is simple,
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ScrippsNRSScore
 

Time imonths}

Table 2. Comparison of Scripps NRS scores by
four neurologists*

Dr.1 Dr.2 Dr.3 Dr.4 Mean + SD

98 96 98 94 96.5
86 81 81 84 83.0
65 67 65 64 65.3
74 70 72 68 71.0
53 56 54 52 53.8

19
2.5
1.3
2.6
17HHHH

* Each physician independently scored the same neurologic
examination (previously recorded by another physician) for
each offive individual patients.

the NRS mayalso be used to follow the course of
disease or the effectiveness of treatment in non-

research patients.
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Figure 2. Composite
illustration of the clinical
course for six patients (A-F).
The solid line represents the
NRSscore, and arrows
indicate clinical
exacerbations of MS. Kurtzke
DSSscores are indicated
numerically below the line
during exacerbations and
above the NRS line during
periods of clinical stability or
improvement.
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Article abstract——We studied a patient with cataplexy secondary to a
Transient cataplexy

after removal of a
craniopharyngioma

surgical lesion that involved the perichiasmal hypothalamus. We believe
that this lesion interfered with the hypothalamic mechanism for timing
sleep and wakefulness, whereas the pontine mechanism for generating sleep
cycles remained relatively intact.

NEUROLOGY(Cleveland) 1984;34:1872-1375

William J. Schwartz, MD; John W. Stakes, MD; and J. Allan Hobson, MD

Narcoleptic patients (whether falling asleep at
night or inappropriately during the day) frequently
begin sleep with a rapid eye movement (REM)
period. Cataplectic attacks are polygraphically indis-
tinguishable from REM sleep and often develop into
full-blown REM sleep episodes.'” The etiology is
unknown but may become better understood by
study of symptomatic cases that follow anatomically
discrete .structural lesions of the brain, as in the
following case.

Case report. A 14-year-old girl was admitted in March
1966 for evaluation of metabolic bone disease; she had
slipped femoral capital epiphyses at age 12 and an
atraumatic left tibial fracture at age 14, She had developed
normally, except that she was always below average in
height. Occasional frontal headaches had appeared at age
13, and she required glasses for reading. Menstruation had
not occurred. She weighed 49.8 kg (75th percentile) and
was 140 cm in height (5th percentile), Pubic hair was
present, and there was early breast development without
areolar pigmentation. Examination was normal exceptfor
diminished visual acuity in the right.eye (20/80) and
bitemporal visual field defects. Skul! films revealed an
enlarged sella turcica (3 cm in maximal dimension), demi-
neralized posterior clinoid processes, and extensive
suprasellar calcification, EEG showed paroxysmalbursts
of bilaterally synchronoushigh-voltage theta activity with-
out lateralizing or focal features.

At surgery, a huge tumor was found to occupy the
suprasellar region. The entire optic chiasm was forced
upward to theleft, the right optic tract appeared destroyed,
and the mass extended upwardin the midline behind the
chiasm, pushingthe third ventricle upward and backward.
The tumor was removed completely; pathologic examina-
tion revealed craniopharyngioma and hypothalamic neu-
rons. Postoperatively, her visual acuity was 20/500 in the

1372 NEUROLOGY34 October 1984

right eye and 20/200 in the left eye, and she hadaleft ho-
monymous hemianopia:

She wasdischarged taking phenytoin. In the next year,
she required thyroxine, Pitressin Tannate, cyclic estro-
gens, and hydrocortisone during periodsof stress or infec-
tion. In 1967, she returned to school. Herfull-scale IQ was108. ‘

Description of sleep disturbance. In October 1968,
she begantofall asleep in class, sometimes suddenly
and without warning. In December 1970, she had
“fainting” spells that lasted 60 to 90 seconds with
apparent unconsciousness andloss of postural tone.
These increased in frequency from once weekly to
several daily by early 1971. In someattacks, she had
hallucinoid dreams. There was no family history of
sleep disturbance. Examination was unchanged,
except for appearanceof bilateral optic atrophy; she
weighed between 55 and 65 kg and was 148 cm in
height. EEG revealed frequent paroxysmal bursts of
diffuse bilaterally synchronous high-voltage theta
activity; spike discharges were occasionally seen not
confined to the operative area. Her symptoms were
unchangedafter trials of phenytoin, phenobarbital,
and ethosuximide in varying dosages and combina-
tions.

She was readmitted in February and April of 1971.
In the attacks, she lost postural tone without warn-
ing. If she were standing, she would gradually fall to
the floor; if she were in bed, her head would fall back
onto the pillow. Eyes were closed, but rapid move-
ments of the globes could be seen beneath thelids.
Tendon reflexes were not obtained. No movements,
incontinence, injury, cyanosis, diaphoresis, or
altered pulse’ or respiration were seen. She would
awaken immediately if spoken to or pinched, appar-
ently aware that she had had a spell. She often
reported “bad dreams,” incorporating the awakening
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LaboratoryInvestigations

A pilot trial of cladribine (2-chlorodeoxyadenosine)
in remitting-relapsing multiple sclerosis

7higniew Stelmasiak'2, Janusz Saisk#, Jacek Nowicki, Ewa Porebska-Piwowarczyk',
Beata Jakubowska*, Mirostaw S. Ryba*, Pawel Grieb*

arc’ tes ler aa centre, Warsaw, Poland

key words: multiple sclerosis, Cadnbine, immunasuppressian

° SUMMARY_
   

   

Lymph ocytoroxic nucicaside unalog cladribine (2-chdor ndeoxvadeywosine) has recently been‘reported tio
Javeurably alier the clinical course of Chronic progressive nuiliiple sclerosis (MS; fn the present study 10
patients wih the remitting-relapsing form of MS were treated with six courses of dis drug (S mg subcutaneously
or 10 pig erally, once daily, repeated on five consecutive davs) given once a month, followed by ove additional
courses at three month intervals, The patents were observed far fweo years afier the mufiaion of the therapy.
The treatment resulted or the reduction of lymphocyte counts to approx. JOCofthe initial value al 6 monifts,
wiht a trend toward recovery evident only at 24 montlis. Neurological staius ofthe patients (expressed semi-
guaniiatively according fo the EDSSscalei showed @ significant improvement beaveen 6 end 15 prunit: ofthe
sludy. The number ofrelapses, compared to the avo-vear period tmumediately before the rreaiment, remained
unchanged in three patients, and was puarkedly redaced (almost five tones on average) int the remaining seven
patients. Patents wite experienced the reduced relapse rate also seemeel 10 Showlonger Gnd more pronounced
inprovernent tn ther nvurologicel statis.

Mod Sei Monit. 1996; 4(1}: 4.8

INTRODUCTION Claddbine (-chlorodeoxyadenosine) is a purine
© Gee anidog wilh a potent aad clinically uselul activity

against some indolent leukemias and bymiphamuts
(5,6). The drug displays a highly selective toxicity
toward malignant lymphocytes, and normal lyrn-
phocytes are also subject to the eyfotendc effect of
the drug. Cytotoxicity is mediated by cladribine
phosphorylATA by deoxycytidine kinase, the

 According to the prevailing theary, muultimie scloro-
sis (MS) is an aufolenmune disease in which alanor-  
malities in immuneregulation lead to the lymnpho-

oyte-dependorit eyeination process if (ie cen.The most carmmon thera- tral nervous system 01,
: enzyme located predominantly in brnphoid cellspeutic approach to autoimmune diseases is based [7 i. Cladribine phosphates which accumulate in

on the use of drugs producing general imoiunosup lymphoid cells tigger cellular events resembling to
pression. Clinical taals with available imraunosupy same extent the effects of frraciatian, samely the
pressants tsuch as cyclophosphamide, metothre- accumulation of DNA strand breaks leading to pre-
Kate, or cyclosporin A) evidencedl al most a mrodest ararmined cell death (8),
and transiont benefit ta AGS patients [4,4].
Howover,“until more specific treatments are dis- Cladribine-induced) mmunosuppression is a side
covered, general MmMuUNGsup prression is Considered effect in the therapy of lymphoid malignancies.
a theoretically justified therapeutic option in this However, imrnunouppressive activity of the drug
disease, may be uselul in the treatment of diseases of
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autoimmune etiology. Treatment with repeated
doses of cladribine appeared to halt the progres-
sion of progres:sive multiple sclerosis (9), although apossibility of hematologic al toxicity of the drug
(bone marrow depression) raised same concen
POL In the present study we tested clinical efficacy
of cladribine in remitting-relapsing form of MS ini
two-year open-label pilot clinical trial.

MATERIAL AND METHODS _

Fhe protocol af tne study was appraved by the
Ethical Committee of the Medical University of

Lublin, Participation in the experimental trial at
cladribine was offered to a limited group of rnulti-
ple sclerosis patients with a definitive remling~
relapsing course of the disease, ara a certain
degree of peurological deficit, who were enrolled
in the outpatient service of the Clinical and
Research Center jor Demyelinating Diseases.
Clinical diagnosis of MS was additionally confirmed
hy brain MRI scans immediately prior to the start of
the trial. Patients at relapse, or with evidence of
secondary progressive course of the disease were
not admitted. Further exclusion criteria were active

infections, blood oytopenia af any kind, laboraters
evidence af kidney or liver dystunction, and
hepatitis B antigenemia.,

fhe study group consisted ul 10 patients (right
females ancl bwo males), aged 21-57 years Unecdi-
an: 35 years), body weight 52-75 ke qnedian: 66
years). The time from thre inifial diagnosis of MS
was 2-16 years Gmedian: 3 years}. During the two-
year period immediately before entering the stucly
the number of relapses reported by individual
patients varied frory 2 fo 6 (1.8 per patient on
average) The neurological status prior to the start
ol the therapy, expressed semuquantitatively in the
EG355 scale (11), ranged from 1 to 6.5 (median:
4.5). The pationts selected to participate in thetrial
were Informed about the experimental drug status

 
 

af cladribine, and possible side effects of therapy,
ard gave their written consent. [hose in reproduc-
lve age were instructed ty avoid pregnancy, or not
te father aochild, for at least two years from the
borinningof the therapy.

Cladribine (2-CdA) used in the present study was

synthesized and supplice free at charge by the
Foundation for the Development of Diagnostics
and Therapy (Warsaw, Poland). The drug was pre-
pared as sterile solution in isotanic saline, 1 mea/ml
for oral use and 2.5 mg/ml (phosphate-buffered wt
pl 7.4) for subcutaneous infections.
 

 

 

Six Cladribine Courses were given af monthly inter-

_ and two additional courses were given al a
and 12 or 18 months. Each course consisted of five

doses of the drug taker once daily on consecutive
days. Cladribine was given either subcuranecusly

  Val 

(dose 5 mg per day, six patients) or orally (dose TOre per day, four patients). These dosing regimens
produc @ equivalent area under the comcentratian-
time curve of the drug | 72). Blood counts and neu-
rological @xarmmahions were Laker at prescheduled
days (preceeding ihe beginning Gf each treatment
Course) at monthly intervals during the first 6
manths, and later every throe months. The patients
were instructed to maintain wv clase contact with

Supervissing physicians during the study period, and 

to refer to them immediately in case of relapse,

infection, or atny ether unusual event. Steroidswere allowed, if severe relapse occurred.

Significance of changes in the EDSS scores were
assessed by non-parametric statistical methods
(Facdman ANOVA and post-hoc Wilcoxon matched
pais test), using Statistica software package.

RESULTS  

Comphance of patients and tolerance of therapy
was good, and hematological side effects were
mild. Granulocyte counts remained relatively con-
stant at about 4 O00 per Wi on average. Platelet
counts dropped ory slightly @o approx. 200.000
on average, and net ina single case below
TOG 000 per ub. Lymphocyte counts dropped from

the initial count of 23362595 peru imeansS.03to 9668::229 per pl al o months, and remained at
approximately 1000 per pl tor the next 15 months.
A tendency toward normalization of lymphocyte

 

Figure 1. Average lymphocyte couats during and after beatment
with cladnbine.
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courts becare evident only af the and of the 2-

year observation period ie. 1). The magnih
 Iyiphocyte count reduction varied among the

; o

paheniswds dillcrent in particular Gases, TANT
fram virtually no effect in one patient to a transient

drop by 60% of the initial value (to less than 500
per ad in another one. Mowever, there was 90 Cor-
relation between the depth of lymphacyte nacir,
or the mauniude of lymphocyte count reduction
from the initial value, andl the drug dose expressed
per ke of body weight inormalized for oral vs. sub-
Culaneous reate of administration). Two out of four

patients taking cladribine orally complained tran-
the associa-

tion of this effect with drue intake could not beno
siently of upper aloclominal pain, but

ascertained, During the study period 17 infection
episodes tmest of them upper respiratory track or
urinary tract infections) occurred in the whale

 
group Gincluding eight inasingle patient). Ali infec:

 Table t. Average F scores during and aller the trealment.

Month ater the initiation) pace (means SUof treabmedt

Figure 2. Averatje FOSS scores ,respondérs” (led bars) and .non-

Fesponders”((open bars)  
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tions responded to standard antibiotic therapy, cre-
ateng mo significaanf thereat.

Analysis of the data for the whole group revealed
that EDISS scores were signiicantly reduced during

the treatment compared to the initial valuesteriedman ANOVA Ne G, dhe Bp= Th.p<o.02, and that the dececases observed at the
ihird to fifteenth month significant by
Wilcoxon matched pairs test (Table ii The total

number of relapses reported by the patients during
the IME VYOaPrs HYHWTEC ci ae fy pores eecing ¢ he itia-
tion of the treatment was 38 whereas ib was only
15 curing the two-yenr study period.

 
 

  

 
were

Further inspection of the dala revealed that, fram
the point of view of the apparent efficacy of the
treatment, the group under study can be divided
inte two sub-groups, the ‘responsders’ and the
‘non-responders’. The ‘responders’ sub-group con-
sisted of sever: patients who reported a total of 29
relapses during the two preceeding years faverage
relapse rate 2.07 per patient per year), and a total
of G relapses during the twa-year study period
(average relapse rate O.43 por patient per year),
Two of the responders reported no relapses for the
entire bwo-year period of treatment and post-treat-
meet follow-up, whereas during the two prreceed-
ing years ane al them experienced three, and the
other one four relapses.
group consisted of three patients whose relapse
rate was the same during the two-year periods
yrior to and after the initiation of the therapy Gotal

al 9 relawae, average relapse rate 1.5 per patientper year, Averaged EUSS scores for ‘responders’and ‘racrospondders are shown in Fig, 2. One
yationh whe did nat respond to treatment cis-
dayed only a slight and transient reduction in lym-hoovte s count during the treatment, but the other
wo showed the reduction of appraximately the

The ‘nor-respenders® sub-

 i

Pp
e
iw

same magnitude as in some of the ‘respenders’.
The average body

t

sub-groups,
weight was the same in foth

DISCUSSION

Clinical trials of general immunosuppressants in
multiple sclerosis produced disappaintinging re-
sults. The reason mey be that the depth al
IMMunosuppression required for successful modifi-
cation GF the natural history of MS cannot be
achieved weth ‘conventional’ immunosuppressive
drugs because of systemic side effects. indeed, it
has been shawn in a double-blind 4 Hacebo-can-

trolled trial with oyelosperin A in vhsHpsing-rernit-
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ting Ms [1) frat benelicial clfect o
(reduction in relapse rate) could be achieved oniv
when high (and toxic) doses of the drug were
given, so that severe concomitant side effects
(hypertension, renal insulliclency anc anemia) pre-
cluded such treatment.

The present trial was performed with a sail ueber of patients, and was not placebo-controlied.
results concerning the efficiacy of the trearment
shall, therelorc, be interproted with greal cauhon.
Nevertheless, we cansider them potentially impar-
tant. The therapy appeared to be cflective in seven
patients who reported a very marked (almast five-
jolel an average? reduction in the relapse rate dur-
ing the 2 years alter the initiation of the treatment,
while i seemed ineffective in the remainingthrec.
The ‘responders’ showed also a somewhat more

pronounced improvernens in thei neurological ste-tus as measured by EDSS scores. We were unable
to identify any factor which would differentiate
between the ‘responders’ and the ‘non-respon-
Gers’. There was no indication that a ‘good re-
sponse’ is related to the actual cladribine dose per
body weight. Although the reduction of lympho-
cyte Count was only minute and transient in one

‘nom-responder’, in the other two the lymphocyte
drops were within the range of reductions obser-
ved in the ‘t

 

responders’,

When side effects of the therapy are considered,
cladribine favourably compares with other immu-
nosuppressants. In the treatment of lymphoid Mer
lignancies, besides an increased incidence of infec-
tiuns, the only relatively frequent side effect is
thrombocytopenia Owhich, at least in some cases,
may be related to the marrow involvement in the

disease process), but there is virtually no nor.
hematologic. toxicity al the doses up to O.1 my/ke
daily iv. for five to seven days days [5,6]. The limit
ed toxicity of cladribine is attributed to the con-
finement of the crug-activating enzyme (deoxyoyt-
dine kinase) to the lymphoid cells. Although dar-
gerous marrow depression were reported in some
multip le sclerosis patients treated with claclribineby
Beutler et al [1OL, our experience (extended
already to a larger group of patients (144) indicates
that im this clinical setting a two- to three-fold
reduction of blood lymphocyte count can be
achieved by the drug given subcutaneously without
clinically significant hematological side effects,

  

 

Phere are some aspects of cladribine pharmacok~
netics and pharmacodynamics which may be
responsible for its beneficial activity in MS. The
drug is able to cross the bloacl-brain barrier resul:-

 

the therapy

 

so that it

may exert some toxicity alse roward lymphocyt
clones inhalitating the CNS. it displays, at least in
the in vitre conditions, IM MUNOsUppressive effects
lot related ro the simple reduction of lymphocyte

counts; it inhibits T and B cell activation and the

resporse at T cells to co-stimulation by proteins of
the extracellular matrix (17,78). Its property of
stimulating the activity of the NK cells in vitro (19)
and restoring thei intpalred activity in vivo
observed in leukemic pationts by Lauria et al (20)

nay aso he of some signiicance, pease inrelapsing-remitting MS new MRI-visible lesions
were reported To appear only during the periods of
reduction of NK functional activity 1211.

ng iy CSF: plasme ratia of 25% 

 
CONCLUSIONS 

In patients with remitting-relapsing multiple sclero- o
sis treatmenttwith cladribine decreases lymphocyte
counts in peripheral blood, to 1/3 of the initial val-
ues on average. The relapse rate in some (out not

) patients is impressively decreased. Side effects
the therapy are mild. The reason why some

patients do not respond to the treatment remains

to be identified. Along with clinical evaluation in
MS, the detailed pattern of cladribine-induced
Immunosuppression in clinical conditions deserves
further study,
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ORAL FORMULATIONS OF CLADRIBINE

FIELD OF THE INVENTION

The invention relates to a composition comprising a complex

5 cladribine-cyclodextrin complex formulated into a solid oral dosage form and

to a method for enhancing theoral bioavailability of cladribine.

BACKGROUNDOF THE INVENTION

Cladribine, which is an acid-labile drug, has the chemical structure as

10 set forth below:

NHo

NOS Nu
XT)C N N

HOCH2

O

OH

It is also known as 2-chloro-2'-deoxyadenosine or 2-CdA. Cladribine exists

as a white, nonhydroscopic,crystalline powder, consisting of individual

crystals and of crystalline aggregates.

15 Cladribine is an antimetabolite which has use in the treatment of

lymphoproliferative disorders. It has been usedto treat experimental

leukemias such as L1210 andclinically for hairy cell leukemia and chronic

lymphocytic leukemia as well as Waldenstrom’s macroglobulinaemia. It has
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also been used as an immunosuppressive agent and as a modality for the

treatment of a variety of autoimmune conditions including rheumatoid

arthritis, inflammatory bowel disease (e.g., Crohn’s disease, ulcerative

colitis) and multiple sclerosis (see e.g., J. Liliemark, Clin. Parmacokinet,

32(2): 120-131, 1997). It has also been investigated, either experimentally

or clinically in, for example, lymphomas, Langerhan’s cell histiocytosis, lupus

erythematosus, chronic plaque psoriasis, Sezary syndrome, Bing-Neel

syndrome,recurrent glioma, and solid tumors.

Oral delivery of drugsis often preferred to parenteral delivery fora

variety of reasons, foremost patient compliance, or for cost or therapeutic

considerations. Patient compliance is enhancedinsofar as oral dosage

forms alleviate repeated health care providervisits, or the discomfort of

injections or prolonged infusion times associated with some active drugs. At
a time of escalating health care costs, the reduced costs associated with oral

administration versus parenteral administration costs gain importance. The

cost of parenteral administration is much higher due to the requirement that

a health care professional administer the cladribine in the health care

providersetting, which also includesall attendant costs associated with such

administration. Furthermore,in certain instances, therapeutic considerations
such as the need for a slow release of cladribine over a prolonged period of

time may bepractically met only by oral or transmucosaldelivery.

However, to date the oral delivery of cladribine has been plagued by

low bioavailability (see, e.g., J. Liliemark et al., J. Clin. Oncol., 10(10): 1514-

1518, 1992), and suboptimal interpatient variation (see, e.g., J. Liliemark,

Clin. Pharmacokinet, 32 (2): 120-131, 1997). See also, A. Tarasuik, et al.

reporting poor absorption and pH dependentlability (Arch. Immunol. et

Therapiae Exper., 42: 13-15, 1994).

Cyclodextrins are cyclic oligosaccharides composed ofcyclic a-(1—4)

linked D-glucopyranose units. Cyclodextrins with six to eight units have
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been named a-, B- and y-cyclodextrin, respectively. The numberof units |
determines the size of the cone-shaped cavity which characterizes

cyclodextrins and into which drugs maybe included to form stable

complexes. A numberof derivatives of a-, B- and y-cyclodextrin are known

in which one or more hydroxyl groupsis/are replaced with ether groups or

other radicals. These compoundsare thus known complexing agents and

have been previously used in the pharmaceuticalfield to form inclusion

complexeswith water-insoluble drugs and to thus solubilize them in aqueous
media.

Recently, Schultz et a/., in U.S. Patent No. 6,194,395 B1, have

described complexing and solubilizing cladribine with cyclodextrin. The

Schultz et al. patent primarily addresses the problems inherent in previously

described aqueous formulations of cladribine, particularly for subcutaneous

and intramuscularinjection. Schultz et a/. have found that cladribine is not

only significantly more soluble in aqueous media when formulated with

cyclodextrin, but also is more stable against acid-catalyzed hydrolysis when

combined with cyclodextrin. The latter finding is taught to be of particular

benefit in the formulation of solid oral dosage forms, where the compound

would normally undergo hydrolysis in the acid pH of the stomach contents.
Schultz ef a/. do not appear to have described any actual work in connection

with solid oral dosage forms. In fact, they describe only one method of

preparing the solid dosage form, which is a melt extrusion process, in which

the cladribine and cyclodextrin are mixed with other optional additives and

then heated until melting occurs. Furthermore, the broad dosage ranges of

1 mg to 15 mg of cladribine and 100 mg to 500 mg of cyclodextrin listed in

the patent suggest no criticality to the particular amountof cyclodextrin to be

present with a given amountof cladribine in a solid oral dosage form.

Indeed, these dosage ranges include many combinations which may be

suitable as mixtures but not for complex formation. For example,a ratio of 1

mg of cladribine to 500 mg of cyclodextrin contains too much cyclodextrin, so
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that the drug would not readily leave the complex and achieveits therapeutic

function. On the other hand, 15 mg of cladribine and only 100 mg of
cyclodextrin would not be enough to complex that amountof cladribine.

The Schultz et al. patent does suggest improving the stability of

cladribine in oral dosage forms by combining/complexingit with cyclodextrin,

but does not suggest improving the drug’s oral bioavailability by such means;

in fact, the patent does not describe or suggest a method for enhancing or

maximizing the bioavailability of cladribine from a solid oral dosage form of

cladribine and cyclodextrin, or a composition specially designed to do so.

Manyworkers have studied the solubility of specific drugs in water

containing various concentrations of selected cyclodextrins in order to

demonstrate that increasing concentrations of cyclodextrins increase the

solubility of the drugs at selected temperatures and pH levels, as for

example reported in the Schultz et al. patent. Phase solubility studies have
also been performed by various workers in order to elucidate the nature of

the complex formation, for example, whether the cyclodextrin and drug form
a 1:1 complex or a 1:2 complex; see, for example, Harada et a/. U.S. Patent

No. 4,497,803, relating to inclusion complexes of lankacidin-group antibiotics

with cyclodextrin, and Shinoda ef al. U.S. Patent No. 4,478,995, relating to a

complex of an acid addition salt of (2'-benzyloxycarbonyl)phenyltrans-4-

guanidinomethylcyclohexanecarboxylate with a cyclodextrin.

While Schultz et al. teach that a cladribine-cyclodextrin complex

improvesthe water solubility and acid stability of cladribine, the art does not

suggest how to maximize or enhance the benefits of the complexation in

termsof bioavailability and interpatient variation when the complexis to be

administered in a solid oral dosage form.
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SUMMARYOF THE INVENTION

lt has now been found that amorphous cyclodextrins can be combined

with cladribine to form a particularly advantageous product which can be

incorporated into a solid oral dosage form. This productis a cornplex

cladribine-cyclodextrin complex, and the solid oral dosage form containing it

improvesoral bioavailability and/or achieves lowerinterpatient and/or

intrapatient variation of the drug.

The present invention provides a complex cladribine-cyclodextrin

complex which is an intimate amorphous admixture of (a) an amorphous

inclusion complex of cladribine with an amorphouscyclodextrin and (b)

amorphousfree cladribine associated with amorphous cyclodextrin as a non-

inclusion complex, and a pharmaceutical composition comprising said

complex, formulated into a solid oral dosage form. Thus, the cyclodextrin

itself is amorphous, the inclusion complex with cladribine is amorphous (and
is preferably saturated with cladribine) and the free cladribine which forms

the non-inclusion complex is amorphous.

The invention also provides a methodfor increasing or enhancing the

oral bioavailability of cladribine comprising orally administering to a subjectin

need thereof, a pharmaceutical composition comprising a complex

cladribine-cyclodextrin complex which is an intimate amorphous admixture of

(a) an amorphousinclusion complex of cladribine with an amorphous

cyclodextrin and (b) amorphousfree cladribine associated with amorphous

cyclodextrin as a non-inclusion complex, formulated into a solid oral dosage
form which maximizes the amountof cladribine in the inclusion and non-

inclusion complexes.

The invention further provides for treatment of conditions responsive

to administration of cladribine in mammals by administering thereto the

composition of the invention. Use of cladribine in the preparation of the

pharmaceutical compositions of the invention for administration to treat
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cladribine-responsive conditions and for enhancing the oral bioavailability of
cladribine is also provided.

Still further, the invention provides a process for the preparation of a

complex cladribine-cyclodextrin complex which comprises the steps of:

(i) combining cladribine and an amorphous cyclodextrin in water at a

temperature of from about 40 to about 80°C and maintaining said

temperature for a period of from about 6 to about 24 hours;

(ii) cooling the resultant aqueous solution to room temperature; and

(ili) lyophilizing the cooled solution to afford an amorphousproduct.

In yet a further aspect the invention provides a pharmaceutical

composition obtainable by a process comprising the stepsof:

(i) combining cladribine and an amorphouscyclodextrin in water at a

temperature of from about 40 to about 80°C and maintaining said

temperature for a period of from about 6 to about 24 hours:

(ii) cooling the resultant aqueous solution to room temperature;

(iii) lyophilizing the cooled solution to afford an amorphousproduct:
and

(iv) formulating the amorphousproductinto a solid oral dosage form.

BRIEF DESCRIPTION OF THE DRAWING

A more complete appreciation of the invention and its many attendant

advantageswill be readily understood by reference to the following detailed

description and the accompanying drawing, wherein the sole Figure is a

graphical representation of the results of a phase solubility study where

various molar concentrations of hydroxypropyl-B-cyclodextrin (HP8CD) are

plotted against various cladribine molar concentrations, with (@) representing
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the data points obtained for complexation under conditions specified in
EXAMPLE2 below.

DETAILED DESCRIPTION OF THE INVENTION

Throughoutthe instant specification and claims, the following

definitions and general statements are applicable.

The patents, published applications, and scientific literature referred

to herein establish the knowledge of those with skill in the art and are hereby
incorporated by reference in their entirety to the same extent as if each was

specifically and individually indicated to be incorporated by reference. Any

conflict between any reference cited herein and the specific teachings of this
specification shall be resolvedin favorof the latter. Likewise, any conflict

betweenan art-understooddefinition of a word or phrase and a definition of

the word or phrase as specifically taught in this specification shall be

resoivedin favorof the latter.

The term “inclusion complex” as used herein refers to a complex of

cladribine with the selected cyclodextrin wherein the hydrophobic portion of

the cladribine molecule (the nitrogen-containing ring system)is inserted into

the hydrophobic cavity of the cyclodextrin molecule. This is often referred to

simply as a cyclodextrin complex of the drug.

The term“non-inclusion complex” refers to a complex which is not an

inclusion complex; rather than the hydrophobic portion of cladribine being
inserted in the cyclodextrin cavity, the non-inclusion complex is formed

primarily by hydrogen-bonding of the hydroxyls and amino group on“free”

cladribine, (i.e. cladribine notin the inclusion complex) to the hydroxyls on

the exterior of the cyclodextrin torus (e.g. in the case of hydroxypropyl-B-

cyclodextrin, hydroxypropyl and hydroxyl groups on the glucose rings). This

is a more loosely-held association than an inclusion complex.
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As used herein, whetherin a transitional phrase or in the body of a

claim, the terms “comprise(s)’ and “comprising” are to be interpreted as

having an open-ended meaning. That is, the terms are to be interpreted

synonymously with the phrases “having at least” or “including at least”.

Whenusedin the context of a process, the term “comprising” means that the

process includes at least the recited steps, but may include additional steps.
Whenusedin the context of a composition, the term “comprising” means

that the composition includesat least the recited features or components,

but may also include additional features or components.

The terms “consists essentially of” or “consisting essentially of’ have a

partially closed meaning, that is, they do not permit inclusion of steps or

features or components which would substantially change the essential

characteristics of a process or composition; for example, steps or features or

components which would significantly interfere with the desired properties of

the compositions described herein, i.e., the process or compositionis limited

to the specified steps or materials and those which do not materially affect
the basic and novel characteristics of the invention. The basic and novel

features herein are the provision of a complex cladribine-cyclodextrin

complex whichis an intimate.amorphous admixture of (a) an amorphous

inclusion complex of cladribine with an amorphous cyclodextrin and (b)
amorphousfree cladribine associated with amorphouscyclodextrin as a non-
inclusion complex, formulated into a solid oral dosage form, so as to provide

improved bioavailability and/or lower interpatient and/or intrapatient variation
following administration. Essential to the invention is the combination of the
amorphousnature of the starting cyclodextrin, and the level of water

solubility exhibited by cladribine (about 5 mg/ml at room temperature), and

consequently its capability for hydrogen bonding, which can be taken

advantage of underparticular conditions described hereinafter, and which

afford a special amorphous mixture uniquely well-suited for optimizing the
oral bioavailability of cladribine.
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The terms “consists of’ and “consists” are closed terminology and
allow only for the inclusion of the recited steps or features or components.

As used herein, the singular forms “a,” “an” and “the” specifically also
encompassthe plural forms of the terms to which they refer, unless the
content clearly dictates otherwise.

The term “about” is used herein to means approximately, in the region
of, roughly, or around. Whenthe term “about” is used in conjunction with a
numerical range, it modifies that range by extending the boundaries above

and below the numerical values set forth. In general, the term “about” or

“approximately” is used herein to modify a numerical value above and below

the stated value by a variance of 20%.

The term “amorphous’is used herein to refer to a noncrystalline solid.
The cyclodextrins encompassedherein themselves are amorphous because
they are each composedof a multitude of individual isomers, and their

complexeswith cladribine are also amorphous. Further, conditions for

complexation can be selected (elevated temperature and prolonged
complexation times, as described hereinafter) so that a supersaturated

cladribine solution will be formed. When cooled, becauseof the amorphous
nature of the complex and the cyclodextrin, some excessfree cladribine

doesnotprecipitate but ratheris trapped in amorphousform in intimate

admixture with the (preferably saturated) amorphous cladribine-cyclodextrin

inclusion complex. This excess cladribine forms a loosely-held association,

or non-inclusion complex, with the cyclodextrin through hydrogen bonding.
This, then, further increases the amountof cladribine in the product; this
additional cladribine, becauseit is amorphous andalso becauseit is in

intimate admixture with the amorphous inclusion complex,is expected to be
somewhatprotected from degradation by stomachacid (althoughit may not
be as protected as the cladribine whichis in the form of the inclusion

complex).
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The term “saturated” when used in conjunction with a complex of

cladribine in amorphous cyclodextrin means that the cornplex is saturated

with cladribine, that is, the complex contains the maximum amountof

cladribine which can be complexed (by meansof both inclusion and non-

inclusion complexes) with a given amount of cyclodextrin under the

conditions of complexation used. A phase solubility study can be used to

provide this information, as described in more detail hereinafter. (Conditions

for the complexation are also described in more detail below.) Alternatively,
a saturated complex may bearrived at empirically by simply adding

cladribine to an aqueoussolution of the selected cyclodextrin until no more

cladribine goesinto solution; ultimately, excess cladribine, if any, is removed

(byfiltration or centrifugation) and the solution lyophilized to provide the dry
saturated complex.

The expression “substantially’, as in “substantially free” means within

20% of the exact calculated amount, preferably within 10%, most preferably
within 5%.

The term “interpatient variability” refers to variation among patients to

which a drug is administered. The term “intrapatient variability” refers to
variation experienced by a single patient when dosedatdifferent times.

As used herein, the recitation of a numerical range for a variable is

intended to convey that the invention may be practiced with the variable

equalto any of the values within that range. Thus, for a variable whichis

inherently discrete, the variable can be equalto any integer value of the

numerical range, including the end-points of the range. Similarly, for a

variable whichis inherently continuous, the variable can be equalto anyreal

value of the numerical range, including the end-points of the range. As an

example, a variable which is described as having values between 0 and 2,

can be 0, 7 or 2 for variables which are inherently discrete, and can be 0.0,

Petitioner TWi Pharms., Inc.

EX1003, Page 211 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 212 of 822

10

15

20

25

WO 2004/087101 PCT/US2004/009387

-11-

0.1, 0.01, 0.001, or any other real value for variables which are inherently
continuous.

In the specification and claims, the singular forms include plural
referents unless the context clearly dictates otherwise. As used herein,
unless specifically indicated otherwise, the word “or” is used in the “inclusive”

sense of “and/or” and not the “exclusive” sense of “either/or.”

Technical and scientific terms used herein have the meaning
commonly understood by oneofskill in the art to which the presentinvention
pertains, unless otherwise defined. Reference is madeherein to various

methodologies and materials knownto thoseofskill in the art. Standard

reference works setting forth the generalprinciples of pharmacology include
Goodmanand Gilman’s The Pharmacological Basis of Therapeutics, 10"
Ed., McGraw Hill Companies Inc., New York (2001).

Reference is made hereinafter in detail to specific embodiments of the

invention. While the invention will be described in conjunction with these

specific embodiments,it will be understood thatit is not intended to limit the

invention to such specific embodiments. On the contrary,it is intended to

coveralternatives, modifications, and equivalents as may beincluded within

the spirit and scope of the invention as defined by the appendedclaims. In
the following description, numerous specific details are set forth in order to

provided a thorough understanding of the present invention. The present
invention may be practiced without someorall of these specific details. In
other instances, well-known process operations have not been described in

detail, in order not to unnecessarily obscure the presentinvention.

There is provided by the present invention compositions, as well as

methods of making and of using pharrnaceutical compositions, useful to

achieve desirable pharmacokinetic properties. Such compositions stem from
the discovery that solutions of cyclodextrin and cladribine in which cladribine

is in a high thermodynamic state, when presented to the gastric mucosa
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through which they are absorbed are associated with improved cladribine

absorption, as reflected by higher bioavailability and/or lower interpatient
variation.

It is postulated, without wishing to so limit the invention, that upon
dissolution (e.g., by contact with a fluid, such as a bodily fluid), dry
compositions according to the invention form a locally saturated cladribine

solution in which cladribine is in the state of highest thermodynamic activity
(HTA), thus favoring absorption. Cladribine hasa fairly low, although not
insignificant, intrinsic aqueous solubility; it is in fact somewhat water soluble.

The free cladribine formed from dissociation of the inclusion and non-

inclusion complexes in a saturated aqueous solution seeks a more stable

activity level by being absorbed through the gastric mucosa.

In view of the foregoing, it is apparent that to produce optimal

pharmaceutical compositions, in a solid oral dosage form, these dosage
forms should be formulated to release a localized saturated cladribine
solution, upon contact of the solid dosage forms with bodyfluid at the

mucosa, in which cladribine is in its HTA state. To provide such a localized

saturated solutionin vivo,it is importantto first identify the optimal ratio of

cladribine to amorphouscyclodextrin, which ratio is referred to herein as the

HTAratio, to be usedin the solid dosage form.

The HTAratio is empirically determined andis identified as the ratio

of cladribine to amorphous cyclodextrin which correspondsto the maximum

amountof cladribine that can be complexed with a given amount of the

cyclodextrin. The HTA ratio may be determined using an empirical method

such as a phase solubility study to determine the saturation concentration of

cladribine that can be solubilized with different concentrations of amorphous
cyclodextrin solutions. Hence, the methodidentifies the concentrations at

which a saturated cladribine-cyclodextrin complexis formed. It is noted that

the molarratio represented by a point on the phasesolubility graph shows
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how many moles of amorphouscyclodextrin are the minimum needed to

maintain the drug in the complex, under given conditions; this may then be
converted to a weight ratio. For example,if a phase solubility diagram
shows that 9 moles of a given cyclodextrin are needed to maintain the

cladribine in a saturated complex, then multiplying the numberof moles of

cladribine by its molecular weight and multipiying the number of moles of the
selected cyclodextrin by its molecular weight, one canarrive at the ratio of

the products as an appropriate optimized weight ratio. A phasesolubility
study also provides information about the nature of the cladribine-

cyclodextrin inclusion complex formed, for example whetherthe inclusion
complex is a 1:1 complex (1 molecule of drug complexed with 1 molecule of

cyclodextrin) or a 1:2 complex (1 molecule of drug complexed with 2
molecules of cyclodextrin).

In accordance with the present invention, one canstart using either
the selected amorphouscyclodextrin, such as hydroxypropyl-B-cyclodextrin
(HPBCD)or hydroxypropyl-y-cyclodextrin, or cladribine as the fixed variable

to which an excessofthe other is added to identify various solubility data
points (indicating saturated cladribine-cyclodextrin complexes) and draw the

resultant line. Typically, cladribine is added to an aqueous solution having a
known concentration of amorphouscyclextrin under conditions empirically
found to promote complex formation. Generally, the complexation is
conductedwith heating, for example at about 45 to about 60°C fora

significant period of time, e.g., at least 6-9 hours;it is believed that even

better results can be obtained by heating at up to about 80°C for up to 24
hours. Excessprecipitated cladribine is then removed andthe cladribine

concentration is subsequently measured. This concentration represents the

amountof cladribine solubilized for a given amorphous cyclodextrin
concentration. This processis repeated for a different known concentration

of cyclodextrin until several data points are obtained. Each data point
represents the concentration of the cladribine dissolved in a known
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concentration of the selected amorphous cyclodextrin. The data points are
then plotied to show the conceniration of cladribine against the various

cyclodextrin concentrations used. The graph is a phase solubility diagram
which can be used to determine the amountofcladribine for any specific

concentration of cyclodextrin used to form the solution under a given set of

complexation conditions. It will be appreciated that the aqueous solubility of

cladribine is about 5 mg/ml at room temperature and would be higherat
elevated temperature. Consequently, the data points correspond to the

amountof cladribine dissolved in aqueous HPBCDorother amorphous

cyclodextrin under the selected conditions; when later lyophilized, the

solution yields a complex cladribine-cyclodextrin complex which is an

intimate amorphous admixture of (a) an amorphousinclusion complex of

cladribine with an amorphouscyclodextrin and (b) amorphousfree cladribine

associated with amorphouscyclodextrin as a non-inclusion complex. If

equilibrium conditions are reached during the complexation, the amorphous
cladribine-cyclodextrin complex will be saturated with cladribine.

One ofskill in the art will appreciate that concentrations at which

saturated complexesof cladribine with amorphous cyclodextrins are formed

(and thus HTAratios as well) may be identified by a variety of alternative

methodologies. Accordingly, any method knownin the field suitable to

identify these concentrations is within the scope of the invention.

It has been discovered that desirable pharmacological properties

(improved bioavailability and/or coefficient of variation as compared to

traditional approaches) are associated with mixtures of inclusion complexes

and non-inclusion complexesof cladribine and cyclodextrin.

Using intrinsically amorphous cyclodextrins, for example

hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, randomly
methylated cyclodextrins, and the like, with cladribine, which is a somewhat

water soluble compound(capable of H-bonding throughits free hydroxy! and
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amino groups), the cladribine provides increased solubility in solutions of

these cyclodextrins. Not only is there increased water solubility but also H-

bonded association of the cladribine with the cyclodextrin, separately from
the actual inclusion complexed material.

Oneofskill in the art will appreciate that the phase solubility diagram
for each given starting concentration ratio represents the starting point of
one's investigation on the basis of which variables (reactants'

concentrations, temperature and time) may be altered to promote inclusion

complex and non-inclusion complex associations favoring a higher or lower

proportion of either type of association in the final product. Departure from
the ratio of cladribine to cyclodextrin, the temperature and/or the dilution

empirically found to promote equilibrium towards complex formation is then

analyzed to promote the formation of mixtures of inclusion complexes and

non-inclusion complexes of cladribine and cyclodextrin in various proportions
according to the invention.

Thus, for example, by starting with more diluted cyclodextrin (/e.,

larger water volumesthanthat used for solubility plot analysis) logically will
accommodate more cladribine in solution sequestering more of the same

from complex formation. Upon evaporation, some of the solubilized

cladribine will tend to associate with cyclodextrin in a non-inclusion complex
fashion. Byaltering theinitial dilution, one may shift equilibrium towards

inclusion complex or non-inclusion complex formation. Similarly, by

increasing complexation temperature, the water solubility of cladribine may
be increased while decreasing the stability of inclusion complexes, thus

promoting non-inclusion complexes. Thus,by altering complexation

temperature, one mayshift equilibrium towards inclusion complex or non-

inclusion complex formation. Finally, complexation time may be altered to

favor the formation of mixtures of inclusion complexes and non-inclusion

complexesof cladribine and cyclodextrin according to the invention.
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As exemplified hereinafter,it is possible to maximize the cladribine in

solid amorphous mixtures, by forcing additional cladribine into solution (using
more dilute solutions of cyclodextrin, higher temperatures and longer
complexation times, as indicated above). When the solution is cooled off,
the extensively amorphous nature of these cyclodextrins does not allow

crystallization of an excess amount of cladribine beyond that which forms an
inclusion complex with the cyclodextrin; and upon freeze-

drying/lyophilization, one obtains an amorphous mixture of cladribine-

cyclodextrin inclusion complex (which is amorphous) and amorphousfree
cladribine, loosely associated with uncomplexed cyclodextrin (and even with
complexed cyclodextrin) by hydrogen-bonding,that is, the non-inclusion
complex.

As shown in the EXAMPLES, this may be done by maximizing
solubilization by elevating the temperature (for example, to about 50°to

80°C), andstirring for many hours (up to 24 hours) before freeze-drying.
The weight/weight ratios obtained were about 1:14 and 1:11. The apparent
optimum weight/weight ratio under these exemplified conditions is the higher
of these, or about 1:14 of cladribine: cyclodextrin. If too much excess

caldribine is added to the complexation medium, then crystallization of some

of the cladribine takes place, which would in turn result in some crystalline
cladribine in the product; this undesired excess cladribine is not in solution

and is not H-bondedto the amorphous cyclodextrin and lowers the weight
ratio. Therefore,it is desirable to carefully contro! the amount of excess

cladribine beyond that which will form the inclusion complexto only the
amountwhichwill dissolve in the solution. The desired amorphous mixture

of amorphousinclusion complex and amorphousfree cladribine can be

termed a “complex cladribine-cyclodextrin complex,” which includes both

inclusion and non-inclusion/H-bonded complexes. The inclusion complex is
a complexof cladribine inserted into the hydrophobic cavity of the selected

amorphouscyclodextrin, while the non-inclusion/H-bonded complex is
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amorphousfree cladribine loosely hydrogen-bondedto the cyclodextrin. It is

estimated that about two-thirds (60 to 70%) of the cladribine will be in the

non-inclusion complex, with the remaining one third (30 to 40%) beingin the

inclusion complex whenthe product is obtained as exemplified hereinbelow

(17% HPBCDsolution, 45 to 50°C complexation temperature for about 9

hours); by increasing the percentage of cyclodextrin used and/or

manipulating the temperature, products can be readily obtained in which a

much greater proportion of the amorphous mixture is in the form of the

inclusion complex. In the case of a representative amorphous cyclodextrin,

hydroxypropyl-B-cyclodextrin (HPBCD)a cladribine:cyclodextrin weightratio
of from about 1:10 to about 1:16 is appropriate for the exemplified

conditions; the ratio is expected to be the samefor hydroxypropyl-y-
cyclodextrin under those conditions. The material obtained is characterized

by rapid dissolution of the cladribine in aqueous media.

Freeze-drying, also known aslyophilization, comprises three basic

Stages: first a freezing stage, then a primary drying stage andfinally a

secondary drying stage. EXAMPLE2 belowprovides details of lyophilization

as conducted on the batches described therein. This procedure can be

further optimized by following the principles described by Xiaolin (Charlie)
Tang and MichaelJ. Pikal in Pharmaceutical Research, Vol. 21, No. 2,

February 2004, 191-200, incorporated by reference herein in its entirety and
relied upon.

The above-described method requires amorphouscyclodextrins

rather than originally crystalline cyclodextrins which haverelatively low water

solubilities, such as a-, B- or y-cyclodextrin, 2,6-dimethyl-8-cyclodextrin and

the like, because these cyclodextrins would allow crystallization of cladribine

in excess of that forming an inclusion complex and therefore would not afford

the desired amorphous mixture. The method also would not be useful if

cladribine were highly hydrophobic/lipophilic, because in such a situation the

drug would not haveintrinsic aqueous solubility/H-bonding capability and
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could not provide the unique mixture obtained herein. However, in point of

fact, cladribine has an aqueous solubility of 5 mg/ml at room temperature,
thus a significant amountof the drug will be simply soluble in the water

phase especially at higher than room temperature; also, as in the case of

HP8CD,for example, someof the cladribine will be associated by hydrogen-
bonding to the 2-hydroxypropyl and free glucase-OH groupsin the

cyclodextrin via the two hydroxy functions found in the deoxyadenosine
moiety of the cladribine.

The cyclodextrins within the scope of this invention are amorphous
derivatives of the natural cyclodextrins a-, B- or y-cyclodextrin wherein one

or more of the hydroxy groups are substituted, for example, by alkyl,

hydroxyalkyl, carboxyalkyl, alkylcarbonyl, carboxyalkoxyalkyl,

alkylcarbonyloxyalkyl, alkoxycarbonylalkyl or hydroxy-(monoor

polyalkoxy)alkyl groups; and wherein eachalkyl or alkylene moiety
preferably contains up to six carbons. Although commonlyreferred to as a

single entity, an amorphous cyclodextrin is actually a mixture of many
different entities, since the substituent groups can be located on various

hydroxyls of the basic cyclodextrin structure. This in turn results in the

amorphousnature of these cyclodextrins, which is indeed well-known.

Moreover, these cyclodextrins can be obtained in varying degrees of

substitution, for example from 1 to 14, preferably from 4 to 7; the degree of

substitution is the approximate average numberof substituent groups on the
cyclodextrin molecule, for example, the approximate numberof

hydroxypropyl groups in the case of the hydroxpropyl-B-cyclodextrin
molecule, and all such variations are within the ambit of this invention.

Substituted amorphous cyclodextrins which can be usedin the invention

include polyethers, for example, as described in U.S. Patent No. 3,459,731.

Further examples of substituted cyclodextrins include ethers wherein the

hydrogen of one or more cyclodextrin hydroxy groups is replaced by

Ci-galkyl, hydroxy-C,-galkyl, carboxy-C;.galkyl or C..galkyloxycarbonyl-
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C1.salkyl groups or mixed ethers thereof. In particular, such substituted

cyclodextrins are ethers wherein the hydrogen of one or more cyclodextrin

hydroxy groups is replaced by C,.3alkyl, hydroxy-C2.,alkyl or carboxy-

Cy-2alkyl or more particularly by methyl, ethyl, hydroxyethyl, hydroxypropyl,
hydroxybutyl, carboxymethyl or carboxyethyl. The term “Cy.galkyl” is meant

to include straight and branched saturated hydrocarbon radicals, having from
1 to 6 carbon atoms such as methyl, ethyl, 1-methylethyl, 1, 1-dimethylethyl,
propyl, 2-methyipropyl, butyl, pentyl, hexyl and the like. Other cyclodextrins

contemplated for use herein included glucosyl-B-cyclodextrin and maltosyl-B-
cyclodextrin. Of particular utility in the present invention are randomly

methylated B-cyclodextrin and polyethers such as hydroxypropyl-B-

cyclodextrin, hydroxyethyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin, and
hydroxyethyl-y-cyclodextrin, as well as sulfobutyl ethers, especially B-

cyclodextrin sulfobutyl ether. In addition to simple cyclodextrins, branched

cyclodextrins and cyclodextrin polymers may also be used. Other

cyclodextrins are described, for example, in Chemical and Pharmaceutical

Bulletin 28: 1552-1558 (1980); Yakugyo Jiho No. 6452 (28 March 1983):
Angew. Chem. Int. Ed. Engl. 19: 344-362 (1980); U.S. Patent Nos.

3,459,731 and 4,535,152; European Patent Nos. EP 0 149 197A and

EP 0 197 571A; PCTInternational Patent Publication No. W090/12035; and
UK Patent Publication GB 2,189,245.

References describing cyclodextrins for use in the compositions

according to the present invention, and/or which provide a guide for the
preparation, purification and analysis of cyclodextrins include the following:
Cyclodextrin Technology by Jozsef Szejtli, Kluwer Academic Publishers

(1988) in the chapter Cyclodextrins in Pharmaceuticals; Cyclodextrin

Chemistry by M. L. Benderet al., Springer-Verlag, Berlin (1978); Advances

in Carbohydrate Chemistry, Vol. 12, Ed. By M. L. Wolfrom, Academic Press,

New Yorkin the chapter “The Schardinger Dextrins” by Dexter French, pp.

189-260; Cyclodextrins and their Inclusion Complexes by J. Szejtli,
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Adakemiai Kiado, Budapest, Hungary (1982); |. Tabushi, Acc. Chem.

Research, 1982, 15, pp. 66-72; W. Sanger, Angewandte Chemie, 92, p. 343-
3671 (1981); A. P. Croft ef al, Tetrahedron, 39, pp. 1417-1474 (1983); Irie
et al. Pharmaceutical Research, 5, pp. 713-716 (1988); Pitha ef a/., Int. J.

Pharm. 29, 73 (1986); U.S. Patent Nos. 4,659,696 and 4,383,992: German

Patent Nos. DE 3,118,218 and DE-3,317,064; and European Patent No.

EP 0094 157A. Patents describing hydroxyalkylated derivative of B- and y-
cyclodextrin include Pitha U.S. Patent Nos. 4,596,795 and 4,727,064, Miller
U.S. Patent Nos. 4,764,604 and 4,870,060 and Miller et a/. U.S. Patent No.

6,407,079.

Amorphous cyclodextrins of particular interest for complexation with

cladribine include: hydroxyalkyl, e.g. hydroxyethyl or hydroxypropyl,

derivatives of B- and y-cyclodextrin; carboxyalkyl, e.g. carboxymethyl or

carboxyethyl, derivatives of B- or y-cyclodextrin; B-cyclodextrin sulfobutyl

ether; and randomly methylated B-cyclodextrin. 2-Hydroxypropyl-B-

cyclodextrin (HPBCD), 2-hydroxypropyl-y-cyclodextrin (HPyCD), randomly

methylated B-cyclodextrin, B-cyclodextrin sulfobutyl ether, carboxymethyl-B-
cyclodextrin (CMBCD) and carboxymethyl-y-cyclodextrin (CMyCD)are of

special interest, especially hydroxypropyl-B-cyclodextrin and hydroxypropyl-
y-cyclodextrin.

Compositions of an amorphous mixture of amorphousfree cladribine

and an amorphous,preferably saturated, cladribine-cyclodextrin inclusion

complex for use in the present invention can be prepared underconditions

favoring complex formation in a liquid environment as described and as

exemplified herein. The resultant liquid preparations can be subsequently
converted to a dry form suitable for administration as a solid oral or

transmucosal dosage form.

Oneof skill will appreciate that a variety of approaches are available

in the field to prepare compositions as described herein. One available
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method exemplified herein includes the steps of mixing the cladribine in an

aqueous solution of an amorphous cyclodextrin, separating un-dissolved

cladribine (e.g., by filtering or centrifugation), and lyophilizing or freeze-
drying the saturated solution to form a solid amorphous mixture.

Pharmaceutical compositions according to the invention may
optionally include one or more excipients or other pharmaceutically inert
components. Oneof the advantages of the invention, however, is that

cladribine drug forms as described herein can be prepared with the minimal

amountof excipients necessary for shaping and producingthe particular

form, such asa tablet or patch. Excipients may be chosen from thosethat

do notinterfere with cladribine, with cyclodextrin or with complex formation.

Dosage forms are optionally formulated in a pharmaceutically
acceptable vehicle with any of the well-known pharmaceutically acceptable

carriers, diluents, binders, lubricants, disintegrants, scavengers, flavoring
agents, coloring agents, and excipients (see Handbook of Pharmaceutical

Excipients, Marcel Dekker Inc., New York and Basel (1998); Lachmane¢al.

Eds., The Theory andPractice of Industrial Pharmacy, 3" Ed., (1 986);
Lieberman ef al., Eds. Pharmaceutical Dosage Forms, Marcel Dekker Inc.,
New York and Basel (1989); and The Handbook of Pharmaceutical

Excipients, 3" Ed., American Pharmaceutical Association and

Pharmaceutical Press, 2000); see also Remington’s Pharmaceutical

Sciences, 4gt Ed., Gennaro, Mack Publishing Co., Easton, PA (1990) and
Remington: The Science and Practice of Pharmacy, Lippincott, Williams &

Wilkins, (1995)). A simple solid oral dosage form consists of the amorphous
mixture of amorphousfree cladribine and amorphous cladribine-cyclodextrin

complex(preferably saturated) as described above, i.e. the complex

cladribine-cyclodextrin complex, compressed with a small amount (e.g.
about 1% by weight) of a suitable binderor lubricant such as magnesium
stearate.
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In certain instances,oral absorption may befurtherfacilitated by the
addition of various excipients and additives to increase solubility or to
enhance penetration, such as by the modification of the microenvirionment.

The methods and pharmaceutical compositions described herein offer

novel therapeutic modalities for the treatment of patients in need of

treatment with cladribine. As shown herein, the invention addresses the

problemsof poorbioavailability traditionally associated with oral cladribine.

The compositions of the invention are particularly suitable as
modalities for the treatment of any cladribine-responsive disease. Several

disease states responsiveto cladribine are well-documentedin the literature

(see infra). For any target disease state, an effective amountof the complex
cladribine-cyclodextrin comples, i.e. the amorphous mixture of the optimized
amorphoussaturated cladribine-amorphous cyclodextrin complex with
amorphousfree cladribine as described above is used (e.g., an amount

affective for the treatmentof multiple sclerosis, rheumatoid arthritis, or
leukemia).

The term “therapeutically effective amount” or “effective amount’is

used to denote treatments at dosageseffective to achieve the therapeutic
result sought. Therapeutically effective dosages describedin theliterature

include thosefor hairy cell leukemia (0.09 mg/kg/day for 7 days), for multiple
sclerosis (from about 0.04 to about 1.0 mg/kg/day (see U.S. Patent No.

5,506,214)); for other diseases, see also U.S. Patent Nos. 5,106,837

(autohemolytic anemia); 5,310,732 (inflammatory bowel disease); 5,401,724
(rheumatoid arthritis); 5,424,296 (malignant astrocytoma); 5,510,336

(histiocytosis); 5,401,724 (chronic myelogenous leukemia); and 6,239,118
(atherosclerosis).

Further, various dosage amounts and dosing regimens have been

reportedin the literature for use in the treatment of multiple sclerosis; see,
for example: Romineet al., Proceedings of the Association ofAmerican
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Physicians, Vol. 111, No. 1, 35-44 (1999): Selby et al., The Canadian

Journal of Neurological Sciences, 25, 295-299 (1998); Tortorella etal.,

Current Opinionin Investigational Drugs, 2 (12), 1751-1756 (2007); Rice et
al., Neurology, 54, 1145-1155 (2000); and Karlsson et al., British Journal of

Haematology, 116, 538-548 (2002); all of which are incorporated by
reference herein in their entireties and relied upon.

Moreover, the route of administration for which the therapeutically
effective dosages are taughtin the literature should be taken into

consideration. While the instant compositions optimize the bioavailability of
cladribine following oral administration, it will be appreciated that even

optimal bioavailability from oral dosage forms is not expected to approach

bioavailability obtain after intravenous administration, particularly at early

time points. Thus, it is often appropriate to increase a dosage suggested for

intravenous administration to arrive at a suitable dosage for incorporation

into a solid oral dosage form. At the presenttime, it is envisioned that, for

the treatment of multiple sclerosis, 10 mg ofcladribine in the instant complex

cladribine-cyclodextrin complex in the instant solid dosage form would be

administered once per day for a period of five to seven daysin thefirst

month, repeated for anotherperiod of five to seven days in the second

month, followed by ten monthsof no treatment. Alternatively the patient

would betreated with 10 mg ofcladribine in the instant complex cladribine-

cyclodextrin complex in the instant dosage form once per day for a period of
five to seven days per monthfora total of six months, followed by eighteen
months of no treatment. For further dosing information, see also U.S.

Provisional Patent Application No. [IVAX0021-P-USA/Attorney

Docket No. 033935-011], and U.S. Provisional Patent Application No.

[IVAX0022-P-USA/Attorney Docket No. 033935-012], both

entitled “Cladribine Regimen for Treating Multiple Sclerosis”, both filed on

March 25, 2004 andincorporated by reference herein in their entireties.
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Furthermore, oneof skill will appreciate that the therapeutically
effective amountof cladribine administered herein may be lowered or

increased by fine tuning and/or by administering cladribine according to the
invention with another active ingredient. The invention therefore provides a
method to tailor the administration/treatment to the particular exigencies
specific to a given mammal. Therapeutically effective amounts may be
easily determined, for example, empirically by starting at relatively low
amounts and by step-wise increments with concurrent evaluation of

beneficial effect.

As noted in the preceding paragraph, administration of cladribine in

accord with this invention may be accompanied by administration of one or

more additional active ingredients for treating the cladribine-responsive

condition. The additional active ingredientwill be administered by a route of
administration and in dosing amounts and frequencies appropriate for each

additional active ingredient and the condition being treated. For example,in
the treatment of multiple sclerosis, other useful drugs include interferon beta

(Rebif®, Betaseron®/Betaferon®, Avonex®), identical to the naturally
occurring protein found in the human body; glatiramer acetate (Copaxone®),
a random chain (polymer) of the amino acids glutamic acid, lysine, alanine

and tyrosine; natalizumab (Antegren®), a monoclonal antibody; alemtuzumab
(Campath-1H®), a humanized anti-CcD52 monoclonal antibody; 4-
aminopyridine (also known as 4-AP and Fampridine), a drug that blocks the

potassium channels in neurons; and amantadine,an anti-viral agent which
improves muscle control and reduces musclestiffness and is used to

alleviate the symptomsof fatigue in multiple sclerosis, a purpose for which

pemoline (Cylert®) and L-Carnitine (a herbal product) may also be useful. In
the treatment of hairy cell leukemia, additional active ingredients may include
interferon alpha, pentostatin, fludarabine, rituximab (an anti-CD 20

monoclonal antibody) and the anti-CD22 recombinant immunotoxin BL 22:

other additional active ingredients may be appropriate in other types of
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leukemias. In the treatment of rheumatoid arthritis, there are many other

active ingredients which may be selected. These include NSAIDS (non-

steroidal anti-inflammatory drugs), which are of three types: salicylates such

as aspirin, traditional NSAIDS such as ibuprofen and indomethacin, and

COX-2inhibitors such as celecoxib (Celebrex®), rofecoxib (Vioxx),
meloxicam (Mobic®), valdecoxib (Bextra®), lumiracoxib (Prexige®) and
etoricoxib (Arcoxia®). Other drugs useful in treating rheumatoid arthritis
which may be usedin conjunction with the present invention include

DMARDS, glucocorticoids, biological response modifiers and non-NSAID

analgesics. DMARDSare disease-modifying anti-rheumatic drugs which

include methotrexate, plaquenil, leflunomide (Arava®), sulfasalazine, gold,
penicillamide, cyclosporine, methyl cyclophosamide and azathioprine.

Glucocorticoids include dexamethasone,prednisolone, triamcinolone and

many others. Biological response modifiers (which restore the disease-

fighting ability of the immune system), include etanercept (Enrel®), a tumor-

necrosis factor inhibitor, infliximab (Remicade®), which is also an anti-TNF

drug, anakinra (Kineret®), a selective IL-1 blocker, and Humira®, a human

monoclonal antibody whichis another anti-TNF drug. The non-NSAID

analgesics include acetaminophenas well as narcotic analgesics such as

hydrocodone, oxycodone and propoxyphene. Generally speaking, those
drugs which work by a mechanism different from that of cladribine are

particularly useful for concomitant therapy with the cladribine composition
described herein. Those drugs whichare effective by the oral route of

administration and which are compatible with the instant cladribine

complexesin a single dosage form may beincorporated into the instant

dosage forms; otherwise, they should of course be separately administered
in amounts, frequencies and via administration routes suitable to them.

As used herein, “treating” means reducing, preventing, hindering the

developmentof, controlling, alleviating and/or reversing the symptomsin the

individual to which a compoundofthe invention has been administered, as
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compared to the symptomsof an individual not being treated according to

the invention. A practitioner will appreciate that the complexes,

compositions, dosage forms and methods described herein are to be usedin

concomitance with continuousclinical evaluations by a skilled practitioner

(physician or veterinarian) to determine subsequent therapy. Such

evaluation will aid and inform in evaluating whether to increase, reduce or

continue a particular treatment dose, and/orto alter the mode of

administration.

The methodsof the present invention are intended for use with any

subject/patient that may experience the benefits of the methods of the

invention. Thus, in accordance with the invention, the terms “subjects” as

well as “patients” include humansas well as non-humansubjects,

particularly domesticated animals.

Any suitable materials and/or methods knownto those ofskill can be

utilized in carrying out the present invention. However, preferred materials

and methods are described. Materials, reagents and the like to which

reference are madein the following description and examples are obtainable

from commercial sources, unless otherwise noted.

The following examples are intendedto further illustrate certain

preferred embodiments of the invention and are notlimiting in nature. Those

skilled in the art will recognize, or be able to ascertain, using no more than

routine experimentation, numerous equivalents to the specific substances

and procedures described herein.

EXAMPLES

EXAMPLE1

PHASE SOLUBILITY STUDY

A phasesolubility study can be carried out as follows. Excess

cladribine is added to cyclodextrin solutions of various concentrations of

Petitioner TWi Pharms., Inc.

EX1003, Page 227 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 228 of 822

10

15

20

25

30

WO 2004/087101 PCT/US2004/009387

-27-

hydroxypropyl-B-cyclodextrin (HPBCD)and allowed to complex as described

in EXAMPLE 2 below. The excess, undissolved cladribine is removed by
filtration. The amountof cladribine in the complexation solution is measured

to obtain a data point. This process is repeated with different known

concentrations of HPBCD until several data points are obtained. These data

points are then plotted graphically, each data point representing the amount

of cladribine that can be dissolved in water with a specific concentration of

cyclodextrin. Points on the line generated by the data points represent ratios
for the product. Oneofskill in the art will realize the sameresults will be

generated if excess cyclodextrin is added to cladribine solutions of known

concentration.

The molar concentrations of cladribine to cyclodextrin obtained are

plotted and presented graphically. A representative phasesolubility diagram

is shownin the Figure. The plotted lines for cladribine-HPBCD represent

cladribine solubilization for the conditions tested, that is, the ratio of the

concentration of cladribine to the concentration of cyclodextrin. The area

above eachofthe plotted lines represents conditions where excess insoluble

cladribine is present. The area below eachofthe plotted lines represents

the conditions where cyclodextrin is in excess.

The plot for cladribine-HPBCD shownin the Figureis approximately

linear; this is indicative of a 1:1 complex, in which one molecule of the drug
is complexed with one molecule of cyclodextrin. The Figure also showsthat

additional cyclodextrin is needed to maintain the cladribine in the complex.
For example, about 0.14 mole of HPBCDis needed to maintain about 0.049

mole of cladribine dissolved under the selected conditions, which will

ultimately provide the amorphous mixture of the amorphous, preferably
saturated, cladribine-HPBCDinclusion complex and amorphousfree

cladribine (as a non-inclusion complex). Under the conditions of EXAMPLE

2 below,a significant portion of the cladribine in the product can be expected

to be notin the inclusion complex but rather in amorphous form loosely held
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in intimate admixture therewith by hydrogen bonding as a non-inclusion
complex.

EXAMPLE 2

PREPARATION OF CLADRIBINE-CYCLODEXTRIN COMPLEX FOR
HUMAN TRIALS

Cladribine is complexed with HPBCDby the following method.

In 825 mL ofdistilled water, 172.5 g of hydroxypropyl-B-cyclodextrin
are dissolved (forming an approximately 17% solution), then cladribine is

addedandthe mixtureis stirred at about 45 to about 50°C for about nine

hours. Stirring is continued for an additional 6 to 9 hours at room

temperature. Any undissolved cladribine is removed byfiltration and the

solution is cooled to room temperature. To form the amorphous mixture of

amorphouscladribine-cyclodextrin complex and amorphousfree cladribine,

the aqueouscladribine-cyclodextrin solution is dried by lyophilization prior to

incorporation into solid oral tablets. The lyophilization procedure comprises
a freezing stage of rapidly bringing the complexation solution to about -40°C

to about -80°C (e.g., about -45°C) for approximately 2 to 4 hours (preferably
about 3 to 4 hours), followed by a primary drying stage at about -25°C for

approximately 80-90 hours, typically under low pressure, and a second

drying stage at about 30°C for about 15-20 hours.

Product made bythe foregoing general procedure can be analyzed by
HPLC(utilizing a Hypersil ODS 3 micron column andan acetonitrile based

mobile phase, with UV detection at 264 nm)to find the weightratio of

cladribine to cyclodextrin in the final product. Final product preparations can

be further characterized by methods knownin the art, including, for example
by inspecting appearance, ascertaining the overall impurity content by
HPLC, ascertaining the water content using a Karl Fischer titrator,

determining the dissolution profile by a standard method, for example using
USP<711>Apparatus Il equipment and UV detection at 264 nm, inspecting
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the content uniformity and performing quantitative assay by HPLC analysis
of the active ingredient.

Two batches of cladribine/cyclodextrin product, FD04 and FDO5, were

madeby the foregoing general procedure as follows:

Purified water (825 mL) was pre-heated at 48°C (target range 45°C to
50°C) in a 1-liter glass vessel by immersion in a water bath. The heated

water wasstirred to achieve a controlled central vortex.

2-hydroxypropyl-B-cyclodextrin (172.50 g) was weighed and slowly added to

the heated water over a period of 40 minutes. The resulting solution was

stirred for a further 10 minutes to ensure complete dissolution of the

cyclodextrin. Cladribine (12.00 g for FD04 and 18.75 g for FD05) was

weighed and addedto the stirred cyclodextrin solution, which turned cloudy
before becoming clear. The resulting clear solution was maintained at 48°C

and continually stirred for 9 hours. Stirring continued for a further 7 hours

while the solution cooled to room temperature.

Use of a larger amountof cladribine in the preparation of FD05 was

part of an attempt to optimize the procedure; however, it was found that the

initial amountof cladribine in that case was too great and precipitation was

observed at the end of the cooling step for batch FD05. The solution was

filtered to remove the precipitate. Analysis of the resultant product revealed

(assay value = 87.2%) that 16.35 g of cladribine had been incorporated into

the cyclodextrin complex in the case of FD05. No filtration was required for

batch FD04, indicating that the amounts used in the preparation of FD04

were more appropriate and that the FD05 procedure could be optimized by

beginning with a smaller amountof cladribine (16.35 g rather than 18.75 g),
thus avoiding thefiltration step.

After cooling to room temperature and, in the case of FD05, filtering,

the solutions werefilled into 100 mL lyophilization vials (20 mL solutions per
vial), the filled vials were partially stoppered and lyophilized. The
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lyophilization included freezing at -45°C for about 200 minutes, a primary
drying phase at -25°C under a pressure of 100 mTorr for about 5,200
minutes and a secondary drying phase at 30°C for about 1,080 minutes as
set forth below:

TABLE|

Temperature

2|Load Hold 4°C

-25°C 100 5200

drying .

oe

The FD04 and FDO5 batchesofcladribine/cyclodextrin product made

by the foregoing procedure were analyzed by HPLC (utilizing a Hypersil

      Process Time (min)

 
 
 
 
 
 

 

 
 
 

 
 

 

 

 Freezing
  

 

 
 

 
 

 
   

 

ODS3 micron column and an acetonitrile based mobile phase with UV

detection at 264 nm) and empirically found to have the following
characteristics:
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TABLEII

 
 
 

 
 

 

a Cladribine: HPBCD
Cladribine: HPBCD w/w Weight Ratio

FDO4 12.009:172.50g 1:14.38

FDO5 16.359:172.509 1:10.55

The products were analyzed by DSC thermogramsand X-ray

  

      

diffraction methods to determine any free crystalline cladribine in the

lyophilized material. Importantly, the samples exhibited no transitions in the

region of 210°C to 230°C,which is associated with the melting of crystalline
cladribine. In both cases, no significant thermalactivity was recordedin the

range of 210°C to 230°C, suggesting that the complexes obtained at the end

of the lyophilization do not have anysignificant amountof free crystalline

cladribine, considering the sensitivity of the analytical method (up to

3% wiw). This conclusion was supported by the absence of peaksfor

crystalline cladribine from X-ray diffraction traces for both complexes FD04
and FDO5.

The products are amorphous mixtures of amorphouscladribine-

HPBCDinclusion complex and amorphousfree cladribine hydrogen-bonded

to the cyclodextrin as a non-inclusion complex. The cladribine:HPBCD
weight ratios obtained were about 1:14 and 1:11.

Generally speaking, amorphous mixtures within the scope of the
presentinvention have cladribine: HPBCD weightratios of from about 1:10 to
1:16.

EXAMPLE3

PREPARATION OF ORAL TABLETS

Tablets were manufactured using batches of amorphous mixtures

FD04 and FDO5 described in EXAMPLE2 foruseinaclinical study.
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Batch N0120 was manufactured using cladribine-2-HPBCD complex
mixture DFO5 to a batch size of 3,000 tablets and batch NO126 was

manufactured using cladribine-HPBCD complex mixture FD04to a batch

size of 800 tablets. The master formulations for the two batches are shown

in TABLEIll. Batch N0120 represented 3.0 g tablets and Batch N0126

represented 10 mg tablets for clinical study.

   
TABLEIII

mg/tablet mg/tablet

Constituent Lot Number 3.0 mg 10.0 mg
Batch NO120|Batch NO126

Cladribine-HPBCD complex mix FDO5 30.60*

Cladribine-HPBCD complex mix FD04 | 153.75**
Sorbitol powder NF 1007403 44.25

Magnesium stearate NF 1006280 2.00

“Equivalent to 3.0 mg cladribine pertablet.
“Equivalent to 10.0 mg cladribine per tablet.

  
 
  
  

 
 
 
  
   

The following table sets forth the method of manufacture of the Batch

NO120 and N0O126tablets.

TABLE IV

1. Pre-mix the magnesium stearate with an approximately equal quantity
of sorbitol power.

2. Pass the cladribine-HPBCD complex and the remainderof the sorbitol  
 

 
powderinto a one-liter glass jar via a 40-mesh screen.

4, Pass the magnesium stearate/sorbitol powder pre-mix into the glass

6. Compressinto 3.0 mg and 10.0 mgtablets at a target compression
weight of 100 mg and 200 mg, respectively.
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Both the Batch N0120 3.0 mgtablets and the Batch N0126 10.0 rng
tablets were round, with one side flat-beveled edged and the other side

shallow convex. The Batch NO120 3.0 mg tablets had an average weight of
100 mg,a thickness of 2.7 mm,a friability of 0.2%, a hardness of 4 Kp anda
disintegration time of 3 minutes. The Batch NO0126 10.0 img tablets had an

average weight of 198 mg,a thickness of 4.2 rnm,a friability of 1%, a
hardness of 2.8 Kp and a disintegration time of 5 minutes 42 seconds.

The Batch N0120 3.0 mg and NO126 10.0 mg tablets were used in the
clinical study summarized in EXAMPLE5 below.

EXAMPLE 4

CLINICAL STUDY: RELATIVE BIOAVAILABILITY

The objective of this study was to assesstherelative bioavailability of
three oral cladribine formulations: (1) a cyclodextrin-based formulation

accordingto the instant invention (Tablet 1: complex FDO5, i.e. Batch No.

NO120 tablets described above); (2) a mucoadhesive formulation (Tablet2:
containing 3.0 mg cladribine, 10 mg of Carbopol 71G NF, 22.2 mg of

dicalcium phosphate, 64.3 mg of lactose and 0.5 mg of magnesium stearate,

Batch No. NO121); and (3) a hard-gel capsule (Capsule containing 3.0 mg
cladribine, 5.0 mg Carbopol 974P, 91.3 mg Avicel PH101, 100.0 mg Avicel

PH102, 0.2 mgcolloidal silicon dioxide and 0.5 mg magnesium stearate,
Batch No. RD03030) in comparison with one fixed subcutaneousclardribine

administration (reference formulation) in patients with MS (multiple
sclerosis).

This study was a 2 center, open-label, randomized, 4-way crossover

single dose study using twelve patients with MS. Patients received randomly
three differentfixed oral doses (3.0 mg) and a fixed subcutaneous dose of

3.0 mg. The four treatment days were separated by a drug-free intervalofat
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least 5 days. In each treatment period, blood samples were collected over a

24-hour period for evaluation of plasma cladribine.

The plasma concentration of cladribine was measured by a

HPLC/MS/MS method. Using this method, the relationship between

concentration versus peak area ratio was found to be linear within the range
of 100 pg/m! to 50,000 pg/ml for cladribine. Thelimit of quantification was
100 pg/ml. Analysis of samples was carried out in 16 runs. No calibrator

had to be excluded from fitting of the calibration curve and accuracy of each
quality control sample met the GLP requirements.

576 clinical plasma samples were analyzed and concentration values

of cladribine were determined. The results were compiled and are

summarizedin the tables below (Tables V and VI). In these tables, the
following definitions are applicable: Tmax is the time to reach maximum

concentration in the plasma; Ty, is the half-life of cladribine in the plasma:

Cmax is the maximum concentration of cladribine in the plasma; AUCin; is the

area underthe curve for the measured data from zero extrapolated to
infinity; AUC; is the area underthe curve for the measured data (from zero to
the last time point); Geom Meanis the geometric mean; CVis the coefficient

of variation (relative standard deviation); LL is the lower limit; UL is the upper
limit.
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TABLE VI

Ratios of Oral to Subcutaneous Pharmacokinetic Parameters and
Corresponding Two-Sided 90% Confidence Intervals for Cladribine Study

(n=12).

3 mg Tablet 1 3mg Tablet 2 3mg Capsule

43.1 35.7, 38.4 31.8, 38.9 32.1,
52.1 46.4 47.0

41.9 34.6, 37.2 30.7, 37.6 31.0,
50.8 45.0 45.5

“Ratios (dose normalized) and Corresponding 95% LL obtained via inverse
transformation of log-transformed data.

Pharmacokinetic
Parameter   

    
    
  
  

EXAMPLE 5

10 CLINICAL STUDY: DOSE RESPONSE AND ABSOLUTE

BIOAVAILABILITY

The objective of this study was to assess the systemic availability of
cladribine after oral administration in two different fixed oral doses,in

comparison with one fixed intravenous administration (reference formulation)
15 in patients with MS (multiple sclerosis), and to evaluate the safety and

tolerability of cladribine in this population.

This study was a 3 center, open-label, randomized, 3-way crossover
single dose study using twenty-six patients with MS. Patients received

randomly twodifferent fixed oral doses (3.0 mg and 10.0 mg) anda fixed
20 intravenous dose of 3.0 mg (administered as a 1 hour infusion). The three

treatment days were separated by a drug-free intervalof at least 5 days. In
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each treatment period blood samples were collected over a 24-hour period
for evaluation of plasma cladribine.

The plasma concentrations of cladribine were measured by a

HPLC/MS/MS method. Using this method the relationship between
concentrations versus peak area ratios was found to belinear within the

range of 100 pg/ml to 50,000 pg/ml for cladribine. The limit of quantification

was 100 pg/ml. Analysis of samples was carried out in 16 runs. Except the

first run (which had to be rejected because of equipmentfailure), all other

runs could be accepted. No calibrator had to be excluded fromfitting of the

calibration curve and accuracy of each quality control sample met the GLP
requirements.

858 clinical plasma samples were analyzed and concentration values

of cladribine were determined. The results were compiled and are

summarizedin the tables below [TABLESVII through X]. In these tables,

the following definitions are applicable: Tmax is the time to reach maximum

concentration in the plasma; T1/2 is the half-life of cladribine in the plasma;

Cmax is the maximum concentration of cladribine in the plasma; AUCinr is the

area underthe curve for the measured data from zero extrapolated to

infinity; AUC; is the area underthe curve for the measured data (from zero to

the last time point); Geom Meanis the geometric mean; CV is the coefficient

of variation (relative standard deviation); LL is the lower limit; UL is the upper
limit; o* is the mean variance; os” is the mean variance betweensubjects:
Ow’is the meanvariance within subjects; CV; is the total coefficient of
variation; and CVy is the coefficient of variation within subjects.
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TABLEVI

Summary Statistics for Pharmacokinetic Parameters for Cladribine Study
Obtained via Non-Compartmental Analysis (n=26)

Pharmaco- 3.0 mg IV infusion
kinetic

Parameter

ee .O mg 10.0 mg
Geom| Mean|CV** [Geom] Mean|CVv**|Mean|+SD %) |Mean|+SD{|(%) |Mean|+SD|(%

+.397 +.300 +.204

+£1.27 +1.18 +0.75

0

Cmax(pg/ml)| 21425 27.6|5608} N/A|49.5 121242] N/A|50.5

AUCing 24.0 |20159] N/A /A

AUC} 56396|N/A|24.0 |19166] N/A|36.9 174532] N/A|30.3troy|
“*CV=SD/meanfor Tmax and Ty and CV% geometric mean for Cmax, AUCins
and AUC,.

    
 

 

Oral Administration

Ow  

  
  

 

TABLE VIII

Ratios of Oral to I.V. Pharmacokinetic Parameters and Corresponding Lower
Limit (LL) for the one-sided 95% ConfidenceInterval for Cladribine Study
(n=26)

 
 Pp : 10.0 mg
poRatio®TLERatios

“Ratios (dose normalized) and Corresponding 95% LL obtained via inverse
transformation of log-transformed data.
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TABLE [X

Ratios and Corresponding two-sided 20% Confidence Intervals for
Cladribine Study (n=26)

Pharmacokinetic 10.0 mg/3.0 mg
Parameter

poRatioee    
  

max

A UC. 113.3 104.2 123.3

*Ratios (dose normalized) and Corresponding 90% Cl obtained via
inverse transformation of log-transformed data.

  

TABLE X

Variance components for Cladribine Study (n=26)

B

Ov
CV(%)

Where PK parameters are dose-adjusted and CV =./exp(o”)-1

    
 
 

 

 
 
 
 

The foregoing is consideredasillustrative only of the principles of the

invention. Further, since numerous modifications and changeswill readily
occurto those skilled in the art, it is not desired to limit the invention to the

exact construction and operation shown and described, and accordingly,all

suitable modifications and equivalents thereof may be resortedto,falling
within the scope of the invention claimed.
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WHATIS CLAIMEDIS:

1. A pharmaceutical composition comprising a complex

cladribine-cyclodextrin complex which is an intimate amorphous admixture of

(a) an amorphousinclusion complex of cladribine with an amorphous

cyclodextrin and (b) amorphousfree cladribine associated with amorphous

cyclodextrin as a non-inclusion complex, formulated into a solid oral dosage
form.

2. The pharmaceutical composition according to Claim 1, wherein

the complex is saturated with cladribine.

3. The composition according to Claim 1 or 2, wherein the

amorphouscyclodextrin is hydroxypropyl-B-cyclodextrin,

hydroxypropyl-y-cyclodextrin, randomly methylated B-cyclodextrin,

carboxymethyl-B-cyclodextrin or sulfobutyl-B-cyclodextrin.

4, The composition according to Claim 1 or 2, wherein the

amorphouscyclodextrin is hydroxypropyl-B-cyclodextrin.

5. The composition according to Claim 1 or 2, wherein the

amorphouscyclodextrin is hydroxypropyl-y-cyclodextrin.

6. The composition according to any oneof Claims 1 to 3,

wherein the weight ratio of cladribine to amorphous cyclodextrin is from
about 1:10 to about 1:16.

7. The composition according to Claim 6, wherein the amorphous

cyclodextrin is hydroxypropyl-B-cyclodextrin.
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8. The composition according to Claim 7, wherein the weight ratio
of cladribine to hydroxypropyl-B-cyclodexrin is about 1:14.

Q. The composition according to Claim 7, wherein the weight ratio
of cladribine to hydroxypropyl-B-cyclodextrin is about 1:17.

10. The composition according to Claim 6, wherein the amorphous
cyclodextrin is hydroxypropyl-y-cyclodextrin.

11. The composition according to any oneof Claims 1 to 10,

wherein the approximate molarratio of cladribine to amorphouscyclodextrin
correspondsto a point located on a phase solubility diagram for saturated

complexesof cladribine in varying concentrations of the cyclodextrin.

12. |The composition according to any one of Claims 1 to 11,
wherein from about 30 to about 40 percent by weightofthe cladribine is in

the inclusion complex (a) and from about 70 to about 60 percent by weightof
the cladribineis in the non-inclusion complex(b).

13.|Amethod for enhancing the oral bioavailability of cladribine

comprising orally administering to a subject in need thereof a pharmaceutical

composition comprising a complex cladribine-cyclodextrin complex whichis

an intimate amorphous admixture of (a) an amorphousinclusion complex of
cladribine with an amorphouscyclodextrin and (b) amorphousfree cladribine

associated with amorphouscyclodextrin as a non-inclusion complex,
formulated into a solid oral dosage form.

14. The method according to Claim 13, wherein the complexis
saturated with cladribine.
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15. The method according to Claim 13 or 14, wherein the

amorphous cyclodextrin is hydroxypropyl-B-cyclodextrin,

hydroxypropyl-y-cyclodextrin, randomly methylated B-cyclodextrin,
carboxymethyl-B-cyclodextrin or sulfobutyl-B-cyclodextrin.

16. The method according to Claim 13 or 14, wherein the

amorphous cyclodextrin is hydroxypropyl-B-cyclodextrin.

17. |The method according to Claim 13 or 14, wherein the

amorphouscyciodextrin is hydroxypropyl-y-cyclodextrin.

18. The method according to any one of Claims 13 to 15, wherein
the weight ratio of cladribine to amorphous cyclodextrin is from about 1:10 to
about 1:16.

19. The method according to Claim 18, wherein the amorphous
cyclodextrin is hydroxypropyl-8-cyclodextrin.

20. The method according to Claim 19, wherein the weightratio of

cladribine to hydroxypropyl-B-cyclodextrin is about 1:14.

21. The method according to Claim 19, wherein the weightratio of
cladribine to hydroxypropyl-B-cyclodextrin is about 1:11.

22. The method according to Claim 18, wherein the amorphous
cyclodextrin is hydroxypropyl-y-cyclodextrin.

23.|The method according to any one of Claims 13 to 22, wherein

the approximate molarratio of cladribine to amorphous cyclodextrin
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correspondsto a point located on a phasesolubility diagram for saturated

complexes of cladribine in varying concentrations of the cyclodextrin.

24. The method according to any oneof Claims 13 to 23, wherein

from about 30 to about 40 percent by weight of the cladribine is in the

inclusion complex (a) and from about 70 to about 60 percent by weight of the
cladribineis in the non-inclusion complex (b).

25. Amethod for the treatment of symptomsof a

cladribine-responsive condition in a subject suffering from said symptoms

comprising orally administering to said subject a pharmaceutical composition

comprising a complex cladribine-cyclodextrin complex whichis an intimate

amorphous admixture of (a) an amorphousinclusion complex of cladribine
with an amorphouscyclodextrin and (b) amorphousfree cladribine

associated with amorphous cyclodextrin as a non-inclusion complex,
formulated into a solid oral dosage form.

26. The method according to Claim 25, wherein the complexis
saturated with cladribine.

27. |The method according to Claim 25 or 26, wherein the

cladribine-responsive condition is selected from the group consisting of
multiple sclerosis, rheumatoid arthritis and leukemia.

28. The method according to Claim 27, wherein the

cladribine-responsive condition is multiple sclerosis.

29. The method according to Claim 25, 26, 27 or 28, wherein the

amorphous cyclodextrin is hydroxypropyl-B-cyclodextrin,
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hydroxypropyl-y-cyclodextrin, randomly methylated B-cyclodextrin,
carboxymethyl-B-cyclodextrin or sulfobutyl-B-cyclodextrin.

$0. The method according to any one of Claims 25 to 29, wherein

the weight ratio of cladribine to amorphous cyclodextrin is from about 1:10 to
about 1:16.

31.|The method according to any one of Claims 25 to 30, wherein

the amorphouscyclodextrin is hydroxypropyl-B-cyclodextrin.

32. The method according to Claim 31, wherein the weightratio of
cladribine to hydroxypropyl-B-cyclodextrin is about 1:14.

33.|The method according to Claim 31, wherein the weightratio of
cladribine to hydroxypropyl-B-cyclodextrin is about 1:11.

34. The method according to Claim 25, 26, 27 or 28, wherein the

amorphous cyclodextrin is hydropropyl-y-cyclodextrin.

35.|The method according to any one of Claims 25 to 34, wherein

from about 30 to about 40 percent by weight ofthe cladribineis in the

inclusion complex (a) and from about 70 to about 60 percent by weightof the
cladribine is in the non-inclusion complex (b).

36. Use of a complex cladribine-cyclodextrin complex which is an

intimate amorphous admixture of (a) an amorphous inclusion complex of
cladribine with an amorphous cyclodextrin and (b) amorphousfree cladribine

associated with amorphouscyclodextrin as a non-inclusion complex, in the
formulation of a solid oral dosage form, for administration in the treatment of

symptomsof a cladribine-responsive condition.
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37. Use according to Claim 36, wherein the complexis saturated
with cladribine.

38. Use according to Claim 36 or 37, wherein the

cladribine-responsive condition is selected from the group consisting of
multiple sclerosis, rheumatoid arthritis and leukemia.

39. Use according to Claim 38, wherein the cladribine-responsive
condition is multiple sclerosis.

40. Use according to Claim 36, 37, 38 or 39, wherein the

amorphouscyclodextrin is hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated B-cyclodextrin,

carboxymethyl-B-cyclodextrin or sulfobutyl-B-cyclodextrin.

41. Use according to any one of Claims 36 to 40, wherein the

weightratio of cladribine to amorphouscyclodextrin is from about 1:10 to
about 1:16.

42. Use according to any one of Claims 36 to 41, wherein the

amorphouscyclodextrin is hydroxypropyl-B-cyclodextrin.

43. Use according to Claim 42, wherein the weightratio of
cladribine to hydroxypropyl-B-cyclodextrin is about 1:14.

44, Use according to Claim 42, wherein the weight ratio of
cladribine to hydroxypropyl-B-cyclodextrin is about 1:11.
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45, Use according to any one of Claims 36 to 41, wherein the

amorphous cyclodextrin is hydroxypropyl-y-cyclodextrin.

46. Use according to any one of Claims 36 to 45, wherein from

about 30 to about 40 percent by weight of the cladribineis in the inclusion

complex(a) and from about 70 to about 60 percent by weight of the
cladribine is in the non-inclusion complex (b).

47. Use of a complex cladribine-cyclodextrin complex which is an

intimate amorphous admixture of (a) an amorphousinclusion complex of
cladribine with an amorphous cyclodextrin and (b) amorphousfree cladribine

associated with amorphous cyclodextrin as a non-inclusion complex, in the

formulation of a solid oral dosage form, for enhancingthe oral bioavailability
of cladribine.

48. Use according to Claim 47, wherein the complex is saturated
with cladribine.

49. Use according to Claim 47 or 48, wherein the amorphous

cyclodextrin is hydroxypropyl-B-cyclodextrin, hydroxypropyl-y-cyclodextrin,
randomly methylated B-cyclodextrin, carboxymethyl-B-cyclodextrin or
sulfobutyl-B-cyciodextrin.

50. Use according to any one of Claims 47 to 49, wherein the

weightratio of cladribine to amorphouscyclodextrin is from about 1:10 to
about 1:16.

51. Use according to any one of Claims 47 to 50, wherein the

amorphous cyclodextrin is hydroxypropyl-8-cyclodextrin.

Petitioner TWi Pharms., Inc.

EX1003, Page 247 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 248 of 822

10

15

20

25

WO 2004/087101 PCT/US2004/009387

-47-

52. Use according to Claim 51, wherein the weight ratio of
cladribine to hydroxypropyl-B-cyclodextrin is about 1:14.

53.|Use according to Claim 51, wherein the weightratio of
cladribine to hydroxypropyi-B-cyclodextrin is about 1:17.

54. Use according to any oneof Claims 47 to 50, wherein the

amorphouscyclodextrin is hydroxypropyl-y-cyclodextrin.

55. Use according to any oneof Claims 47 to 54, wherein from

about 30 to about 40 percent by weightof the cladribineis in the inclusion

complex (a) and from about 70 to about 60 percent by weightof the
cladribine is in the non-inclusion complex (b).

56. A complex cladribine-cyclodextrin complex which is an intimate

amorphous admixture of (a) an amorphousinclusion complex of cladribine

with an amorphous cyclodextrin and (b) amorphousfree cladribine
associated with amorphous cyclodextrin as a non-inclusion complex.

57. The complex according to Claim 56, saturated with cladribine.

58. The complex according to Claim 56 or 57, wherein the

amorphouscyclodextrin is hydroxypropyl-B-cyclodextrin,

hydroxypropyl-y-cyclodextrin, randomly methylated B-cyclodextrin,
carboxymethyl-8-cyclodextrin or sulfobutyl-B-cyclodextrin.

59. The complex according to Claim 56 or 57, wherein the

amorphous cyclodextrin is hydroxypropyl-B-cyclodextrin.

Petitioner TWi Pharms., Inc.

EX1003, Page 248 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 249 of 822

10

15

20

25

WO 2004/087101 PCT/US2004/009387

-48-

60. The complex according to Claim 56 or 57, wherein the

amorphous cyclodextrin is hydroxypropyl-y-cyclodextrin.

61. The complex according to any one of Claims 56 to 58, wherein

the weight ratio of cladribine to amorphous cyclodextrin is from about 1:10 to
about 1:16.

62. The complex according to Claim 61, wherein the amorphous
cyclodextrin is hydroxypropyl-B-cyclodextrin.

63. The complex according to Claim 62, wherein the weight ratio of
cladribine to hydroxypropyl-B-cyclodextrin is about 1:14.

64. The complex according to Claim 62, wherein the weightratio of
cladribine to hydroxypropyl-B-cyclodextrin is about 1:11.

65. The complex according to Claim 61, wherein the amorphous
cyclodextrin is hydroxypropyl-y-cyclodextrin.

66. The complex according to any oneof Claims 56 to 65, wherein

from about 30 to about 40 percent by weightof the cladribineis in the

inclusion complex (a) and from about 70 to about 60 percent by weight of the
cladribineis in the non-inclusion complex (b).

67. Aprocess for the preparation of a complex cladribine-

cyclodextrin complex which comprises the steps of:

(i) combining cladribine and an amorphous cyclodextrin in water

at a temperature of from about 40 to about 80°C and maintaining said

temperature for a period of frorm about 6 to about 24 hours;
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(ii) cooling the resultant aqueous solution to room temperature;
and

(iii) lyophilizing the cooled solution to afford an amorphous product.

68. A process according to Claim 67, further comprisingafiltration
step following step (ii).

69. A process according to Claim 67 or 68, wherein step (i) is
performed at a temperature of from about 45 to about 60°C.

70. A process according to any oneof Claims 67 to 69, wherein

step (i) is performed at a temperature of from about 45 to about 50°C.

71.|A process according to Claim 69 or 70, wherein step(i) is
performedwith stirring.

72. A process according to Claim 71, wherein step(i) is performed
for a period of from about 6 to about 9 hours.

73.|Aprocess according to any one of Claims 67 to 72, wherein

step (ii) is performed for a period of from about 6 to about 9 hours.

74. A process according to any one of Claims 67 to 73, wherein

step (iii) comprises an initial freezing stage in which the solution is cooled to

from about -40 to about -80° C, and held at said temperature for a period of
from about 2 to about 4 hours.

75. A process according to Claim 74, wherein, in theinitial freezing
stage of step(iii), the solution is cooled to about -45°C.
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76. A process according to any one of Claims 67 to 75, wherein

12.00 parts by weight of cladribine and 172.50 parts by weight of

hydroxypropyl-B-cyclodextrin are introduced in step(i).

7¢. A process according to any one of Claims 67 to 75, wherein

16.35 parts by weight of cladribine and 172.50 parts by weight of

hydroxypropyl-B-cyclodextrin are introducedin step(i).

78. Aprocess according to Claim 76 or 77, wherein 825 parts by

volume of water are introducedin step(i).

79. A process according to any one of Claims 67 to 78, wherein

the lyophilization step (iii) comprises:

(a) an initial freezing stage in which the complexation solution is

brought to from about -40°C to about -80°C for approximately 2 to 4 hours;

(b) a primary drying stage at about -25°C for approximately 80 to 90
hours; and

(c) a secondary drying stage at about 30°C for approximately 15 to
20 hours.

80. Aprocess according to Claim 79, wherein stage (a) of the

lyophilization is conducted at about -45°C for approximately 3 to 4 hours.

81. Aprocess according to Claim 79 or 80, wherein stage (b) of the

lyophilization is conducted under a pressure of about 100 mTorr.

82. Apharmaceutical composition obtainable by a process

comprising the steps of:
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(i) combining cladribine and an amorphous cyclodextrin in water

ai a ternperature of from about 40 to about 80°C and maintaining said

temperature for a period of frorn about 6 to about 24 hours;

(ii) cooling the resultant aqueous solution to room temperature;

(iii) lyophilizing the cooled solution to afford an amorphous product;
and

(iv) formulating the amorphousproductinto a solid oral dosage
form.

83. A pharmaceutical composition according to Claim 82, wherein

the processfurther comprisesa filtration step following step(i) or(ii).

84. A pharmaceutical composition according to Claim 82 or 83,

wherein step(i) of the process is performed at a temperature of from about
45 to about 60°C.

85. A pharmaceutical composition according to any one of Claims

82 to 84, wherein step(i) of the process is performed at a temperature of
from about 45 to about 50°C.

86. A pharmaceutical composition according to Claim 84 or 85,

wherein step(i) of the process is performed with stirring.

87. Apharmaceutical composition according to Claim 86, wherein

step (i) of the process is performed for a period of from about 6 to about 9

hours.

88. Apharmaceutical composition according to any one of Claims

82 to 87, wherein step(ii) of the process is perforrned for a period of from
about6 to about 9 hours.
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89. A pharmaceutical composition according to any one of Claims

82 to 88, wherein step(iii) comprises an initial freezing stage in which the
solution is cooled to from about -40 to about -80°C, and held at said

temperature for a period of from about 2 to about 4 hours.

90. A pharmaceutical composition according to Claim 89, wherein,
in the initial freezing stage of step(iii), the solution is cooled to about -45°C.

91. Apharmaceutical composition according to any one of Claims

82 to 90, wherein 12.00 parts by weight of cladribine and 172.50 parts by

weight of the hydroxypropy!-8-cyclodextrin are introducedin step(i) of the
process.

92. Apharmaceutical composition according to any one of Claims

82 to 90, wherein 16.35 parts by weight of cladribine and 172.50 parts by
weight of the hydroxypropyl-B-cyclodextrin are introducedin step(i) of the
process.

93. Apharmaceutical composition according to Claim 91 or 92,

wherein 825 parts by volumeof waterare introducedin step(i) of the
process.

94. Apharmaceutical composition according to any one of Claims

82 to 93, wherein the lyophilization step (iii) of the process comprises:
(a) an initial freezing stage in which the complexation solution is

brought to from about -40°C to about -80°C for approximately 2 to 4 hours:

(b) a primary drying stage at about -25°C for approximately 80 to 90
hours; and
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(c) a secondary drying stage at about 30°C for approximately 15 to
20 hours.

95. Apharmaceutical composition according to Claim 94, wherein

5 stage (a) of the lyophilization is conducted at about -45°C for approximately
3 fo 4 hours.

96. Apharmaceutical composition according to Claim 94 or 95,

wherein stage (lb) of the lyophilization is conducted under a pressure of
10 about 100 mTorr.

97. Apharmaceutical composition according to any one of Claims

82 to 96, wherein the formulation step (iv) of the process comprises blending
the complex with magnesium stearate and compressinginto tablets.

15

98. Apharmaceutical composition according to Claim 97, wherein

magnesium stearate is pre-mixed with sorbitol powder before blending with
the complex.
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Cladribine regimen for treating Multiple Sclerosis

Field of the Invention

The present invention relates to the use of multiple doses of Cladribine for the treatment of

multiple sclerosis, especially relapsing-remitting multiple sclerosis or early secondary

progressive multiple sclerosis.

Backgroundofthe Invention

Multiple sclerosis (MS) is the most known chronic inflammatory demyelinating disease of

the central nervous system in humans. The onset of the disease typically occurs during ages

20 to 40. Womenare affected approximately twice as often as men.

Over time, MS mayresult in the accumulation of various neurological disabilities. Clinical

disability in MS is presumedto be a result of repeated inflammatory injury with subsequent

loss of myelin and axons, leading to tissue atrophy.

MSis manifested in physical symptoms (relapses and disability progression), Central

Nervous System (CNS) inflammation, brain atrophy and cognitive impairment. Presenting

symptomsinclude focal sensory deficits, focal weakness, visual problems, imbalance and

fatigue. Sexual impairment and sphincter dysfunction may occur. Approximately half of the

patients with MS may experience cognitive impairment or depression.

MSis now considered to be a multi-phasic disease and periods of clinical quiescence

(remissions) occur between exacerbations. Remissions vary in length and maylast several

years but are infrequently permanent.
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Four courses of the disease are individualized: relapsing-remitting (RR), secondary

progressive (SP), primary progressive (PP) and progressive relapsing (PR) multiple

sclerosis, | .

More than 80% of patients with MS will initially display a RR course with clinical

exacerbation of neurological symptoms, followed by a recovery that may or may not be

complete (Lublin andReingold, Neurology, 1996, 46:907-911).

During RRMS,accumulation of disability results from incomplete recovery from relapses.

Approximately, half of the patients with RRMS switch to a progressive course, called

SPMS, 10 years after the diseased onset. During the SP phase, worsening of disability

results from the accumulation of residual symptoms after exarcerbation but also from

insidious progression between exacerbations (Lublin and Reingold above). 10% of MS

patients have PPMS whichis characterized by insidious progression ofthe symptoms from

the disease onset. Less than 5 % of patients have PRMSandare often considered to have

the same prognosis as PPMS.It is suggested that distinct pathogenic mechanisms may be
involved in different patient sub-groups and have wide-ranging implications for disease

classification (Lassmann et al., 2001, Trends Mol. Med., 7, 115-121; Lucchinetti et al.,
Curr. Opin. Neurol., 2001, 14, 259-269).

MS onset is defined by the occurrence of the first neurological symptoms of CNS

dysfunction. Advances in cerebrospinal fluid (CSF) analysis and magnetic resonance

imaging (MRI) have simplified the diagnostic process and facilitated early diagnostic

(Noseworthy et al., The New England Journal ofMedicine, 2000, 343, 13, 938-952). The
International Panel on the Diagnosis ofMS issued revised criteria facilitating the diagnosis

of MS and including MRI together with clinical and para-clinical diagnostic methods (Mc
Donald et al., 2001, Ann. Neurol., 50:121-127).
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Current medications for MS which are disease modifying treatments, ie. modifying the
course of MS, modulate or suppress the immune system. There are four FDA approved
immunomodulating agents for RRMS: three beta interferons (Betaseron®, Berlex;
Avonex®, Biogen; Rebif®, Serono) and Glatimarer Acetate (Copaxone®, Amgen). There
is also one FDA approved immunosuppressing drug for worsening MS, Mitoxantrone
(Novantrone®, Amgen). Several other immunosuppressive agents are used, although not
FDAapproved..

Among them, Cladribine, a chlorinated purine analogue 2-chloro-2’deoxyadenosine
analogue (2-CdA), has been suggested to be useful in the treatment of MS (EP 626853B1
and US 5,506,214).

Several clinical studies with Cladribinein patients with multiple sclerosis have investigated
the use of i.v. and s.c. Cladribine in MS.

Two double-blind, placebo controlled Phase II studies were conducted respectively in the
treatment of Chronic Progressive MS (Selby etal., 1998, Can. J. Neurol. Sci., 25:295-299)
‘and Relapsing-Remitting MS respectively (Romine et al, 1999, Proceedings of the
Association ofAmerican Physicians, 111, 1, 35-44),

In the first trial, the Cladribine dose used was 0.1 mg/kg/day for 7 days by continuous i.v.
infusion. The treatment for repeated for 4 consecutive months.

In the second clinical trial, the Cladribine dose used was 0.07mg/kg/day for 5 days by
subcutaneousinjection. The treatment was repeated for 6 consecutive months.

In addition, placebo controlled Phase III study was conducted in patients with primary
progressive (PP) or secondary progressive (SP) multiple sclerosis (Rice at al, 2000, -
Neurology, 54, 5, 1145-1155). In this study, both patient groups received Cladribine by
subcutaneous injection at a dose of 0.07 mg/kg/day. The treatment was repeated for either 2
months or 6 months.
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The Phase II clinical studies provided evidence for the positive effects of Cladribine in

patients with MS in termsof Kutzke Extended Disability Status Scale (EDSS), Scripps
Neurologic rating Scale (SNRS) scores and Magnetic Resonance Imaging (MRI) findings
(Beutler et al., 1996, Proc. Nat. Acad. Sci. USA, 93, 1716-1720; Romine et al., 1999
above). PhaseIII study results, were positive on the.significant reduction of MRI-measured
brain lesions (Rice at al., 2000, above).

Some adverse effects (AEs), such as increased incidence of infections related to

compromised immunefunction or myelosuppression, were observed with the highest doses
(Selby et al., 1998, above; Beutler et al., 1994, Acta hematol., 91:10-15). Due to the narrow
margin of safety between the efficacy dose and the dose of occurrence of AEs, to date, all
clinical trials for Cladribine in multiple sclerosis have been conducted using either i.v. or

s.c. administration. As a result, Beutler et al. (Beutler et al., 1996, Seminars in Hematology,

33, 1(S1), 45-52) excluded the oral route for the treatment of multiple sclerosis with
Cladribine.

Therefore, it would be desirable to have a method for treating multiple sclerosis comprising
the oral administration of Cladribine that would permit the same or improved effect on MS

lesions while decreasing the occurrence and/or severity adverse events. In addition, as MS
is a chronic disease, it would be desirable to decrease the occurrence and/or severity

adverse events in such a way that re-treatments are possible.

Summary of the Invention

The present invention is directed towards a use of Cladribine for the preparation of a
pharmaceutical formulation for the treatment of multiple sclerosis, wherein the preparation
is to be the orally administered. Particularly, the invention is directed towards a use of
Cladribine for the preparation of a medicament for the treatment of relapsing-remitting
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treatments are possible.

An embodiment of the invention provides an improved dosing regimen for Cladribine in

the treatment ofmultiple sclerosis.

An additional embodimentof the invention provides a use of Cladribine for the preparation
of a pharmaceutical formulation for the treatment of multiple sclerosis wherein adverse
effects are reduced, allowing further use of Cladribine.

In one embodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation wherein the formulation is to be orally administered following
the sequential steps below: :

(i) An induction period wherein the Cladribine pharmaceutical formulation is Z
administered and wherein the total dose of Cladribine reached at the end of the’

induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

maintenance period is lower than the total dose of Cladribine reachedat the end

of the induction period(i);

(iv) A Cladribine-free period wherein no Cladribine is administered.

In another embodiment, the invention provides a method for the treatment of multiple
sclerosis, comprising the oral administration of Cladribine or of a formulation thereof in a

patient in need thereof comprising the following steps:

(i) | An induction treatment wherein the total dose of Cladribine reached at the end

of the induction period is from about 1.7 mg/kgto about 3.5 mg/kg;
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(ii)|A maintenance treatment wherein the total dose of Cladribine reached at the end
of the maintenance period is lower than the total dose of Cladribine reached at

the end of the induction period(i).

Detailed Description of the invention

Definitions

The “total dose” or “cumulative dose” refers to the total dose of Cladribine administered

during the treatment, i.e. the dose reached at the end of the treatment that is calculated by
adding the daily doses. For example, the total dose of Cladribine corresponding to a
treatment of 0.7 mg/kg Cladribine per day during 5 days is 3.5 mg/kg.

“The total effective dose” or “cumulative effective dose” refers to the bioavailable dose of
Cladribine after a givenadministration period, i.e. the bioavailable dose reachedat the end

- of the treatment that is calculated by adding the daily doses reduced by the bioavailability

coefficient. For example, the total effective dose of Cladribine corresponding to a treatment

of 0.7 mg/kg Cladribine per day during 5 days wherein the bioavailability of Cladribine is
of about 40% is 1.4 mg/kg.

Typically, the bioavailability of Cladribine or of a Cladribine formulation used in the
context of this invention is from about 30% to about 90%, preferably from about 40% to

about 60%, such as about 50%.

“A week”refers to a period of time ofor about5, about 6 or about 7 days.

“A month”refers to a period oftime of or about 28, about 29, about 30 or about 31 days.

“Treatment” comprises the sequential succession of an “induction treatment” and at least a
“maintenance treatment”. Typically, a treatment according to the invention comprises an

“induction treatment” and about oneor about twoor about three maintenance treatments.
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Typically, a treatment according to the invention is of about 2 years (about 24 months) or

about 3 years (about 36 months) or about 4 years (about 48 months).

An “Induction Treatment” consists in the sequential succession of (i) an induction period
wherein the Cladribine or the Cladribine pharmaceutical preparation of the invention is

orally administered and (ii) a Cladribine-free period. An induction period lasts up to about |

4 months or up to about 3 month or up to about 2 months. For example, an induction period
lasts for about 2 to about 4 months. An induction period consists in the oral administration

of Cladribine or a pharmaceutical preparation thereof during about 1 to about 7 days each
month.

A “Cladribine-free period” is a period wherein no Cladribine is administered to the patient..

During a Cladribine-free period, the patient can be free of any administration or be dosed.

with a placebo-pill or another drug except. A Cladribine-free periodlasts up to about 10.
months or up to 9 months or up to about 8 months. For example, a Cladribine-free period |
lasts from about 8 to about 10 months.

A “Maintenance Treatment” consists in the sequential succession of (i) a maintenance

period wherein the Cladribine or the Cladribine pharmaceutical preparation of the invention
is orally administered at a lower dose than the Cladribine dose orally administered during

the inductiontreatment and(ii) a Cladribine-free period. A maintenanceperiod lasts for up

to about 4 months, or up to about 3 months, or up to about 2 months, preferably up to about

2 months. For example, a maintenance period lasts for about 2 to about 4 months,

. preferably for about 2 months. A maintenance period consists in the oral administration of

Cladribine or of a pharmaceutical preparation thereof during about 1 to about 7 days each
month.
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Within the context of this invention, the beneficial effect, including but not limited to an

attenuation, reduction, decrease or diminishing of the pathological developmentafter onset

of the disease, may be seen after one or morea “treatments”, after an “induction treatment”,

after a “maintenance treatment” or during a Cladribine-free period.

“Daily dose” refers to the total dose of Cladribine orally administered to the patient each

day of administration. The daily dose can be reached through a single or several

administrations per day, such as for example once a day, twice a day or three times a day.

The dosage administered, as single or multiple doses, to an individual will vary depending

upon a variety of factors, including pharmacokinetic properties, patient conditions and

characteristics (sex, age, body weight, health, size), extent of symptoms, concurrent

treatments, frequency of treatment and the effect desired.

Patients suffering from MS can be defined for example as having clinically definite or

laboratory-definite MS according to Schumacher or Posercriteria (Schumacheret al., 1965,

Ann, NYAcad. Sci. 1965; 122:552-568; Poser et al., 1983, Ann. Neurol. 13(3): 227-31).

‘Relapses” involve neurologic problems that occur over a short period, typically days but

sometimes as short as hours or even minutes. These attacks most often involve motor,
sensory, visual or coordination problemsearly in the disease. Later, bladder, bowel, sexual

and cognitive problems may be shown. Sometimes the attack onset occurs over several

weeks. Typical MS relapse involves a period of worsening, with development of

neurological deficits, then a plateau, in which the patient is not getting any better but also

not getting any worse followed by a recovery period. Recovery usually begins within a few
weeks.

“Efficacy” of a treatment according to the invention can be measured based on changes in

the course of disease in response to a use according to the invention. For example,

treatment of MSefficacy can be measured by the frequency of relapses in RRMSandthe
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presence or absence of new lesions in the CNS as detected using methods such as MRI

technique (Miller et al., 1996, Neurology, 47(Suppl 4): S217; Evans et al., 1997, Ann.

Neurology, 41:125-132).

The observation of the reduction and/or suppression of MRI T; gadolinium -enhanced

lesions (thought to represent areas of active inflammation) gives a primary efficacy

variable..

Secondary efficacy variables include MRI T; enhanced brain lesion volume, MRI T;

enhanced lesion number, MRI T2 lesion volume (thought to represent total disease burden,

i.e. demyelination, gliosis, inflammation and axon loss), MRI T; enhanced hypointense

lesion volume (thought to represent primarily demyelination and axon loss), time-to-.

progression of MS, frequency and severity of exacerbations and time-to-exacerbation,
Expanded Disability Status Scale score and Scripps Neurologic Rating Scale (SNRS) score:
(Sipe et al., 1984, Neurology, 34, 1368-1372). Methods of early and accurate diagnosis of.

multiple sclerosis and of following the disease progression are described in Mattson, 2002,.
. Expert Rev. Neurotherapeutics, 319-328.

Degree of disability of MS patients can be for example measured by Kurtzke Expanded

Disability Status Scale (EDSS) score (Kurtzke, 1983, Neurology, 33, 14444-1452).

Typically a decrease in EDSS score corresponds to an improvement in the disease and

conversely, an increase in EDSSscore corresponds to a worseningof the disease.

Cladribine (2-CdA)

2-CdA and its pharmacologically acceptable salts may be used in the practice of this
invention.

Cladribine can be formulated in any pharmaceutical preparation suitable for oral

administration. Representative oral formulations of 2-CdA are described in (WO 96/19230;

WO 96/19229; US 6,194,395; US 5,506,214; WO 2004/087100; WO 2004/087101), the
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contents of which are incorporated herein by reference. Examples of ingredients for oral

formulations are given below.

Processes for preparing 2-CdA are well known in the art. For example, the preparation of 2-

CdA is described in (EP 173,059; WO 04/028462; WO 04/028462; US 5,208,327; WO

00/64918) and Robins et al. J. Am. Chem. Soc., 1984, 106: 6379. Alternatively,

pharmaceutical preparations of 2-CdA may be purchased from Bedford Laboratories,

Bedford, Ohio.

Oral administration of Cladribine may be in capsule, tablet, oral suspension, or syrup form.

The tablet or capsules may contain from about 3 to 500 mg of Cladribine. Preferably they

may contain about 3 to about 10 mg of Cladribine, more preferably about 3, about 5 or

about 10 mg of Cladribine. The capsules may be gelatin capsules and may contain, in

addition to Cladribine in the quantity indicated above, a small quantity, for example less

than 5% by weight, magnesium stearate or other excipient. Tablets may contain the

foregoing amount of the compound and a binder, which maybea gelatin solution, a starch .
paste in water, polyvinyl polyvinyl] alcohol in water, etc. with a typical sugar coating.

Compositions

Compositions of this invention may further comprise one or more pharmaceutically

acceptable additional ingredient(s) such as alum, stabilizers, antimicrobial agents, buffers,

coloring agents, flavoring agents, adjuvants, and thelike.

Compositions of this invention may be in the form of tablets or lozenges formulated in a

conventional manner. For example, tablets and capsules for oral administration may contain

conventional excipients including, but not limited to, binding agents, fillers, lubricants,

disintegrants and wetting agents. Binding agents include, but are not limited to, syrup,

accacia, gelatin, sorbitol, tragacanth, mucilage of starch and polyvinylpyrrolidone. Fillers
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include, but are not limited to, lactose, sugar, microcrystalline cellulose, maizestarch,
calcium phosphate, and sorbitol. Lubricants include, but are not limited to, magnesium
stearate, stearic acid, talc, polyethylene glycol, and silica. Disintegrants include, but are not

limited to, potato starch and sodium starch glycollate. Wetting agents include, but are not
limited to, sodium lauryl sulfate). Tablets may be coated according to methods well known
in the art. .

Compositions of this invention may also be liquid formulations including, but not limited
to, aqueous oroily suspensions, solutions, emulsions, syrups, and elixirs. The compositions
may also be formulated as a dry product for constitution with water or other suitable

vehicle before use. Such liquid preparations may contain additives including, but not

limited to, suspending agents, emulsifying agents, nonaqueous vehicles and preservatives.
Suspending agent include, but are not limited to, sorbitol syrup, methyl cellulose,
glucose/sugar syrup, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, aluminum

stearate gel, and hydrogenated edible fats. Emulsifying agents include, but are not limited
to, lecithin, sorbitan monooleate, and acacia. Nonaqueous vehicles include, but are not

limited to, edible oils, almondoil, fractionated coconut oil, oily esters, propylene glycol,

and ethyl alcohol. Preservatives include, but are not limited to, methyl or propyl p-
hydroxybenzoate and sorbic acid.

Combination

According to the invention, Cladribine can be administered alone or in combination with

IFN-beta, prophylactically or therapeutically to an individual prior to, simultaneously or

sequentially with other therapeutic regimens or agents (e.g. multiple drug regimens), in a

therapeutically effective amount, especially therapeutic agents for the treatment of multiple

sclerosis. Active agents that are administered simultaneously with other therapeutic agents
can be administered in the same or different compositions and in the same or different.

routes of administration.
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In one embodiment, when Cladribine is administered in combination with IFN-beta, IFN-

beta is administered during the Cladribine-free period.

In another embodiment, when Cladribine is administered in combination with IFN-beta,
IFN-beta is administered after the “treatment” according to the invention.

Theterm “interferon-beta (IFN-8)”, as used herein, is intended to include fibroblast interferon

in particular of human origin, as obtained by isolation from biological fluids or as obtained
by DNA recombinant techniques from prokaryotic or eukaryotic host cells, as well as its
salts, functional derivatives, variants, analogs and active fragments.

IFN-B suitable in accordance with the present invention is commercially available e.g. as
Rebif® (Serono), Avonex® (Biogen) or Betaferon® (Schering). The use of interferons of
human origin is also preferred in accordance with the present invention. The term interferon,
as used herein, is intended to encompasssalts, functional derivatives, variants, analogs and

active fragments thereof.

Rebif® (recombinant human interferon-B) is the latest development in interferon therapy
for multiple sclerosis (MS) and represents a significant advance in treatment. Rebif® is
interferon (IFN)-beta 1a, produced from mammalian cell lines. It was established that
interferon beta-1a given subcutaneously three times per week is efficacious in the treatment

of Relapsing-Remitting Multiple Sclerosis (RRMS).Interferon beta-la can have a positive
effect on the long-term course of MS by reducing number and severity of relapses and

- reducing the burden of the disease and disease activity as measured by MRI.

The dosing of IFN-B in the treatment of relapsing-remitting MS according to the invention
dependsonthe type of IFN-f used.

In accordance with the present invention, where IFN is recombinant IFN-$1b produced in

E. Coli, commercially available under the trademark Betaseron®, it may preferably be
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administered sub-cutaneously every second day at a dosage of about of 250 to 300 Lg or 8
MIU to 9.6 MIU per person.

In.accordance with the present invention, where IFN is recombinant IFN-B1a, produced in
Chinese Hamster Ovary cells (CHO cells), commercially available under the trademark

Avonex®, it may preferably be administered intra-muscularly once a week at a dosage of
about of 30p1g to 33 ug or 6 MIU to 6.6 MIU per person.

In accordance with the present invention, when IFN is recombinant IFN-B1a, produced in

Chinese Hamster Ovary cells (CHO cells), commercially available under the trademark

Rebif®, it may preferably be administered sub-cutaneously three times a week (TTW) at a.
dosage of 22 to 44 jig or 6 MIU to 12 MIU per person. }

Patients

Patients according to the invention are patients suffering from multiple sclerosis, preferably
RRMSorearly SPMS. |

In an embodiment of the invention, patients are selected from human males or females
between 18 and 55 years age.

In another embodimentofthe invention, patients had at least one relapse within the prior 12
monthsof the treatment.

Use according to the invention

In one embodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation

is to be orally administered following the sequential steps below:

Petitioner TWi Pharms., Inc.

EX1003, Page 282 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 283 of 822

10

15

20

25

14

(i) An induction period wherein Cladribine pharmaceutical formulation is
administered and wherein the total dose of Cladribine reached at the end of the

induction period is from about 1.7 mg/kg to about 3.5 me/kg;
(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is
administered and wherein the total dose of Cladribine reached at the end of the

maintenance period is lower than the total dose of Cladribine reached at the end
of the induction period(1);

(iv) A Cladribine-free period wherein no Cladribine is administered.

In a further embodiment, the invention provides a use according to the invention wherein

the induction period lasts up to about 4 months or up to about 3 months or up to about 2
months.

In a further embodiment, the invention provides a use according to the invention wherein

the induction period lasts up to about 2 months.

, + . : ‘ . t

In a further embodiment, the invention provides a use according to the invention wherein

the induction period lasts up to about 4 months.

In a further embodiment, the invention provides a use according to the invention wherein

the total dose of Cladribine reached at the end of the induction period is about 1.7 mg/kg.

In a further embodiment, the invention provides a use according to the invention wherein

the total dose of Cladribine reached at the end of the induction period is about 3.5 mg/kg.
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In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free period lasts up to about 10 months,or up to about 9 months or
up to about 8 months.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free (ii) period lasts up to about 8 months.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free period(ii) lasts up to about 10 months.

In another further embodiment,. the invention provides a use according to the invention
wherein the Cladribine-free (iv) period lasts up to about 10 months.

In another further embodiment, the invention provides a use according to the invention.

wherein a placebo-pill is administered during the Cladribine-free period.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free period is free of any administration.

In another further embodiment, the invention provides a use according to the invention

wherein the maintenance period lasts up to about 4 months, or up to about 3 months, or up

to about 2 months, preferably up to about 2 months.

In another further embodiment, the invention provides a use according to the invention

wherein the total dose of Cladribine reached at the end of the maintenance period is about

1.7 mg/kg.
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In another further embodiment, the invention provides a use according to the invention
wherein the steps (iii) to (iv) are repeated at least one or two times.

In a preferred embodiment, the invention provides a use of Cladribine for the preparation of

a pharmaceutical formulation for the treatment of multiple sclerosis wherein the

formulation is to be orally administered following the sequential steps below:

i) An induction period wherein Cladribine pharmaceutical formulation is
administered and wherein the total dose of Cladribine reached at the end of the

induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is
administered and wherein the total dose of Cladribine reached at the end of the

maintenance period is lower than the total dose of Cladribine reached at the end

of the induction period (i)

(iv) A Cladribine-free period wherein no Cladribine is administered;

wherein the induction period last up to about 4 months, or up to about 3 months, or up to

about 2 months; the Cladribine-free period (ii) lasts up to about 10 months, or up to about 9
months, or up to about 8 months; the maintenance period lasts up to about 2 months; the

Cladribine-free period (iv) lasts up to about 10 months; the total dose of Cladribine reached

at the end of the maintenance period is about 1.7 mg/kg andsteps (iii) to (iv) are repeated

performed one, twoorthree times.

In another embodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation

is to be orally administered following the sequential steps below:

(i) An induction period wherein Cladribine pharmaceutical formulation is
administered and wherein the total effective dose of Cladribine reached at the

end of the induction period is from about 0.7 mg/kg to about 1.4 mg/kg;
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(ii) A Cladribine-free period wherein no Cladribine is administered;

(ii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total effective dose of Cladribine reached at the

end of the maintenance period is lower than the total effective dose of

Cladribine reached at the end ofthe induction period(i);

(iv) <A Cladribine-free period wherein no Cladribine is administered.

In a further embodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation

is to be orally administered following the sequential steps below:
¢)) An induction period wherein Cladribine pharmaceutical formulation is

administered and wherein the total effective dose of Cladribine reached at the:

end of the induction period is from about 0.7 mg/kg to about 1.4 mg/kg; a
(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total effective dose of Cladribine reached at the

end of the maintenance period is lower than the total effective dose of .

Cladribine reached at the end of the induction period(i);

(iv) A Cladribine-free period wherein no Cladribine is administered;

wherein the induction period lasts up to about 4 months, or up to about 3 months,or up to

about 2 months; the Cladribine-free period (ii) lasts up to about 10 months, or up to about9
months, or up to about 8 months; the maintenance period lasts up to about 2 months; the

Cladribine-free period (ii) lasts up to about 10 months; the total effective dose of Cladribine
reached at the end of the maintenance period is about 0.7 mg/kg and steps(iii) to (iv) are

repeated performed one, twoor three times. ,
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In a preferred embodiment, the invention provides Cladribine for use as a medicament for

the treatment of multiple sclerosis wherein the medicament is to be orally administered

following the sequential steps below: |
(i) An induction period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

. induction period is from about 1.7 mg/kg to about 3.5 mg/kg;
(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

maintenance period is lower than the total dose of Cladribine reached at the end

of the induction period (i);

(iv) _ A Cladribine-free period wherein no Cladribine is administered;

wherein the induction period last up to about 4 months, or up to about 3 months, or up to

about 2 months; the Cladribine-free period(ii) lasts up to about 10 months, orup to about 9

months, or up to about 8 months; the maintenance period lasts up to about 2 months; the
Cladribine-free period (iv) lasts up to about 10 months;the total dose of Cladribine reached

at the end of the maintenance period: is about 1.7 mg/kg. andsteps(iii) to (iv) are repeated

performed one, two orthree times. |

In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered at a daily

dose of Cladribine about 3 to 30 mg Cladribine, preferably 5 to 20 mg Cladribine, most

preferably 10 mg Cladribine.

In another embodiment, the invention provides a use of Cladribine according to the

invention wherein the pharmaceutical formulation is to be orally administered once a day

during the induction period.
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In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered several times

a day administered once a day during the induction period, preferably twice or three times a

day, more preferably twice a day.

In another embodiment, the invention provides a use of Cladribine according to the

invention whereby the pharmaceutical formulation is orally administered about 1 to about 7

days per month, preferably fromabout 5 to about 7 days per month during the induction

period.

In another embodiment, the invention provides a use of Cladribine according to the

invention whereby the pharmaceutical formulation is orally administered about 0.02

days/kg to about 0.08 days/kg per month during theinduction period.

In another embodiment, the invention provides a use of Cladribine according to the

invention wherein the pharmaceutical formulation is to be orally administered at a daily
dose of about 10 mg Cladribine from day 1 to about day 2 each month during the induction

period.

In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered at a daily

dose of about 10 mg Cladribine from day 1 to about day 3 each month during the induction

period.

In another embodiment, the invention provides a use of Cladribine according to the

invention wherein the pharmaceutical formulation is to be orally administered at a daily

dose of about 10 mg Cladribine from day 1 to about day 4 each month during the induction

period.
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In another embodiment, the invention provides a use of Cladribine according to the

invention wherein the pharmaceutical formulation is to be orally administered at a daily

dose of about 10 mg Cladribine from day 1 to about day 5 each month during the induction

period.

In another embodiment, the invention provides a use of Cladribine according to the

invention wherein the pharmaceutical. formulation is to be orally administered at a daily

dose of about 10 mg Cladribine from day 1 to about day 6 each month during the induction

period.

In another embodiment, the invention provides a use of Cladribine according to any of the

preceding claims wherein the pharmaceutical formulation is to be administered in

combination with interferon-beta.

In a preferred embodiment, the invention provides a method for the treatment of multiple

sclerosis, comprising the oral administration of Cladribine or of a pharmaceutical
formulation thereof in a patient in need thereof comprising the following steps:

(i) An induction period wherein Cladribine or a pharmaceutical formulation thereof

is administered and wherein the total dose of Cladribine reached at the end of

the induction period is from about 1.5 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine or a pharmaceutical formulation

thereof is administered and wherein the total dose of Cladribine reached at the

end of the maintenance period is lower than the total dose of Cladribine reached

at the end of the induction period (i);

(iv) A Cladribine-free period wherein no Cladribine is administered.

Petitioner TWi Pharms., Inc..

EX1003, Page 289 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 290 of 822

21

In a preferred embodiment, the invention provides a method for the treatment of multiple

sclerosis, comprising the oral administration of Cladribine or of a pharmaceutical

formulation thereof in a patient in need thereof comprising the following steps:

q@ An induction period wherein Cladribine or a pharmaceutical formulation thereof

5 is administered and wherein the total effective dose of Cladribine reached at

the end of the induction period is from about 0.7 mg/kg to about 1.4 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total effective dose of Cladribine reached at the
10 _ end of the maintenance period is lower than the total effective dose of

Cladribine reached at the end ofthe induction period(i);

(iv) A Cladribine-free period wherein no Cladribine is administered.

In another further embodiment, the invention provides a method according to the invention
15 wherein the steps (iii) to (iv) are repeated at least one or two times. .

Examples

The following abbreviations refer respectively to the definitions below:

kg (kilogram), [Wg (microgram), mg (milligram), AEs (Adverse effects), CNS (Cnetral
20 nervous system), CSF (Cerebrospinal fluid), EDSS (Expanded Disability Status Scale,

SNRS (Scripps Neurologic Rating Scale), IFN (interferon), i.v. (intra -veinous), MIU

(Million International units), MS (multiple sclerosis), MRI (Magnetic resonance imaging),

p.o. (per os), PPMS (Primary progressive multiple sclerosis), PRMS (Progressive
relapsing multiple sclerosis) RRMS (Relapsing-remitting multiple sclerosis), SPMS

25 (Secondary progressive multiple sclerosis), s.c. (subcutaneous), TTW (Three times a week),
UI (international unit).
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The efficacy and safety of oral Cladribine administration, eventually multi-dose

administration, according to the invention can be assessed for example following the |

protocol below:

Example 1: Oral cladribine in the treatmentof relapsing forms of MS

A study of sixty patients with relapsing forms ofclinically definite multiple sclerosis is

undertaken. Each patient is first examined for normal hepatic, renal, and bone marrow

functioning to establish baseline values.

Patients are selected from Male or Female, between 18 and 55 years of age who had one or

more relapses within the prior 12 months. Female patients are non-pregnant female.

Patients are randomly assigned to one of the treatment groupslisted in Table 1 below:

, Table 1:

 
Each of the patients in Groups 2 and 3 receives 3 mg or 10 mg 2CdA (1, 2 or 3

administration(s) a day depending on the patient’s weight) combined in cyclodextrin

formulation as described in WO 2004/087101, Example 3. The Compositions of the

Cladribine formulations in 3 mg or 10 mg 2CdA tablets containing hydroxypropyl-beta-
cyclodextrin are listed in Table 2below:
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Table 2:

mg/tablet mg/tablet
Cladribine-2- 153.75 30.60

oyclodounieaSslex* equivalent to 10 mg 2CdA|equivalent to 3 mg 2CdA

ceamable de) St(vegetable grade)

* Cladribine is complexed and lyophilised with 2-hydroxypropyl]-B-cyclodextrin as a

separate process as described in WO 2004/087101.

 
 
 

 
 
   

Examples of administration schemes for the induction period depending on the patient’s
weight are given below in Tables 3 and 4 for the target doses of 1.75 mg/kg and 3.5 mg/kg
respectively. Forthe maintenanceperiod, the example of administration scheme of Table 3

is applicable.

Table 3:

Patient Total target Numberofpills
weight ranges dose (10 mg)/induction

equivalentto
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3.5 mg/kg

Total target
dose

(kg)
equivalent to

 

 

  

Patient

weight ranges

Patient

weight ranges
(kg)
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Patient

weight ranges
Total target

dose

(kg)
equivalent to

Max Month
1pe

119.9|167.9|10|

Numberofpills
(10 mg)/induction period 

 
  

 

 Month
4  Total

In Group 1 patients receive a placebo (saline) for 4 months followed by 8 months of no
treatment. .

In Group 2 patients receive a daily oral administration of Cladribine for about 5 days a

month during 2 months (induction period) of 2CdA cyclodextrin formulation such as the

total effective dose administered at the end of the first 2 months approximates about 0.7
mg/kg (total dose of about 1.75 mg/kg for a bioavailablility of about 40%); followed by
administration ofplacebo for 2 months; followed by 8 months of no treatment. .

In Group 3 patients receive a daily oral administration of Cladribine for about 5 days a
month during 4 months (induction period) of2CdA cyclodextrin formulation such as the

total effective dose administered at the end of the first 4 months approximates about 1.4

mg/kg (total dose of about 3.5 mg/kg for a bioavailablility of about 40%); followed by 8
months ofno treatment.

Beginning at month 13, all 3 patient groups receive re-treatment with Cladribine

cyclodextrin formulation for about 5 days a month for 2 months (maintenance period) with
the lower dose (such as the total effective dose administered at the end ofthe first 2 months

approximates about 0.7 mg/kg) followed by 10 months of no treatment.
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Finally, beginning at month 25, all patient groups receive re-treatment with Cladribine

cyclodextrin formulation for about 5 days a month for 2 months (maintenance period) with
the lower dose (suchas the total effective dose administered at the end ofthe first 2 months
approximates about 0.7 mg/kg) followed by 10 more months of no treatment.

Patients are monitored to determine whether there is any progression or improvement of

brain lesions associated with progression of MS through MRI scans and neurological

examination as described in Miller et al., 1996, above; Evanset al., 1997, above; Sipe et

‘al, 1984, above; and Mattson, 2002, above. All patients have a baseline and MRI study

(brain or spinal cord, according to localization of the lesions) at month 12.
The patient’s disability progression and the time for havinga first relapse are monitored as
well as the proportion of relapse-fee patients at 24 months.

Lymphocyte markers and monocyte counts are monitored in the patients.

Patients in Groups 2 and 3 have a decrease in brain lesions.

Thedata show that the 2CdA regimen consisting in the succession of an induction

treatment and maintenance treatments is efficient in decreasing brain lesions and no severe

adverse effect is observed.
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Claims:
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Use of Cladribine for the preparation of a pharmaceutical formulation for the

treatment of multiple sclerosis wherein the formulation is to be orally administered

following the sequential steps below:

(i) An induction period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of

the induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

Git) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of

the maintenanceperiod is lower than the total dose of Cladribine reached at
the end of the induction period(i); ‘

(iv) A Cladribine-free period wherein no Cladribine is administered.

Use according to claim 1 wherein the induction period lasts up to about 4 months,

or up to about 3 months, or up to about 2 months.

Use according to claims 1 or 2 wherein the induction period lasts up to about 2
months.

Use according to any of the preceding claims wherein the induction period lasts up
to about 4 months.

Use according to any of the preceding claims wherein the total dose of Cladribine

reached at the end ofthe induction period is about 1.7 mg/kg.

Use according to any of the preceding claims wherein the total dose of Cladribine

reached at the end ofthe induction period is about 3.5-mg/kg.
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Use according to any of the preceding claims wherein the Cladribine-free period

lasts up to about 10 months, or up to about 9 months, or up to about 8 months.

Use according to any of the preceding claims wherein the Cladribine-free (iv)

period lasts up to about 10 months.

Use according to any of the preceding claims wherein the maintenanceperiodlasts

up to about 4 months, or up to about 3 months or up to about 2 months.

Use according to any of the preceding claims wherein the total dose of Cladribine
reachedat the end of the maintenance period is about 1.7 mg/kg.

Use according to claim 1 wherein the formulation is to be orally administered

following the sequential steps below:

(i) An induction period wherein Cladribine pharmaceutical formulation is
administered and wherein the total dose.of Cladribine reached at the end of

the induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is
administered and wherein the total dose of Cladribine reached at the endof
the maintenance period is lower than the total dose of Cladribine reached at

the end of the induction period(i);

(iv) A Cladribine-free period wherein no Cladribine is administered;
wherein the induction period lasts up to about 4 months, or up to about 3 months or

up to about 2 months; the Cladribine-free period (ii) lasts up to about 10 months, or
up to about 8 months or up to about 10 months; the maintenance period lasts up to
about 2 months; the Cladribine-free period (iv) lasts up to about 10 months; thetotal
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dose of Cladribine reached at the end of the maintenance period is about 1.7 mg/kg
andsteps(iii) to (iv) are repeated performed one, twoor three times.

12. Use according to any of the preceding claims wherein the pharmaceutical
5 formulation is to be orally administered at a daily dose of Cladribine about 3 to 30

mg Cladribine.

13. Use according to any of the preceding claims wherein the pharmaceutical
formulation is to be orally administered at a daily dose of Cladribine about 10 mg

10 Cladribine. |

14. Use according to any of the preceding claims wherein the pharmaceutical -
formulation is orally administered about 1 to about 7 days per month during the ©
induction period.

1S .
15. Use according to any of the preceding claims wherein the steps (iii) to (iv) are

repeated at least one or two times.

16. Use according to any of the preceding claims wherein wherein the pharmaceutical
20 formulation is to be administered in combination with interferon-beta.
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Abstract of the invention:

The present invention is related to the use of Cladribine for the preparation of a

 

pharmaceutical formulation for the treatment of multiple sclerosis, especially relapsing-

remitting multiple sclerosis or early secondary progressive multiple sclerosis, wherein the

preparation is to be the orally administered and wherein re-treatments are possible.
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Cladribine regimen for treating Multiple Sclerosis

Field of the Invention 

5 The present invention relates to the use of multiple doses of Cladribine for the treatment of
multiple sclerosis, especially relapsing-remitting multiple sclerosis or early secondary

progressive multiple sclerosis.

Backgroundof the Invention

10 Multiple sclerosis (MS) is the most known chronic inflammatory demyelinating disease of
the central nervous system in humans. Theonsetof the disease typically occurs during ages
20 to 40. Womenare affected approximately twice as often as men.

Over time, MS mayresult in the accumulation of various neurological disabilities. Clinical
1s disability in MS is presumedto be a result of repeated inflammatory injury with subsequent

loss ofmyelin and axons, leading to tissue atrophy. 
 
 
 

 
  

MS is manifested in physical symptoms (relapses and disability progression), Central
Nervous System (CNS)inflammation, brain atrophy and cognitive impairment. Presenting

20 symptomsinclude focal sensory deficits, focal weakness, visual problems, imbalance and
fatigue. Sexual impairment and sphincter dysfunction may occur. Approximately half of the
patients with MS may experience cognitive impairment or depression.

MSis now considered to be a multi-phasic disease and periods ofclinical quiescence

25 (remissions) occur between exacerbations. Remissions vary in length and maylast several
years but areinfrequently permanent.
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25

  

Four courses of the disease are individualized: relapsing-remitting (RR), secondary

progressive (SP), primary progressive (PP) and progressive relapsing (PR) multiple
sclerosis.

More than 80% of patients with MS will initially display a RR course with clinical
exacerbation of neurological symptoms, followed by a recovery that may or may not be

complete (Lublin and Reingold, Neurology, 1996, 46:907-911).

During RRMS, accumulation of disability results from incomplete recovery from relapses.
Approximately, half of the patients with RRMS switch to a progressive course, called
SPMS, 10 years after the diseased onset. During the SP phase, worsening of disability
results from the accumulation of residual symptoms after exarcerbation but also from

insidious progression between exacerbations (Lublin and Reingold above). 10% of MS
patients have PPMS which is characterized by insidious progression of the symptoms from
the disease onset. Less than 5 % of patients have PRMSandare often considered to have

the same prognosis as PPMS.It is suggested that distinct pathogenic mechanisms may be
involved in different patient sub-groups and have wide-ranging implications for disease
classification (Lassmann et al., 2001, Trends Mol. Med., 7, 115-121; Lucchinetti et al.,
Curr. Opin. Neurol., 2001, 14, 259-269). |

MS onset is defined by the occurrence of the first neurological symptoms of CNS

dysfunction. Advances in cerebrospinal fluid (CSF) analysis and magnetic resonance
imaging (MRI) have simplified the diagnostic process and facilitated early diagnostic
(Noseworthy et al., The New England Journal ofMedicine, 2000, 343, 13, 938-952). The
International Panel on the Diagnosis of MS issued revised criteria facilitating the diagnosis

of MS andincluding MRI together with clinical and para-clinical diagnostic methods (Mc
Donald et al., 2001, Ann. Neurol., 50:121-127). |
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Current medications for MS which are disease modifying treatments, i.e. modifying the

course of MS, modulate or suppress the immune system. There are four FDA approved

immunomodulating agents for RRMS: three beta interferons (Betaseron®, Berlex;

Avonex®, Biogen; Rebif®, Serono) and Glatimarer Acetate (Copaxone®, Amgen). There

5 is also one FDA approved immunosuppressing drug for worsening MS, Mitoxantrone

(Novantrone®, Amgen). Several other immunosuppressive agents are used, although not
FDA approved,

Among them, Cladribine, a chlorinated purine analogue 2-chloro-2’deoxyadenosine
10 analogue (2-CdA), has been suggested to be useful in the treatment of MS (EP 626853B1

and US 5,506,214).

Severalclinical studies with Cladribinein patients with multiple sclerosis have investigated

. the use of i.v. and s.c. Cladribine in MS.

Two double-blind, placebo controlled Phase II studies were conducted respectively in the
treatment of Chronic Progressive MS (Selby et al., 1998, Can. J. Neurol. Sci., 251295-299) 

 
 
 
 
 
 
 
 
 
 

 
  

and Relapsing-Remitting MS respectively (Romine et al., 1999, Proceedings of the
Association ofAmerican Physicians, 111, 1, 35-44).

- 20 In thefirst trial, the Cladribine dose used was 0.1 mg/kg/day for 7 days by continuous iv.

infusion. The treatment for repeated for 4 consecutive months.

In the second clinical trial, the Cladribine dose used was 0.07mg/kg/day for 5 days by

subcutaneousinjection. The treatment was repeated for 6 consecutive months.

In addition, placebo controlled Phase III study was conducted in patients with primary
25 progressive (PP) or secondary progressive (SP) multiple sclerosis (Rice at al., 2000,

Neurology, 54, 5, 1145-1155). In this study, both patient groups received Cladribine by
subcutaneousinjection at a dose of 0.07 mg/kg/day. The treatment was repeated for either 2

monthsor 6 months.
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The PhaseII clinical studies provided evidence for the positive effects of Cladribine in

patients with MSin terms of Kutzke Extended Disability Status Scale (EDSS), Scripps
Neurologic rating Scale (SNRS) scores and Magnetic Resonance Imaging (MRI) findings
(Beutler et al., 1996, Proc. Nat. Acad. Sci. USA, 93, 1716-1720; Romine et al., 1999

s above). PhaseIII study results, were positive on the significant reduction of MRI-measured
brain lesions (Rice at al., 2000, above).

Some adverse effects (AEs), such as increased. incidence of infections related to
compromised immune function or myelosuppression, were observed with the highest doses

10 (Selby et al., 1998, above; Beutler et al., 1994, Acta hematol., 91:10-15). Due to the narrow
margin ofsafety between the efficacy dose and the dose of occurrence of AEs,to date, all

clinical trials for Cladribine in multiple sclerosis have been conducted using either i.v. or
s.c. administration. As a result, Beutler et al. (Beutler et al., 1996, Seminars in Hematology,
33, I(SL), 45-52) excluded the oral route for the treatment of multiple sclerosis with

15 Cladribine.

Therefore, it would be desirable to have a method for treating multiple sclerosis comprising
the oral administration of Cladribine that would permit the sameor improved effect on MS
lesions while decreasing the occurrence and/or severity adverse events. In addition, as MS

20 is a chronic disease, it would be desirable to decrease the occurrence and/or severity
adverse events in such a waythat re-treatments are possible.

Summary of the Invention

 
 

 
  

The present invention is directed towards a use of Cladribine for the preparation of a
25 pharmaceutical formulation for the treatment of multiple sclerosis, wherein the preparation

is to be the orally administered. Particularly, the invention is directed towards a use of
Cladribine for the preparation of a medicament for the treatment of relapsing-remitting
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multiple sclerosis or early secondary progressive multiple sclerosis and wherein re-
treatmentsare possible.

An embodiment of the invention provides an improved dosing regimen for Cladribine in

5 the treatment of multiple sclerosis.

An additional embodimentof the invention provides a use of Cladribine for the preparation

of a pharmaceutical formulation for the treatment of multiple sclerosis wherein adverse
effects are reduced, allowing further use of Cladribine.

 

 
 
 
 
 

 
 
 
  

10

In one embodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation wherein the formulation is to be orally administered following
the sequential steps below:

(i) An induction period wherein the Cladribine pharmaceutical formulation is.
15 administered and wherein thetotal dose of Cladribine reached at the end of the

induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribineis administered;
(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

20 maintenanceperiod is lower than the total dose of Cladribine reached at the end
of the induction period(1);

(iv) A Cladribine-free period wherein no Cladribine is administered.

In another embodiment, the invention provides a method for the treatment of multiple
25 sclerosis, comprising the oral administration of Cladribine or of a formulation thereof in a

patient in need thereof comprising the following steps:
(i) An induction treatment wherein the total dose of Cladribine reached at the end

of the induction period is from about 1.7 mg/kg to about 3.5 mg/kg;
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(ii) A maintenance treatment whereinthe total dose of Cladribine reached at the end
of the maintenance period is lower than the total dose of Cladribine reachedat
the end ofthe induction period(i).

5 Detailed Description of the invention

Definitions

The “total dose” or “cumulative dose”refers to the total dose of Cladribine administered

during the treatment, i.e. the dose reached at the end of the treatmentthat is calculated by
adding the daily doses. For example, the total dose of Cladribine corresponding to a

10_treatment of 0.7 mg/kg Cladribineper day during 5 days is 3.5 mg/kg.

“The total effective dose” or “cumulative effective dose” refers to the bioavailable dose of

Cladribine after a given administration period,i.e. the bioavailable dose reached at the end
of the treatmentthat is calculated by adding the daily doses reduced bythe bioavailability

1s_coefficient. For example,the total effective dose of Cladribine correspondingto a treatment

of 0.7 mg/kg Cladribine per day during 5 days wherein the bioavailability of Cladribine is
of about 40% is 1.4 mg/kg.

Typically, the bioavailability of Cladribine or ‘of a Cladribine formulation used in the
context of this invention is from about 30% to about 90%, preferably from about 40% to

20 about 60%, such as about 50%. | 
 
 

 

  

“A week”refers to a period of timeofor about 5, about 6 or about 7 days.

“A month”refers to a period oftime ofor about 28, about 29, about 30 or about 31 days.
25

“Treatment” comprises the sequential succession of an “induction treatment” andat least a
“maintenance treatment”. Typically, a treatment according to the invention comprises an
“induction treatment” and about one or about two or about three maintenance treatments.
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Typically, a treatment according to the invention is of about 2 years (about 24 months) or
about 3 years (about 36 months) or about4 years (about 48 months).

An “Induction Treatment” consists in the sequential succession of (i) an induction period
5 wherein the Cladribine or the Cladribine pharmaceutical preparation of the invention is

orally administered and(ii) a Cladribine-free period. An induction period lasts up to about
4 months orup to about 3 month orup to about 2 months. For example, an induction period
lasts for about 2 to about 4 months. An induction period consists in the oral administration

of Cladribine or a pharmaceutical preparation thereof during. about 1 to about 7 days each
10 month..

A “Cladribine-free period” is a period wherein no Cladribine is administered to the patient.

During a Cladribine-free period, the patient can be free of any administration or be dosed
with a placebo-pill or another drug except. A Cladribine-free period lasts up to about 10

1s monthsor up to 9 months or up to about 8 months. For example, a Cladribine-free period
lasts from about 8 to about 10 months.

 

 
 
 
 
 
 

 
  

A “Maintenance Treatment” consists in the sequential succession of (i) a maintenance

period wherein the Cladribine or the Cladribine pharmaceutical preparation of the invention
20 is orally administered at a lower dose than the Cladribine dose orally administered during

the induction treatment and(ii) a Cladribine-free period. A maintenanceperiodlasts for up

to about 4 months, or up to about 3 months, or up to about 2 months, preferably up to about
2 months. For example, a maintenance period lasts for about 2 to about 4 months,

preferably for about 2 months. A maintenance periodconsists in the oral administration of
2s Cladribine or of a pharmaceutical preparation thereof during about 1 to about 7 days each

month.

Petitioner TWi Pharms., Inc.
Jad bee HCOfenm the IFW Image Database om 1/19/2005   

Power wv



Petitioner TWi Pharms., Inc. 
EX1003, Page 310 of 822

20

25

Within the context of this invention, the beneficial effect, including but not limited to an

attenuation, reduction, decrease or diminishing of the pathological development after onset
of the disease, may be seen after one or more a “treatments”, after an “induction treatment”,
after a “maintenance treatment” or during a Cladribine-free period.

“Daily dose” refers to the total dose of Cladribine orally administered to the patient each
day of administration. The daily dose can be reached through a single or several
administrations per day, such as for example once a day, twice a day or three times a day.

The dosage administered, as single or multiple doses, to an individual will vary depending
upon a variety of factors, including pharmacokinetic properties, patient conditions and
characteristics (sex, age, body weight, health, size), extent of symptoms, concurrent

treatments, frequency of treatment and the effect desired.
Patients suffering from MS can be defined for example as having clinically definite or
laboratory-definite MS according to Schumacher or Posercriteria (Schumacheret al., 1965,
Ann. NY Acad. Sci. 1965; 122:552-568; Poseret al., 1983, Ann. Neurol. 13(3): 227-31).

“Relapses” involve neurologic problems that occur over a short period, typically days but
sometimes as short as hours or even minutes. These attacks most often involve motor,

sensory, visual or coordination problemsearly in the disease. Later, bladder, bowel, sexual
and cognitive problems may be shown. Sometimes the attack onset occurs over several
weeks. Typical MS relapse involves a period of worsening, with development of
neurological deficits, then a plateau, in which the patient is not getting any better but also
not getting any worse followed by a recovery period. Recovery usually begins within a few
weeks.

“Efficacy” of a treatment according to the invention can be measured based on changesin
the course of disease in response to a use according to the invention. For example,
treatment of MS efficacy can be measured by the frequency of relapses in RRMSandthe

_- Petitioner TWi Pharms.

anv nrvided by USPTO from the IFW Image Database on 10/12/2005

, Inc.
 



Petitioner TWi Pharms., Inc. 
EX1003, Page 311 of 822

presence or absence of new lesions in the CNS as detected using methods such as MRI

technique (Miller et al., 1996, Neurology, 47 (Suppl 4):5217; Evans et al,, 1997, Amn.

Neurology, 41:125-132).

The observation of the reduction and/or suppression of MRI T; gadolinium-enhanced

5 lesions (thought to represent areas of active inflammation) gives a primary efficacy
variable.

Secondary efficacy variables include MRI T, enhanced brain lesion volume, MRI Ti
enhanced lesion number, MRI T2 lesion volume (thoughtto representtotal disease burden,
ic. demyelination, gliosis, inflammation and axon loss), MRI Ti enhanced hypointense

10 lesion volume (thought to represent primarily demyelination and axon loss), time-to-

progression of MS, frequency and severity of exacerbations and time-to-exacerbation,
ExpandedDisability Status Scale score and Scripps Neurologic Rating Scale (SNRS) score
(Sipe et al., 1984, Neurology, 34, 1368-1372). Methodsof early and accurate diagnosis of
multiple sclerosis and of following the disease progression are described in Mattson, 2002,

is Expert Rev. Neurotherapeutics, 319-328.

 
 
 
 

 
 

 
  

Degree of disability of MS patients can be for example measured by Kurtzke Expanded
Disability Status Scale (EDSS) score (Kurtzke, 1983, Neurology, 33, 14444-1452).
Typically a decrease in EDSS score corresponds to an improvement in the disease and

20 conversely, an increase in EDSSscore corresponds to a worsening ofthe disease.

Cladribine (2-CdA)

2-CdA and its pharmacologically acceptable salts may be used in the practice of this
invention. _

25

Cladribine can be formulated in any pharmaceutical preparation suitable for oral

administration. Representative oral formulations of 2-CdA are described in (WO 96/19230;
WO 96/19229; US 6,194,395; US 5,506,214; WO 2004/087100; WO 2004/087101), the
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contents of which are incorporated herein by reference. Examples of ingredients for oral _
formulations are given below.

Processes for preparing 2-CdA are well knowninthe art. For example, the preparation of 2-
5  CdA is described in (EP 173,059; WO 04/028462; WO 04/028462; US 5,208,327; WO

00/64918) and Robins et al., J. Am. Chem. Soc, 1984, 106: 6379. Alternatively,
pharmaceutical preparations of 2-CdA may be purchased from Bedford Laboratories,
Bedford, Ohio. |

10 Oral administration of Cladribine may bein capsule,tablet, oral suspension, or syrup form.
The tablet or capsules may contain from about 3 to 500 mgof Cladribine. Preferably they
may contain about 3 to about 10 mg of Cladribine, more preferably about 3, about 5 or
about 10 mgof Cladribine. The capsules may be gelatin capsules and may contain, in
addition to Cladribine in the quantity indicated above, a small quantity, for example less

1s than 5% by weight, magnesium stearate or other excipient. Tablets may contain the
foregoing amount of the compound and a binder, which may bea gelatin solution, a starch
paste in water, polyvinyl polyvinyl alcoholin water, etc. with a typical sugar coating.

Compositions

20 Compositions of this invention may further comprise one or more pharmaceutically
acceptable additional ingredient(s) such as alum, stabilizers, antimicrobial agents, buffers,
coloring agents, flavoring agents, adjuvants, and the like.

Compositions of this invention may bein the form of tablets or lozenges formulated in a
 
 

 

 
  

25 conventional manner. For example, tablets and capsules for oral administration may contain
conventional excipients including, but not limited to, binding agents, fillers, lubricants,
disintegrants and wetting agents. Binding agents include, but are not limited to, syrup,
accacia, gelatin, sorbitol, tragacanth, mucilage of starch and polyvinylpyrrolidone. Fillers
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include, but are not limited to, lactose, sugar, microcrystalline cellulose, maizestarch,
calcium phosphate, and sorbitol. Lubricants include, but are not limited to, magnesium
stearate, stearic acid, talc, polyethylene glycol, and silica. Disintegrants include, but are not
limited to, potato starch and sodium starch glycollate. Wetting agents include, but are not

5 limited to, sodium lauryl sulfate). Tablets may be coated according to methods well known
in the art.

Compositions ofthis invention may also be liquid formulations including, but not limited
to, aqueousor oily suspensions,solutions, emulsions, syrups, and elixirs. The compositions
may also be formulated as a dry product for constitution with water or other suitable

10. vehicle before use. Such liquid preparations may contain additives including, but not
limited to, suspending agents, emulsifying agents, nonaqueous vehicles and preservatives.
Suspending agent include, but are not limited to, sorbitol syrup, methyl cellulose,
glucose/sugar syrup, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, aluminum
stearate gel, and hydrogenated edible fats. Emulsifying agents include, but are not limited

15 to, lecithin, sorbitan monooleate, and acacia. Nonaqueous vehicles include, but are not
limited to, edible oils, almond oil, fractionated coconut oil, oily esters, propylene glycol,
and ethyl alcohol. Preservatives include, but are not limited to, methyl or propyl p-
hydroxybenzoate and sorbicacid.

20 Combination

According to the invention, Cladribine can be administered alone or in combination with
IFN-beta, prophylactically or therapeutically to an individual prior to, simultaneously or

 
 

sequentially with other therapeutic regimensor agents (e.g. multiple drug regimens), in a
therapeutically effective amount, especially therapeutic agents for the treatment of multiple

25 sclerosis. Active agents that are administered simultaneously with other therapeutic agents
can be administered in the same or different compositions and in the sameor different
routes of administration.
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In one embodiment, when Cladribine is administered in combination with IFN-beta, IFN-
beta is administered during the Cladribine-free period.

In another embodiment, when Cladribine is administered in combination with IFN-beta,

5  IFN-betais administered after the “treatment” according to the invention.

The term “interferon-beta (IFN-B)”, as used herein, is intended to include fibroblast interferon
in particular of human origin, as obtained by isolation from biological fluids or as obtained
by DNArecombinant techniques from prokaryotic or eukaryotic host cells, as well as its

to_salts, functional derivatives, variants, analogs and active fragments.

IFN-B suitable in accordance with the present invention is commercially available e.g. as
Rebif® (Serono), Avonex® (Biogen) or Betaferon® (Schering). The use of interferons of
human origin is also preferred in accordance with the present invention. The term interferon,
as used herein, is intended to encompasssalts, functional derivatives, variants, analogs and

15 active fragments thereof.

Rebif® (recombinant human interferon-B)is the latest development in interferon therapy
for multiple sclerosis (MS) and represents a significant advance in treatment. Rebif® is.
interferon (IFN)-beta la, produced from mammalian cell lines. It was established that
interferon beta-la given subcutaneously three times per weekis efficacious in the treatment 

 
 
 
 
 
 

 
  

20 of Relapsing-Remitting Multiple Sclerosis (RRMS).Interferon beta-1a can have a positive
effect on the long-term course of MS by reducing number and severity of relapses and
reducing the burden of the disease and disease activity as measured by MRI.

The dosing of IFN-f in the treatment of relapsing-remitting MS accordingto the invention
25 depends onthetype of IFN-f used.

In accordance with the present invention, where IFN is recombinant IFN-B 1b produced in
E. Coli, commercially available under the trademark Betaseron®, it may preferably be
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administered sub-cutaneously every second day at a dosage of about of 250 to 300 pig or 8

MIU to 9.6 MIU per person.

In accordance with the present invention, where IFN is recombinant IFN-B1a, produced in
5 Chinese Hamster Ovary cells (CHO cells), commercially available under the trademark

Avonex®,it may preferably be administered intra-muscularly once a week at a dosage of
about of 30g to 33 pg or 6 MIU to 6.6 MIU perperson.

In accordance with the present invention, when IFN is recombinant IFN-f 1a, produced in
10 Chinese Hamster Ovary cells (CHO cells), commercially available under the trademark

Rebif®, it may preferably be administered sub-cutaneously three times a week(TIW) at a
dosage of 22 to 44 pg or 6 MIU to 12 MIU per person.

Patients

15 Patients according to the invention are patients suffering from multiple sclerosis, preferably
RRMSorearly SPMS.

In an embodiment of the invention, patients are selected from human males or females

between 18 and 55 years age.

20

In another embodimentofthe invention, patients had at least one relapse within the prior 12
monthsof the treatment.

Use according to the invention

2s In one embodiment, the invention provides a use of Cladribine for the preparation of a
pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation
is to be orally administered following the sequential steps below:
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14

(i) An induction period wherein Cladribine pharmaceutical formulation is
administered and wherein the total dose of Cladribine reached at the end of the .
induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribineis administered;
5 (iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein thetotal dose of Cladribine reached at the end of the
‘maintenance period is lower than the total dose of Cladribine reached at the end

’ of the induction period(i);

(iv)|A Cladribine-free period wherein no Cladribine is administered.

In a further embodiment, the invention provides a use according to the invention wherein
the induction period lasts up to about 4 months or up to about 3 months or up to about 2
months.

is Ina further embodiment, the invention provides a use according to the invention wherein
the induction period lasts up to about 2 months.

In a further embodiment, the invention provides a use according to the invention wherein
the induction period lasts up to about 4 months.

20

In a further embodiment, the invention provides a use according to the: invention wherein
the total dose of Cladribine reached at the end of the induction period is about 1.7 mg/kg.

In a further embodiment, the invention provides a use according to the invention wherein

 
 

-25 the total dose of Cladribine reached at the end of the induction period is about 3.5 mg/kg.
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In another further embodiment, the invention provides a use according to the invention
wherein the Cladribine-free period lasts up to about 10 months, or up to about 9 months or

up to about 8 months.

5 In another further embodiment, the invention provides a use according to the invention
wherein the Cladribine-free (ii) period lasts up to about 8 months.

In another further embodiment, the invention provides a use according to the invention
wherein the Cladribine-free period (ii) lasts up to about 10 months.

In another further embodiment, the invention provides a use according to the invention
wherein the Cladribine-free (iv) period lasts up to about 10 months.

In another further embodiment,the invention provides a use according to the invention
1s wherein a placebo-pill is administered during the Cladribine-free period.

In another further embodiment, the invention provides a use according to the invention
wherein the Cladribine-free period is free of any administration.

20 ‘In another further embodiment, the invention provides a use according to the invention
- wherein the maintenance period lasts up to about 4 months, or up to about 3 months, or up

to about 2 months,preferably up to about 2 months.

In another further embodiment, the invention provides a use according to the invention
25 wherein the total dose of Cladribine reached at the end of the maintenanceperiod is about

1.7 mg/kg.
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In another further embodiment, the invention provides a use according to the invention
wherein the steps (iii) to (iv) are repeated at least one or two times.

In a preferred embodiment,the invention provides a use of Cladribine for the preparation of
5 a pharmaceutical formulation for the treatment of multiple sclerosis wherein the

formulationis to be orally administered following the sequential steps below:
(i) An induction period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

induction periodis from about 1.7 mg/kg to about 3.5 mg/kg;
10 (ii) A Cladribine-free period wherein no Cladribineis administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is
administered and whereinthetotal dose of Cladribine reached at the end of the
maintenanceperiod is lowerthan the total dose of Cladribine reached at the end
of the induction period (i)

15 (iv) A Cladribine-free period wherein no Cladribine is administered;
wherein the induction period last up to about 4 months, or up to about 3 months, or up to
about 2 months; the Cladribine-free period(ii) lasts up to about 10 months, or up to about 9
months, or up to about 8 months; the maintenance period lasts up to about 2 months; the
Cladribine-free period (iv) lasts up to about 10 months; the total dose of Cladribine reached

20 at the end of the maintenance period is about 1.7 mg/kg and steps (iii) to (iv) are repeated
performed one, two or three times.

In another embodiment, the invention provides a use of Cladribine for the preparation of a
pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation

25 is to be orally administered following the sequential steps below: 

 
  

(i) An induction period: wherein Cladribine pharmaceutical formulation is
administered and wherein the total effective dose of Cladribine reached at the
end ofthe induction period is from about 0.7 mg/kg to about 1.4 mg/kg;
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(ii) A Cladribine-free period wherein no Cladribine is administered;
(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein thetotal effective dose of Cladribine reached at the
end of the maintenance period is lower than the total effective dose of

5 Cladribine reached at the end of the induction period(i);

(iv)|A Cladribine-free period wherein no Cladribine is administered.

In a further embodiment, the invention provides a use of Cladribine for the preparation of a
pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation

10 _is to be orally administered following the sequential steps below:
(i) An induction period wherein Cladribine pharmaceutical formulation is

administered and wherein thetotal effective dose of Cladribine reached at the

endofthe induction period is from about 0.7 mg/kgto about 1.4 mg/kg;

: (ii) A Cladribine-free period wherein no Cladribine is administered;
15 (iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein thetotal effective dose of Cladribine reached at the
end of the maintenance period is lower than the total effective dose of
Cladribine reachedat the end of the induction period (i);

(iv) A Cladribine-free period wherein no Cladribine is administered;
20+wherein the induction period lasts up to about 4 months, or up to about 3 months, or up to

about 2 months; the Cladribine-free period(ii) lasts up to about 10 months, or up to about 9
months, or up to about 8 months; the maintenance period lasts up to about 2 months; the

 

 

 
  

Cladribine-free period (ii) lasts up to about 10 months;the total effective dose of Cladribine
reached at the end of the maintenance period is about 0.7 mg/kg and steps (iii) to (iv) are

25 repeated performed one,twoorthree times.
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In a preferred embodiment, the invention provides Cladribine for use as.a medicament for
the treatment of multiple sclerosis wherein-the medicament is to be orally administered
following the sequential steps below: |

(v) An induction period wherein Cladribine pharmaceutical formulation is
5 administered and whereinthetotal dose of Cladribine reached at the end of the

induction period is from about 1.7 mg/kgto about 3.5 mg/kg;
(vi) A Cladribine-free period wherein no Cladribine is administered;
(vii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the
10 maintenanceperiod is lower than the total dose of Cladribine reached at the end

of the induction period(i) .
(viii) A Cladribine-free period wherein no Cladribine is administered;

wherein the induction period last up to about 4 months, or up to about 3 months, or up to
about 2 months; the Cladribine-free period(ii) lasts up to about 10 months, or up to about 9

15 months, or up to about 8 months; the maintenance period lasts up to about 2 months; the
Cladribine-free period (iv) lasts up to about 10 months; the total dose of Cladribine reached
at the end of the maintenance period is about 1.7 mg/kg and steps (iii) to (iv) are repeated
performed one, twoor three times.

20 In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered at a daily
dose of Cladribine about 3 to 30 mg Cladribine, preferably 5 to 20 mg Cladribine, most

 

 
  

preferably 10 mg Cladribine.

25 In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered once a day
during the induction period.
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In another embodiment, the invention provides a use of Cladribine according to the

invention wherein the pharmaceutical formulationis to be orally administered several times
a day administered once a day during the induction period, preferably twice orthree times a
day, more preferably twice a day.

In another embodiment, the invention provides a use of Cladribine according to the

invention whereby the pharmaceutical formulationis orally administered about | to about 7
days per month, preferably from about 5 to about 7 days per month during the induction
period.

In another embodiment, the invention provides a use of Cladribine according to the
invention whereby the pharmaceutical formulation is orally administered about 0.02
days/kg to about 0.08 days/kg per month during the induction period.

1s In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered at a daily
dose of about 10 mg Cladribine from day 1 to about day 2 each month during the induction

period.

 
 
 

 
  

 

20 In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered at a daily
dose of about 10 mg Cladribine from day 1 to about day 3 each month during the induction

period.

25 In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered at a daily
dose of about 10 mg Cladribine from day 1 to about day 4 each month during the induction

period.
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In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered at a daily
dose of about 10 mg Cladribine from day 1 to about day 5 each month during the induction
period.

5

In another embodiment, the invention provides a use of Cladribine according to the
invention wherein the pharmaceutical formulation is to be orally administered at a daily
dose of about 10 mg Cladribine from day 1 to about day 6 each month during the induction
period.

10

In another embodiment, the invention provides a use of Cladribine according to any of the
preceding claims wherein the pharmaceutical formulation is to be administered in
combination with interferon-beta.

1s Ina preferred embodiment, the invention provides a method for the treatment of multiple
sclerosis, comprising the oral administration of Cladribine or of a pharmaceutical
formulation thereof in a patient in need thereof comprising the following steps:

(i) An induction period wherein Cladribine or a pharmaceutical formulation thereof

 
 
 
 
 
 
 

 
  

 

is administered and wherein the total dose of Cladribine reachedat the end of
20 the induction period is from about 1.5 mg/kg to about 3.5 mg/kg;

(v) A Cladribine-free period wherein no Cladribineis administered;
(vi) A maintenance period wherein Cladribine or a pharmaceutical formulation

thereof is administered and wherein the total dose of Cladribine reached at the
end ofthe maintenanceperiod is lower than thetotal dose of Cladribine reached

25 at the end ofthe induction period(i);

(vii) A Cladribine-free period wherein no Cladribineis administered.
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In a preferred embodiment, the invention provides a method for the treatment of multiple
sclerosis, comprising the oral administration of Cladribine or of a pharmaceutical
formulation thereofin a patient in need thereof comprising the following steps:

(i) An induction period wherein Cladribine or a pharmaceutical formulation thereof
1 5 is administered and wherein the total effective dose of Cladribine reached at

_ the endof the induction periodis from about 0.7 mg/kg to about 1.4 me/kg;
(ii) A Cladribine-free period wherein no Cladribineis administered;
(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total effective dose of Cladribine reached at the

10 end of the maintenance period is lower than the total effective dose of
Cladribine reached at the end of the induction period(i);

(iv) A Cladribine-free period wherein no Cladribine is administered.

In another further embodiment, the invention provides a method according to the invention

1s wherein the steps(iii) to (iv) are repeated at least one or two times.

Examples

The following abbreviations refer respectively to the definitions below: _
kg (kilogram), pg (microgram), mg (milligram), AEs (Adverse effects), CNS (Cnetral

20 nervous system), CSF (Cerebrospinal fluid), EDSS (Expanded Disability Status Scale,
SNRS (Scripps Neurologic Rating Scale), IFN (interferon), i.v. (intra-veinous), MIU
(Million International units), MS (multiple sclerosis), MIRI (Magnetic resonance imaging),
p.o. (per os), PPMS (Primary progressive multiple sclerosis), PRMS (Progressive
relapsing multiple sclerosis), RRMS (Relapsing-remitting multiple sclerosis), SPMS

25 (Secondary progressive multiple sclerosis), s.c. (subcutaneous), TIW (Three times a week),
UI (international unit).
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The efficacy and safety of oral Cladribine administration, eventually multi-dose
administration, according to the invention can be assessed for example following the |
protocol below:

Example 1: Oral cladribine in the treatment of relapsing forms of MS
A study ofsixty patients with relapsing forms ofclinically definite multiple sclerosis is
undertaken. Each patient is first examined for normal hepatic, renal, and bone marrow

functioning to establish baseline values.

Patients are selected from Male or Female, between 18 and 55years of age who had one or
more relapses within the prior 12 months. Female patients are non-pregnant female.

Patients are randomly assigned to one of the treatment groupslisted in Table | below:
Table 1:

 
Each of the patients in Groups 2 and 3 receives 3 mg or 10 mg 2CdA (1, 2 or 3
administration(s) a day depending on the patient’s weight) combined in cyclodextrin
formulation as described in WO 2004/087101, Example 3. The Compositions of the

Cladribine formulations in 3 mg or 10 mg 2CdAtablets containing hydroxypropyl-beta-

~ cyclodextrin are listed in Table 2 below:
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Table 2:

me/tablet me/tablet
Cladribine-2- 153.75

 hydroxypropyl-B-

30.60

cyclodextrin- complex* equivalent to 10 mg 2CdA|equivalent to 3 mg 2CdA

Magnesium Stearate 2.0 1.00
(vegetable grade)

* Cladribine is complexed and lyophilised with 2-hydroxypropyl-B-cyclodextrin as a
separate process as described in WO 2004/087101.

s Examples of administration schemes for the induction period depending on the patient's
weight aregiven below in Tables 3 and 4 forthe target doses of 1.75 mg/kg and 3.5 mg/kg
respectively. For the maintenance period, the example of administration scheme of Table 3
is applicable.

Table 3:
 

 

 

 
 
 

 

 
Numberofpills 

 
  

 
 

Patient Total target

-weight ranges dose (10 mg)/induction
(kg)

equivalent to
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Numberofpills
(10 mg)/induction

Numberofpills
(10 mg)/induction period

42

Table 4:

°AaB34wes
o
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aeeee25==

dose

(kg)
equivalent to

3.5 mg/kg

Total target

 

weight ranges

(kg) Patient

weight ranges

 
 

Total
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Patient Total target Numberofpills
weight ranges dose (10 mg)/induction period

(kg)
equivalent to

3.5 mg/kg 
In Group 1 patients receive a placebo (saline) for 4 months followed by 8 months of no
treatment.

5 In Group 2 patients receive a daily oral administration of Cladribine for about 5 days a
month during 2 months(induction period) of 2CdA cyclodextrin formulation such as the
total effective dose administered at the end of the first 2 months approximates about 0.7.
mg/kg (total dose of about 1.75 mg/kg for a bioavailablility of about 40%); followed by
administration ofplacebo for 2 months; followed by 8 months of no treatment.

10

In Group 3 patients receive a daily oral administration of Cladribine for about 5 days a
month during 4 months (induction period) of 2CdA cyclodextrin formulation such as the
total effective dose administered at the end ofthe first 4 months approximates about 1.4.
mg/kg (total dose of about 3.5 mg/kg for a bioavailablility of about 40%); followed by 8

15 months ofno treatment.

Beginning at month 13, all 3 patient groups receive re-treatment with Cladribine
cyclodextrin formulation for about 5 days a month for 2 months (maintenance period) with 

 
  

the lower dose (such as thetotal effective dose administered at the end of the first 2 months
20 approximates about 0.7 mg/kg) followed by 10 monthsofno treatment.
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Finally, beginning at month 25,all patient groups receive re-treatment with Cladribine
cyclodextrin formulation for about 5 days a month for 2 months (maintenance period) with
the lower dose (such asthe total effective dose administered at the end ofthe first 2 months

approximates about 0.7 mg/kg) followed by 10 more months ofno treatment.

Patients are monitored to determine whether there is any progression or improvement of

brain lesions associated with progression of MS through MRI scans and neurological

examination as described in Miller et al, 1996, above; Evans et al., 1997, above; Sipe et

al., 1984, above; and Mattson, 2002, above. All patients have a baseline and MRIstudy

10 (brain orspinal cord, according to localization of the lesions) at month 12.
The patient’s disability progression and the time for having a first relapse are monitored as
well as the proportion of relapse-fee patients at 24 months.

Lymphocyte markers and monocyte counts are monitored in the patients.

Patients in Groups 2 and 3 have a decrease in brain lesions.

The data show that the 2CdA regimen consisting in the succession of an induction
treatment and maintenancetreatmentsis efficient in decreasing brain lesions and no severe

adverse effect is observed.

20
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Claims: 
 
 

 
 
 
 

 
 
 

 
 
 
 
 

 

1. Method of treating multiple sclerosis, with 2-CdA wherein, 2-CdA is orally

administered following the sequential steps below:

5 (i) Administering 2-CdA, such that the total dose of 2-CdA reached at the end
of the induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) Administering no 2-CdA during a Cladribine free period;

(iii)|Administering 2-CdA such that the total dose of 2-CdA reached at the end

. of a maintenanceperiod is lower than the total dose of 2-CdA reached at
10 the end of the induction period (i);

(iv) And optionally, a Cladribine-free period wherein no 2-CdA is

administered.

2. The method of claim 1, wherein the induction period lasts up to about 4 months, or

15 up to about 3 months, or up to about 2 months.

3. The method of claim 1, wherein the total dose of Cladribine reached at the end of
the induction period is about 1.7 mg/kg.

20 4. The method of claim 1, wherein the Cladribine-free period lasts up to about 10

‘months, or up to about 9 months, or up to about 8 months.

5. The method of claim 1, wherein the maintenance period lasts up to about 4

months, or up to about 3 monthsor up to about 2 months.

25

6. The method of claim 1, wherein the total dose of Cladribine reached at the end of

the maintenanceperiod is about 1.7 mg/kg.
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7. The method of claim 1, wherein the maintenance period is followed by a

Cladribine-free period.

8. The methodofclaim 1, comprising the following:

5° (i) An induction period wherein 2-CdA is administered and wherein the total
dose of 2-CdA reached at the end ofthe induction period is from about 1.7

mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no 2-CdA is administered;

(iii) A maintenance period wherein the total dose of 2-CdA reached at the end of
10 the maintenance period is lower than the total dose of 2-CdA reached at the

end of the induction period (i); and,

(iv) Optionally a Cladribine-free period wherein no 2-CdA is administered.

wherein the induction period lasts up to about 4 months, or up to about 3 months or

up to about 2 months; the Cladribine-free period (ii) lasts up to about 10 months,or

 
 
 
 

 
 
 

 
 
 

 
  

15 up to about 8 months or up to about 10 months; the maintenance period lasts up to
about 2 months; the optional Cladribine-free period lasts up to about 10 months; the

total dose of 2-CdA reached at the end of the maintenanceperiod is about 1.7 mg/kg

andsteps(iii) to (iv) are repeated performed one, twoorthree times.

20 9. The methodof claim 1 to 8, wherein 2-CdA is to be orally administered at a daily

dose of about 3 to about 30 mg.

10. The method of claim 1 to 8, wherein 2-CdAis to be orally administered at a daily

. dose ofabout 10 mg.

25

11. The method of claim 1 to 8, wherein 2-CdA is orallyadministered about 1 to about

7 days per month during the induction period.
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12. The method of claim 1 to 8, wherein the steps(iii) are repeated at least one or two

times.

13. The method of claim 1 to 8, wherein 2-CdAis to be administered in combination

5 with interferon-beta.
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Abstract of the invention:

The present invention is related to the use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis, especially relapsing-

remitting multiple sclerosis or early. secondary progressive multiple sclerosis, wherein the

_ § preparationis to bethie orally administered and wherein re-treatments are possible.
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WO 2006/067141 PCT/EP2005/056954

Cladribine regimenfor treating Multiple Sclerosis

Field of the Invention

The present invention relates to the use ofmultiple doses of Cladribine for the treatment of

multiple sclerosis, especially relapsing-remitting multiple sclerosis or early secondary

progressive multiple sclerosis.

Backgroundofthe Invention

Multiple sclerosis (MS) is the most known chronic inflammatory demyelinating disease of

the central nervous system in humans. The onsetof the disease typically occurs during ages

20 to 40. Women are affected approximately twice as oflen as men.

Overtime, MS mayresult in the accumulation of various neurological disabilities. Clinical

disability in MS is presumedto be a result of repeated inflammatory injury with subsequent

loss ofmyelin and axons, leading to tissue atrophy.

MS is manifested in physical symptoms (relapses and disability progression), Central

Nervous System (CNS) inflammation, brain atrophy and cognitive impairment. Presenting

symptomsinclude focal sensory deficits, focal weakness, visual problems, imbalance and

fatigue. Sexual impairmentand sphincter dysfunction may occur. Approximately half of the

patients with MS may experience cognitive impairmentor depression.

MSis now considered to be a multi-phasic disease and periods of clinical quiescence

(remissions) occur between exacerbations. Remissions vary in length and maylast several

years but are infrequently permanent.

Four courses of the disease are individualized: relapsing-remitting (RR), secondary
progressive (SP), primary progressive (PP) and progressive relapsing (PR) multiple

sclerosis.
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More than 80% of patients with MS will initially display a RR course with clinical
exacerbation of neurological symptoms, followed by a recovery that may or may not be

complete (Lublin and Reingold, Neurology, 1996, 46:907-911).

During RRMS,accumulation of disability results from incomplete recovery from relapses.

Approximately, half of the patients with RRMS switch to a progressive course, called

SPMS, 10 years after the diseased onset. During the SP phase, worsening of disability

results from the accumulation of residual symptoms after exarcerbation but also from

insidious progression between exacerbations (Lublin and Reingold above). 10% of MS

patients have PPMS whichis characterized by insidious progression ofthe symptoms from
the disease onset. Less than 5 % of patients have PRMSandare often considered to have

the same prognosis as PPMS.It is suggested that distinct pathogenic mechanisms may be

involved in different patient sub-groups and have wide-ranging implications for disease

classification (Lassmann et al., 2001, Trends Mol. Med., 7, 115-121; Lucchinetti et al.,

Curr. Opin. Neurol., 2001, 14, 259-269).

MS onset is defined by the occurrence of the first neurological symptoms of CNS

dysfunction. Advances in cerebrospinal fluid (CSF) analysis and magnetic resonance
imaging (MRI) have simplified the diagnostic process and facilitated early diagnostic

(Noseworthy et al., TheNew England Journal ofMedicine, 2000, 343, 13, 938-952). The

International Panel on the Diagnosis of MS issued revised criteria facilitating the diagnosis

of MSand including MRItogether with clinical and para-clinical diagnostic methods (Mc

Donaldet al., 2001, Ann. Neurol., 50:121-127).

Current medications for MS which are disease modifying treatments, i.e. modifying the

course of MS, modulate or suppress the immune system. There are four FDA approved
immunomodulating agents for RRMS: three beta interferons (Betaseron®, Berlex;

Avonex®, Biogen; Rebif®, Serono) and Glatimarer Acetate (Copaxone®, Amgen). There

is also one FDA approved immunosuppressing drug for worsening MS, Mitoxantrone
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- (Novantrone®, Amgen). Several other immuncsuppressive agents are used, although not

FDAapproved.

Among them, Cladribine, a chlorinated purine analogue 2-chloro-2’deoxyadenosine

analogue (2-CdA), has been suggested to be useful in the treatment of MS (EP 62685381

and US 5,506,214).

Several clinical studics with Cladribine in patients with multiple sclerosis have investigated

the use ofi.v. and s.c. Cladribine in MS.

Two double-blind, placebo controlled Phase IT studies were conducted respectively in the
treatment of Chronic Progressive MS (Selby et al., 1998, Can. J. Neurol. Sci., 25:295-299)
and Rclapsing-Remitting MS respectively (Romine et al., 1999, Proceedings of the

Association ofAmerican Physicians, 111, 1, 35-44).

In the first trial, the Cladribine dose used was 0.1 mg/kg/day for 7 days by continuous i.v.

infusion. The treatment for repeated for 4 consecutive months.

In the second clinical trial, the Cladribine dose used was 0.07mg/kg/day for 5 days by

subcutancousinjection. The treatment was repeated for 6 consecutive months.

‘In addition, placebo controlled Phase III study was conducted in patients with primary
progressive (PP) or secondary progressive (SP) multiple sclerosis (Rice at al., 2000,
Neurology, 54, 5, 1145-1155). In this study, both patient groups received Cladribine by

subcutaneous injection at a dose of0.07 mg/kg/day. The treatment wasrepeated for either 2

monthsor 6 months.

The Phase II clinical studies provided evidence for the positive effects of Cladribine in

patients with MS in terms of Kutzke Extended Disability Status Scale (EDSS), Scripps

Neurologic rating Scale (SNRS) scores and Magnctic Resonance Imaging (MRI) findings
(Beutler et al, 1996, Proc. Nat. Acad. Sci. USA, 93, 1716-1720; Romine et al., 1999

above). PhaseITI study results, were positive on the significant reduction ofMRI-measured

brain lesions (Rice at al., 2000, above).
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Some adverse effects (AEs), such as increased incidence of infections related to
compromised immune function or myelosuppression, were observed with the highest doses

(Selby et al., 1998, above; Beutler et al, 1994, Acta hematol., 91:10-15). Due to the narrow

margin of safety between the efficacy dose and the dose of occurrence of AEs,to date, all

clinical trials for Cladribine in multiple sclerosis have been conducted using either i.v. or

s.c. administration. As a result, Beutler et al. (Beutler et al., 1996, Seminars in Hematology,

33, I1(S1), 45-52) excluded the oral route for the treatment of multiple sclerosis with

Cladribine.

Grieb et al. reported a small trial in 1] patients with remitting-relapsing multiple sclerosis

(Grieb et al., 1995, Archivum Immunologiae et Therapiae Experimentalis, 43 (5-6), 323-

327) wherein Cladribine has been orally administered during 6 monthly courses of 5 days

at a total dose of about 4-5.7 mp/kg (patients of about 52 and about 75 kilos, respectively)

i.e. a total effective dose of 2-2.85 mg/kg. For somepatients, a single re-treatment of 5 days

was performed at a cumulative dose of 0.4-0.66 mg/kg after a cladribine free-period of 3 or

6 months. Theside effects observed with the regimen above were said to be less severe

than the ones observed in the study on patients suffering from chronic progressive multiple

sclerosis treated by i.v. infusion of Cladribine (Sipe et al, 1994, Lancet, 344, 9-13) but
werestill present. In addition, the therapeutic efficacy of the oral regimen above versus the

i.v. infusion therapy was questioned (Grieb et al., 1995, above) and a group of “non-

responders”has been identified (Stelmasiaket al., 1998, Laboratory Investigations, 4(1), 4-

8).

Therefore, it would be desirable to have a method for treating multiple sclerosis comprising

the oral administration of Cladribine that would permit the same or improvedeffect on MS

lesions while decreasing the occurrence and/or severity adverse cvents. In addition, as MS

is a chronic disease, it would be desirable to decrease the occurrence and/or scvcrity
adverse events in such a way that re-treatments are possible. A sustained benefit of

Cladribine treatment between the treatmentperiods is also desirable.
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Summary of the Invention

The present invention is directed towards a use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis, wherein the preparation

is to be the orally administered. Particularly, the invention is directed towards a use of

Cladribine for the preparation of a medicament for the treatment of rclapsing-remitting

multiple sclerosis or early secondary progressive multiple sclerosis and wherein re-

treatments are possible.

An embodimentof the invention provides an improved dosing regimen for Cladribine in

the treatment ofmultiple sclerosis.

An additional embodimentofthe invention provides a use of Cladribine for the preparation

of a pharmaceutical formulation for the treatment of multiple sclerosis wherein adverse

effects are reduced, allowing further use ofCladribine.

In one embodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation wherein the formulation is to be orally administered following

the sequential steps below:

(i) An induction period wherein the Cladribine pharmaceutical formulation is
administered and wherein the total dose of Cladribine reached at the end of the

induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

maintenance period is lower than the total dose of Cladribine reached at the end

of the induction period(i);

{iv) A Cladribine-free period wherein no Cladribine is administered.
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In another embodiment, the invention provides a method for the treatment of multiple

sclerosis, comprising the oral administration of Cladribine or of a formulation thereof in a

patient in need thereof comprising the following stcps:

(i) An induction treatment wherein the total dose of Cladribine reached at the end

of the induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) =A maintenance treatment wherein the total dose of Cladribine reached at the end

of the maintenance period is lower than the total dose of Cladribine reached at

the end of the induction period(i);

(iv) A Cladribine-free period wherein no Cladribine is administered.

Detailed Description of the invention

Definitions

The “total dose” or “cumulative dose” refers to the total dose of Cladribine administered

during the treatment, i.e. the dose reached at the end of the treatmentthatis calculated by

adding the daily doses. For example, the total dose of Cladribinc corresponding to a

treatment of 0.7 mg/kg Cladribine per day during 5 days is 3.5 mg/kg orthe total dose of

Cladribine corresponding to a treatment of 0.35 mg/kg Cladribine per day during 5 daysis

1.7 mg/kg.

“The total effective dose” or “cumulative effective dose” refers to the bioavailable dose of

Cladribine after a given administration period, i.e. the bioavailable dose reached at the end .
of the treatmentthat is calculated by addingthe daily doses reduced by the bioavailability

coefficient. For example, the total effective dose of Cladribine correspondingto a treatment

of 0.7 mg/kg Cladribine per day during 5 days wherein the bioavailability of Cladribine is
of about 40% is 1.4 mg/kg orthe total effective dose of Cladribine corresponding to a

treatment of 0.35 mg/kg Cladribine per day during 5 days wherein the bioavailability of

Cladribine is of about 40% is 0.7 mg/kg.

Petitioner TWi Pharms., Inc.
EX1003, Page 339 of 822



Petitioner TWi Pharms., Inc. 
EX1003, Page 340 of 822

20

25

30

WO 2006/067141 PCT/EP2005/056954

Typically, the bioavailability of Cladribine or of a Cladribine formulation used in the

context of this invention is from about 30% to about 90%, preferably from about 40% to
about 60%, such as about 50%. ,

“A week”refers to a period of time of or about 5, about 6 or about 7 days.

“A month”refers to a period oftime ofor about 28,about 29, about 30 or about 31 days.

“Treatment” comprises the sequential succession of an “induction treatment” andat least a

“maintenance treatment”. Typically, a treatment according to the invention comprises an

“induction treatment” and aboutone or about two or about three maintenance treatments.

Typically, a treatment according to the invention is of about 2 years (about 24 months) or

about 3 years (about 36 months) or about 4 years (about 48 months)..

An “Induction Treatment”consists in the sequential succession of (i) an induction period

wherein the Cladribine or the Cladribine pharmaceutical preparation of the invention is

orally administered and (ii) a Cladribine-free period. An induction period lasts up to about

4 monthsorup to about 3 month orup to about 2 months. For example, an induction period

lasts for about 2 to about 4 months. An induction period consists in the oral administration

of Cladribine or a pharmaceutical preparation thereof during about | to about 7 days each

month.

A “Cladribine-free period” is a period wherein no Cladribine is administered to the patient.

During a Cladribine-free period, the patient can be free of any administration or be dosed

with a placebo-pill or another drug except. A Cladribine-free period lasts up to about 10
months or up to 9 monthsor up to about 8 months. For example, a Cladribine-free period

lasts from about 8 to about 10 months,typically at least of about 8 months.

A “Maintenance Treatment” consists in the sequential succession of (i) a maintenance

period wherein the Cladribine or the Cladribine pharmaceutical preparation ofthe invention

is orally administered at a lower dose than the Cladribine dose orally administered during
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the induction treatment and (ii) a Cladribine-free period. A maintenance period lasts for up

to about 4 months, or up to about 3 months, or up to about 2 months, preferably up to about

2 months. For example, a maintenance period lasts for about 2 to about 4 months,

preferably for about 2 months. A maintenance period consists in the ora] administration of

Cladribine or of a pharmaceutical preparation thereof during about 1 to about 7 days each.

month.

Within the context of this invention, the beneficial effect, including but not limited to an

attenuation, reduction, decrease or diminishing of the pathological development after onset

of the disease, may be seen after one or more a “treatments”, after an “induction treatment”,

after a “maintenance treatment”or during a Cladribine-free period.

“Daily dose” refers to the total dose of Cladribine orally administered to the paticnt cach
day of administration. The daily dose can be reached through a single or several

administrations per day, such as for example once a day, twice a day orthree times a day.

The dosage administered, as single or multiple doses, to an individual will vary depending

upon a varicty of factors, including pharmacokinctic propcrtics, patient conditions and
characteristics (sex, age, body weight, health, size), extent of symptoms, concurrent
treatments, frequency of treatmentandthe effect desired.

Patients suffering from MS can be defined for example as having clinically definite or

laboratory-definite MS according to Schumacheror Posercriteria (Schumacheret al., 1965,

Ann. NY Acad. Sci. 1965; 122:552-568; Poser et al., 1983, Ann. Neurol. 13(3): 227-31).

“Relapses” involve neurologic problems that occur over a short period, typically days but

sometimes as short as hours or cven minutes. These attacks most often involve motor,

sensory, visual or coordination problems early in the disease. Later, bladder, bowel, sexual

and cognitive problems may be shown. Sometimes the attack onset occurs over several

weeks. Typical MS relapse involves a period of worsening, with development of

neurological deficits, then a plateau, in which the patient is not getting any better but also
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not getting any worse followed by a recovery period. Recovery usually begins within a few

weeks.

“Efficacy”of a treatment according to the invention can be measured based on changesin

the course of disease in response to a use according to the invention. For example,

treatment of MSefficacy can be measured by the frequency of relapses in RRMSandthe

presence or absence of new lesions in the CNS as detected using methods such as MRI

technique (Miller et al., 1996, Neurology, 47(Suppl 4): S217; Evans et al., 1997, Ann.

Neurology, 41:125-132).

The observation of the reduction and/or suppression of MRI T, gadolinium-enhanced

lesions (thought to represent areas of active inflammation) gives a primary efficacy

variable.

Secondary efficacy variables include MRI T, enhanced brain lesion volume, MRI T,

enhanced lesion number, MRI T2 lesion volume(thought to representtotal disease burden,

i.e. demyelination, gliosis, inflammation and axon loss), MRI T; enhanced hypointense

lesion volume (thought to represent primarily demyelination and axon loss), time-to-

progression of MS, frequency and severity of exacerbations and time-to-exacerbation,

ExpandedDisability Status Scale score and Scripps Neurologic Rating Scale (SNRS) score

(Sipe et al., 1984, Neurology, 34, 1368-1372). Methodsof early and accurate diagnosis of

multiple sclerosis and of following the disease progression are described in Mattson, 2002,

Expert Rev. Neurotherapeutics, 319-328.

Degree of disability of MS patients can be for example measured by Kurtzke Expanded

Disability Status Scale (EDSS) score (Kurtzke, 1983, Neurology, 33, 1444-1452). Typically

a decrease in EDSSscore corresponds to an improvementin the disease and conversely, an

increase in EDSSscore correspondsto a worseningofthe disease.

Cladribine (2-CdA)

2-CdA and its pharmacologically acceptable salts may be used in the practice ofthis

invention.
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Cladribine can be formulated in any pharmaceutical preparation suitable for oral

administration. Representative oral formulations of 2-CdA are described in (WO 96/19230;

WO 96/19229, US 6,194,395; US 5,506,214; WO 2004/087100; WO 2004/087101), the

contents of which are incorporated herein by reference. Examples of ingredients for oral

formulations are given below.

Processes for preparing 2-CdA are well known inthe art. For example, the preparation of 2-

CdA is described in (EP 173,059; WO 04/028462; WO 04/028462,; US 5,208,327; WO

00/64918) and Robins et al., J. Am. Chem. Soc., 1984, 106: 6379. Alternatively,

pharmaceutical preparations of 2-CdA may be purchased from Bedford Laboratories,

Bedford, Ohio.

Oral administration of Cladribine may bein capsule, tablet, oral suspension, or syrup form.

Thetablet or capsules may contain from about 3 to 500 mg of Cladribine. Preferably they

may contain about 3 to about 10 mg of Cladribine, more preferably about 3, about 5 or

about 10 mg of Cladribine. The capsules may be gelatin capsules and may contain, in

addition to Cladribine in the quantity indicated above, a small quantity, for cxample less

than 5% by weight, magnesium stearate or other excipient. Tablets may contain the

foregoing amount of the compound and a binder, which may bea gelatin solution, a starch

paste in water, polyviny] polyviny] alcohol in water, etc. with a typical sugar coating.

Compositions

Compositions of this invention may further comprise one or more pharmaccutically

acceptable additional ingredient(s) such as alum,stabilizers, antimicrobial agents, buffers,

coloring agents, flavoring agents, adjuvants, and the like.

Compositions of this invention may be in the form of tablets or lozenges formulated in a

conventional manner. For example, tablets and capsules for oral administration may contain

conventional excipients including, but not limited to, binding agents, fillers, lubricants,
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disintegrants and wetting agents. Binding agents include, but are not limited to, syrup,

accacia, gelatin, sorbitol, tragacanth, mucilage of starch and polyvinylpyrrolidone. Fillers

include, but are not limited to, lactose, sugar, microcrystalline cellulose, -maizestarch,

calcium phosphate, and sorbitol. Lubricants include, but are not limited to, magnesium

stearate, stearic acid, talc, polyethylene glycol, and silica. Disintegrants include, but are not

limited to, potato starch and sodium starch glycollate. Wetting agents include, but are not

limited to, sodium laury] sulfate). Tablets may be coated according to methods well known

in theart.

Compositionsof this invention may also be liquid formulations including, but not limited

to, aqueous or oily suspensions, solutions, emulsions, syrups, and elixirs. The compositions

may also be formulated as a dry product for constitution with water or other suitable
vehicle before use. Such liquid preparations may contain additives including, but not

limited to, suspending agents, emulsifying agents, nonaqueous vehicles and preservatives.

Suspending agent include, but are not limited to, sorbitol syrup, methyl cellulose,

glucose/sugar syrup, gelatin, hydroxyethylcellulose, carboxymethy] cellulose, aluminum

stearate gel, and hydrogenated edible fats. Emulsifying agents include, but are not limited

to, lecithin, sorbitan monooleate, and acacia. Nonaqueous vehicles include, but are not
limited to, edible oils, almond oil, fractionated coconut oil, oily esters, propylene glycol,

and ethyl alcohol. Preservatives include, but are not limited to, methyl or propyl p-

hydroxybenzoate and sorbic acid.

_ Combination

According to the invention, Cladribine can be administered alone or in combination with

IFN-beta, prophylactically or therapeutically to an individual prior to, simultaneously or

sequentially with other therapeutic regimensor agents (e.g. multiple drug regimens), in a

therapeutically effective amount, especially therapeutic agents for the treatment of multiple

sclerosis. Active agents that are administered simultaneously with other therapeutic agents

can be administered in the sameordifferent compositions and in the same or different
routes ofadministration.
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In one embodiment, when Cladribine is administered in combination with IFN-beta, IFN-

beta is administered during the Cladribine-free period.

In another embodiment, when Cladribine is administered in combination with IFN-beta,

IFN-beta is administered after the “‘treatment” accordingto the invention.

Theterm “interferon-beta (IFN-By”’, as used herein, is intended to include fibroblast interferon

in particular of human origin, as obtained by isolation from biological fluids or as obtained

by DNArecombinant techniques from prokaryotic or eukaryotic hostcells, as well as its
salts, functional derivatives, variants, analogs and active fragments.

IFN-B suitable in accordance with the present invention is commercially available e.g. as

Rebif® (Serono), Avonex® (Biogen) or Betaferon® (Schering). The use of interferons of

human origin is also preferred in accordance with the present invention. The term interferon,
as used herein, is intended to encompasssalts, functional derivatives, variants, analogs and

active fragments thereof.

Rebif® (recombinant human interferon-B) is the latest development in interferon therapy

for multiple sclerosis (MS) and represents a significant advance in treatment. Rebif® is

interferon (IFN)-beta la, produced from mammalian cell lines. It was established that

interferon beta-la given subcutaneously three times per week is efficaciousin the treatment

of Relapsing-Remitting Multiple Sclerosis (RRMS). Interferon beta-la can have a positive

effect on the long-term course of MS by reducing number andseverity of relapses and

reducing the burden of the disease and disease activity as measured by MRI.

The dosing of IFN-B in the treatmentof relapsing-remitting MS according to the invention

dependson the type of IFN-B used.

In accordance with the present invention, where IFN is recombinant IFN-B1b produced in

E. Coli, commercially available under the trademark Betaseron®, it may preferably be
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administered sub-cutaneously every second day at a dosage of about of 250 to 300 ig or 8

MIU to 9.6 MIU per person.

In accordance with the present invention, where IFN is recombinant IFN-B1a, produced in

Chinese Hamster Ovary cells (CHO cells), commercially available under the trademark

Avonex®, it may prefcrably be administered intra-muscularly once a week at a dosage of

about of30g to 33 ug or 6 MIU to 6.6 MIU perperson.

In accordance with the present invention, when IFN is recombinant IFN-B1a, produced in

Chinese Hamster Ovary cells (CHO cells), commercially available under the trademark

Rebif®, it may preferably be administered sub-cutaneously three times a week (TTW)at a
dosage of 22 to 44 ug or 6 MIU to 12 MIU per person.

Patients

Patients according to the invention are patients suffering from multiple sclerosis, preferably

RRMSor early SPMS.

In an embodiment ofthe invention, patients are selected from human males or females

between 18 and55 yearsage.

In another embodimentofthe invention, patients had at least one relapse within the prior 12

monthsofthe treatment.

Use according to the invention

In onc cmbodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation

is to be orally administered following the sequential steps below:

(i) An induction period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the ~

induction period is from about 1.7 mg/kg to about 3.5 mg/kg;
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(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

maintenanceperiod is lower than the total dose of Cladribine reached at the end

of the induction period (i);

(iv) A Cladribine-free period wherein no Cladribine is administered.

In a further embodiment, the invention provides a use according to the invention wherein

the induction period lasts up to about 4 months or up to about 3 months or up to about 2

months.

In a further embodiment, the invention provides a use according to the invention wherein

the induction period lasts up to about 2 months.

In a further embodiment, the invention provides a use according to the invention wherein

the induction period lasts up to about 4 months.

In a further embodiment, the invention provides a use according to the invention wherein

the total dose ofCladribine reachedat the end of the induction period is about 1.7 mg/kg.

In a further embodiment, the invention provides a use according to the invention wherein

the total dose ofCladribine reachedat the end of the induction period is about 3.5 mg/kg.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free period lasts up to about 10 months, or up to about 9 months or

up to about 8 months.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free (ii) period lasts up to about 8 months.
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In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free (ii) period lasts at least about 8 months.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free period(ii) lasts up to about 10 months.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free (iv) period lasts up to about 10 months.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free (iv) period lasts at least about 8 months.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free periods (ii) and/or (iv) last between about 8 and about 10

months.

In another further embodiment, the invention provides a use according to the invention

wherein a placebo-pill is administered during the Cladribine-free period.

In another further embodiment, the invention provides a use according to the invention

wherein the Cladribine-free period is free ofany administration.

In another further embodiment, the invention provides a use according to the invention

wherein the maintenanceperiod lasts up to about 4 months,or up to about 3 months, or up

to about 2 months, preferably up to about 2 months.

In another further embodiment, the invention provides a use according to the invention

wherein the total dose of Cladribine reached at the end of the maintenanceperiod(iii) is

about 1.7 mg/kg.
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In another further embodiment, the invention provides a use according to the invention

wherein the steps(iii) to (iv) are repeated at least one or two times.

In a preferred embodiment, the invention provides a use of Cladribine for the preparation of

a pharmaceutical formulation for the treatment of multiple sclerosis wherein the

formulation is to be orally administered following the sequential steps below:

(i) An induction period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iil) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

maintenanceperiod is lowerthan the total dose of Cladribine reachedat the end

of the induction period (i)

(iv) A Cladribine-free period whercin no Cladribine is administered;

wherein the induction period last up to about 4 months, or up to about 3 months, or up to

about 2 months; the Cladribine-free period (ii) Jasts up to about 10 months,or up to about 9

months,or up to about 8 months; the maintenance period (iii) lasts up to about 2 months;

the Cladribine-free period (iv) lasts up to about 10 months; the total dose of Cladribine

reached at the end of the maintenance period is about 1.7 mg/kg and steps(iii) to (iv) are

repeated performed one, two or three times.

In another embodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation

is to be orally administered following the sequential steps below:

(i) An induction period wherein Cladribinc pharmaccutical formulation is

administered and wherein the total effective dose of Cladribine reached at the

end of the induction periodis from about 0.7 mg/kg to about 1.4 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;
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(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total effective dose of Cladribine reached at the

end of the maintenance period (iii) is lower than the total effective dose of

Cladribine reachedat the end of the induction period(i);

(iv) A Cladribine-free period wherein no Cladribine is administered.

In a further embodiment, the invention provides a use of Cladribine for the preparation of a

pharmaceutical formulation for the treatment of multiple sclerosis wherein the formulation

isto be orally administered following the sequential steps below:

(i) An induction period wherein Cladribine pharmaceutical formulation is

administered and wherein the total effective dose of Cladribine reached at the

end ofthe induction period is from about 0.7 mg/kg to about 1.4 mg/kg;

(1i) A Cladribine-free period wherein no Cladribine is administered;
(iii) A maintenance period wherein Cladribine pharmaceutical formulation is

administered and wherein the total effective dose of Cladribine reached at the

end of the maintenance period is lower than the total effective dose of

Cladribine reached at the end of the induction period (1);

(iv) A Cladribine-free period whercin no Cladribine is administered;

wherein the induction period lasts up to about 4 months, or up to about 3 months,or up to

about 2 months; the Cladribine-free period (ii) lasts up to about 10 months, or up to about 9

months, or up to about 8 months; the maintenance period(iii) lasts up to about 2 months;

the Cladribine-free period (ii) lasts up to about 10 months; the total effective dose of

Cladribine reachedat the end of the maintenanceperiod is about 0.7 mg/kg andsteps(111) to

(iv) are repeated performed one,two or three times.

In a preferred embodiment, the invention provides Cladribinc for use as a medicament for
the treatment of multiple sclerosis wherein the medicament is to be orally administered

following the sequential] steps below:
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(i) An induction period wherein Cladribine pharmaceutical formulation -is

administered and wherein the total dose of Cladribine reached at the end of the

induction period is from about 1.7 mg/kg to about 3.5 mg/kg;

(ii) A Cladribine-free period wherein no Cladribine is administered;

(iii) A maintenance period wherein Cladribine pharmaccutical formulation is

administered and wherein the total dose of Cladribine reached at the end of the

maintenance period is lower than the total dose of Cladribine reached at the end

of the induction period (i);

(iv) A Cladribine-free period wherein no Cladribine is administered;

wherein the induction period last up to about 4 months, or up to about 3 months, or up to

about 2 months; the Cladribine-free period (ii) lasts up to about 10 months,or up to about 9

months, or up to about 8 months; the maintenance period (iii) lasts up to about 2 months;

the Cladribine-free period (iv) lasts up to about 10 months; the total dose of Cladribine

reached at the end of the maintenance period is about 1.7 mg/kg and steps(iii) to (iv) are

repeated performed one,twoor three times.

In another embodiment, the invention provides a a use of Cladribine according to the |

invention wherein the pharmaccutical formulation is to be orally administered at a daily

dose of Cladribine about 3 to 30 mg Cladribine, preferably 5 to 20 mg Cladribine, most

preferably 10 mg Cladribine.

In another further embodiment, the invention provides a use according to the invention

wherein the total dose of Cladribine reached at the end of the induction period is about 3.5

mg/kg and the total dose of Cladribine reached at the end of the maintenance period is

about 1.7 mg/kg.

In another further embodiment, the invention provides a use according to the invention

wherein the total effective dose of Cladribine reached at the end of the induction period is |

about 1.4 mg/kg and the total effective dose of Cladribine reached at the end of the

maintenance period is about 0.7 mg/kg.
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