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wherein

R‘ represents a carboxyl group, phospate, phosphonate or sulfonate group or

pharmaceutically acceptable salt thereof, cooR5, CONH2, CONR5R°, or an aldehyde,

imine or aoetal protected derivative of said compounds, or a triglyceride moiety

COOCH2(00CR5)CH2(O0CR“) or diglyceride moiety C00CH2(O0C_R5)CH2OH, or an

amino acid group CONHCR"COOH or a salt thereof,

R2“ represents hydrogen, hydroxyl, carbonyl, or a linear or branched substituted or

nonsubstituted saturated or nonsaturated alkyl group with 1 to 10 carbon atoms or

substituted or nonsubstituted aryl group,

R3“ represents hydrogen, hydroxyl, carbonyl. or a linear or branched substituted or

nonsubstituted saturated or nonsaturated alkyl group with 1 to 10 carbon atoms or

substituted or nonsubstituted aryl group, except when R‘ is oarboxyl or a salt thereof R3‘

is not hydrogen,

R‘ represents hydrogen, or a linear or branched substituted or nonsubstituted

saturated or nonsaturated alkyl group with ‘l to '10 carbon atoms or substituted or

nonsubstituted aryl group,

x represents a single, double or triple bond,

or x-R3‘R“ together represent hydrogen in which case R‘ is COOR5, CONH2,

C0NR5RB, or a triglyceride moiety COOCH2(OOCR5)CH2(OOCRa) or diglyceride moiety

COOCH2(00CR5)CH2OH,

R5 represents a linear or branched substituted or nonsubstituted saturated or

nonsaturated alkyl group with 1 to 10 carbon atoms or substituted or nonsubstituted aryl

group,

R3 represents hydrogen, a linear or branched substituted or nonsubstituted

saturated or nonsaturated alkyl group with 1 to 10 carbon atoms or substituted or

nonsubstituted aryl group, and

R7 represents CH;CHzSCH3, CH;-CH2CH2NHR“, CH;CH2CH2CH2NHR“,

CH2CH2CH2CNHC(=NH)NHR", where R“ is hydrogen or a linear or branched acyl group

with three to five carbon atoms.

3. A compound of formula I for use as a medicament for treating, counteracting or

preventing microbial infections in an animal, including humans. by stimulating the innate

antimicrobial peptide defense system
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wherein

R‘ represents a carboxyl group, phospate, phosphonate or sulfonate group or

pharrnaceutically acceptable salt thereof. COOR5, CONHz, C0NR5R°, or an aldehyde,

imine or acetai protected derivative of said compounds, or a triglyceride moiety

CO0CH2(00CR5)CH2(OOCR°) or diglyceride moiety COOCH2(O0CR5)CH2OH, or an

amino acid group CONHCR7COOH or a salt thereof,

R2“ represents hydrogen, hydroxyl, carbonyl, or a linear or branched substituted or

nonsubstituted saturated or nonsaturated atkyl group with 1 to 10 carbon atoms or

substituted or nonsubstituted aryi group,

R3‘ represents hydrogen, hydroxylkcarbonyl, or a linear or branched substituted or

nonsubstituted saturated or nonsaturated alkyl group with 1 to 10 carbon atoms or

substituted or nonsubstituted aryl group, except when R‘ is carboxyl or a salt thereof R3’

is not hydrogen,

R‘ represents hydrogen, or a linear or branched substituted or nonsubstituted

saturated or nonsaturated alkyl group with 1 to 10 carbon atoms or substituted or

nonsubstituted aryl group,

x represents a single, double or triple bond.

or x—R“"‘R“ together represent hydrogen in which case R‘ is COOR5, CONH2,

CONR5R°, or a triglyceride moiety COOCH-2(OOCR"’)CH2(0OCR‘) or diglyceride moiety

COOCHz(OOCR5)CH2OH,

R5 represents a linear or branched substituted or nonsubstituted saturated or

nonsaturated alkyl group with 1 to 10 carbon atoms or substituted or nonsubstituted aryl

QFOUP.

R“ represents hydrogen. a linear or branched substituted or nonsubstituted

saturated or nonsaturated alkyi group with 1 to 10 carbon atoms or substituted or

nonsubstituted aryl group, and

R? represents CH2CH2SCH3, CH2CH2CH2NHRB, CH;CH2CH2CH2NHRB,

CH2CH2C_H2CNHC(=NH)NHR“, where R“ is hydrogen or a linear or branched acyi group

with three to five carbon atoms.
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4. The compound of any one of claims 2 to 3 wherein R‘ represents a carboxyl group

or a pharmaceutically acceptable salt thereof.

5. The compound of any one of claims 2 to 4 wherein R‘_ represents an ester group
of formula COOR5.

6. The compound of any one of claims 2 to 5 wherein R2“ and R‘ represent

hydrogen.

7. The compound of claim 6, wherein R3‘ represents a substituted or nonsubstituted

aryl group.

B. The compound of any of the aforementioned claims wherein R5 and R‘

independently represent a linear or branched acyl chain with three to five carbon atoms.

9- The compound of claim 1 wherein at least one of m and n is 1, R‘ represents a

carboxyl group or a phannaceutically acceptable salt thereof and at least one of R”, R“.

R”, R2”. R33, R3” and R‘ is a substituent other than hydrogen, or R‘ is a carboxylic acid

derivative selected from: ester, amide.

10. The compound of claim 9 wherein R‘ is an ester selected from a triglyceride ester

moiety or diglyceride ester moiety.

11. The compound of claim 9 wherein R‘ is an amide of an amino acid group such

that the compound has the general fonnula (llle):

1 1b

R33 R3b R a R

was
3 :I

--1:

(lie)

or a salt thereof, in which R7 is a naturally occuring amino acid side chain.
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12. The compound of any one of claims 9 to 11 wherein one of R“, R1”. R2“. R2”. R3‘,

R3” and R‘ is an aryl group and the others are selected from hydrogen or an alkyl group.

13. The compound of claim 12 wherein one of R2”, R2”, R3“, R3” and R‘ is an aryl

5 group and the others are selected from hydrogen or an alkyl group.

14. The compound of any one of claims 9 to 13 wherein at least one of R” and R” is

hydrogen.

10 15 The compound of any of claims 1 to 14 wherein R5 and R“, if present, are

independently represent propanoyl, n-butanoyl, or iso-butanoyl.

16 The compound of any of claims 1 to 15 wherein R“, if present, represents

propanoyl, n—butanoyl, or iso-butanoyl.

15

17 The compound of any of claims 1 to 16 whereinselected from the group consisting

of: 4-phenylbutyric acid, 3—phenylbutyn'c acid, 2-phenylbutyric acid, 3-phenylpropionic

acid, 2-phenylpropionic acid, 2-methyl-3-phenylpropionic acid [S77], 2-methyl—4-

phenylbutyric acid, or a pharmaceutically acceptable salt of any of said compounds,

20 methyl 4-phenylbutyrate, ethyl 4-phenylbutyrate, methyl 3-phenylbutyrate, ethyl 3-

phenylbutyrate. methyl 2-phenylbutyrate. ethyl 2—phenylbutyrate, methyl 3-

phenylpropionate, ethyl 3-phenylpropionate, methyl 2-phenylpropionate, ethyl 2-

phenylpropionate, methyl 2-methyl—3-phenylpropionate, ethyl 2-methy|-3-

phenylpropionate, methyl 2-methyl-4-phenylbutyrate. and ethyl 2-methyl—4-

25 phenylbutyrate.

18 The compound of any of claims 1 to 17, wherein said microbial infection is

selected from the group consisting of bacterial, viral, protozoa! and fungal infections.

19 The compound of claim 18, wherein said microbial infection is caused by a

30 microbial species selected from: Yersenia enterocolitica. Salmonella, Shigella.

Carnpylobacter, Clostridium and E. Coli.

20 The compound of any one of claims 1 to 19, wherein said microbial infections

results in gastrointestinal disorders selected from the list consisting of: traveller's

diarrhoea, endemic diarrhoea, dysentery, viral gastroenteritis, parasitic enteritis, Crohn‘s

35 disease, ulcerative colitis, irritable bowel syndrome, precancerous states of the
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gastrointestinal tract, cancer of the gastrointestinal tract, diverticulitis, post-antibiotic

diarrhoea. Clostridium difficile colitis, lactose intolerance, flatulence. gastritis, esophagltis,

heartburn, gastric ulcer, ulcers associated with Helicobacter pylori, duodenal ulcer, short

bowel syndrome, dumping syndrome, gluten enteropathy and food intolerance; eye

infections optionally selected fromconjunctivitis, stye, blepharitis, cellulitis, keratitis,

corneal ulcer, trachoma, uveitis, canaliculitis and dacryocystitis; urinary tract and genital

infections optionally selected from pyelonephritis, cystitis, gonorrhoea and urethritis;

infections of the respiratory system optionally selected from bronchitis, pneumonia,

rhinosinusitis, sinusitis, pharyngitisitonsillitis, laryngitis and influenza; skin infections

optionally selected from boils, carbuncles, furuncles, cellulitis, abscesses, impetigo, and

erysipelas; infections caused by bacterial strains resistant to classical antibiotic treatment.

21. The compound of any of claims 1 to 20 wherein the microbial infection in the

animal has lead to down-regulation of the innate antimicrobial peptide defense system,

and whereby stimulation of the innate antimicrobial peptide defense system upto or above

basal levels leads to secretion of the relevant peptide onto an epithelial surface which is

optionally in the gastrointestinal tract such as to enhance the antimicrobial activity thereof.

22. The compound of any of claims 1 to 21 for use in a combination treatment for

treating, counteracting or preventing microbial infection in an animal, wherein the

compound is used in combination with any one or more of: an antibiotic; an aminosterol—

type compound; isoleucine or active isomers or analogs thereof; a vitamin D type

compound.

23. ' A pharmaceutical composition for treating, preventing or counteracting a microbial

infection comprising as an active ingredient at least one compound of any one of claims 1

to 21 and at least one pharmaceutically acceptable excipient.

24 The pharmaceutical composition of claim 23, formulated as an oral dosage form.

25 The pharmaceutical composition of claim 24, wherein said oral dosage form is

selected from a tablet, a capsule, a solution, a suspension, a powder, a paste, an elixir, a

syrup.
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26 The pharmaceutical composition of any one of claims 23 to 25. wherein a unit

dose of said composition comprises in the range of about 10-1000 mg of said active

ingredient.

5 27 The pharmaceutical composition of any one of claims 23 to claim 26 further

comprising any one or more of: an antibiotic; an aminosterol—type compound; isoleucine

or active isomers or analogs thereof; a vitamin D type compound.

28 A functional food'or feed product comprising an amount of at least one compound

10 of any one of claims 1 to 21, which amount is effective for treating, counteracting or

preventing bacterial infections in an animal being fed with said food or feed.

29 The functional food or feed product of claim 28, comprising in the range of about

0.1 to 20 mg of the active ingredient per g of food product.

15

30 A method for treating, preventing or counteracting microbial infection in an animal,

wherein the effects of the microbial infection are diminished or reduced by upregulation of

the innate antimicrobial peptide system. said method comprising administration of a

medicament comprising a secretagogue-effective amount of at least one compound of

20 formula I as defined in any one of claims 1 to 22.

31 The method of claim 30, comprising administration of said medicament in an oral

dosage form.

25 32 The method of claim 31, wherein the daily dosage is between 250 pg to about 25

g which is optionally split into doses given ‘I, 2 or 3 times daily.

33 A compound, composition, food, or method as claimed in any one of the

preceding claims wherein the animal is a human.
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Guide, National Chapters.

Name and mailing address of the lntemational Searching Authority Authorized officer
European Patent Office, PB. 5818 Patentiaan 2
NL—22B0 HV Fliiswijk Monika Langerova

‘ 0 Tel. (+31—70) 340-2040, Tx. 31 651 epo nl,
__j Fax; (+31—70) 340-3016 . ' _ 

Form PCTilSAi220 {July 2009) (See nofes on accompanying sheet)
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NOTES TO FORM PCT!lSAi'220

These Notes are intended to give the basic instructions. conceming the tiling of amendments under article 19. The
Notes are based on the requirements of the Patent Cooperation Treaty. the Fiegulations and the Administrative Instructions
under that Treaty. In se of discrepancy between these Notes and those requirements. the latter are applicable. For more
detailed information, see also the PCTAppl'r'canl"s Guide.

In these Notes, "Articte". "Flute". and “Section” refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the International
Searching Authority, one opportunity to amend the claims of the intemationat application. It should however be emphasized
that, since all parts of the international application (claims,description and drawings) may be amended during the
international preliminary examination procedure, there is usually no need to tile amendments of the claims under Article 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims before international publication. Furthermore, it should be emphasized that provisional
protection is availabte in some States only {see PCT Applicant's Guide, Annex B).

The attention of the applicant is drawn to the tact that amendments to the claims under Article 19 are not allowed where
the International Searching Authority has declared. under Article 17(2), that no intemational search report would be
established (see PCTApplr‘cant's Guide. lntemational Phase. paragraph 296).

What parts of the international application may be amended?

Under Article ‘I9, only the claims may be amended.

During the international phase. the claims may also be amended (or further amended) under Article 34 belore the
International Preliminary Examining Authority. The description and drawings may only be amended under
Article 34 belore the lntemational Examining Authority.

Upon entry into the nationai phase, all parts of the international application may be amended under Article 28 or,
where applicable, Article 41.

Within 2 months from the date ot transmittal of the intemational search report or 16 months from the priority date,
whichever time limit expires later. It should be noted, however. that the amendments will be considered as having
been received on time if they are received by the International Bureau after the expiration oi the applicable time
limit but belore the completion of the technical preparations for intemational publication {Flute 46.1). "

Where not to tile the amendments?

The amendments may only be ‘filed with the International Bureau and not with the receiving Office or the
lntemational Searching Authority" (Flute 5i6.2).

Where a demand for international preliminary examination has beenfis tiled, see below.

Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of one
or more of the claims as filed. '

A replacement sheet or sheets containing a complete set of claims in replacement of all the claims previously filed
must be submitted.

Where a_ claim is carlcelied, no renumberlng of the other claims is required. In all cases where claims are
. renumbered, they must be renumbered con_secuti_v_ely in Arabic numerals (Section 205(a)].

The amendments must be made in the -language in which the international application is to be published.

What difcurrients mustlmay accompany the amendments?

Letter (Section 2G5(b}):

The amendments must be submitted with a letter.

The letter will not be published with the intemational application and the amended claims. It should not be
confused with the “Statement under Article 19(1)‘ {see beiow, under “Statement under Article 19(1)“).

The letter must be in English or French, at the choice of the applicant. However, it the language of the
international application is English, the letter must be in English; it the language oi the international application
is French, the letter must be in French.

Notes to Form PCTilSAi'220 (tirst sheet) (July 2009)
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NOTES TO FORM PCTi'lSAl220 _

These Notes are intended to give the basic instructions conceming the filing of amendments under article 19. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Flegulations and the Administrative lnstmctions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed inion'nation. see also the PCT Appir'cant's Guide.

In these Notes. ‘Article’. 'Flule", and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative lnstmctions. respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the International
Searching Authority. one opportunity to amend the claims of the international application. It should however be emphasized
that. since all parts of the lntemational application (ciaims.description and drawings} may be amended during the
international preliminary examination procedure. there is usually no need to fife amendments ot the claims under Article 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims before international publication. Furthermore. it should be emphasized that provisional
protection is available in some States only {see PCTAppir'cani"s Guide, Annex B).

The attention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not allowed where
the lntemational Searching Authority has declared. under Article 17(2). that no international search report would be
established (see PCTAppl'icanf’s Guide. lntemational Phase. paragraph 296).

What parts of the lntemational application may be amended?

Under Article 19. only the claims may be amended.

During the international phase. the claims may also be amended (or further amended} under Article 34 before the
_ lntemational Preliminary Examining Authority. The description and drawings may only be amended under

Article 34 before the lntemational Examining Authority.

Upon entry into the national phase. all pans ot the lntemational application may be amended under Article 28 or,
where applicable. Article 41.

. Vinthin 2 months from the date of transmittal of the lntemational search report or 16 months from the priority date,
whichever time limit expires later. it should be noted, however. that the amendments will be considered as having
been received on time if they are received by the lntemational Bureau after the expiration of the applicable time
limit but before the completion of the technical preparations tor international publication [Fiuie 46.1).

Where‘ riot to file the amendments? -- _- _-

The amenmnents may only be filed with the lntemational Bureau and not with the receiving Office or.the.
lntemational Searching Authority {Ftule 48.2).

Where a demand tor lntemational preliminary examination has beeruiis filed. see below. I

E'rther by cancelling one or more entire claims. by adding one or more new claims or by amending the text of one
_ or more of the claims as filed.

A replacement sheet or sheets containing a complete set of claims in replacement of alt the claims previously filed
must be submitted. -

Where a claim isgancelied, no renumbering ot the other ciaims is required. In all cases where claims are
renumbered. they must be renumbered consecutively in Arabic numerals (Section 205{a)).

The amendments must be made in the language in which the international application is to be published.

What documents musti'n'Iay accompany the amendments?

Letter (Section 2D5{b}):

The amendments must be-submitted with a letter.

The letter will not be published with the international application and the amended claims. It should not be
confused with the "Statement under Article 19(1)" (see below, under "Statement under Article 19(1)“).

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is Engtish, the letter must be in English; if the language of the international appiication
is French, the letter must be in French.

Notes to Form PcTrisAr22o {first sheet) {July zooe)



275

PATENT COOPERATION TREATY RESEEVEB

pc1' JAN 0 512010
Monetsotve FQERS-I-ER ._

INTERNATIONAL SEARCH REPORT ‘

{PCT Article 18 and Rules 43 and 44)

Applicant's or agent's tile reference FOR FURTHER See Fm" PC.mSN220
, 1‘ bl , I b to .

643982000141 ACTION aswellas whereapptca e tern5 e w
lntemational application No. International filing date (day/month/year) (Eartiest) Priority Date (day/month/year)

PCT/US2009/055256 _ -27./08/2009 29/_08/2008
Applicant

Hyperion Therapeutics 
This international search report has been prepared by this lntemational Searching Authority and_ is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

  This intemational search report consists of a total of 3 sheets.

E] It is also accompanied by a copy of each prior art document cited in this report.
 
  1. Basis of the report

a. With regard to the language, the international mrch was carried out on the basis of:

' the international application in the language in which it was tiled

D a translation of the intemational application into _ which is the language
oia translation furnished for the purposes of intematlonal search [Flutes 12.3(a} and 23.1 (b)}

  

  
 -b. E‘ This international search report has been established taking into account the rectification oi-an obvious mistake

authorized by or notified to this Authority under Rule 91 {Fiule 43.6bis(a}). '  
 Vlfth regard to any nucleotide andfor amino acid'seque'r‘Ice disclosed in the international application, see Box No. I. 

 
 

I fiertain claims were found unsearchable (See Box No. ii}

Unity oi invention is lacking (see Box No Ill} 

 
4. With regard to the title.

the text is approved as submitted by the applicant _ ,

|:| the text has been established by this Authority to read as follows: '

 

 
  

__ ....

5. ' with regard to the abstract,

the text is approved as si.tbn1i1te.d by the appiicant __ _____ _

' " [:l the text has been established. according to Flule 38.20:), by. this Authority as it appears in Box No. Iv. Theapplicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

 

  
 

 
 

6. With regard to the drawings,

a. the tigure of the drawings to be published with the abstract is Figure No. 1

D as suggested by the applicant

as selected by this Authority, because tI'te applicant failed to suggest a figure

D as selected by this Authority, because this figure better characterizes the invention

b. El none of the figures is to be published with the abstract“

 
 

  

  
 
Forrn PCTflSN2‘l0 (first sheet) {April 2007)
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INTERNNHONALSEAHCHHEPORT

. CLASSIFICATION OF SUBJECT |tlIA'I'I'EFtA

INV. GOIN33/50

international application No

PCT/US2009/055256

According to lntemational Patent Classification (IPC) or to both national classification and IPC
B. FEELDS SEARCHED

Minimum documentation searched (classilication system followed by classification symbols)
GUIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and. where practical. search terms used)

EPO-Internal, WPI Data, BIOSIS, EMBASE, MEDLINE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate. of the relevant passages Relevant to claim No.
SIMELL 0 ET AL: "waste nitrogen excretion

via amino acid acyiation: Benzoate and

phenyiacetate in lysinuric protein
intolerance"

PEDIATRIC RESEARCH, HILLIAMS AND WILKINS,

BALTIMORE, MD, US,

vol. 20, no .11,

1 January 1986 (1986-01-01),
1117—1121, XP00912?2?7

.ISSN: 0031-3998
the whole document

pages

m Further documents are listed in the continuation ol Box C. E See patent family annex.
' Special categories of cited documents :

‘A’ document defining the general state of the art which is not
considered to be of_paI‘ticular relevance

'E' earlier document but published on or alter the international
-. filing date

'L" document which may throw doubts on priority ciaim(s) or
which is cited to establish the publication date of another
citation or other-special reason (as specified)

‘'0'’ document referring to an oral disclosure. use. exhibition orother means

“P" document published prior to the international filing "date but
later than the priority date claimed

Dale ol the actual completion of the intemationai search

18 December 2009

Name and mailing address of the ISA!
European Patent Office. P.B. 5818 Patenliaan 2
NL - 2230 HV Fliiswijk

Tel. (+31—TD) 3404040,
Fax: (431-70) 340-3016

Form PCT!ISN2‘lO (second sheet} (April 2006)

"T' ~later document plblished after the intemational filing date
or priority ‘date-and not in conflict with the application but
cited to understand the pr‘riciple,or theory underlying the
invention

‘X’ document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to

. involve an inventive step when the document is taken atone
‘Y’ document of particular retewance; the claimed invention

cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilledin the an.

"&“ document member of the same patent family

Dale of mailing of the international Search report

30/12/2009

Authorized oflicer

Moreno de Vega, C
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INTERNATIONAL SEARCH REPORT _ - _International application No

PCT/US2009/055256

C(ContinICIalion). DOCUMEN'l'S CONSIDERED TO BE RELEVANT

Citation oi document, with indication, where appropriate 01 the relevant passages Relevant to ‘claim No.
MACARTHUR ROBERT B ET AL: '

"Pharmacokinetics of sodium phenyiacetate
and sodium benzoate following intravenous
administration as both a bolus and

continuous infusion to heaithy adult
volunteers"

MOLECULAR GENETICS AND METABOLISM,

ACADEMIC PRESS, SAN DIEGO, CA, US,
voi. 81, no. SuppI.1,

1 April 2004 (2004-04-01), pages S67—S?3,
XP009127291

ISSN: 1096-7192

the whole document

TANNER L M ET AL: “Nutrient intake in

Iysinuric protein intolerance"
JOURNAL OF INHERITED METABOLIC DISEASE,

KLUUER ACADEMIC PUBLISHERS, D0,

vol. 30, no. 5, 21 June 2007 (2007-06-21),
pages ?16-?21, XP019548954
ISSN: 15?3-2665

page 716 - page 7]?

LEE B ET AL: "Preiiminary data on adult

patients with urea cycle disorders (UCD)
in an open—Iabei, switch—over,
dose—escaIation study comparing a new

ammonia scavenger, giyceryi

tri(4—phenyIbutyrate) (HPN—100), to
buphenyi (sodium phenyibutyrate (PBA))“
JOURNAL OF INHERITED METABOLIC DISEASE,

-KLUWER, DORDRECHT, NL,

voi,.31, no. suppi.-1, -

I August 2008 (2008-08-01), page 91,
XP009127344 ' '

ISSN: 0141—8955

the whole document

form PCT.’lSN2‘lD (continuation at second sheet) [April 2005}"" "' ' fltlfln 9 .n4: 9
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PATENT COOPERATION TREATY ' '"'“"”""E”
JAN 0. 5 2010

From the ORFNSQ ._ _
INTERNATIONAL SEARCHING AUTHOFHTY 3AN_DiEGgg(§-C0i‘(Eg§T-ERNG

TO:

WRITTEN OPINION OF THE

39*’ '°'"‘ '°°T”'S""22° INTERNATIONAL SEARCHING AUTHORITY

{PCT auié 43br's.1)

Date of mailing

(day/inonrh/year) see form PCTr1SAQ10 (second sheet)

Applicants or agent's file reterence FOR FURTHER Ac-I-ION
see form PCTil SA1220 See paragraph 2 below

lntemational application No. lntemational tiling date fdayzinonth/year) Priority date (dayfinonthryear)
PCTr'US2009i'U55256 27.08.2009 29.03.2008

International Patent Classification (IPC) or both national classification and IPC

INV. G01 N33r50 '

Applicant

Hyperion Therapeutics

This opinion contains indications relating to the following items:

Box No. I Basis of the opinion

Box No. ll Priority _ _

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicabiiity

Box No. IV Lack of unity of invention ,

Box No. V Reasoned statement under Flule 43535.1 (a){i} with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement _ ' ' "

Box No. VI _ Certain documents cited

Box No. Vll Certain defects in the international application

Box No. Vlll Certain observations on the international application

i:I:II:IsII:Ii:IEI5Ia
FURTHER ACTION

ll a demand for international preliminary examination is made, this opinion will usually be considered to be a .
written opinion of the international Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to bethe IPEA and the chosen.lPEA has notiied the -
international Bureau under Rule B6.1br's(b} that written opinions of this International Searching Authority
will not be so considered. _ . .

If this opinion is, as provided above. considered to be a written opinion oi the IPEA; the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTr'|SAi220 or before the expiration of 22 months trorn the priority date.
whichever expires later.

For further options, see Form PCTr'lSAf220. _ -

3. For further details, see notes to Form PCT.I'|SAr22O.

_ A
Name and mailing address of the ISA: Date of completion oi Authorized Officer "

_,___ -- this opinion fie" """‘*r.§
European Patent Office f Em ‘°,;°§T;’S"§mo Moreno de Vega, C =5 0 g

——--— D-80298 Munich ~ 3% g
Tel‘ +49 39 2399 . 0 8 Telephone No. +49 89 2399-7486 %......,._.,¢.-°
Fax: +49 as 2399 - 4465 . __ .

Fnrm PCTIlQAr‘23? (Cover Sheet} (April 2005i
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WRITTEN OPINION OF THE I International application No.
INTERNATIONAL: SEARCHING AUTHORITY PCT/US2009}055256
 

 

Box No. I Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

E the international application in the language in which it was filed

III a translation of the international application into , which is the language of'a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (bl). .-

2. E] This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide andlor amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:

El a sequence listing .-

CI table(s) related to the sequence listing

b. format of material:

El on paper

CI in electronic form

c. time of filinglfurnishing: -

_ El contained in the international application as filed. _
.E| filed together with the international application in_ electronic form.

El furnished subsequently to this Authority-for the purposes of search. -

4. III .. In addition, in the case that more than one version or copy of a sequence‘Iisting andhr table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

'5. Additional comments: __

279 '

Fnrrn PCTHSN 23? {April 20071
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WRITTEN OPINION O-F THE I ‘ International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2009/055256
 

._j 
Box No. V Reasoned statement under Ftule 43bis.1(a)(i} with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 6-14, 18, 23-29
No: Claims 1-5. 15-17, 19-22, §0—33

Inventive step (IS) “Yes: Claims
No: Claims 1-33

Industrial applicability (IA) Yes: Claims 1-33
' No: Claims

2. Citations and explanations

see separate sheet

280

Form PCTIISN 237 {April 2007)
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WRITTEN OPINION OF THE ‘

INTERNATIONAL SEARCHING *

AUTHORITY (SEPARATE SHEET)

International application No.

PCT!US2009/055256 

Be Item V

Reasoned statement with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1

D4

SIMELL 0 ET AL: "Waste nitrogen excretion via amino acid

aoylation: Benzoate and phenylacetate in lysinuric protein

intolerance" PEDIATRIC RESEARCH, WILLIAMS AND

WILKINS, BALTIMORE, MD, US, vol. 20, no. 11, 1 January

1986 (1986-01-01) , pages 1117-1121, XP009127277 ISSN:
0031 —3998

LEE B ET AL: "Preliminary data on adult patients with urea

cycle disorders (UCD) in an open-label, switch-over, dose—

escalation study comparing a new ammonia scavenger,

glyoeryl tri(4—phenyibutyrate) (HPN-100), to buphenyl

(sodium phenylbutyrate (PBA))" JOURNAL OF INHERITED
METABOLIC DISEASE, KLUW ER, DORDRECHT, NL, vol.

31, no. suppi. 1, 1 August 2008 (2008-08-01) , page 91,

XP009127344 ISSN: 0141-8955

Claims 12-18 and 26-29 relate to subject—matter considered by this Authority
to be covered by the provisions of Rule 39.1 (iv) / 67.1 (M PCT.

I The patentability can be dependent upon the formulation of the claims. The '
EPO, for example, does not recognise as patentable claims to the use of a

compound in medical treatment, but may allow claims to a product, in
particular substances o_r compositions for use in a first or further medical
treatment.

Document D1 discloses ‘the study of the metabolic changes caused by
benzoate and phenylacetate and their pharmacokinetics in the treatment of an

urea cycle disorder,‘ the Iysinuric protein intolerance, and that 54% of the

single phenylacetate dose was excreted in urine as phenylacetylglutamine in
24 hours after the load. This document appears to be”nov'e|ty destroying for
claims 30-33. —

Form PCTIISNEB? (Separate Sheet) (Sheet 11 (EPO-April 2005)

281
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WRITFEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT!US2U09r‘055256 

3 Document D2 discloses the use of HPN-100, a PBA (phenylbutyrate) prodrug,

in the treatment of ureacycle disorders and the assessment of its metabolites
and the urinary excretion of nitrogen by phenylacetylglutamine measurement.

This document appears to be novelty destroying for claims 1_—5, 15-17, 19-22
and 30-33.

Thus, c|aims_1 -5, 15-17, 19-22 and 30—33 do not meet the requirements of
Article 33(2)'PCT.

4 Considering D2 as the most relevant prior art, the technical problem to be

solved by claims 6-14, 18 and 23-29 is the provision of a method for

determining an effective dosis of HPN—1U0 for a patient in need of treatment
for a nitrogen retention disorder. The solution proposed by said claims is
based on a treatment with a known compound which is prodrug of compounds

known from D1 to have an excretion rate as disclosed in the claims, and

therefore cannot be considered to be inventive.

Thus, claims 1-33 do not meet the requirements of Article 33(3) PCT.

Form PCTEISNE37 (Sr-zparale Sheet) (Sheet 2) {EPO-April 2005)
282
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Possible steps after receipt of the international search report (ISR) and
written opinion of the International Searching Authority (W0-I SA)
 

General For all international applications filed on or after 01i’01X2004 the competent
information ISA will establish an ISR It is accompanied by the WO-ISA Unlike the

' former written opinion of the IPEA (Rule 66.2 PCT), the W0-ISA is not
meant to be responded to, but to be taken into consideration for further

procedural steps This document explains about the possibilities.
 

Amending claims Within 2 months after the date of mailing of the lSR and the W0-ISA the
under applicant may file amended claims under Art. 19 PCT directly with the
Art. 19 PCT lnternationai Bureau of WI P0. The PCT reform of 2004 did not change

this procedure. For further information please see Rule 46 PCT as well as
form PCTHSN220 and the corresponding Notes to form PC'l'i’ ISA! 220.
 

Filing a demand In principle, the W0-ISA will be considered as the written opinion of the
for international IPEA This should, in many cases, make it unnecessary to file _a demand for

preliminary international preliminary examination. If the applicant nevertheless wishes
examination to file a demand this must be done before expiry of 3 months after the

" date of mailing of the ISRI W0-ISA or 22 months after priority
date, whichever expires later (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the IPBA as before, normally at the same time as

filing the demand ‘(Rule 66.1 (b) PCT).

If a demand for international preliminary examination is filed and no

cornmentslamendments have been received the W0 ISA will be transformed
"by the IPEA into an IPRP (|r'_it'ernational Preliminary Report on Patentability)
which would merely reflect the content of the WO-ISA. The demand can still

' be withdrawn (Art. 37 PCT).

 

Filing informal After receipt of the ISFVWOJSA the applicant may file informal comments
comments on the W0-lSA directly with the International Bureau of W! PO. These

will be communicated to the designated Offices together with the IPRP
(international Preliminary Report -on Patentability) at 30 months from the
priority date. Please also refer to the next box.
 

End_of the I ' the end of the international phase the lnternationat Bureau of WIPO will
international transform the W0-ISA or, if a demand was filed, the written opinion of the

phase . IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Offices. The IPRP replaces the former

IPER (international preliminary examination report).
 

Relevant PCT Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newsletter

Rules and more 12i’2003, OJ11i"2003, OJ12i"2003
information
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 Bitte beachten Sie, dass angeftihrte Nichtpatentliteratur (wie 2. B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fijr schriftliche

Werke unterliegen konnte. Die Vervielfaltigung urheberrechtlich
geschiitzter Texte, ihre"'”Verwendung in anderen elektronischen oder
gedruckten Publikationen und ihre Weitergabe an’ Dritte ist ohne
ausdriickliche Zustimmung des Rechtsinhabersnicht gestattet.

 

  
  

  

Veuillez noter que Ies ouvrages de la Iittérature non—brevets qui sont
cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protégés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les législations applicables. Les textes ainsi

- protégés ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans Pautorisation expresse du
titulaire du -droit d'auteur.

  
 

 

  
  

...|?_|_ease be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright

protection and/or any ‘other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or. printed publications or re-distributed without the

express permission of the copyright holder. '

XS CPRTENFRDE
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

Ifa new application is being filed and the application includes the necessary components for a filing date {see 37 CFR

1.53[b)-{d] and MPEP 506], a Filing Receipt (37 CFR 1.54] will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371

Ifa timely submission to enter the national stage ofan international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTIDOIEOIQO3 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO asa Receiving Office

Ifa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP1B10}, a Notification of the International Application Number

and ofthe International Filing Date (Form PCT;‘R0!105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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ALTERNATIVE TO FTOISEJOSA.-‘B
(Based on PTO 06-08 version)

Complete if Known

Application Number 12/350,1 1 1

INFORMATION DISCLOSURE

STATEMENT BY App|_|cAN1' %—
(Use as many sheets as necessary) Examine, Name Not Yet Assigned

Substitute for form 1 «MQEPTO

Attomey Docket Number 643982000100

U.S. PATENT DOCUMENTS

DocUrT]EntNun1ber Publicafion Dale Pages, Columns. Lines, WhereName °l Palentee 9' Relevant Passa or Relevant
N._.mber.|(in.;| code’ (jrkmm) MM-DD-Y‘I"l“f' Applicant of Cited Document Figumsgqespear

FOREIGN PATENT DOCUMENTS

' Publication P , C I I4" ,
Examiner Fgmlgn Patent Document Dam Name of Patentee or wh§:5Re|:V:Tnn:—',‘a5::;’es
Initials‘ No.‘ Country Code5-Number‘-Kind Codei’ |"r'Hrnown) MM.D[p,«wy Applicanl 01 Cited Dofiumenl Or Fleleirant Figures Appear

Examiner Date
Si n nature Considered

‘EXAMINER: Initial if information considered, whelher or not citalion is in conformance with MPEP 609. Draw line through citalion it not in conformance and i1o1
considered. Include copy of Ihis form with nexl communication Io applicant. ' Applicant's unique cilation designation number Eoplional]. 2' See Kinds Codes of
USPTO Palent Documents al _~@.usp_1o.gov or MPEP 901.04. 3 Enter Office Ihal issued the document. by Ihe two-letter code IWIPO Standard ST.3l. 4 For
Japanese patenl documenIs_ the indication of the year of the reign of lhe Emperor musl precede Ihe serial number of the palent do-i:ument. “ Kind of documenl by
the appropriate symbols as indicaled on [he document under WIPO Standard ST. 16 if possible. afiipplicant is to place a check mark here if English languageTranslation is atlached.

 
NON PATENT LHEFIATUFIE DOCUMENTS

Include name of the author [in CAPITAL LETTERS]. title of the article [when appropriate}. title of
the item (book. magazine, journal. serial, symposium. catalog. etc.}. date. pageis). volume—issue

numberis}, publisher, city andfor country where published.

MACARTHUFI et al. (2004). Molecular Genetics and Metabolism 81 (1 12867-873
SIMMELL et al. 1986 . Pediatric Research 20 11 :1117-1121
TANNER et al. 2007 . Journal of Inherited Metabolic Disease 30 5 2716-721

International Search Report and Written Opinion ior PCTiUS2009l055256, mailed 30
December 2009, 13 an es

Examiner Date

Signature Considered

'E)(AMlNEFl.' lnilial it reference considered, whether or nol citalion is in c:onfon1'iance wilh MFEP B09. Draw line through citalion it nol in conformance and not
considered. Include copy of this form with next communication to applicanl.

 
'Applicant's unique citation designation number (optional). 7App|icanl is to place a check marl: here it English language Translation is attached.

sd-511516
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PTOISBI21 (0?-09)
Approved for use through 0?i'31i'2012. OMB 0651-0031

U_S_ Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Underthe ' . - rwork Reduction Act of 1995. no u - rsons are re uired to res 0nd to a ocllection of information unless it dis Ia s a valid OMB control number.

TFIANSMITTAL
FORM

Art Unit 1614
Examiner Name .

(to be used for all correspondence afterrnrtrat filling) Not Yet Asslg ned

Attorney Docket Number 6439820001 00

ENCLOSURES (Check air‘ that apply)

El Fee Transmittal Form Drawing{s} fiflggnllowanm Communication0

Total Number of Pages in This Submission

|:| Fee Attached |Jcensing—re|ated Papers Appeal Communication To Boardof Appeals and interferences

- - Appeal Communication to TC
Amendmentmeply Pemm {Appeal Notice, Brief, Reply Brien

El After Final Pelllloll to C°"“"_9rl l_° 3 Proprietary InformationProvisional Application

El Attida\.ritsi'dec|aration(s] gfigfigggfigzzcggbgrfgsfigiilddress Status Letter

Extension of Time Request Terminal Disclaimer |C;lel;1‘:'fyEt?;:J‘:u5;-:'r9(5) lPl"=‘3'-‘W’-'

Express Abandonment Request Request tor Refund PTO F077" 533033-‘lb ll Pagel

. . 4 ReferencesInformation Disclosure Statement
. CD, N be t on

(Supplemental In 3 pages) Um r 0 ls)

Certified Copy of Priority E Landscape Tame on CDDocurnentijsj

Reply to Missing Parts!
Incomplete Application

Reply to Missing Parts under CUSTOMER NO‘: 2522537 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

F'"“ ”“'"‘* MORRISON 3. FOERSTER LLP

Signature
!Michae| G. Smith‘

Printed name
Michael G. Smith

Date April 1, 2010
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Patent

Docket No. 643982000100

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of: Examiner: Not Yet Assigned
Bruce SCI-IARSCHMIDT

Group Art Unit: 1614

Application No.: 12!350,1l1
Confirmation No.: 6290

Filing Date: January 7, 2009

For: METHODS OF TREATMENT USING

AMMON1A—SCA\/ENGING DRUGS

SUPPLEMENTAL INFORMATION DISCLOSURE

STATEMENT UNDER 37 C.F.R. § 1.97 & § 1.98

MS Amendment

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Pursuant to 37 C.F.R. § 1.97 and § 1.98, Applicants submit for consideration in the

above—identified application the documents listed on the attached Form PTOr'SB:"08afb. Copies of

the documents are also submitted herewith. The Examiner is requested to make these documents of

record.

The documents listed on the attached Folm PTO;’SB.=’08a.!'b were cited in an International

Search Report and Written Opinion mailed on December 30, 2009, directed to a counterpart

international or foreign application and have not been previously cited.
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This Information Disclosure Statement is submitted:

With the application; accordingly, no fee or separate requirements are required.

Ell]
Before the mailing of a first Office Action after the filing of a Request for Continued

Examination under 37 C.F.R. § 1.1 14. However, if applicable, a certification under 37

C.F.R. § 1.97 (e)(1) has been provided.

E Within three months of the application filing date or before mailing of a first Office Action

on the merits; accordingly, no fee or separate requirements are required. However, if

applicable, a certification under 37 C.F.R. § 1.97 (e)(1) has been provided.

D After receipt of a first Office Action on the merits but before mailing of a final Office Action

or Notice of Allowance.

D A fee is required. Accordingly, a Fee Transmittal Form (PTOISBI 17) is attached to

this submission.

El A Certification under 37 C.F.R. § l.97(e) is provided above; accordingly; no fee is

believed to be due.

El After mailing ofa final Office Action or Notice of Allowance, but before payment of the

Issue Fee.

D A Certification under 37 CPR. § 1.97(e) is provided above and a Fee Transmittal

Form (PTOISBK 17) is attached to this submission.)

Applicants would appreciate the Examiner initialing and 1'etuming the Fo1'm

PTOIS B!08a:’b, indicating that the information has been considered and made of record herein.

The information contained in this Information Disclosure Statement unde1'

37 C.F.R. § 1.97 and § 1.98 is not to be construed as a representation that: (i) a complete search has

been made; (ii) additional information material to the examination of this application does not exist;

(iii) the information, protocols, results and the like reported by third pa1'ties are accurate or enabling;

or (iv) the above information constitutes prior art to the subject invention.

In the unlikely event that the t1'ansmitta1 form is separated from this document and the

Patent and Trademark Office determines that an extension andfor other relief (such as payment of a

fee under 37 C.F.R. § 1.17 (p)) is required, Applicants petition for any required relief including

2 Serial No. 121350,] 1 l
Docket No. 643982{l(){)1(}{l

sd-5 1 l 5 l 7
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extensions of time and authorize the Commissioner to charge the cost of such petition andlor other

fees due in connection with the filing of this document to Deposit Account No. 03-1952

referencing 643982000100.

Dated: April 1, 2010 Respectfully submitted,

Electronic signature: Michael G. Smith.’
Michael G. Smith

Registration No.: 44,422
MORRISON & FOERSTER LLP

12531 High Bluff Drive, Suite 100

San Diego, California 92130-2040

(858) 720-5113

3 Serial No. 1211350,] 1 l
Docket No. 643982000 1 00

sd-51151?
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Application Data Sheet

Application Information

Application Type::

Subject lviatter:

Suggested Group Art Unit::

CD-ROM or CD-R‘?::

Sequence submission?:

Computer Readable Form (CRF)?::

Tit|e::

Attorney Docket Number:

Request for Early Publication’?:

Request for Non-Pub|ication?::

Total Drawing Sheets::

Small Entity?::

Petition included?::

Secrecy Order in Parent Appl_’?::

Applicant Information

Applicant Authority Type:

Primary Citizenship Country:

Status::

Given Name::

Family Name::

City of Residence:

State or Province of Residence::

Country of Residence:

Street of mailing address:

Sd-456535

Regular

Utility

Not Yet Assigned

None

None

No

METHODS OF TREATMENT USING

AMMONIASCAVENGING DRUGS

643982000100

No

No

15

Yes

No

No

Inventor

US

Full Capacity

Bruce

SCHARSCHMIDT

South San Francisco

CA

US

601 Gateway Blvd. Ste. 200

Page # 1

293

Initial 01r’07.n'O9



294

City of mailing address:: South San Francisco

State or Province of mailing address:: CA

Postal or Zip Code of mailing address:: 94080

Correspondence Information

Correspondence Customer Number: 25225

Representative Information

Representative Customer Number: 25225

Domestic Priority Information

Continuit T e:: ParentAIication: Parent Filin Date::

This Application An application 61/093,234 08/29/08

claiming the benefit
under 35 USC 

Foreign Priority Information

Assignee Information

Page # 2 |nitia|01f07f09
Sd-456535
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Electronic Acknowledgement Receipt

Application Number: 12350111

International Application Number:

Confirmation N um ber:

Title of Invention: METHODS OF TREATMENT USING AMMONIA-SCAVENGING DRUGS

First Named |nventor!Applicant Name: Bruce SCHARSCHNIIDT

Customer Number: 25225

Filer: Michael Glenn Smith;’Jessica Conen

Filer Authorized By: Michael Glenn Smith

Attorney Docket Number: 643982000100

Receipt Date: 23—SEP—201 0

Filing Date: 07-JAN-2009

Time Stamp: 16:42:47

Application Type: Utility under 35 USC 111(a]

Payment information:

Submitted with Payment no

File Listing:

Document Document Description File Size(Bytesh'
Number Message Digest Part Lzip (ifappI.)

34 .744

06-|(:ql4b‘)InJ I I 3‘J4'l(|d J(1J'5‘.7l1L8Llba‘)O5a|aJ
Elhfifcc
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Warnings:

Info rrnation: 295



296

This is not an USPTO supplied ADS fillable form

Oath or Declaration filed 643982000100SubDEC.pdf

Warnings:

Info rmation:

143039

Miscellaneous Incoming Letter 6439B2000100MarkedFR.pdf
‘ia"}.N(I{L‘£‘.i15L|l)'J[|Llf4h|;|.|lIl.rJiLIA}l4:.9bEl‘J

(hike

Warnings:

Info rmation:

Miscellaneous Incoming Letter 6439B2000100TRANS.pdf
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Warnings:

Info rmation:

Miscellaneous Incoming Letter 643982000100REQCFR.pdf
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lad?

Warnings:

Info rmation:

Total Files Size (in bytes] 449378

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

Ifa new application is being filed and the application includes the necessary components for a filing date [see 37 CFR

1.53[b)-{d] and MPEP 506], a Filing Receipt (37 CFR 1.54] will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Application under 35 U.S.C. 371

Ifa timely submission to enter the national stage ofan international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTIDO.-"E0!903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO asa Receiving Office

Ifa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP1810}, a Notification of the International Application Number

and ofthe International Filing Date (Form PCTi'R0!105) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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,fi‘\.ll:.)rncy lf.'|«:I::k-3!. N11: {:43 9821?-0(3I{}€}

EN TIEF, UN.¥'.l"i?.-1} A.'1"'E?5 PATENT :99.Nfl ".‘i’RAi}E?viARK GFFICE

SUESTITUTE BEKIL-A.RA’}."ION E-=‘OR_ ?ATENT Ai’1’.LIi_?A'.i‘i{}N

As ties bclmv named izwcntor, I iierehy dcciare that:

residence, post -zifiice address: and Cii.i?.'.i31‘.S‘.i'Ii}f) are as stated heiow n-axi. to my name.

I i3e.iic\»':: I am the origirzai, firs": and safe Envemos‘ -zbfthe subject matter which is ciaimed and
for wiiicli a pat-cut is saught on the iI1\*'C3'tflQl"l cntitiedz

‘:‘viEJ'l‘H{)DS OF TREATi‘vi}:1N'!' SJNG ;‘-‘fl\»1i1»iC:NEA—SCiAVENC}{N13 'i)i{‘UGS

the spccifimatiort of which was filed on .L'311iiaa'3r T’, 2009 as Appiication No. i2.»‘3SC=,‘a I .1.

t Eicrcby state that i have reviews‘,-d and 'l1Il(i£!E'SE'Zi3'!i.i. the contents ofthc abwe idemificti

spccificatiore, iticiutiing, the claims, as tirnemieci by an ?i.I‘11-t.':!3Ci§'!}(‘)fl§, it‘an_v, specificaiiy reil*:i“rcd
it} h-stein.

.1 EE(Ii(£i0‘WiE!df_£_.C the duty tce ri.isc!c-5:: ail intbrrnatitzn E<;'n0waa to rat: that is materiai £0

pzateriiabiiity $3.5 defined in 3'? Ci-‘R LS6.

FOREEGN P}<1j()RI'£“:’ {‘.i'..AlM

i hereby eciaim forcigri priority benefits under Titie 35, United States {finite § 19{a)—(t.ij= ufany
foreign ::ipg:sii=;:atir.+1'1{s) far patmt or im~.:nIor’s celiiiicatc listed heiaw and have aiso identified

below any thacigtl appiicatitmn .t’o1'patc2nt or im'¢ntaJ1"s caaiificatc having 3 filing date hsfiarc
that of the: :3.p'plica'tion on which priority is ciaimed:

no t"0rt;i_:;,11 appiicatiotis have heart flied

D fottign apgaiicatic-ntis) have heen filed as fniic-ws;

E.‘\RI.'!}’£S'l" !3'(.)Ri':‘.iG?\i APPLECATION-{S}, {F ANY i"¥i.ED WiTi-¥i1\i 's’\r1{)N"i'HS

(6 IVSQNTE-IS Fflil DE-SEGN} PRIGR T0 'i"H'i-.‘:-7 U APPLECATICJN
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’\ ...................................................e._...“............................... .3......................._..M._.,........._t...._.;:::::::.....................
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Altornq Docket NI:-.: 64'3";1R?.t}0U I Gt}

CLAHM FUR t‘§t:"I‘~Ei:lI3IT OF EZ:‘.R'i.it‘.-1R.U.S. PRO‘\»’ISIO?~3A.t_- AP‘Pt_.t(TATiONS

t hereby claim priority b¢:oefit.~; under Tide 35, Uttited States (Jade §i !9{t:_}, t)f£1E}}’ Unitoti
States p:'rwisirJ:'aa1patct1t apptioatioo{.~:.} listed below:

on US. provisional appiicatioaas itave been filed.

L-‘.8. prmrisiooai atpplicatéotds) have: bean filed as follows:
 

. . _ _ _ 5 ; ’ _. . 1 5 :rzaa'£~§‘£j£‘E‘x;'i;i}‘££&'"'

....... ..'f?ff:Ti’..}im"..T.b..fl ............_.?f.£.'Tf.i...}..i..'.“..7? ......__L_!}?_§§3:_?15,.L...'.$7....?......_‘9
e:xu93,234 Augost.2i3,?.t){E3 >6 ‘="==s '!~:‘:.= _ V;g.-.............................._....~_........... ~ ..............,.................m...t_........§....'::::-............................:::::t._

 
Ct.,A1M }"(_‘.iR BF.NE.FiT OF 1-":ARi.tl_3.R U,S.;'PCT .¢"tP}’t..It'.‘A.'TIt_)I‘~E'{.‘>")

'1 herctsay oiairo the benefit under Title 35, United States Code, §t;-it‘! ofiho United States
appticatioo{sj: tistod below and, insofar as the su'o_it:ct matte: of each of the ctaians oftitis

apptioatiorz is not disoiosed in tits pi‘i{J1'Utlttt':d States application in the manner provided by
thc first paragraph of Titit: 35, United States Code, 12, I zacttttowtcdgt-: thr: duty to d isciose
alt irzfasrrmation that is !113.f¢i‘i}3tt to pttterztabitity as defined in 3? CFR }.fit'§ witicit tsocatrto

availabto to ma bstweezt the filing date of the prior appiication and the nationai or 3°C’?
interoatitnaat fiiing date of this appticatizm:

no U.S..*'PCT agsqftic:-atioos have beet: fted.

U.S..«’}‘f."t' appficatiorfis) have treat": filed as foiiows:

 

......................................- N H. r 13\m’h\'flnGn ' umhfr {.{-"23.?»t'..1':tt:-:Ut’t:r:(. .1g;’i5.§3:3:’1ti<):toti} E 
  

.1 her:-:t2y deectttrc that ad} statements made herein ofm}; own knowledge are true and that 21!}
statements Etta-“J.-E on information and bcii-:-fare beiicvtatf to be true; and forth-3.r that these

statematnts we:a'~=.: made with the knowiedge that wi.iit'”oE false statements and the like so triads

arr; :3-uoésiazfoie by ‘fine or imprisonment, or both, under Section IEO! ot""t‘it.Ee ‘:8 ofth:-: United

States Code and that such wtliftat "false statements tnay jcopzardizo the vaiidity of thr:
£1p_pHt:£it§f}t'I or any patent issued t‘nc:'e0n.

I ttercby agapoint:

At! practitioners at Ci.1S1J01'E'lti1’ Nttmber 325225
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Ai!.ni'r1ey Docket ?~I0.: 643982-3E}{i I (‘:0

aii <::fMm'ris£m & Fuerster LLP___ 1253} High Biuff"Drivc, Suite 100, San Diego, Caiifumia
92% 30-28413, _j0im!}x, and each of mean sevcmliy, nay attonaeys at lawfpatcszt agentiis), wiih fui!
power <3'fsubs1itajtiaa1, dciegaticza and tmmcation, to prosre::1:te this application, to naake
aitflations and aincndinent;-5 therein, to rec¢::ive the pat;r:n1, and to =I.raaasact 3}! business in the

.Pai.e.m*. and 'i"rar.ic'~.mark Qfficc c;;r:nectr::d there with.

Pieasr; maii 2:11 corres {i!1d:'3l‘lCC’ til Michae! G. Smith, whesc address is:P

Mia:-rises: 8; Ft1c:'sier LL?

12531 High §*3]uE’:°}I}:'i\.':'., Suite 130
San Dicgu. ifiaiifornia 5.32330-2040

Picase direct rein‘: hone calls to: Michaei G, Smith an ‘$353) ?".I3{}-5‘; 13P i

Please direct facsimiies to: {$53} 73 -5125

E iri ircaiiala Fuiinam-E afsgl‘-E“3r“;

  Ss'0=.;£E1 S313 }*‘ra_q:_t_isc_r::, California
" ' US

E

{€01 (}a:ic'-Nay’ Blvd. Ste. 200

: Strut?) Sam Framcisca, Caiifuanésa 9411i}-B0

sd-460325
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UNI'l‘l:'2D S'l1A'l‘I:2S PATENI‘ AND TRADEMARK OFFICE
Ui‘\'I'I‘I'I|) S'I‘A\'I‘I"..‘§ I)I'II’.v’\ I{1‘§\I I'I.\I'I‘ DI" {T()flr1I\«II".I{(‘I‘I
United States Patent. nnd Trademark ()I'l'iN:
r\(.ILIl<$5. I.IL";\"|J\-1 ISSII \_\':I‘IIi F‘i.'.‘-R PATENTSPC‘ Box I-‘.50

:\]¢x.u|i.Iria_ \"||p:.||i;| 2231.‘-IJSOwu. w.|:511In.gm-

.i\1’1’I.IC.r\'I'I()I\" 1"II..IN(i or GR1’ .i\R'I'
NUMBER. 3'Il[L‘] DATE UNIT Fl]. FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS

29 1212850.1 1 l 0U0?l’2009 1614 1686 643982000100

  
CONFIRMATION NO. 6290

25225 FILING RECEIPT
MORRISON 8: FOEFISTEFI LLP

1253: HIGH am am IIIIIIIIIIIIIIIIIIlllmgilllylyllllllllllIIIIIIIIIIIIIIIIII
SUITE 100

SAN DIEGO, CA 92130-2040

Date Mailed: 01f27.='2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination

in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the

application must include the following identification information: the US. APPLICATION NUMBER, FILING DATE,

NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please

submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the

changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit

any corrections to this Filing Receipt with your reply to the Notice. when the USPTO processes the reply

to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

AppIicant(s)

Bruce SCHARSCHMIDT, South San Francisco, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant

This appln claims benefit of 61f093,234 08f29l’2008
-am 6;83&6#%fi%6

Foreign Applications

If Required, Foreign Filing License Granted: 01»'21i2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is us 12/350,111

Projected Publication Date: To Be Determined - pending completion of Missing Parts

Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

page 1 ol3
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Title

METHODS OF TREATMENT USING AMMONIA-SCAVENGING DRUGS

Preliminary Class

514

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent

in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same

effect as a regular national patent application in each PCT—member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international

patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an

application for patent in that country in accordance with its particular laws. Since the laws of many countries differ

in various respects from the patent law of the United States, applicants are advised to seek guidance from specific

foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application

serves as a request for a foreign filing license. The application's filing receipt contains further information and

guidance as to the status of applicant's license for foreign Iiling.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it

can be viewed on the US PTO website at http:!!www.uspto.gowweblofficeslpacldoclgeneralrindex.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http;r’lwww.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self—he|p "toolkits" giving innovators guidance on how to protect intellectual property in specific

countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may

call the U.S. Government hotline at 1—866—999—HALT (1—866—999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 8: 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "|F REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page2of3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFFI 5.15(a) unless an earlier

license has been issued under 37 CFFI 5.15(b). The license is subject to revocation upon written notification. The

date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFFI 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or afterthe effective date thereof unless

it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and

Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign Assetscontrol, Department of

Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GFIANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFFI 5.12,

if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed

from the filing date of this application and the licensee has not received any indication of a secrecy order under 35

U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFFI 5.15{b).

page3ol3
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Docket No.: 643982000100

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Bruce SCHARSCHMIDT

Application No.1 l2:"350,ll l Confirmation No.1 6290

Filed: January 7', 2009 A1't Unit: 1614

For: METHODS OF TREATMENT USING Examiner: Not Yet Assigned
AMMONIA—SCAVENGING DRUGS

RE§ QUEST FOR CORRECTED FILING RECEIPT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Applicant hereby requests that a corrected Filing Receipt be issued in the above-

identified patent application. The official Filing Receipt received by Applicant, a copy of which is

attached hereto, has an error in the priority information.

'i_F':1der'tl3e ii)o:';*n-estic Pr'ior°§ty data as c.la'imed by applicant please delete “anti clairrs

benefit of 6if0a'EL8.,83O"

A copy of the Filing Receipt received by the Applicant with the requested changes noted

in red—ink, a Substitute Declaration and a copy of the Application Data Sheet as filed on January 7,

2009 is enclosed. Please refer to the Application Data Sheet for verification of the correct data.

Applicant additionally requests that all pertinent U.S. Patent and Trademark Office

records relating to the subject application be changed to reflect this correction.

sd—532503 303
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Application No.: l2;"350,l 1 l 2 Docket No.: 643982000100

In the unlikely event that the transmittal letter is separated from this request and the

Patent Office determines that a fee is required, applicant petitions for any required relief including

extensions of time and authorizes the Assistant Commissioner to charge the cost of such petitions

andfor other fees due in connection with the filing of this document to Degosit Account No. 03-

% referencing Attorney Docket No. 643982000100.

Dated: September 23, 2010 Respectfully submitted,

Electronic signature: ;"Michael G. Smith!’
Michael G. Smith

Registration No.: 44,422
MORRISON & FOERSTER LLP

1253] High Bluff Drive, Suite 100

San Diego, California 92130-2040

(858) 720-5113

sd—532503 304
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PTOISBI21 (0?-09)
Approved for use through 0?i'31i'2012. OMB 0651-0031

U_S_ Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Underthe ' . - rwork Reduction Act of 1995. no u - rsons are re uired to res 0nd to a ocllection of information unless it dis la 5 a valid OMB control number.

TFIANSMITTAL
FORM

Art Unit 1614
Examiner Name

(to be used for all correspondence afterrnrtial filling) Not Yet Asslg ned

Attorney Docket Number 6439820001 00

ENCLOSURES (Check ah‘ that apply)

El Fee Transmittal Form Drawingis} ;ll'll1‘f(r:’°lll°wanC9 Communication0

Total Number of Pages in This Submission

|:| Fee Attached |Jcensing—re|ated Papers Appeal Communication To Boardof Appeals and lnterlerences

- - Appeal Communication to TC
l Amendmentmeply Pemm {Appeal Notice, Brief, Reply Briet}

El Atter Final Pelllloll to C°"“"_9rl l_° 3 Proprietary InformationProvisional Application

El Atlidavitsi'dec|aration(s] gfigfigggfigzzcggbgrfgsfigiilddress Status Letter

Extension of Time Request Terminal Disclaimer |C;lel;1‘:'fyEt?;:J‘:u5;-:'r9(5) lPl"=‘3'-‘W’-'

Express Abandonment Request Request tor Refund tgequesljlol Callecled Flllng Recelplpages

Copy ol Marked Filing Receipt (3 pages}
Copy ol Originally filed Application Data
Sheet [2 pages}

Landscape Table 0" CD Substitute Declaration {3 pages)

Information Disclosure Statement CD, Number ol CD{s}

Certified Copy ol Priority
Documentfsj

Reply to Missing Parts.‘ | Remarks |Incomplete Application
CUSTOMER NO; 25225

Reply to Missing Pans under
3? CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

F‘"" “am” MORRISON 3. FOERSTER LLP

Signature
1Michae| G. Smith?

P"”‘e“ “am Michael G. Smith

Dale September 23, 2010

sd—532501
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PTOISBEQ-6 (07-09)
Approved for use through 0]-'i'31!2012. OMB 0651 -0031

US. Patent and Trademark Otlice: U.S. DEPARTMENT OF COMMEFICE
Under the P El'WDI'Il Fleduction Act of 1995. no - - rsons are re uired to res a nd to a collection of information unless it dis u la s a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73[b[

App|icanti'Patent Owner: Bruce Scharschmidt

Application No.lPatent No.: 12350.1 1 1 Filedilssue Date: January 7, 2009
Titled: METHODS OF TREATMENT USING AMMONIA-SCAVENGING DFIUGS

UCYCLYD PHAFIMA, INC. , a corporation
{Name of Assignee] [Type of Assignee, e.g.. corporation, partnershp, university, govemment agency, etc.)

states that it is:

1. the assignee of the entire right_. title, and interest in;

2. D an assignee of less than the entire right, title, and interest in
(The extent {by percentage} of its ownership interest is 9'3}; or

3. D an assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made}
the patent applicationfpatent identified above by virtue of either:

A. El An assignment from the inventorts} of the patent applicationfpatent identified above. The assignment was
recorded in the United States Patent and Trademark Office at Fleel

Frame , or for which a copy thereof is attached.
OR

B_ El A chain of title from the inventorisi, of the patent applicationipaterrt identified above, to the current assignee as follows:
1. From: Bruce SCHARSCHMIDT To: Hyperion Therapeutics

The document was recorded in the United States Patem and Trademark Office at

Fteel 022305 , Frame 0387 , or for which a copy thereof is attached.

2. From: Hyperion Therapeutics To: UCYCLYD PHAFIMA, INC.
The document was recorded in the United States Patent and Trademark Office at

Fteel 025031 , Frame 0014 , or for which a copy thereof is attached.

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

i:i Additional documents in the chain of title are listed on a supplemental sheetlsi.

X As required by 3? CFFI 3.?3(b)(1}{i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 3? CFFI 3.1 1.

[NOTE: A separate copy (.ie., a true copy of the original assignment document(s]) must be submitted to Assignment
Division in accordance with 3? CFFI Pan 3, to record the assignment in the records of the USPTO. Sfi MPEP 302.08]

The undersigned {whose title is supplied below} is authorized to act on behalf of the assignee.

ilvlichael G. Smith! October 27, 2010
Signature Date

Michael G. Smith Attorney of Ftecord
Printed or Typed Name Title

sd-536315
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Electronic Acknowledgement Receipt

Application Number: 12350111

International Application Number:

Confirmation N um ber:

Title of Invention: METHODS OF TREATMENT USING AMMONIA-SCAVENGING DRUGS

First Named |nventor!Applicant Name: Bruce SCHARSCHNIIDT

Customer Number: 25225

Filer: Michael Glenn Smith;’Jessica Conen

Filer Authorized By: Michael Glenn Smith

Attorney Docket Number: 643982000100

Receipt Date: 27—OCT—201 0

Filing Date: 07-JAN-2009

Time Stamp: 19:08:31

Application Type: Utility under 35 USC 111(a]

Payment information:

Submitted with Payment no

File Listing:

Document Document Description File Size(Bytesh'
Number Message Digest Part Lzip (ifappI.)

2?'819

b#‘)LIu.l8uL| #6 It! I-I l‘l2cd3HEh_-|JJ5cl-I l£5c
9908

Miscellaneous Incoming Letter 643982000100TRANS.pdf 
Warnings:

Info rrnatlon: 307



308

Power of Attorney 6-'-13982000100POA.pdf Glfuri |119| lflfillflld I7‘J‘11bi‘9frE1rl0IJJ'J"6l)?ia
94133 lb

Warnings:

Info rmation:

Assignee showing of ownership per 3?
CFR 3J3(b)_ 643982000‘|003}'3b.pdf frla 337211JldIiIial'iha*)dldil'I)R9eIi1ilh) I I

IIJEALIZIJ

Warnings:

Info rmation:

Total Files Size (in bytes]

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Agplications Under 35 U.S.C. 111

Ifa new application is being filed and the application includes the necessary components for a filing date [see 37 CFR

1.53[b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54} will be issued in due course and the date shown on this

Acknowledgement Receipt will establish the filing date ofthe application.

National Stage of an International Agglication under 35 U.S.C. 371

Ifa timely submission to enter the national stage ofan international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCTlD0lE0!903 indicating acceptance of the application as a

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Apglication Filed with the USPTO asa Receiving Office

Ifa new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP1810], a Notification of the International Application Number

and ofthe International Filing Date (Form PCTIROI1 05) will be issued in due course, subject to prescriptions concerning

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of

the application.
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PTO-”5Bt'BlJ {O1 -03)
Approved for use through 12u'3‘iJ'2CG3. OMB lJB5'l«0035

US. Patent and Tradarnarlt O|'l'I'.d; U.$. DEPAfiTMENI' OF COMMERCE

Underthalla --. Redtact'mActot19Et5rto onsam acdtoms toaccttoctionofittorntatianuntosstdissavahioitacottootntwnocr,

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified In the attached statement under
37 CFR 3.73 b .

I hereby appoint:

E Practitioners associated with the Customer NumberOR

El Practiltcnertsi named below {it more than ten patent practitioners are to be named. then a oustcntarnuntber must be used}:
Registration Registration

Number Number

as atlornmpts) or agr.-.nt(s) to represent tho undersigned before the united Statoo Patent and Trademark Otiicn (LISPTD) in connection with
any and all patent appticalhrts attsignad flip the undersigned according to the USPTO assigrrntnt roconia or assignment documentsattached to this form in accordance Wtlh 31' CPR ‘.'t.i'3ttt}.

Please change the correspondence address tor the application Identified in the attached statement under 37 CFR :t.?:t(h) to:

lgltho address associated with Customer Nmnbec E 25225
Firm or
Indttridunl Nanto

Gilt‘ i state

Country 't ‘Telephone _

Assigneo Name and Address:
UCYCLYD PHARMA. INC.
7720 North Dobson Road
Scottsdale. AZ 85256

  
 

    

  
  

  
  

  
  
 
 

 
 
 
 

 

   

 

  
  
  

 
A copy oi this form. together with a statement under 3? CFR 3.?3[b} [Form PTOISBISB or oqnitralontt is required to ho
tiled in each application In which this form is used. The statement under 31' BFR 3.?:l{h} may he completed by one of
the practitioners appointed in this torm it the appointed practitioner is authorized to act on hohaif oi the aaoignua.
and must Identify tho application In which this Power ol Attorney is to he filed.

SIGNATURE ot Asstgnoo of Record
is supplied bciow is authorized to not on t.tr:hait'o|‘thc assignoc

 
  

We ibtt [a—Dtt‘:a

Telephone 0 - '3tDtt - I.'_ ,
 

Attomcy Docket No; 643933000100

sd-532405
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PTOISBI21 (0?-09)
Approved for use through 0?i'31i'2012. OMB 0651-0031

U_S_ Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Underthe ' . - rwork Reduction Act of 1995. no u - rsons are re uired Io res 0nd to a ocllection of information unless it dis la 5 a valid OMB control number.

TFIANSMITTAL
FORM

Art Unit 1614
Examiner Name .

(to be used for all correspondence afterrnrtiat filling) Not Yet Asslg ned

Attorney Docket Number 6439820001 00

ENCLOSURES (Check ah‘ that apply)

El Fee Transmittal Form Drawingis} fiflggnllowanm Communication0

Total Number of Pages in This Submission

|:| Fee Attached |Jcensing—re|ated Papers Appeal Communication To Boardof Appeals and interferences

- - Appeal Communication to TC
l Amendmentmeply Pemm {Appeal Notice, Brief, Reply Briet}

El After Final Pellllorl to C°"“"_9rl l_° 3 Proprietary InformationProvisional Application

El Attidavitsi'dec|aration(s] gfigfigggfigzzcggbgrfgsfigiilddress Status Letter
(1 pages}

Extension of Time Request Terminal Disclaimer | X ?llel::irfyEt:l;lJ(:IuS;:rel5) lplease

Express Abandonment Request Request for Refund PTO lolm 3-73lbl ‘ll Pagel

Information Disclosure Statement CD, Number of CD(s)

Certified Copy of Priority
Documentijsj

Reply to Missing Parts! | Remarks |Incomplete Application

Reply to Missing Pans under CUSTOMER NO‘: 252253? CFR 1.52 or 1.53

Landscape Table on CD

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

F'"“ “‘"“‘* MORRISON 3. FOERSTER LLP

Signature _ ‘
{Michael G. Smith!

P"”le“ “am Michael G. Smith

October 27, 2010 44,422

sd—536301
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Application No.: 121350,] 1 l 6 Docket No.: 643982000100

REMARKS

In the amendment herein, claims 1, 3-4, 6-8, 10, and 1 l are amended. Claims 5, 9 and 12-29

have been cancelled. New claims 30-44 have been added. Accordingly, claims 1-4, 6-8, 10-1 1, and

30-44 are pending. No new matter has been introduced. Support for the amendments to the claims

and the new claims is found in the claims as originally filed, and throughout the specification

including pages 10-14. No new matter has been introduced.

Examination of the claims as amended herein is respectfully requested.

If it is deteimined that a telephone conference would expedite the prosecution of this

application, the Examiner is invited to telephone the undersigned at the number given below.

In the event the U.S. Patent and Trademark Office determines that an extension andfor other

relief is required, applicant petitions for any required relief including extensions of time and

authorizes the Commissioner to charge the cost of such petitions andfor other fees due in connection

with the filing of this document to Deposit Account No. 03-1952 referencing docket no.

643982000100. However, the Commissioner is not authorized to charge the cost of the issue fee to

the Deposit Account.

Dated: May 12, 201 l Respectfully submitted,

E-Signatu1'e: J'Made1ine I. Johnston}
Madeline I. Johnston

Registration No.: 36,174
MORRISON & FOERSTER LLP

7'55 Page Mill Road

Palo Alto, California 94304-1018

(650) 813-5840

pa-1459526
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Supplemental Application Data Sheet

Application Information

Application nu mber::

Filing Date::

Application Type::

Subject Matter::

Suggested Group Art Unitz:

CD-ROM or CD-Fi?::

Sequence submission’?::

Computer Readable Form (CRF)?::

Tit|e::

Attorney Docket Number:

Request for Early Publication?::

Request for Non—Publication?::

Total Drawing Sheets::

Small Entity?::

Petition includecl’?::

Secrecy Order in Parent Appl.'?::

Applicant Information

Applicant Authority Type::

Primary Citizenship Country::

Status:

Given Name::

Family Name:

City of Residence::

State or Province of Residence:

pa-1 454786

12/350111 

O1 I07/O9

Regular

Utility

 i

None

None

No

METHODS OF TREATMENT USING

AMMONIA-SCAVENGING DRUGS

643982000100

No

No

15

¥e6m

No

No

Inventor

US

Full Capacity

Bruce

SCHARSCHMI DT

South San Francisco

CA

Page # 1

312

Supplemental 12350111 01l'07a"09 05."12:’11
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Country of Residence: US

Street of mailing address: 601 Gateway Blvd. Ste. 200

City of mailing address:: South San Francisco

State or Province of mailing address:: CA

Postal or Zip Code of mailing address: 94080

Correspondence Information

Correspondence Customer Number:: 25225

Representative Information

Representative Customer Number: 25225

Domestic Priority Information

Continuit T e:: ParentAlication:: Parent Filin Date::

 This Application An application 61/093,234 O8/29iO8

claiming the benefit
under 35 USC

Foreign Priority Information

Assignee Information

 
Assignee name:: UCYCLYD PHARMA INC.

Street of mailing address:: 7720 North Dobson Road

City of mailing address:: Scottsdale

State or Province of mailing address: fl

Country of mailing address:: Q

Postal or Zip Code of mailing address:: 85256

Page # 2 Supplemental 12350111 01:07:09 o5x12i11

pa-1454786
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Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18.
Please see 37 CFR 1.4 d for the form oi the sinature.

Signature iMadeIine I. Johnston! Date May 12, 2011

Name

PnnUT oe
Registration No.

Madeline I. J0hi'lS’[Oi‘l Afiome EA em 36,174 

Page # 3 Supplemental 12350111 01;‘07a"09 O52’12)'11

pa-1454786
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Application No.: I2:"350,l 1 l 2 Docket No.: 643982000100

AMENDMENTS TO THE CLAIMS

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

application:

Claim 1 (Currently Amended): A method to determine an effective dosage of a phenylacetic acid

1PAA; prodrug selected f1'om glyceggl tri-|4-phen}glbutyrate| 1HPN-1001 and phenylbutyric acid

(PBA) or a pharmaceutically acceptable salt thereof for a patient in need of treatment for a nitrogen

retention disorder selected from urea cycle disorder and hepatic encephalopathy, which compri

monitoring the effect Of a dosageof the prodrug in a patient to whom the

prodrug has been administered,

wherein monitoring the effect comprises determining the patient’s

urinary phenylacetyl glutamine (PAGN) output;

and determining from the urinary PAGNoutputthe

effective dosage of HPN—l00 the prodrug; to produce a desired ammonia scavenging effect.

Claim 2 (Original): The method of claim 1, wherein urinary PAGN output is determined as a ratio

of the concentration of urinary PAGN to urinary creatinine.

Claim 3 (Currently Amended): The method of claim 1, wherein the

method comprises calculating the dosage of

prodrug based on a utilization efficiency for prodrug conversion into PAGN of about 60% to about

755%.

Claim 4 (Currently Amended): The method of claim 1, wherein the prodrug is HPN—l00 , and

wherein administering the effective dosage of HPN—l00 to the patient produces a normal plasma

ammonia level in the patient.

Claim 5 (Cancelled).

pa-1459526
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Application No.: l2:"350,l 1 l 3 Docket No.: 643982000100

Claim 6 (Currently Amended): A method to determine a dosage of a phenylacetic acid (PAA)

prodrug selected from glyceryl tri—[4—phenylbutyrate] (HPN—l00) and phenylbutyric acid (PBA) or a

pharmaceutically acceptable salt thereof for a patient having a nitrogen retention disorder selected

from urea cycle disorder and hepatic encephalopathy, which comprises measuring urinary excretion

of phenylacetyl glutamine {PAGNL in a patient to whom the PAA prodrug has been administered

gd calculating the dosage of I=I~PN—H39 the PAA prodrug based on a utilization efficiency for I=IPN-

-1-09 the prodrug conversion into PAGN of about 60% to about 75%.

Claim 7 (Currently Amended): The method of claim 6, wherein the dosageof the PAA

prodrug is calculated from the patient’s dietary protein intake.

Claim 8 (Currently Amended): The method of claim 7, wherein the dosage of HPN—l9Q the PAA

prodrug is reduced adjusted to account for the patient’s residual urea synthesis capacity.

Claim 9 (Cancelled).

Claim 10 (Currently Amended): The method of claim [9] 1, wherein the PAA prodrug is

phenylbutyric acid (PBA) or a pharmaceutically acceptable salt thereof.

Claim 1 1 (Currently Amended): The method of claim [9] L wherein the PAA prodrug is HPN—l00.

Claims 12-29 (Cancelled).

Claim 30 (New): The method of claim 1, wherein the PAA prodrug is sodium phenylbutyrate.

Claim 3] (New): The method of claim 1, wherein the nitrogen retention disorder is urea cycle

disorder.

Claim 32 (New): The method of claim 1, wherein the nitrogen retention disorder is hepatic

encephalopathy.

pa-1459526
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Application No.: l2:"350,l 1 l 4 Docket No.: 643982000100

Claim 33 (New): The method of claim 6, wherein the nitrogen retention disorder is urea cycle

di sorde1'.

Claim 34 (New): The method of claim 6, wherein the nitrogen retention disorder is hepatic

encephalopathy.

Claim 35 (New): The method of claim 6, wherein the prodrug is HPN—l00.

Claim 36 (New): The method of claim 6, wherein the prodrug is PBA or a pharmaceutically

acceptable salt thereof.

Claim 37 (New): The method of claim 6, wherein the p1'odrug is sodium phenylbutyrate.

Claim 38 (New): A method of administering a phenylacetic acid (PAA) prodrug selected from

glyceryl tri—[4—phenylbutyrate] (HPN—100) and phenylbutyric acid (PBA) or a pharmaceutically

acceptable salt thereof to a patient having a nitrogen retention disorder selected f1'om urea cycle

disorder and hepatic encephalopathy, the method comprising determining urinary

phenylacetylglutamine (PAGN) excretion of the patient following administration of the PAA

prodrug, determining a dose of the PAA prodrug based on the PAGN excretion, and administering

the dose to the patient.

Claim 39 (New): The method of claim 38, wherein the dosage of the PAA prodrug is based on a

utilization efficiency for the PAA prodrug conversion into PAGN of about 60% to about 75%.

Claim 40 (New): The method of claim 38, wherein PBA 01' a pharmaceutically acceptable salt

thereof is administered.

Claim 4] (New): The method of claim 33, wherein sodium phenylbutyrate is administered.

Claim 42 (New): The method of claim 38, wherein HPN—l00 is administered.

pa-1459526
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Claim 43 (New): The method of claim 38, wherein the disorder is urea cycle disorder.

Claim 44 (New): The method of claim 38, wherein the disorder is hepatic encephalopathy.
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selecting or modifying a dos ing regimen for a subject receiving an orally administered ammonia scavenging drug.
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METHODS OF TREATMENT USING AMMONIA-SCAVENGING DRUGS

Cross—Reference to Related Applications

[000]] This application claims benefit of priority to U.S. Provisional application serial

number 6li'093,234. filed August 29, 2008, which is incorporated herein by reference in its

entirety. This application is also related to the U.S. provisional patent application entitled

“Treating special populations having liver disease with nitrogen—scavenging compounds,”

naming Sharron Gargosky as inventor, serial number 611048.330, filed on April 29. 2008.

Technical Field

[0002] This invention relates to treatment of patients with nitrogen retention states, in

particular urea cycle disorders (UCDS) and cirrhosis complicated by hepatic encephalopathy

(HE), using administered compounds that assist in elimination of waste nitrogen from the

body. The compounds can be orally administered small-molecule drugs, and the invention

provides methods for delivering these compounds and selecting suitable dosages for a

patient.

Background A11

[0003] Drug dosing is usually based upon measurement of blood levels of the active

drug species in conjunction with clinical assessment of treatment response. However, the

present invention is based on evidence that for certain prodrugs of phenylacetic acid (PAA),

measuring the blood level of the prodrug (e.g. PBA) or of PAA formed from it is unreliable.

In addition, assessment of treatment effect by measuring levels of ammonia in the blood is

inconvenient. because it requires withdrawing multiple blood samples under carefully

controlled conditions. Because blood ammonia levels are affected by various factors

including dietary protein, they also fail to provide a direct measure of how much ammonia

the drug is mobilizing for elimination. The invention demonstrates that prodrugs of

phenylbutyric acid (PBA) behave similarly to sodium PBA, in that measuring PBA levels is

unreliable for assessing their effectiveness. This invention provides a novel method for

dosing in patients with nitrogen retention states, in particular patients with liver disease and

clinical manifestations of hepatic encephalopathy and patients with UCDs. It is particularly

applicable to prodrugs that liberate or are metabolized to form phenylacetic acid, i.e.,

prodrugs of PAA, and those prodrugs that are metabolized to form PBA.

1
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[0004] Hepatic encephalopathy refers to a spectrum of neurologic signs and symptoms

which frequently occur in patients with cirrhosis or certain other types of liver disease.

[0005] Urea cycle disorders comprise several inherited deficiencies of enzymes or

transporters necessary for the synthesis of urea from ammonia. The urea cycle is depicted in

Figure l, which also illustrates how certain ammonia—scavenging drugs act to assist in

elimination of excessive ammonia. The enzymes including their Enzyme Commission (EC)

numbers and modes of inheritance include the following:

' Carbamyl phosphate synthetase (CPS; EC Number 6.3.4.16; autosomal recessive),

0 ornithine transcarbamylase (OTC; EC Number 2.1.3.3; X-linked),

0 argininosuccinate synthetase (ASS; EC Number 6.3.4.5; autosomal recessive),

0 argininosuccinate lyase (ASL; EC Number 4.3.2.1; autosomal recessive),

I arginase (ARG; EC Number 3.5.3.1; autosomal recessive), and

0 N-acetyl giutamine synthetase (NAGS 1; EC Number 2.3.] .1 ; autosomal recessive)

[0006] Mitochondrial transporter deficiency states which mimic many features of urea

cycle enzyme deficiencies include the following:

1' Ornithine translocase deficiency (hyperornithinemia, hyperammonemia,

homocitrullinuria or HHH Syndrome)

I Citrin (aspartate glutamate transporter) deficiency

[0007] The common feature of UCD and hepatic encephalopathy that render them

treatable by methods of the invention is an accumulation of excess waste nitrogen in the

body, and hyperammonemia. In normal individuals, the body’s intrinsic capacity for waste

nitrogen excretion is greater than the body’s waste nitrogen production, so waste nitrogen

does not accumulate and ammonia does not build up to harmful levels. For patients with

nitrogen retention states such as UCD or HE, the body’s intrinsic capacity for waste nitrogen

excretion is less than the body's waste nitrogen production based on a normal diet that

contains significant amounts of protein. As a result, nitrogen builds up in the body of a

patient having a nitrogen retention disorder, and usualiy results in excess ammonia in the

blood. This has various toxic effects; drugs that help eliminate the excess ammonia are an

important part of an overall management strategy for such disorders.

[0008] To avoid build-up of ammonia to toxic levels in patients with nitrogen retention

states, dietary intake of protein (a primary source of exogenous waste nitrogen) must be

balanced by the patient’s ability to eliminate excess ammonia. Dietary protein can be

limited, but a healthy diet requires a significant amount of protein, particularly for growing

2
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children; thus in addition to controlling dietary protein intake, drugs that assist with

elimination of nitrogen are used to reduce ammonia build-up (hyperammonemia). The

capacity to eliminate excess ammonia in treated patients can be considered the sum of the

patient’s endogenous capacity for nitrogen elimination (if any) plus the amount of additional

nitiiogemelimination capacity that is provided by a nitrogen scavenging drug. The methods

of the invention use a variety of different drugs that reduce excess waste nitrogen and

ammonia by converting it to readily-excreted forms, such as phenylacetyl glutamine

(PAGN). In some embodiments, the invention relates to methods for determining or

adjusting a dosage of an oral drug that forms PAA in viva, which is converted into PAGN,

which is then excreted in urine and thus helps eliminate excess nitrogen.

[0009] Based on prior studies in individual UCD patients (e.g. Brusilow, Pediatric

Research, vol. 29, 147-50 (1991); Brusilow and Finkelstien, J. Metabolism, vol. 42, 1336-39

( 1993)) in which 80-90% of the nitrogen scavenger sodium phenylbutyrate was reportedly

excreted in the urine as PAGN, current treatment guidelines typically either assume

complete conversion of sodium phenylbutyrate or other PAA prodrugs to PAGN (e.g. Berry

et al., J. Pediatrics, vol. 138, S56—S6l (_200l)) or do not comment on the implications of

incomplete conversion for dosing (e.g. Singh, Urea Cycle Disorders Conference Group

‘Consensus Statement from a Conference for the Management ofParien rs with Urea Cycle

Disorders’, Suppl to J Pediatrics, vol. 138(1), S l—S5 (2001)).

[0010] Current treatment guidelines recommend 4 times per day dosing, based on the

fact that PBA is absorbed rapidly from the intestine when administered in the form of

sodium PBA and exhibits a short half life in the bloodstream (Urea Cycle Disorders

Conference Group ‘Consensus Statement’ 2001)

[0011] Current recommendations for sodium phenylbutyrate dosing indicate that dosage

should not exceed 600 mgfkg (for patients weighing up to 20 kg") or in any case 20 grams

total.

Disclosure of Embodiments of the Invention

[0012] The invention provides a novel approach for determining and adjusting the

schedule and dose of orally administered nitrogen scavenging drugs, including sodium

phenylbutyrate and glyceryl tri—[4—phenylbutyrate] (HPN—l0O), based upon the urinary

excretion of the drug metabolite phenylacetylglutamine (PAGN) andfor total urinary

nitrogen. It is based in part on the discoveries that bioavailability of these drugs as

conventionally assessed based on systemic blood .levels of the drugs themselves or of the

active species produced in vivo from these drugs does not accurately predict removal of

3
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waste nitrogen or reduction of plasma ammonia in healthy human volunteers, adults with

liver disease, or patients with UCDs receiving ammonia scavenging drugs as defined below

and that conversion of orally administered sodium phenylbutyrate (NaPBA, or sodium PBA)

to PAGN to urinary PAGN is incomplete, typically about 60-75%. Prodrugs of

phenylbutyrate (PBA, the active ingredient in BUPHENYL®{_sodium phenylbutyrate), which

is the sodium salt of PBA along with small amounts of inert ingredients), which is itself a

prodrug of phenylacetic acid (PAA), are especially subject to the effects described herein.

\/’\\CO3‘NEi'
phenylbutyrate

OH

 fi|)/ Phenylacetic acid
0 NH2

LG
0 H Phenylacetylglutamine

[0013] As used herein “ammonia scavenging drugs” is defined to include all orally

administered drugs in the class which contain or are metabolized to phenylacetate. Thus, the

term includes at least phenylbutyrate, BUPI-lENYL® (sodium phenylbutyrate),

AMMONAPS®, butyroyloxymethy1—4-phenylbutyrate, glyceryl tri-[4-phenylbutyrate]

(HPN-100), esters, ethers, and acceptable salts, acids and derivatives thereof. These drugs

reduce high levels of endogenous ammonia by providing phenylacetic acid in vivo, which is

metabolized efficiently to form phenylacetyl glutamine (PAGN). PAGN is efficiently

excreted in urine, carrying away two equivalents of nitrogen per mole of PAA converted to

PAGN. References herein to sodium phenylbutyrate are understood to include reference to

the drug product BUPHENYLG’, and BUPI-lENYL® was used for the Examples herein

wherever test subjects were treated with sodium phenylbutyrate. Thus the sodium PBA

dosages used in the Examples generally refer to a dosage of BUPHENYUE, and the amounts

of sodium phenylbutyrate in those Examples should be interpreted accordingly. Note that

the terms ‘ammonia scavenger’ and ‘nitrogen scavenger’ are used interchangeably in this
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invention, reflecting the fact that the drugs described herein lower blood ammonia through

elimination of waste nitrogen in the form of PAGN.

[0014] In some embodiments, the invention uses prodrugs that can be converted into

PAA within the body. Sodium phenylbutyrate (sodium PBA) is one such drug; it is

converted by oxidative mechanisms into PAA in the body. HPN-100 is another such drug:

it can be hydrolyzed to release PBA, which in turn can be oxidized to form PAA. Thus,

I-IPN-100 is a prodrug of PBA, and also a prodrug of PAA. Clinical evidence demonstrates

that HPN-100 is converted into PAA in the body as expected, and that PAA is then linked to

a molecule of glutamine and converted into PAGN, which is eliminated in the urine as

predicted. This process can be summarized as follows:

HPN-I00 -) 3 PBA 9 3 PAA

PAA + glutamine —) PAGN.

[0015] PAGN is mainly excreted in the subject’s urine, and removes two molecules of

ammonia per molecule of excreted PAGN. Each HPN-I00 molecule forms three PAA

molecules, so each molecule of HPN— 100 can promote excretion of six molecules of

ammonia. The clinical results suggest that conversion of HPN-I00 into PBA and PAA is

efficient and fairly rapid, but surprisingly suggest that some conversion of HPN to PAGN

may occur before the HPN—lDO (or PB A, or PAA derived from PBA) enters systemic

circulation. As a result, systemic levels of PAA or PBA are not reliably correlated with the

efficacy of HPN—lOO as an ammonia scavenger.

[0016] In some embodiments, the invention uses a prodrug of PBA, including HPN- [O0

and other esters of phenylbutyrate. The PBA prodrug is thus a prodrug of a prodrug, since

PBA acts to scavenge ammonia after it is converted to PAA and is thus considered a

prodrug of PAA. In some embodiments, the PBA prodrug is an ester of phenylbutyrate,

such as those described below; a preferred PBA prodrug for use in the invention is HPN-

IOO. These compounds can be made and used by methods disclosed in U.S. Patent No.

5,968,979, which is incorporated herein by reference for its description of these compounds

and methods for their administration.

[0017] Where an ‘equal molar’ or ‘equimolar’ amount of a second drug is to be used

along with or instead of a certain amount of a first drug, the amount of each drug is

calculated on a molar basis, and the equimolar amount of the second drug is the amount that

produces an equal molar amount of active drug in viva. Where one of the drugs is a

prodrug, the amount of prodrug will typically refer to the molar amount of the active species
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formed from that prodrug. That active species is usually PAA for the prodrugs described

herein, and the molar amount of a prodrug corresponds to the amount of PAA that would

form in the body from that amount of the prodrug, assuming complete conversion into PAA

occurs in viva. Thus, for example, :1 molecule of HPN-I00 can be metabolized by ester

hydrolysis followed by oxidation to form three molecules of PAA, so a mole of HPN-100

would be considered equimolar to three moles of PAA. Similarly, since HPN-100

hydrolyzes to form three molecules of PBA (and one molecule of glycerin), an equimolar

amount of HPN-I00 would be one-third of the molar amount of PBA.

[0018] The following Table sets forth amounts of I-lPN—l00 that correspond to

equimolar amounts of certain relevant doses of BUPHENYL® ( sodium phenylbutyrate).

Note that the conversion of the dose of sodium PBA to the close of HPN-1.00 involves

correction for their different chemical forms [i.e. HPN—l0O consists of glycerol in ester

linkage with 3 molecules of PBA and contains no sodium; (sodium PBA [g] x 0.95 = HPN-

100 [g])] as well as correction for the specific gravity of HPN-100, which is 1.1 g/mL.

BUPHENYL® HPN-100 HPN-100

(sodium PBA) PBA Equivalent Dose (mg) PBA Equivalent Dose (mL)

450-600 mggkbgiday 428 _ 570 mgfkglday 0.39-0.52 mL/kglday(patients 5 'g)

9.9-13.0 g!m2l'day 8.6-l 1.2 n1Ll‘m2lday. 9.4 — 12.4 I 12!d-

Maximum Daily Dose: 20 g Maximum Daily Dose: 19 g 17.4 mL

 
[0019] The present invention can use prodrugs of the formula (I):

H

H 0-91

H O—Fl2 ‘I’

H o—Fta

H

£44 or ~34
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and n is zero or an even number, m is an even number and at least one of R1, R3,

and R3 is not H. For each R1, R3, or R3, n or m is independently selected, so the R1, R2,

and R3 groups in a compound of formula I do not have to be identical. The preferred

compounds are those wherein none of R1, R2, and R3 is H, and frequently each n or m for

a particular embodiment is the same, i.e., R 1, R3, and R3 are all the same. The advantage

over the prior art of decreased dosage is greater with such triesters, and having all three

acyi groups the same reduces issues related to mixtures of isomers. Moreover, the triol

backbone liberated by hydrolysis of the esters is glycerol, a normal constituent of dietary

triglyceride which is non-toxic.

[0020] The present invention also utilizes phenylbutyrate and phenylacetate prodrugs of

HJL
R4

the formula II:

wherein R is a C.-Cm alkyl group,

R4

or ,

“;r{((;H2)n H-iE(CmH2m-2)

and n is zero or an even number, and m is an even number.

[0021] In Formula II, R can be, for example, ethyl, propyl, isopropyl, n-butyl, and the

like.

[0022] The compounds of the invention are esters of the congeners of phenylalkanoic

and phenylalkenoic acids having an even number of carbon atoms in the alkanoic acid

portion, which include phenylacetic acid esters and those of phenylbutyric acid, etc., which

can be converted by efficient beta-oxidation processes to phenylacetic acid in the body.

They are thus prodrugs for phenylacetic acid. Where n is 2 or 4, the esters are also prodrugs

for phenylbutyric acid. Preferably the alkylene or alkenylene carboxylate group contains 24

or fewer carbon atoms, so n or m is less than 24. In some embodiments, n and m are 0, 2, 4

or 6, and in some preferred embodiments n or m is 2.
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[0023] Certain preferred embodiments of the invention use HPN-100 (Formula III):

H L/\/©
H O

H 0 (III)

H

H

O

[0024] Total daily dosage of prodrugs like sodium PBA can often be selected according

to the amount needed to provide an appropriate amount of the active species, if that amount

is known or can be determined. PBA is a prodrug for PAA; therefore, an initial dose of PBA

could be selected if an effective dosage of PAA were known, taking into account the

fraction of PBA that is converted into PAA and ultimately into PAGN. If a subject has been

treated with PAA or a prodrug that forms PAA in the body, the amount of the previously

used drug that was effective provides a possible starting point for selecting a dosage of a

new prodrug of PAA. In this same patient, after the new prodrug is administered at the

expected PAA dose equivalence, the PAA levels in the subject could be monitored and the

dose of the prodrug adjusted until the same plasma level of PAA that was effective with the

previous treatment is achieved. However, the current invention is based in part on finding

that plasma PAA and PBA levels are not well correlated with the dose of a PBA prodrug

administered or with ammonia elimination; for monitoring a dosing level ofa PBA prodrug,

one should not rely upon these parameters to assess the effectiveness of the prodrug. Vi/hile

not bound by the underlying theory, explanations for this effect (i.e. the inconsistent

relationship between ammonia scavenging and PBA andfor PAA blood levels") are provided

herein.

[0025] The following Table provides data from three clinical test groups showing the

inconsistent relationship between plasma PAA and PBA levels among healthy volunteers,

patients with cirrhosis and UCD patients, despite that fact that, as described in detail below,
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all groups exhibited similar ammonia scavenging activity based on urinary excretion of

PAGN. Overall, this shows that urinary PAGN provides a convenient method for

monitoring ammonia elimination induced by the administered drug, which does not require

drawing blood and directly relates to the actual nitrogen elimination provided by the

administered nitrogen scavenging drug without being influenced by the many other factors

that can affect plasma ammonia levels.
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Plasma Pharmacokinetics of PBA, PAA, and PAGN Comparison across Studies

Cmax Tmax Tl/2

Analyte Treatment (pg/ml.) (11) (h)

Healthy Volunteers (Single Dose — 3 g/mafday PBA Mole Equivalent)
Sodium PBA 221.0

HPN-100 37.0

Sodium PBA 58.8

HPN-100 14.9

Sodium PBA 63.1

HPN-100 30.2

Healthy Volunteers and Cirrhotic Patients (100 mg/kg BID) '

Child~Pugh A 42.8

Child-Pugh B 41.8

Child-Pugh C 44.3

Volunteers 29.8

Child-Pugh A 33.2

Child-Pugh B 30.8

Child~Pugh C 53.1

Volunteers 25.5

Child-Pugh A 37.7

Child-Pugh B 38.1

Child-Pugh C 43.1
Volunteers 46.3

UCD Subjects (Multiple Dose — PBA Mole Equivalent)

Sodium PBA 141.0

HPN-100 70.1

Sodium PBA 53.0

HPN-100 40.5

Sodium PBA 83.3

I-IPN—l 00 7 l .9

(.‘,,,_.,,.= nmximum plasma concentration; 'l‘m, = time of l'l1£lXi]'I111I1‘1 plasma concentration; /\[3(.‘g4 = /\I.;'(_‘ from
time 0 to 24 hours; NC = not calculated

]Sludy did not include 21 sodium phenylbulyrale comparator arm. values represent HPN—l(}[) dosing only. AIEC.‘
values represent the AUC.‘ from time 0 to the last measurable plasma concentration.

PBA
2.4

3.9

4.0

3.2

4.0

PAA

PAC N
272PD‘--10}*--I

2.3

2.9

3.1

3.0

3.8

4.5

4.8

3.6

3.9

4.0

5.3

4.3

1.2

3.4

1.9

2.1

1.8

2.8

7.7

1.9

5.0

7.5

4.0

7.2

PBA

PAGN

PBA

PAA

N

@2222noC')(")f"}(")
PAGN

[0026] One embodiment of the invention is a method for determining andfor adjusting

the dose of ammonia scavenging drugs in patients with UCDs, whereby close would be

based on the amount of dietary protein the patient is consuming, the anticipated percentage

conversion of the drug to PAGN, and the patient‘s residual urea synthetic capacity, if any.

Dose adjustments, if necessary, would be based on the observed urinary excretion of PAGN

andfor total urinary nitrogen (TUN), the difference between the two reflecting the patient’s

endogenous capacity for waste nitrogen excretion. This endogenous capacity may be absent

in certain patients having innate urea cycle disorders due to inborn metabolic deficiencies,

10
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but patients with later-onset nitrogen accumulation disorders generally have some

endogenous capacity, referred to sometimes as their residual urea synthesis capacity. See

Brusilow, PROGRESS LN LIVER DISEASES, Ch. 12, pp. 293-309 (1995). The subject’s plasma

ammonia level may also be determined; this is a critical parameter for tracking effectiveness

of an overall treatment program, but reflects a variety of factors such as dietary protein and

physiological stress, as well as the effect of a drug used to promote nitrogen excretion.

[0027] Once the patient’s residual endogenous capacity for waste nitrogen excretion has

been determined, either as the difference between PAGN output and total nitrogen output or

as total urinary nitrogen output in the absence of an ammonia scavenging drug, the tolerable

amount of dietary protein can be calculated for that patient according to the dosage of the

ammonia scavenging drug being administered, or the dosage of the ammonia scavenging

drug can be adjusted or calculated to compensate for an estimated protein intake.

[0028] Another embodiment is a method for determining and adjusting the dose of an

ammonia scavenging drug to be administered to a patient with liver disease, including

hepatic encephalopathy, whereby the starting dose would be based on the amount of dietary

protein the patient is consuming, the anticipated conversion of the drug to PAGN, and the

patient’s residual urea synthetic capacity, if any. While the urea synthetic capacity in

patients with liver disease would generally be greater than for patients with UCDs,

considerable patient to patient variability would be expected among both groups depending,

respectively, on the severity of their liver disease and the severity of their inherited

enzymatic defect. Dose adjustments based on the observed urinary excretion of PAGN and

total waste nitrogen would adjust for these individual patient characteristics.

[0029] Another embodiment is a method for determining or adjusting allowable dietary

protein in the diet of a patient with UCD or with hepatic encephalopathy, who is being

treated with an oral PAA—forming ammonia scavenging drug, whereby the amount of

allowable protein would be determined by the amount of PAGN and total nitrogen in the

urine. The difference between total waste nitrogen in the urine and the amount of PAGN

excreted is indicative of the patient’:-: endogenous waste nitrogen processing capacity. Once

the patient’s endogenous nitrogen processing capacity is known, the patient’s endogenous

nitrogen processing capacity can be used to adjust dietary protein intake while administering

a fixed dosage of an ammonia scavenging drug, or the dosage of the ammonia scavenging

drug can be determined according to the amount needed to facilitate elimination of the waste

nitrogen from the patient’s dietary protein. Dietary protein intake should be determined or

adjusted according to how much nitrogen the subject can eliminate above the amount that is

11
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eliminated as PAGN, which results from the PAA-forming ammonia scavenging drug being

administered. When making these calculations or adjustments, it is suitable to assume that

about 47% of nitrogen in protein will become waste nitrogen that needs to be excreted in the

urine (the amount may be less for growing patients, who retain a greater fraction of ingested

nitrogen to support body growth), and that about 16% of protein, on average, is nitrogen

(see Brusilow 1991).

[0030] It has generally been assumed for such determinations that a prodrug would be

converted with 100% efficiency into PAGN for elimination [see, eg., Berry et al., L

Pediatrics 138(1), S56—S6l (2001) where Figure 1 assumes 100% conversion]; and one

report found that about 80-90% of PAA or PBA was excreted from a specific individual as

PAGN. Brusilow, Pediatric Research 29(2), 147-150 (1991). It has now been found that

HPN— 100 and phenylbutyrate are both converted into urinary PAGN at an overall efficiency

of about 60% to about 75% on average (about 60% conversion efficiency was seen in UCD

patients and about 75% conversion was seen in cirrhotic patients, for example);

consequently, this efficiency factor can be used to more accurately calculate or determine

initial dosing levels for these drugs, or dietary protein levels acceptable for patients who use

these drugs. Given this conversion rate, each gram of HPN-100 can facilitate elimination of

waste nitrogen from about a gram (~l.3 grams) of dietary protein per day. Note that PAGN

carries away two molecules of ammonia per molecule of PAGN. Examples of calculations

based on these parameters are provided in Examples 9 and I0 herein.

[0031] In one aspect, the invention provides a method for transitioning a patient from

phenylacetate or phenylbutyrate to HPN~l00 or other esters or prodrugs of phenylbutyrate.

The method involves administering an initial dosage of the prodrug that is selected based on

the patient’s current dosage of phenylacetate or phenylbutyrate, and is adjusted according to

the levels of excreted PAGN that result when the prodrug is administered.

[0032] In some embodiments, the transition from phenylbutyrate might be undertaken in

more than a single step and urinary excretion of PAGN and total nitrogen would ailow

monitoring of ammonia scavenging during the transition (eg. for clinically ‘fragile’ patients

with a propensity for frequent hyperarnmonemia). The methods can use two, three, four,

five, or more than five steps as judged clinically prudent. At each step, a fraction of the

initial dosage of phenylbutyrate corresponding to the number of steps used for the transition

is replaced by an appropriate, amount (i.e. the amount necessary to deliver an equimolar

12
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amount of PBA) of HPN-I00 or other prodrug of phenylbutyrate, e.g., if the transition is to

be done in three steps, about one-third of the phenylbutyrate would be replaced with a

prodrug at each step.

[0033] Another embodiment of the invention is based on observations that delivery of

PBA in the form of a glyceryl tri-ester or other prodrug imparts slow release characteristics

that allow greater flexibility in dosing schedule. Sodium phenylbutyrate (sodium PBA), for

example, is typically dosed every 4 to 8 hours, or even more frequently, in order to maintain

a suitable plasma level of PAA. This regimen reflects the rapid absorption of

phenylbutyrate from the gastrointestinal tract and quick metabolic conversion to PAA.

HPN-100, by contrast, which is a glyceryl tri-ester of phenylbutyrate, has been found to be

absorbed only 40% as rapidly as sodium PBA, enabling dosing three times daily, such as

with meals, or even twice daily, such as morning and evening. This dosing flexibility is

further enhanced by the fact that the pharmacokinetic (PK) and pharmacodynarnic (PD)

propenies of HPN-100 are indistinguishable in the fed or fasted states. It is thus not critical

for the frequency of administration to be rigidly maintained with the PBA prodrugs in the

form of an ester; the number of doses per day can be reduced for greater convenience, and

the dosages do not have to be linked to meal schedules as is recommended in the label for

sodium PBA. Indeed, pharmacokinetics for utilization of I-iPN—lO0 were very similar when

HPN—lO0 was taken with food or without food, after a day of fasting, so HPN—lO0 can be

taken with food or without food. This translates into a more convenient treatment protocol

and potentially higher patient compliance upon substituting HPN-100 for phenylbutyrate or

phenylacetate. Surprisingly, even though HPN- I00 and sodium PBA are both prodrugs of

PAA, HPN~l0O is effective when administered less frequently than sodium PBA. While it

is typically necessary to administer smaller doses of sodium PBA 3-6 times per day to

maintain a stable level of plasma ammonia, similar results can be achieved with only 2-3

doses of HPN-100 per day. In some embodiments discussed in greater detail below, HPN-

IOO is administered in two doses per day (BID), and in some embodiments it is administered

in three doses per day (TID).

[0034] It has also been found that because of the slow-release characteristics of HPN-

100, a patient taking HPN-100 has more sustained and often lower plasma levels of PBA

and PAA than a patient taking sodium PBA itself. This is believed to be consistent with the

greater flexibility in closing that is discussed in more detail elsewhere in this application

(plasma levels of PBA rise and fall more quickly after administration of sodium PBA than

after administration of HPN- 100).

13
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[0035] Other aspects of this invention relate to the observation that there is apparently

no saturation in the ability of the body to convert sodium PBA or HPN-100 to urinary

PAGN over a several—fold dose range up to and including, the maximum doses of sodium

PBA recommended to date. This should enable a patient to take a higher dose of HPN- I 00

than an equimolar amount compared to the patient’s dosage of PBA. It suggests a patient

can receive a higher dosage of HPN-100 than those dosages of sodium PBA that have been

recommended to date, which is especially useful for patients whose ammonia levels were

not adequately controlled by the highest labeled dosages of sodium PBA. Such patients can

receive doses of HPN—iOO that are higher than previously recommended sodium PBA

dosages.

[0036] Other aspects of the invention will be apparent from the following detailed

description and the examples provided herein.

[0037] For convenience, the amounts of PAA (phenylacetic acid), PBA (phenyl butyric

acid), or HPN-100 to be administered to a subject as discussed herein refer to a total daily

dosage. Because these compounds are used in relatively large daily amounts, the total daily

dosage may be taken in two, three, four, five, or six, or more than six daily doses, and

different drugs may be administered on different schedules. Thus the total daily dosage

better describes a treatment regimen with one drug for comparison to treatments with related

drugs.

Brief Description of the Drawings

[0038] Figure I shows waste nitrogen disposal via the urea cycle and by the auxiliary

pathway involving PAGN.

[0039] Figure 2 depicts a conventional model to describe pharmacokinetic (PK)

behavior of a prodrug, which, in the case of phenylbutyrate, assumes that PBA and PAA

must reach the systemic circulation in order to be active; i.e., in order to be converted to

PAGN and effect ammonia scavenging.

[0040] Figure 3 depicts an adapted model to describe PK behavior of sodium PBA or

other drugs such as HPN-I00 that can be converted to PBA and PAA, informed by the

observations described herein showing that metabolism of HPN—l0O results in lower plasma

levels of PAA and PBA while providing equivalent pharmacological effect. Unlike the

conventional model, this model allows for ‘pre-systemic’ conversion of PBAJPAA to PAGN

and explains inconsistent relationship between blood levels of these metabolites and PAGN-

mediated excretion of waste nitrogen

14
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[0041] Figure 4 shows how plasma levels of PAA, PBA, and PAGN change over time

following administration of a single dose of either PBA or HPN-I00. It shows that the peak

level of PAA is lower when the PBA prodrug, I-lPN—lOO, is used, and the PAA level at 24

hours post-administration is higher with the prodrug. Thus the prodrug provides a more

sustained level of plasma PAA.

[0042] Figure 5 presents data on ammonia levels from the tests in Example 3.

[0043] Figure 6 presents an anatomic explanation for the observations that the prodrug

(PBA) can be converted to PAGN prior to reaching the systemic circulation (corresponds to

the model depicted in Figure 3).

[0044] Figure 7 shows that PBA levels fluctuate relatively rapidly after closing in

healthy adults, while PAA and PAGN levels reach a fairly stable state after a few days of

treatment with sodium phenylbutyrate.

[0045] Figure 8 shows that PBA, PAA and PAGN levels reach steady states at different

times in healthy adults and that PAA takes longer to reach a steady state level in cirrhotics

[0046] Figures 9a, 9b, and 9c show that in subjects treated with HPN-I00, there is little

or no correlation between the dose of I-lPN—l00 and plasma levels of either PBA or FAA in

the subject. However, it also shows that urinary excretion of PAGN correlates well with

dosage of HPN—l0O.

[0047] Figure 10 shows plasma ammonia levels [time—normalized area under the curve,

or TN-AUC or Area under the curve (AUC)] during the day and night for 10 UCD patients

treated for seven days with either sodium PBA or an equimolar dosage of HPN-100, and

illustrates that HPN-100 provided better control of ammonia levels than PBA: both the

AUC (area under the curve), which is an index of total ammonia exposure, and Cmax,

which measures the peak concentration of ammonia, were lower in subjects receiving HPN-

100 than in subjects receiving an equimolar dosage of PBA.

[0048] Figure 1]. shows that HPN-100 did a betterjob than PBA of managing plasma

levels of nitrogen overnight.

[0049] Figure [2 demonstrates that in patients whose ammonia levels were well

controlled on sodium PBA, HPN-I00 maintained control. By contrast, patients whose

ammonia levels were elevated despite treatment with sodium PBA exhibited the greatest

benefit in terms of improved ammonia control from HPN-100.

[0050] Figure [3 summarizes the data from Figure 12 and provides a statistical

comparison of ammonia levels for patients on sodium PBA and those on HPN-I00. It also

shows the normal range for each set of patients.
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Modes of Carrying Out the Invention

[0051] In one aspect, the invention is reduced to practice in determining the dose, dosing

schedule and dose adjustments necessary for treatment of nitrogen retention states including

urea cycle disorders and liver disease complicated by hepatic encephalopathy. The starting

dose and schedule would be based upon the theoretical considerations including the

estimated percentage conversion of the drug to PAGN, the waste nitrogen resulting from the

patient’s dietary protein and the percentage of drug converted to and excreted as PAGN.

Following initiation of treatment, further dose adjustments would then be made if necessary,

upon the actual measurement of urinary PAGN output, or a well—correlated parameter like

total urinary ammonia or the ratio of PAGN to creatinine.

[0052] In another aspect, the invention provides a method to transition a patient from

phenylbutyrate or phenylacetate to a prodrug of phenylbutyrate (_which is a prodrug of

PAA), such as HPN—l00, or other ester or prodrugs such as compounds of Formula I and II

as shown herein. For a number of reasons, HPN-I00 is considered a more desirable drug

than sodium PBA for many patients who have high ammonia levels and require treatment

with an ammonia scavenging drug. In particular, it avoids the unpleasant taste associated

with sodium PBA, and it reduces potentially harmful sodium intake, since phenylbutyrate is

administered as a sodium salt. A large majority of patients (nine out of ten UCD patients

who participated in the clinical study described in example 3) preferred HPN-100 over

sodium PBA in clinical testing. Thus many patients who have been treated with

phenylbutyrate as an ammonia scavenging drug may want to transition from it to HPN- 100.

[0053] It would seem logical for a physician to transition a patient from phenylbutyrate

to a prodrug of phenylbutyrate by calculating the amount of the prodwg that would produce

an amount of PBA that corresponds to the dosage of phenylbutyrate previously administered

to the patient. This would be expected to produce about the same blood plasma level of the

active ingredient, PBA. Efficacy of the new treatment with the prodrug could then be

assessed by monitoring levels of phenylbutyrate in the blood, to establish the same levels

achieved when PBA was administered. As discussed below, however, that approach is not

appropriate because, surprisingly, plasma levels of PBA do not correlate well with

administered dosages of HPN-I00 or with the effectiveness of a close of HPN-100 or sodium

PBA. (Note that sodium PBA is the acid form of phenylbutyrate, which is the common

name for the drug BUPHENYL®, and is typically administered as BUPHENYL®, which is a

16

339



340

W0 20091134460 PCT!US2009.-‘030362

sodium salt of PBA. References to treatment with PBA herein encompass administration of

the phenylbutyrate neutral compound or a salt of phenylbutyrate. Typically, and in all of the

working examples herein, PBA is administered as BUPHENYL®.)

[0054] Alternatively, since PBA is a prodrug for PAA, the dosage of a phenylbutyrate

prodrug could be calculated according to the theoretically formed amount of PAA, which

should be the same amount as what would be calculated from the PBA dosage, since one

molecule of PBA is expected to produce one molecule of PAA. The molecular weight of

sodium PBA, the registered drug form of PBA (the sodium salt of PBA), is 186; the

molecular weight of HPN—l0O is 530, and of course I-lPN~lO0 provides three equivalents of

PBA per molecule, so only one-third as many moles of HPN-100 would be needed to

replace a molar quantity of either PBA or PAA. Thus each gram of sodium PBA could be

replaced by 0.95 grams of HPN—lOO; and since HPN—l0O is a liquid having a density of 1.1

g/mL, each gram of sodium PBA would be replaced by 0.87 mL of HPN-I00, assuming

HPN—lOO is used as an undiluted liquid. This can be used to select a starting dosage of

HPN-100 for patients being transitioned from sodium PBA to HPN-100. Alternatively, a

starting dose of HPN—lOO in a patient not already taking BUPHENYL® (sodium

phenylbutyrate) would need to take into account the surprising observation described in

more detail below (see examples 2 and 3) that conversion of the PBA, when administered as

HPN—lO0, into urinary PAGN is incomplete and averages about 60-75%.

[0055] Alternatively, the physician could measure plasma levels of either PBA or PAA

in a subject receiving an effective amount of PBA, and determine a dosage of a PBA

prodrug by administering enough of the prodrug to produce the same plasma levels of PBA

or PAA. The physician could then monitor the amount of either PBA or PAA in the blood

to ensure that the appropriate amount of active drug was being produced in the body. It

might be expected that a prodrug of phenylbutyrate would provide a slightly lower blood

plasma concentration of PAA or PBA than phenylbutyrate, and thus a lower nitrogen-

scavenging effect, since conversion of the prodrug to the active drug might be less than

100% efficient. Thus monitoring PAA or PBA plasma levels and increasing the prodrug

dosage to bring levels up to those obtained by administering phenylbutyrate might be

expected to produce the same physiological effect as the phenylbutyrate dosage. However,

it was found that it is not necessary for the plasma level of PAA or PBA observed upon

administration of a prodrug of phenylbutyrate to match that produced by an effective
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amount of phenylbutyrate, in order to achieve the same ammonia-scavenging effect. Rather,

efficacy of the prodrug HPN-100 correlates with urinary PAGN levels, not with plasma

levels of PAA or PBA.

[0056] Models have been developed to describe how ammonia-scavenging drugs or

prodrugs are expected to behave in viva. One model, shown in Figure 2, reflects

conventional approaches to assessing drug effectiveness as applied to HPN-100 based on

blood levels of PAA or PBA. Clinical testing has shown that HPN-100 does not produce the

plasma levels of PAA and PBA that might be expected from this model, though, even

though it is at least as effective on an equimolar basis as PBA for controlling blood

ammonia levels, and for eliminating ammonia as PAGN via the urine. Thus the

conventional model fails to account for some important metabolic differences between PBA

and HPN—lOO. It was hypothesized that, as compared with sodium PBA, a greater

percentage of PBA derived from HPN- I00 is converted into PAGN for elimination (or PAA

or PBA derived from it) before entering the systemic circulation (the “central compartment”

in Figure 2). Recognition of this important and unexpected difference underlies certain

aspects of the present invention.

[0057] A refined working model based upon the observations described herein and as

outlined in this disclosure is depicted in Figure 3. It supports the conclusion that PBA

derived from HPN—lO0 as well as from sodium PBA can be converted into PAGN without

entering into systemic circulation; presumably, HPN-I00 or its initial metabolic products

(e.g., a compound of formula I wherein one or two of R;-R3 represent phenylbutyryl groups,

and the remaining one or two of R1-R3 represent H—the expected products of partial

hydrolysis of i-IPN—l00) may reach the liver and be converted into PAGN there, prior to

reaching the systemic circulation. Moreover, the fractional conversion of PBA derived from

HPN—l0O is greater than for PBA absorbed when PBA is administered as the salt, an

observation which explains the lower blood levels of PBA following administration of

HPN- I 00 as compared with sodium PBA despite equivalent or potentially superior ammonia

scavenging activity. This observation led to the recognition that plasma levels of PAA or

PBA are not reliable indicators of the effectiveness of a PBA prodrug like I-IPN-100, and

should not be relied upon to set or adjust dosages of such PBA prodrug compounds. Data

presented herein, e.g. as summarized in Figure 9, demonstrate this effect. Alternative

methods for monitoring a subject treated with HPN—l0O are needed, and are provided herein.

[0058] In addition, PKIPD modeling, as reflected by considerations and depicted in

figures 3 and 6, demonstrate that HPN— 100 is absorbed only about 40% as rapidly as PBA
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when dosed orally. As a result, HPN-I00 provides a slow-release delivery effect, even

though it appears to metabolize to PBA rapidly once absorbed. This provides greatly

flexibility in dosing and explains why HPN—lO0 can be dosed, e.g., three times per day or

even twice per day to provide similarly stable ammonia levels that require four or more

doses of PBA to achieve.

[0059] In view of these observations of unexpected pharmacokinetic behavior, plasma

PAA and PBA levels should not be used to evaluate or monitor treatment of a subject with

HPN-lO0 or sodium PBA. Alternative methods are needed, and are provided herein, for

monitoring a subject treated with HPN— 100. For one, it has been found that between 50 and

85% of HPN-100 is converted into urinary PAGN, typically about 60% to about 75°70. This

conversion efficiency for HPN-100 and sodium PBA in UCD patients is surprising in light

of previous references that have generally assumed the conversion efficiency of sodium

PBA to be about 100%. Urinary PAGN has been shown to be inversely correlated with

levels of waste nitrogen, e.g. ammonia, in the blood, thus efficacy of HPN-100 can be

evaluated by measuring urinary PAGN. It has also been found that HPN-100 has little to no

effect on creatinine levels. Moreover, because creatinine levels in healthy adults and patients

with nitrogen retention states are typically rather stable, either measuring PAGN output in

urine over time, or measuring the ratio of the concentrations of PAGN to creatinine, which

can be conveniently done in spot testing, provides a way to monitor l-IPN—lOO’s

effectiveness. In one aspect, the invention thus provides a method to assess the

effectiveness of a treatment with HPN-100, comprising determining the ratio of PAGN to

creatinine in a ‘spot urine’ test. Clinical studies show that urinary excretion of PAGN, and

the ratio of PAGN to creatinine in urine, correlate well with blood ammonia levels: an

increase of PAGN or of the PAGN I creatinine ratio correlates with decreasing plasma

ammonia levels. Accordingly, in one method, HPN—lO0 treated patients are monitored by

measuring urinary PAGN output, or by measuring the ratio of PAGN to creatinine in spot

urine testing. This method can be used to monitor treatment of a treatment-naive patient, or

of a patient being transitioned from PBA to HPN-100, or a patient being treated with HPN—

IOO. Increasing levels of urinary PAGN output, or an increase in the ratio of PAGN to

creatinine in spot testing provides a way to determine whether a dosing regimen that utilizes

HPN-100 or another PBA prodrug is promoting elimination of excess ammonia, and to

compare two treatment methods to determine which is more effective for the particular

subject.
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[0060] While plasma ammonia levels are often used to assess disease control in UCD

patients, it is often inconvenient to rely upon plasma ammonia levels for optimizing the

dosing of I-IPN—l00 outside of a clinical setting. Moreover, plasma ammonia levels are

affected by many factors and might be elevated regardless of how well a drug treatment

works; it reflects dietary and other factors as well as the adequacy of a drug dosage being

used. Plasma ammonia varies a good deal even when relatively well-controlled, based on

meal timing, drug timing, and various other factors. Thus to meaningfully reflect drug

effect, the plasma ammonia levels need to be monitored over time by repeated blood

samplings, which is not practical for routine monitoring of some patients and which does not

provide direct information about whether an ammonia scavenging drug is working.

Measurements of urinary PAGN, on the other hand, can be done more conveniently as a

routine monitoring method because they do not require medical assistance to collect the

samples for testing. Moreover, urinary PAGN specifically measures the waste nitrogen

clearance provided by the scavenging agent, while many other factors affecting ammonia

levels may cause ammonia control to be misleading with regard to the actual effect of the

nitrogen scavenging drug. Thus, even though in theory a number of different parameters

could be measured to assess effectiveness of a dosage of HPN-100, only measurements

based on urinary PAGN are both convenient and reliable as a direct measurement of the

nitrogen scavenging drug’s effect.

[006]] Thus in one embodiment, the invention provides a method to monitor the

effectiveness of treatment of a UCD patient with HPN-100, where monitoring consists

essentially of monitoring the patient‘s urinary PAGN excretion, and optionally checking

plasma ammonia levels. Urinary PAGN levels comparable to those achieved with a

previous PBA dosing regimen would be considered evidence that the HPN-I00 treatment

was equally effective as the PBA treatment it replaced. Alternatively, a plasma ammonia

level of less than about 40 pmol/’L, or of not greater than 35 pmo1lL would indicate the

treatment was effective. In some embodiments, rather than using urinary PAGN output

measured over time, one can use the ratio of PAGN to creatinine in the urine, in a spot test.

[0062] In another aspect, the invention provides a utilization efficiency factor for l-lPN-

100 or for sodium PBA of about 60% to about 75%, which can be used to more accurately

determine an initial starting dose of either drug andfor correlate dietary protein intake with

projected urinary PAGN.

[0063] In one aspect, the invention provides a method for transitioning a patient from

phenylbutyrate to HPN— 100 or other esters or prodrugs of phenylbutyrate. The method
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involves administering an initial dosage of the prodrug that is selected based on the patient’s

current dosage of phenylbutyrate. For example, the amount of HPN-100 needed to provide

an equal molar amount of PBA would be calculated (an equimolar amount), and this

equimolar amount would be administered to the patient. Urinary excretion of PAGN or

plasma ammonia levels would be monitored, and the dosage of HPN would be increased or

decreased as needed to establish a level of PAGN excretion that is about the same as that

provided by a previously used effective amount of phenylbutyrate or another nitrogen

scavenging drug. Typically, a subject being transitioned from PAA or another PAA prodrug

onto I-IPN— 100 using this method would be tested for urinary PAGN output prior to the

transition and afterwards, and the dosage of HPN-I00 would be adjusted as needed to match

the urinary PAGN output from this patient when treated with the previous PAA drug or

prodrug, assuming the previous PAA prodrug treatment was considered effective. This

provides a safer and more effective transition to the new prodrug than methods that rely

upon using an equimolar amount without monitoring the in viva effects of that amount of the

new drug. It also avoids the risk of inaccurate dosing and potential overtreatment that could

result if one monitored PAA or PBA and tried to adjust the prodrug (i.e. HPN—lO0) dosage

to match the PAA or PBA level to the corresponding level provided by administering

sodium phenylbutyrate itself.

[0064] In some embodiments, the transition from phenylbutyrate might be undertaken in

more than a single step and urinary excretion of PAGN and total nitrogen would allow

monitoring of ammonia scavenging during the transition. In some embodiments, a patient

taking an initial dosage of phenylbutyrate is transitioned from phenylbutyrate to a prodrug

of phenylbutyrate in steps. The methods can use two, three, four, five, or more than five

steps. At each step, a fraction of the initial dosage of phenylbutyrate corresponding to the

number of steps used for the transition is replaced by an appropriate amount of HPN—lO0 or

other prodrug of phenylbutyrate. The appropriate amount for each step can be

approximately an amount sufficient to provide an equal molar amount of PBA if it is

assumed that the prodrug is quantitatively converted into PBA. Note, too, that

BUPHENYL® (sodium phenylbutyrate) contains about 6% inactive ingredients, so it is

appropriate to base calculations upon the PBA content of the drug rather than on the weight

of the formulated drug. The patient is then monitored to determine how much ammonia

scavenging effect has been provided. The amount of HPN— [00 (or prodrug) can then be
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adjusted to produce about the same amount of ammonia excretion in the form of excreted

PAGN that was achieved by the initial dosage of phenylbutyrate, if the patient was well

controlled.

[0065] A physician who is switching a patient from PBA to HPN-I00 or another ester of

phenylbutyrate should be aware that an effective amount of HPN—l00 does not necessarily

produce a PAA or PBA level that is as high as those seen when sodium phenylbutyrate is

administered. ]t is reported that PAA exhibits some toxicity at high plasma concentrations.

Thibault, et al., Cancer Research, 54(7): 1 690-94 (1994) and Cancer, 75( I 2):2932-38

(1005). Given this, and given the unique properties of l-IPN—l00 described above, it is

particularly important that a physician not use plasma levels of PAA or PBA to measure the

efficacy of HPN-100. If one administers HPN-100 in amounts sufficient to match the

plasma PBA or PAA levels provided by administering phenylbutyrate, for example, the dose

of HPN-100 may be unnecessarily high.

[0066] The treatment-naive patient is one not presently receiving an ammonia-

scavenging drug treatment to manage nitrogen levels. While there are recommended dosage

levels for the nitrogen scavenging drugs in many cases, the right dosage for a naive patient

may be lower than those ranges, for example, and, less commonly, it may be above an

equimolar amount when compared to the dosages recommended for sodium PBA. The

initial dosage of PAA or a FAA prodrug can be calculated by methods known in the art once

a patient‘s dietary intake of protein is known, and assuming the patient has a relatively

normal liver function. Saul W Brusilow, “Phenylacetylglutamine may replace urea as a

vehicle for waste nitrogen excretion,” Pediatric Research 29: 147- 150, (1991). Methods are

also know for measuring the total amount of nitrogen excreted in the urine; in the case of a

subject taking a drug that acts by providing PAA, the total waste nitrogen will include

PAGN excreted.

[0067] It is estimated that about 47% of nitrogen in proteins consumed will be converted

into waste nitrogen, and that about 16% of protein on average is nitrogen. Using these

figures, and assuming HPN-100 is efficiently converted to PAGN, a daily dosage of about

19 g of l-IPN-100 would provide a vehicle to excrete the waste nitrogen from about 43 g of

dietary protein; each gram of HPN-I00 would thus be able to carry away waste nitrogen

from about 2 g of dietary protein. In addition, if it is estimated that HPN-100 utilization

efficiency is between about 50% and 85% in various individual patients (as disclosed herein,

it has been found that about 60-75% of HPN-100 is converted into urinary PAGN on

average), which is consistent with clinical observations to date, and these factors can be
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used to further refine the relationship between dietary protein intake and HPN-100 dosing

levels for a given subject. With this refinement, each gram of HPN-l00 would assist with

removal of waste nitrogen for about 1 gram (~ [.3 grams) of dietary protein. This factor can

be used to calculate a suitable dosage of HPN-I00 if dietary protein intake is known or

controlled, and it can be used to calculate a tolerable dietary protein intake for subject

receiving HPN-100.

[0068] This method can also be used to establish a recommended daily dietary protein

intake for a patient, by determining the patient’s endogenous nitrogen elimination capacity,

calculating an amount of dietary protein that this endogenous capacity permits the patient to

process without assistance from a nitrogen scavenging dmg, and adding to the amount of

dietary protein the patient can process on his/her own an amount of protein that the patient

would be able to process when using a particular dosage of PBA or a PBA prodrug like

HPN-100. Using HPN-I00 as an example, a maximum daily dosage of about I9 grams of

HPN—lOO, utilized at an estimated efficiency of 60%, would enable the treated patient to

eliminate waste nitrogen corresponding to about 40 g of dietary protein. Thus the invention

provides a method to establish a suitable dietary protein level for a patient having a urea

cycle disorder or HE, by adding this amount of protein to the amount the patient’s

endogenous nitrogen elimination capacity can handle.

[0069] In some embodiments, it is also useful to measure PAGN excretion, which

accounts for some of the total waste nitrogen excreted when PAA or a PAA prodrug is

working. The total waste nitrogen excreted minus the amount of PAGN excreted represents

the patient’s endogenous capacity for excreting nitrogen wastes via the urea cycle or other

mechanisms, and is helpful in determining how much protein intake the patient can manage

at a given drug dosage, and also for understanding whether the patient requires extremely

close monitoring. The endogenous capacity to excrete nitrogen wastes will be very patient-

specific. Dosage of HPN-I00 can then be established by determining the subject’s

endogenous capacity to eliminate waste nitrogen; subtracting the amount of dietary protein

corresponding to the subject’s endogenous nitrogen elimination capacity; and providing a

dosage of HPN-I00 sufficient to permit the subject to handle the balance of waste nitrogen,

based on the subject’s dietary protein intake.

[0070] The plasma or blood level of ammonia is optionally also determined, in addition

to measuring urinary PAGN, to assess the effectiveness of the overall drug and dietary

regimen for a particular patient. If the ammonia control is inadequate, the dosage of the
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nitrogen scavenging drug may need to be increased if that can be done, or the patient’s

dietary protein intake can be decreased if that is feasible.

[0071] In some instances, the dosage of HPN—l00 may be limited to dosages that do not

exceed recommended dosing levels for phenylbutyrate, adjusting for the fact that each mole

of HPN—10O can produces three moles of phenylbutyrate. The label for the use of sodium

PBA for the chronic treatment of UCDs recommends a daily dosage not to exceed 20 g; a

daily dosage in a range of 9.9-13.0 g/ml set according to the subject‘s size for subjects over

20 kg in weight; and a dosage within a range of 450-600 mg/kg for subjects weighing less

than or equal to 20 kg is indicated. While lower doses of I-lPN~lO0 may provide comparable

ammonia scavenging to PBA on a molar equivalent basis, it may be suitable to select a

higher dosage of HPN-100 to achieve adequate ammonia control for certain subjects.

Typically, that dose will not exceed the recommended ranges for dosages of phenylbutyrate

for a given indication. Thus it may be appropriate to administer HPN-I00 at a daily dosage

not to exceed an amount of HPN-100 that corresponds to the molar amounts of

phenylbutyrate described above (and correcting for the fact that HPN-100 can provide three

molecules of PBA). For a subject weighing more than 20 kg, a dosage range for HPN—lO0

would be between 8.6 and ll.2 mL;’m2. Fora subject weighing less than 20 kg, a dosage

range of about 390 to 520 ;.1L2’kg per day of HPN—lO0 would be appropriate, based on the

use of an equimolar amount compared to the recommended doses of HPN—lOO. There is no

evidence to suggest that HPN-100 would produce adverse effects at a rate in excess of that

from an equimolar amount of sodium PBA, so the daily recommended upper limit of 20 g

per day of sodium PBA suggests that a daily dose limit of HPN-100 based on the

recommendations for sodium PBA would correspond to an equimolar amount of HPN—l00,

or about 19 g or 17.4 mL.

[0072] Thus in one embodiment, the invention provides a method to monitor the

effectiveness of a treatment of a UCD patient with HPN-I00, where monitoring consists of,

or consists essentially of, monitoring the patient’s urinary PAGN excretion andfor plasma

ammonia levels. Urinary PAGN levels comparable to those achieved with a previous PBA

dosing regimen would be considered evidence that the HPN-100 treatment was equally

effective as the PBA treatment it replaced. Alternatively, a plasma ammonia level that was

normal, e.g., a level of less than about 40 i1mol;’L, or of not greater than 35 p.n’1OUL, would

indicate the treatment was effective. In some embodiments, rather than using urinary PAGN

output measured over time, one can use the ratio of PAGN to creatinine in the urine, in a

spot test.
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[0073] However, it has also been found that HPN-100 exhibits no indications of toxicity

at equimolar doses when compared to the approved PBA dosage of 20 g I day and a dose 2-

3 times the equivalent of 20 grams of PBA is unlikely to produce FAA blood levels leading

to AEs. Moreover, tolerability of taking HPN-I00 is much higher than for PBA and a linear

relationship has been observed between HPN-100 dose and PAGN output up to doses of

17.4 mL. In some patients or clinical settings, HPN-100 doses well above the approved

PBA dosage are expected to be beneficial; for example, in UCD patients who exhibit

recurrent hyperammonemia even on maximal doses of sodium PBA, in UCD patients who

need increased dietary protein to support body requirement, or in patients with other

nitrogen retaining states.

[0074] Thus in another embodiment, the invention provides methods to treat a subject

having HE or UCD, with a dosage of HPN-100 that corresponds to between 100 and 300%

of the equimolar amount of the recommended highest dose of PBA. In some embodiments,

the suitable dosage will be between about 120% and 180% of the highest recommended

dose of PBA; in other embodiments it will be between 120-140% or from [40-160% or from

160-1 80% of the equimolar amount of the recommended highest dosage of PBA. In

accordance with this aspect, the daily dosage of HPN- 1.00 could be as much as 57 g, or up to

about 38 g, or up to about 33 g, or up to about 30g, or up to about 25g.

[0075] In one aspect, the invention provides a method to identify the starting dose or

close range and to individually adjust the dose or close range of a nitrogen scavenging drug

comprising PAA or a PAA prodrug (including HPN-100) used for the management of a

treatment-naive patient, which method comprises the steps of:

a) administering an initial dosage of the drug estimated according to the

patient’s dietary protein load, taking into account the expected percentage conversion to

PAGN

b) measuring the amount of total waste nitrogen excreted following

administration of the nitrogen scavenging drug comprising PAA or a PAA prodrug;

c) measuring blood ammonia to determine if the increase in urinary excretion of

total waste nitrogen is sufficient to control blood ammonia levels; and

d) adjusting the initial dosage to provide an adjusted dosage of the nitrogen

scavenging drug comprising PAA or a FAA prodrug based upon ammonia control, dietary

protein, and the amount of total waste nitrogen excreted by the patient, or the amount of

waste PAGN excreted. Either or each of these parameters can be monitored to assess the

dosage of HPN~l00 or other nitrogen scavenging drug being administered. Optionally, the
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method also includes determining the subject’s endogenous nitrogen eliminating capacity

(residual urea synthesis capacity) to further help determine an initial dose of HPN-I00.

[0076] The initial dosage of the HPN-100 for a treatment naive patient can be calculated

as the amount of waste nitrogen that needs to be eliminated based on the patient’s dietary

protein intake. This amount can be reduced by an amount equivalent to the waste nitrogen

the patient can eliminate using the patient’s endogenous waste nitrogen elimination

capacity, which can be measured as described herein. The suitable starting dose of HPN-

IOO can be calculated by estimating dietary protein intake that needs to be managed via the

nitrogen scavenging drug, and providing a dose of drug amounting to about 1 g of HPN-100

per l-2 grams of dietary protein in excess of the amount the patient’s endogenous nitrogen

elimination capacity can handle, taking into account the expected percentage conversion of

the administered PBA to urinary PAGN. The method optionally further includes assessing

urinary PAGN output to see if it accounts for the expected amount of waste nitrogen, and

optionally may include measuring plasma levels of ammonia in the subject to ensure that an

acceptable level of ammonia has been achieved. Checking the patient’s plasma ammonia

levels provides a measure of the effectiveness of the overall treatment program, including

diet and drug dosing.

[0077] The table below summarizes the amount of dietary protein that doses of HPN-

100 below (dose 1), within (close 2) and above (dose 3) those corresponding to the

recommended dosages of sodium PBA would be expected to ‘cover’ (i.e. mediate resulting

waste nitrogen excretion), given the following assumptions: 1 gram of PAA mediates the

excretion of ~0. I 8 grams of waste nitrogen if completely converted to PAGN; 60% of the

PAA delivered as the PBA prod1'u g released from HPN-100 is converted to PAGN; 47% of

dietary protein is excreted as waste nitrogen, and 16% of dietary protein consists of nitrogen

(Brusilow I991; Calloway 1971). These factors can be used when relating dietary protein

intake, drug dosing and waste nitrogen elimination for purposes of the present invention.

HPN-I 00 Doses and Expected Waste Nitrogen Excretion Based on Dietary Protein

Corresponds to --0.4-7x the dose administered in Example 2. for a 70 kg

adult and ~0.35x the amount of PBA (—-6.1 g) delivered in the maximum

3 mL 31]) approved dose of sodium PBA of 20 gDose 1

Expected to mediate excretion of waste nitrogen associated with -8.5 g of

dietary protein

Corresponds to -—1.42x the dose administered in Example 2, for a 70 kg adult and -01 .lx the amount of PBA (-48.2 g) delivered in the maximum
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approved dose of sodium PBA of 20 g

Expected to mediate excretion of waste nitrogen associated with —-26 g of

dietary protein

Corresponds to ~2.36x the dose administered in Example 2, for a 70 kg

adult and -1.73 x the amount of PBA (-30.3 g) delivered in the maximum

I5 mL BID approved dose of sodium PBA of 20 gDose 3

Expected to mediate excretion of waste nitrogen associated with --43 g of

dietary protein

 
[0078] As used herein, plasma levels of ammonia are acceptable when they are at or

below a level considered normal for the subject, and commonly this would mean plasma

ammonia level is below about 40 pmol;’L. In certain clinical tests described herein the upper

limit of normal for the subjects was between 26 and 35 pmol;’L, and it is recognized in the

art that a normal ammonia level will vary depending upon exactly how it is measured; thus

as used to describe ammonia levels herein, ‘about’ means the value is approximate, and

typically is within i 10% of the stated numeric value.

[0079] In other aspects, the invention provides a method to identify a suitable starting

dose or dose range for a UCD or HE patient and to individually adjust the dose or dose

range ofa new nitrogen scavenging drug used for the management of a patient already

treated with a previous nitrogen scavenging drug, which method comprises the steps of:

a) administering an initial dosage of the new nitrogen scavenging drug (which

can be estimated according to the patient’s dietary protein load andfor the dose of the new

drug expected to yield the same amount of urinary PAGN excretion as a previously used

nitrogen scavenging drug);

b) measuring the amount of total waste nitrogen andfor of PAGN excreted

following administration of the new drug;

c) optionally measuring blood ammonia to determine if the initial dosage is

sufficient to control blood ammonia levels, or to establish a suitable average ammonia level;

and

d) adjusting the initial dosage of the new drug as needed to provide an adjusted

dosage based upon ammonia control, dietary protein, and the amount of total waste nitrogen

excreted by the patient. The adjusting of the initial dosage is done based on the amount of

urinary PAGN, without relying upon plasma levels of PAA, PBA, or PAGN, and preferably

without relying upon plasma levels of ammonia.

[0080] Where the patient has previously been treated with PAA or :1 PAA prodrug, the

treating physician may rely, wholly or in part, upon the previous treatment to set a dosage
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for a new PAA prodrug, or a PBA prodrug, to be administered to the same patient. If the

previous drug was reasonably effective for managing the patient’s condition, the physician

may set the dosage for a new PAA or PBA prodrug by reference to the previous one, so that

the new drug is administered at a dosage that provides the same dosage of PAA to the

patient, assuming complete conversion of each prodrug into PAA.

[0081] Again, as discussed above, it is sometimes desirable to measure PAGN excreted

in addition to total waste nitrogen excreted. The total waste nitrogen excreted minus the

amount of PAGN excreted represents the patient’s endogenous capacity for excreting

nitrogen wastes via urea cycle or other mechanisms, and is helpful in determining how much

protein intake the patient can manage at a given drug dosage, and also for understanding

whether the patient requires extremely close monitoring. The endogenous capacity to

excrete nitrogen wastes will be very patient—specific.

[0082] In another aspect, the invention provides a method to identify the amount of

dietary protein that could be safely ingested by a subject with a nitrogen accumulation

disorder, including hepatic encephalopathy and UCD, where the patient is taking an

ammonia~scavenging drug that comprises PAA or a PAA prodrug, which method comprises

the steps of:

a) measuring the amount of total waste nitrogen excreted following administration of

the drug,

b) determining the amount of dietary protein calculated to yield an amount of waste

nitrogen less than or equal to urinary waste nitrogen; and

c) adjusting dietary protein andfor drug dosage as appropriate based upon

measurement of blood ammonia and total waste nitrogen excretion.

[0083] Where the subject is receiving treatment with a nitrogen-scavenging drug, it may

be necessary to reassess the patient’:-: dietary intake of protein periodically, since many

factors will affect the balance between nitrogen intake, nitrogen excretion, and dosage of a

nitrogen scavenging drug. The invention provides methods to determine how much dietary

protein a patient can handle, based on measuring the patient’s nitrogen excretion levels. lt

may further be useful to measure the patient’s PAGN level as discussed above, to help

determine the patient’s endogenous capacity for excreting nitrogen wastes via urea cycle or

other mechanisms.
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[0084] In the above methods, the patient may be one having a urea cycle disorder, or

other nitrogen accumulation disorders. ln many embodiments, the methods are applicable to

patient”s having a urea cycle disorder, but relatively normal liver function.

[0085] The above methods can be practiced with a variety of prodrugs of PAA or PBA.

In some embodiments, HPN—lD0 is the PBA prodrug of choice for these methods.

[0086] In another aspect, the invention provides a method to transition a patient from

treatment with an initial amount of phenylacetate or phenylbutyrate to a final amount of a

PBA prodrug, comprising:

a) determining a replacement amount of a PBA prodrug to replace at least a

portion of the phenyl.acetate or phenylbutyrate;

b) substituting the replacement amount of the prodrug for the portion of

phenylacetate or phenylbutyrate; and

c") monitoring the amount of PAGN excreted by the patient to assess the

effectiveness of the replacement amount of the prodrug.

[0087] Optionally, this method comprises adjusting the amount of the prodrug and

administering an adjusted amount of the prodrug, then further monitoring PAGN excretion

to assess the effectiveness of the adjusted amount of the prodrug. The replacement amount

of the PBA prodrug can be about an equimolar amount to the amount of PBA being

replaced.

[0088] For reasons discussed extensively herein, it is misleading to rely upon PAA

levels when moving a patient to a prodrI.Ig (_or a new prodrug) of PAA or PBA. The

availability of liver—based mechanisms for rapid conversion of a prodrug into PAGN without

necessarily entering the systemic system renders plasma levels of PAA and PBA insufficient

as predictors of efficacy, so the method relies upon the excreted PAGN for assessing and

monitoring treatment with a PAA or PBA prodrug that is to be given to the patient.

[0089] In many cases, it will be possible to transition a patient directly from, eg,

phenylbutyrate to I-lPN~lOO or another PBA prodrug in a single stage, rather than in

incremental steps. Thus all of the previously used PAA or PAA prodrug may be replaced

with a suitable substitution amount of the new drug (PBA prodrug). However, in some

situations (e.g. ‘fragile patients’, patients taking dosages at or near the recommended limits

of PAA or PAA prodrug, and for patients having very limited endogenous capacity for

excreting nitrogen wastes, or in situations where the ability of the patient to metabolize or
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excrete the drug is uncertain), it may be preferable to transition from the initial drug to a

new PBA prodrug like HPN-I00 in two or more stages or steps. Thus the transition may be

made in 2, 3, 4 or 5 steps, and at each step a fraction of the original drug (e.g, about half for

a two-step transition, about a third for a three-step transition, etc.) is replaced by the new

PBA prodrug to be administered. This approach might be appropriate for a ‘fragile’ UCD

patient known to be susceptible to repeated episodes of hyperammonemia while receiving

treatment or while taking a large amount of drug that promotes nitrogen elimination.

[0090] Thus in another aspect, the invention provides a method to transition a UCD

patient from treatment with an initial amount of phenylacetate or phenylbutyrate to a final

amount of a PBA prodmg, comprising:

a) determining a replacement amount of a PBA prodrug to replace at least a

portion of the phenylacetate or phenylbutyrate;

b) substituting the replacement amount of the prodrug for the phenylacetate

or phenylbutyrate; and

c) monitoring plasma level of ammonia in the patient to assess the

effectiveness of the replacement amount of the prodrug.

[009]] In some embodiments, the replacement amount of the prodrug is an equimolar

amount compared to the amount of PBA being replaced

[0092] During the monitoring step, the patient is being treated with a mixture of

phenylacetate or phenylbutyrate plus the new prodrug. The proportion depends upon what

step of the transition the patient is in. The physician can also use information about the

effects of a first step in setting the replacement amount of the prodrug for use in subsequent

steps; thus if the prodrug is significantly more effective than predicted when the estimated

amount used as a replacement amount is administered in a first step, the replacement amount

used in a subsequent step of the transition can be proportionally reduced.

[0093] In another aspect, the invention provides a method to initiate treatment with

phenylacetate, phenylbutyrate or a PBA prodrug in a step—wise fashion, as might be

appropriate for a ‘fragile patient’ (a UCD patient with a history of frequent symptomatic

hyperammonemia andfor neonatal onset disease who presumably has no urea synthetic

capacity, or a patient with severely compromised liver function whose ability to metabolize

the drug may be uncertain). This process may be more complex, since the prodrug will rely
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upon liver function to be activated and to function; thus the method is preferably done in a

stepwise fashion, exemplified by the following steps:

a) estimating or measuring dietary nitrogen intake for the patient; andfor

b) estimating the patient’s need for urinary waste nitrogen excretion;

then

c) administering a starting dose of the drug estimated to provide a

fraction of the necessary waste nitrogen clearance as excreted PAGN; and

(1) increasing the close of drug as appropriate, and repeating the steps

above, to reach a maintenance dose of the drug.

[0094] The methods also include optionally measuring total urinary nitrogen and urinary

PAGN after at least 3 days of drug administration, at which point a steady state has been

achieved. It also can include calculating the amount of drug converted to PAGN, which

would be expected to be at least 50%, to determine if the drug is having the desired effect.

A suitable dosage of the drug would be identified as one where the amount of excreted

PAGN is sufficient to clear the expected amount of waste nitrogen from the dietary intake of

protein, which can be adjusted to account for the patient’s endogenous nitrogen elimination

capacity.

[0095] The fraction of nitrogen waste to be cleared in a single step can be selected with

due regard to the severity of the patient's condition (nitrogen accumulation disorder). In

some embodiments, it will be appropriate to target removal of about 50% of the waste

nitrogen for which clearance assistance is needed. In some embodiments, the method will

target removal of about 100% of the waste nitrogen.

[0096] In another aspect, the invention provides a method to transition a patient taking

an initial daily dosage of phenylbutyrate from phenylbutyrate to HPN-l00, comprising

a) determining a suitable amount of HPN—l00 to replace at least

a portion of the initial daily dosage of phenylbutyrate;

b) administering the suitable amount of HPN-100 to the subject

along with an amount of phenylbutyrate corresponding to the initial daily

dosage of phenylbutyrate minus an amount corresponding to the portion

replaced by HPN—lOO;
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c) determining the level of excreted PAGN for the subject to

make sure it has not decreased; and

d) repeating steps a-c until all of the phenylbutyrate is replaced

by HPN- 100.

[0097] If it is found that the amount of excreted PAGN decreases, additional HPN-100

or additional PBA would be administered to reestablish a level of PAGN excretion that is

suitable for the patient, and the replacement steps would then be continued until all of the

PBA was replaced by HPN—l00.

[0098] Here again, the portion of phenylbutyrate to be replaced in an initial step can be

100%, about U2, about H3, or about '/1, or some value between these. During a stepwise

process, where less than all of the phenylbutyrate is replaced in a first step, the patient will

receive both HPN-100 and phenylbutyrate. As demonstrated herein, the appropriate method

for determining a suitable dose of HPN—l00 will take account of the excreted PAGN, rather

than being based only on less reliable criteria for evaluating the orally delivered PBA

prodrug.

[0099] In another embodiment, the invention provides a method to administer a

phenylbutyrate prodrug to a patient, comprising determining the rate of PAGN excretion fo1'

the subject following administration of at least one phenylbutyrate prodrug, and selecting or

adjusting a dose administration schedule based on the PAGN excretion rate. The compound

can be a compound of Formula I, Formula H or Formula III as described above.

Advantageously, the compounds used herein as prodrugs of PBA achieve nitrogen

scavenging comparable to that of PBA but exhibit a slow-release kinetic profile that

produces a more stable ammonia level in the treated subject. In some embodiments, the

methods of the invention include administering a prodrug as described herein to a subject at

a dosage that provides comparable ammonia level control to that achieved by PBA, but with

significantly lower exposure of the subject to systemic PBA. In some embodiments, the

subject experiences pharmacokinetic parameters for PBA that demonstrate lower exposure

to PBA, including a lower AUC and Cmax for PBA, while maintaining a plasma ammonia

level comparable to or better than that provided by treatment with a dosage of PBA within

the normal dosing range. When HPN-I00 and PBA were administered to UCD patients at

equimolar dosages, the patient receiving HPN—l00 had overall lower plasma ammonia

levels, and also lower PBA exposure:
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AUC (NH3) Cmax (NH3) AUC (PBA) Cmax (PBA)

pg-hrlml. [.1 g-hr/mL pg-hrz’mL pg-hr/mL

26.1( 10) 56.3(28) 540(60) 70055)

[00100] While a larger data set is needed to demonstrate statistical significance, limited

 

amounts of data are available in part due to the rarity of these conditions. Nevertheless, the

data indicates that PBA treatment resulted in less effective ammonia level control and

greater exposure to PBA, while the PBA prodrug HPN-100 at equimolar dosing provided

better ammonia level control and lower PBA exposure levels. Accordingly, in one aspect

the invention provides a method to treat a UCD patient with a PBA prodrug, wherein the

prodrug produces better ammonia level control than PBA without increasing the patient’s

exposure to PBA as judged by the AUC and Cmax for PBA, when compared to treatment

with an equimolar amount of PBA. In some embodiments, the treatment uses l-IPN—lOO as

the prodrug, and in some embodiments the AUC for PBA exposure is lower with the

prodrug than with PBA by at least about 20%; or the exposure to PBA upon treatment with

the prodrug is lower by at least about 30% compared to treatment with PBA; or both of

these conditions are met to demonstrate reduced exposure to PBA. In some embodiments,

the AUC for PBA is less than about 600 and the Cmax for PBA is less than about 100 when

the prodrug is administered. Preferably, the prodrug provides plasma ammonia levels that

average less than about 40 pmol;’L or not more than 35 pmol.’L.

[00101] The advantageous slow-release kinetic profile of compounds used herein as

prodrugs of PBA permits less frequent and more flexible dosing in selected patients as

compared with sodium PBA. While all patients with UCDs and a propensity for elevated

ammonia levels should in principle be able to benefit from the ammonia scavenging activity

of HPN-100, UCD patients with substantial residual urea synthetic capacity (_e.g. UCD

whose first manifestations occur at several years of age or older; i.e. patients who do not

exhibit neonatal onset) would be the best candidates for three times daily or even twice daily

dosing with PBA prodrugs such as HPN—l0O. Patients with cirrhosis and HE would also be

candidates for less frequent dosing, as even patients with severe liver disease have

significant residual urea synthetic capacity (Rudman et al., J. Clin. Invest. 1973).

[00102] Specific embodiments of the invention include the following:

A. A method to determine an effective dosage of l-IPN-I00 for a patient in need

of treatment for a nitrogen retention disorder, which comprises monitoring the effect of an
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initial dosage of HPN-100, wherein monitoring the effect consists essentially of determining

the patient’s urinary phenyiacetyl glutamine (PAGN) output.

In this method, the initial dose for a treatment—na'1've patient would take into account

the expected percentage conversion of the administered PBA to urinary PAGN, and urinary

PAGN output can be determined as a ratio of urinary PAGN to urinary creatinine, since it

has been demonstrated by others that creatinine, the daily excretion of which tends to be

constant for a given individual, can be used as a means to normalize measures of urinary

parameters while correcting for variations in urinary volume. In these methods, the nitrogen

retention disorder can be chronic hepatic encephalopathy or a urea cycle disorder. Plasma

ammonia levels may also be monitored to adjust the overall treatment program and dietary

protein intake, but as discussed above, urinary PAGN provides a preferred way to assess the

drug's role in waste nitrogen elimination.

B. A method to determine an effective dosage of HPN-I00 for a patient in need

of treatment for a nitrogen retention disorder, which comprises monitoring the effect of an

initial dosage of HPN-100, wherein the initial dose for a treatment-naive patient would take

into account the expected percentage conversion of the administered PBA to urinary PAGN,

and wherein monitoring the effect of the initial dosage of HPN-I00 consists essentially of

determining the patient’s urinary phenylacetyl glutamine (PAGN) output andfor total

urinary nitrogen. In these methods, administering the effective dosage of HPN—lDO to the

patient preferably produces a normal plasma ammonia level in the patient. This can be a

level of about 35 or about 40 pmolz’L.

C. A method to determine a starting dosage of HPN-100 for a patient having a

nitrogen retention disorder, which comprises calculating the dosage of HPN~l00 based on a

utilization efficiency of about 60% to about 75%. In such methods, the dosage of HPN-100

can be calculated from the patient’s dietary protein intake, or it can be estimated from the

patient’s body weight and approximate growth rate. In such methods, the dosage of HPN-

100 is sometimes reduced to account for the patient’s residual urea synthesis capacity, by

adjusting the amount of HPN—lOO to reflect the amount of ammonia scavenging needed in

view of the patient’s endogenous capacity for nitrogen elimination.

D. A method to determine a dosage of a PAA prodrug for a patient having a

nitrogen retention disorder, comprising:

a) determining the patient’s residual urea synthesis capacity;

b) determining the patient’s dietary protein intake;
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c) estimating from a) and b) the patient’s target urinary PAGN

output;

d) determining an amount of the PAA prodiug needed to

mobilize the target amount of urinary PAGN based on about 60% to about

75% conversion of the PAA prodrug into urinary PAGN.

In these methods, the PAA prodrug can be phenylbutyric acid (PBA) or a

pharmaceutically acceptable salt thereof, or it can be HPN-I00.

E. A method to treat a patient having an ammonia retention disorder with a

suitable dosage of a PAA prodrug, comprising:

a) determining the patient’s residual urea synthesis capacity;

b) determining the patient’s dietary protein intake;

c) estimating from a) and b) the patient’s target urinary PAGN

output;

d) determining an amount of the PAA prodrug needed to

mobilize the target amount of urinary PAGN based on about 60% to about

75% conversion of the PAA prodrug into urinary PAGN; and

e) administering to the patient the suitable dosage of the PAA

prodrug.

In these methods, the PAA prodrug is often phenylbutyrate or a pharmaceutically

acceptable salt thereof, or HPN-I00.

G. A method to transition a patient receiving treatment with an initial

amount of phenylacetate or phenylbutyrate to a final amount of I-IPN-100, comprising:

a) determining a replacement amount of I-IPN—l0O to replace at least

a portion of the phenylacetate or phenylbutyrate;

b) substituting the replacement amount of the I-IPN—lOO for the

phenylacetate or phenylbutyrate; and

c) monitoring the amount of urinary PAGN excreted by the patient

to assess the effectiveness of the replacement amount of the HPN-

100.

In these methods, an increase the amount of urinary PAGN may indicate that the

amount of HPN-100 can be reduced, and a decrease in urinary PAGN may indicate the

amount of HPN—lO0 needs to be increased.

H. A method to transition :1 patient taking an initial daily dosage of

phenylbutyrate from phenylbutyrate to HPN—lO0, comprising
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a) determining a suitable amount of HPN-100 to replace at least

a portion of the initial daily dosage of phenylbutyrate;

b) administering the suitable amount of HPN—lO0 to the subject

along with an amount of phenyibutyrate coiresponding to the initial daily

dosage of phenylbutyrate minus an amount corresponding to the portion

replaced by HPN-100;

c) determining the level of excreted urinary PAGN for the

subject; and

d) repeating steps a—c until all of the phenylbutyrate is replaced

by HPN-100.

I. A method to initiate treatment with phenylacetate, phenylbutyrate or a I-IPN—

IOO in a step-wise fashion, comprising:

a) estimating or measuring dietary nitrogen intake for the patient;

andfor

b) estimating the patient’s need for urinary waste nitrogen

excretion based upon diet and urea synthetic capacity; then

c) administering a starting dose of the drug estimated to provide

a fraction of the necessary waste nitrogen clearance as urinary PAGN taking

into account the expected percentage conversion of the administered PBA to

urinary PAGN; and

d) increasing the dose of drug as appropriate, and repeating the steps

above, to reach a maintenance dose of the drug.

.1. A method to treat a UCD patient with a PBA prodrug, wherein the prodrug

produces equivalent or better ammonia level control compared to PBA without increasing

the patient’s exposure to PBA as judged by the AUC and Cmax for PBA when the patient

receives the PBA prodrug, when compared to the AUC and Cmax observed when the patient

receives an equimolar amount of PBA.

In these methods, the PBA prodrug is often HPN-I00.

The methods include a method to treat a patient having a nitrogen retention disorder

with the PBA prodrug HPN-I00, wherein the AUC for PBA exposure can be lower with the

prodrug than with PBA by at least about 20%, or by at least about 30% compared to

treatment with PBA. This is believed to be related to the slow absoiption or uptake
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characteristics of HPN-100, which provide a more stable level of PBA exposure and provide

an unexpected advantage of HPN-I00 to be effective with less frequent dosing when

compared to sodium phenylbutyrate.

K. A method to determine a suitable dietary protein level for a patient having a

nitrogen retention disorder, comprising:

at) determining the patient’s endogenous nitrogen elimination

capacity;

b) calculating from the endogenous nitrogen elimination capacity

an amount of dietary protein the patient can process without

the aid of a nitrogen scavenging drug;

c) then adding an amount of protein that the patient should be

able to process with the assistance of selected dosage of a

nitrogen scavenging drug to arrive at an amount of dietary

protein the patient can have while being treated with the

selected dosage of the nitrogen scavenging diug, taking into

account the amount of protein required for health and body

growth.

In this method, the nitrogen scavenging drug can be HPN—lO0. Commonly, the selected

dosage of HPN~l0O is not mote than about 19 grams per day, and the amount of dietary

protein the patient should be able to process with the assistance of this amount of HPN-100

is about 1 grams («-1.3 g) of protein per gram of HPN-100.

L. A method to treat a patient with a PBA prodrug, comprising administering

HPN~lOO at a daiiy dose in excess of 19 g per day to a subject having HE or

UCD. Optionally, the daily dose of HPN-I00 is between about 20 g and

about 57 g.

M. A method for determining the dosing schedule of a PBA prodiug wherein the

patient retains substantial residual urea synthetic capacity, as would be the

case for most patients with cirrhosis and HE or most UCD patients who do

not exhibit symptoms within the first two years of life.

[00103] In the foregoing methods that utilize HPN-I00, the exposure to PBA upon

treatment with the prodrug HPN—lOO is lower by at least about 30% compared to treatment

with PBA. Also, commonly the AUC for PBA is less than about 600 and the Cmax for PBA

360



361

W0 20091134460 PCT!US2009.-‘030362

is less than about 100 when the prodrug is administered. Also, in the foregoing methods,

when the subject is treated with the prodrug, which can be HPN-I00, the subject will

typically achieve and maintain normal plasma ammonia levels.

[00104] The following examples are offered to illustrate but not to limit the invention.

[00105] The data below from three human studies and one preclinical study illustrate that

the conventional approach of assessing drug exposure and effect by measuring blood levels

does not correlate with nitrogen scavenging as assessed by urinary excretion of PAGN or by

reduction of plasma ammonia. These data demonstrate that, surprisingly, the plasma level

of PBA or PAA seen with an effective amount of a prodrug can be far less the plasma level

of PBA or PAA seen with a similarly effective amount of phenylbutyrate. Moreover, they

demonstrate the need to allow for incomplete conversion of sodium PBA or HPN-100 into

PAGN in selecting starting dosage, the delayed release behavior and implications for dosing

schedule of delivering PBA as a triglyceride rather than as a salt, and the possibility of

administering HPN-100 in doses greater than those currently recommended for sodium

PBA. These are followed by a biological explanation for the findings.

Example 1

Single dose safety and PK in healthy adults

[00106] To assess its pharrnacokinetic (PK) and pharmacodynamic (PD) profile, HPN—

100 was administered as a single dose to 24 healthy adults. Pharrnacokinetic samples were

taken pre-dose and at 15 and 30 minutes post-dose and 1, L5, 2, 3, 4, 6, 8, 12, 24, and 48

hours post-dose. As discussed below, plasma levels of the major HPN-100 metabolites PBA,

PAA and PAGN were many fold lower after administration of HPN-100 than after sodium

PBA. By contrast, urinary excretion of PAGN was similar between the two groups (4905

+/’- 1414 mg following sodium PBA and 4130 +/- 925 mg following HPN-100) and the

differences that were observed were determined to be largely an artifact of incomplete

collection due to stopping urine collection at 24 hours (note that PAGN excretion following

administration of sodium PBA was largely complete at 24 hours but continued beyond 24

hours following administration of HPN-100). Thus, the plasma metabolite concentrations

did not accurately reflect the comparative ammonia scavenging activity of sodium PBA and

HPN-100.

[00107] Three healthy adult volunteers were treated with a single dose of either sodium

PBA or I-lPN—l00 at a dosage of 3 g/m2. Plasma levels of PAA, PBA, and PAGN were
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monitored periodically for 12-24 hours by known methods. Results of this are shown in

Figure 4, which shows a curve for each subject (note the log scale).

[00103] In each panel, the curves represent measured levels of PBA, PAA or PAGN in

subjects receiving sodium PBA at 3gx'm3 dosage, or HPN-I00 in an amount calculated to

provide an equimolar amount of PBA to that provided by the sodium PBA dosage. Three

curves for each material are for three subjects who received the specified dosages of sodium

PBA or I-IPN-I00.

[00109] In the left panel, the upper curve represents PBA levels; the intermediate one

represents PAA levels; and the lowest of the three sets of lines represents PAGN levels. In

the right panel, the three lowest cuwes at the 10-15 hour time span are all for PBA; and the

highest three curves at 15-25 hours represent PAGN levels. PAA levels were not

determined after approximately 12 hours, and were generally close to the PAGN curves up

to that time.

Example 2

Administration of HPN~lO0 to patients with liver disease

[00110] To determine its pharmacokinetic (PK) and pharmacodynamic (PD) profile in

patients with liver disease, clinical testing was conducted in which HPN—lO0 was

administered orally as a single dose (100 mg/kg/day on day 1), and twice daily for 7

consecutive days (200 mglkg/day on days 8 through 14, in two doses of 100 mgfkg per

dose), to subjects with hepatic impairment with cirrhosis (Child-Pugh scores of A, B, or C)

and to a gender and age~matched control group of healthy adults with normal hepatic

function. On day 15, subjects received a single dose of HPN—lO0 (100 mg/kg). PK blood

samples were taken pre-dose, at 15 and 30 minutes post—dose, and at 1, 1.5, 2, 3, 4, 6, 8, "I2,

and 24 hours post—dose on days 1, 8, and 15, and at 48 hours after dosing on days 1 and 15.

On days 9~«l4, blood samples were taken pre-morning dose and at 2 hours post-moming

dose. Urine was collected 0-4, 4-8, 8-12, and l2—24 hours post—dose on days I, 8, and I5,

and at 24-48 hours post—dose on days 1 and 15.

[0011]] I-IPN-100 was metabolized via the predominant pathway in all subject groups,

and the alternative HPN-100 metabolites PAG (phenylacetyl glycine), PBG (phenylbutyryl

glycine), and PBGN (phenylbutyryl glutamine) were below the limit of quantification in all

plasma samples. Both the extent of systemic exposure (AUCo.¢) and Cm,‘ for PBA and PAA

tended to be higher in Child-Pugh group B or C than in Child-Pugh group A or the healthy

volunteer group, although there were no significant differences in these variables on day 15.

39

362



363

W0 2111191134460 PCT!US2009.-‘030362

As described below, plasma PAA levels did correlate with Childs-Pugh classification (i.e.

were higher in patients with more severe liver disease). However, the average conversion of

I-lPN—1OO to PAGN was -- 75%, and no difference were seen between patients with cirrhosis

and normal healthy volunteers, demonstrating that hepatic impairment did not affect the

subjects’ ability to activate the PBA prodrug HPN—1OO or to utilize it for elimination of

excess ammonia. Thus, as summarized in more detail below, plasma metabolite levels did

not correlate well with the HPN-100 dosage and, just as for healthy adults, plasma

metabolite levels did not accurately reflect the nitrogen scavenging effect of HPN-I00.

Moreover, the mean conversion of administered PAA to PAGN averaged —-75°70 in this

patient population.

Analyte Subject group Geometric mean 90% CI P value for
ratio group effect

PBA AUCo_¢ 0.40

Chi1d—Pugh A 0.92 0.58-1.43

Child—Pugh B 1.26 0.80-1.97

Chi1d—Pugh C 1.37 0.87-2.14

PBA Cum 0.52

Child-Pugh A 1.42 0.87-2.31

Child-Pugh B 1.35 0.83-2.21

Child-Pugh C 1.50 0.92-2.45

PAA AUCo_: 0.64

0.48-3.06

Child-Pugh A 1.22 1151-3-35
Child-Pugh B 1.53 1177-4-33
Child-Pugh C 1.94

PAA Cm, 0.72

Chi1d—Pugh A 1.33 0.70-2.52

Child-Pugh B 1.16 0.61-2.20

Chi1d—Pugh C 1.52 0.80-2.88

/\[IC‘0_.., area under the plasma concemratimi curve from time 0 tn the last nieasurable concentration; CI,
conlidcncc interval: (.'.m_.,, maximum observed plasma concentration; FAA, phcnylacctic acid; PBA,
phcnylbutyric acid.

[00112] During multiple dosing (days 8-15), there was a trend for higher systemic

concentrations of PBA and PAA in subjects with greater hepatic impairment (Child-Pugh B
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or C) compared with Child-Pugh group A and the healthy volunteers. Unlike PBA, PAA did

accumulate significantly in plasma during multiday dosing. Differences between single (day

8) and multiple closing (day 15: steady state) were significant for AUCo_|; and Cm, of PAA

for all subjects combined (p < 0.001), but not for PBA. After dosing on day 15, extent of

exposure to PAA, but not PBA, significantly correlated with hepatic impairment.

[00113] The clinical efficacy of HPN-I00 is dependent on its ammonia scavenging

capabilities, through conjugation of glutamine with PAA to form PAGN. After dosing on

each day, PAGN was the major metabolite excreted: 42-49% of the HPN-100 dose

administered was excreted as PAGN on day I, 25-45% on day 8, and 58-85% on day 15.

Very low amounts of PBA and FAA were excreted in the urine (5 0.05% of the total HPN-

IOO dose). There were no significant differences in the amount of PAGN excreted between

any of the Child-Pugh groups and the healthy volunteers. Urinary PAGN excretion is also an

indication of the ammonia-scavenging capacity of HPN-100, as 2 moles of ammonia

combine with 1 mole of PAA to produce PAGN. Hepatic impairment had no significant

effect on the amrnonia—scavenging ability of HPN— 100 in this study. There were no

significant differences in the amount of PAGN excreted between any of the Child-Pugh

groups and the healthy volunteers. The observations that hepatic impairment had no

significant effect on the ammonia-scavenging ability of HPN-100 in this study but was

associated with accumulation of PAA in plasma underscores the importance of utilizing

urinary PAGN rather than metabolite blood levels to guide drug effect and, as a corollary,

the importance of the invention, as does the fact that the mean percentage conversion of

administered PAA into urinary PAGN among the 4 treatment groups was —-75 %.
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Urinary PAGN Excretion After Dosing on Day I5 (O-48 Hours").

(8) (8) (8) Adults (8)

Amount

excreted tumol) 31431 (15291) 25152 (11426) 30752 (20860) 23716(6223)

M;:*;$D) 16016-65229 13643-41635 6331-60139 17203-41092
Molar % 0!

dose excreted ?9.6 (30.5) 58.2 (29.2) 35.0 (65.1) 68.6 (21.9)
‘"93" (SD) 40.9-133.2 26.5-99.6 23.1 -221 .1 306-96.

Range

Molar % 0!

dose ammonia 159.2 (60.9) 116.3 (58.3) 169.9 (130.1) 137.2 (43.9)
50aVe"9ed 97.9—276.4 53.0—199.2 463-4423 61 .3—193.4
Mean (SD)

Range

 
[00114] Of particular note, there was no relationship between the plasma levels of PBA

and PAA, which exhibited a non-statistically significant directional change toward higher

plasma levels in patients with liver disease than healthy adults, and urinary excretion of

PAGN.

EXAMPLE 3

Administration of HPN-I00 To Adults With UCDS

[00115] To further explore its pharmacokinetic (PK) and pharmacodynamic (PD) profile

in clinical states associated with nitrogen retention, 10 adult UCD patients were switched

from sodium PBA to a PBA equimolar dose of HPN-100. Subjects were required to be on a

stable dose of sodium PBA before enrolment. Upon enrolment, all subjects received sodium

PBA for 7 days and were then admitted to a study unit (Visit 2- 1') for overnight observation

and 24-hour PK and ammonia measurements and urine collections. Subjects were then

converted to the PBA equirnolar dose of HPN- 1.00, either in a single step or in multiple steps

depending on the total dose of sodium PBA; 9 out of 10 patients converted in a single step.

Subjects stayed on the 100% I-IPN-100 dose for one week and were then re—admitted to the

study unit for repeated PK (Visit 1 l.- l ), ammonia and urine collections.

[00116] The findings from this study, summarized in detail below, demonstrate that, just

as in healthy adults and patients with liver disease, plasma metabolite levels do not correlate

well with ammonia scavenging activity as reflected by urinary PAGN excretion and
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corroborated by plasma ammonia results. Moreover, the findings demonstrate considerable

inter-individual variability in the percentage of both sodium PBA and HPN-100 that is

converted to urinary PAGN.

[00117] Pharmacokinetic, ammonia and safety analyses: As summarized in the table

below, 7 days of HPN-I00 administration resulted in comparable PAA and plasma PAGN

levels but slightly lower PBA levels compared to the PBA molar equivalent dose of sodium

PBA.

Comparison of Pharmacokinetic Parameters at Steady State — sodium PBA vs. HPN-
100

PK Parameter

(N=10) (N=l0)

PBA in Plasma ——
AUCu.24 (t1s'h/mt)

Cmaxgg tug/mL
Cn'1ir1_g.-.(l-1gt’I1'Il.. 0.588 (255)

FAA in Plasma ——
AUCH. (ttg'h.-’mL) 595.6 (123.9) 574.6 (168.9)

Cmaxss (ug/ml. 53.0 (94.7) 40.5 (147.6)

Cl'l1.ll‘l_t;5 {l1g.fmL 3.56 (194.4) 7.06 (310.7)

PAGN in Plasma

AUCo.24 (tlg-hJmI..) 1 133 (31.1) I098 (44.2)

Cmaxss (Hg/mL 83.3 (25.8) 71.9 (56.0)

Cminss (ug/mL 16.8 (86.1) 12.1 (134.4)

AIl(7.;._u: Area under the concentration from time 0 (_pre—dose) to 24 hours, C‘l’11E1X532 Maximum plasma
concentration at steady state, Cntinfl: Minimum plasma concentration at steady state, A”: Amount
excreted over 24 hours

1 The mean (SD) sodium PBA dose = 12.6 (4.1 l)g; the mean (SID) I-IPN-100 dose = 12.3 (3.91) g.

 
[00113] Despite dissimilar PBA blood levels, overall urinary excretion of PAGN was

similar for the two treatments as summarized in the table below. Importantly, and in contrast

to the assumptions inherent in current treatment guidelines that all administered sodium

PBA is converted to urinary PAGN, considerable inter-individual variability was observed

in the percentage of administered PAA converted to PAGN, which averaged -60% and

similar both sodium PBA and HPN-100. Moreover, the 24 hour pattern of excretion

appeared to differ in that urine output of PAGN reached its highest level during the

‘afternoon hours’ (612 hour urine collection) for patients treated with sodium PBA,

whereas peak output of PAGN occurred overnight (12-24 hour urine collection) for patients
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on HPN-I00 treatment. This difference presumably reflects the slow release characteristics

and longer duration of effective blood concentrations of PAA following administration of

HPN—lOO as compared with sodium PBA. HPN—l0O was either not detectable or below the

limits of quantitation in all blood samples.

Com arison of Mean PAGN Amount Excreted L — sodium PBA sodium

phenylbutyrate) vs. HPN- l 00

Treatment PAGN PAGN PAGN Total PAGN

0-6 hours 0-12 hours 12-24 hours Excretion (CV %) 2,452,333 4,359,121 4,345,447 12.153,473 (43.2)
2,331,371 3,027,310 5,433,033 10.734347 (25.9)

[00119] As summarized in the table below, mean time normalized area under the curve

(TN—AUC) values for venous ammonia following HPN-100 were directionally (--31%)

lower than those observed with sodium PBA (26.1 vs. 38.4 pmolfL) although the differences

did not achieve statistical significance (_Figure 10). Likewise, peak venous ammonia

concentrations following HPN-I00 were directionally (—-29%; not statistically significant)

lower than those observed with sodium PBA (56.3 vs. 79.1 pmol.’L, respectively).

[00120] The normal upper limit for venous ammonia varied among the study sites from

26 to 35 pmolz’L. Examination of ammonia values (TN-AUC) for individual patients

demonstrated that patients with higher ammonia levels on sodium PBA exhibited greater

decreases in ammonia values following administration of HPN~lO0 (Figure 12). Moreover,

the mean ammonia value after HPN—lOO (26.1 umol./L) was within the normal range while it

was above the upper limit of normal (ULN) after sodium PBA (sodium phenylbutyrate)

(38.4 pmolll.) (Figure 13'). Likewise the mean percentage of normal ammonia values

increased from 58% after sodium PBA treatment to 83% after HPN-I00 treatment.

Venous Ammonia Pharmacodynamics Following Seven Days of Dosing With Either

Sodium PBA or HPN-100 (Steady State)

_ Sodium PBA HPN-100
Subject Cmaxfl TN-AUC PBA Equivalent Cmaxss TN-AUC PBA

(pmol1'L) (umolm) dose‘ (pmoUL) (”mo];L) Equivallentdose

13-1
15-9

mtg 9-16
17-7
6-71
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Sodium PBA HPN-100

2003

3002

3004

5001

5002

Mean

U} U

Me

3

25%

Subject Cmax,, TN-AUC PBA Equivalent. Cmax,_., TN-AUC PBA

ose

12-2
if 17-7

13-I
8-85
8-85

m 10
I2-3
3-91

dian 12»?
' 6-71

W
_ ——
31- --75%

[00] 2'I]This reduction in ammonia exposure among UCD patients reflects better

overnight control among subjects receiving HPN—lO0, as summarized in the table below and

in Figure I I. This study shows that both AUC and Cmax for ammonia were lower with

HPN—lO0, indicating less total ammonia exposure, and especially at night, HPN—lOO

exhibited a significantly stronger effect. While not statistically significant due to the small

population size, this demonstrates that HPN-I00 is at least as effective, and apparently more

so, than PBA on an equimolar basis based on the key measure, its ability to mobilize

ammonia for urinary elimination. Based on preliminary results, HPN—l00 also provides

more stable ammonia levels, and reduces risk of hyperammonemia. In this trial, 9 of 10

subjects who experienced both HPN-I00 and sodium PBA indicated a preference for HPN-

100.

[00122] In addition, in this trial, no serious adverse effects (SAEs) were observed in

patients taking HPN-100, while two subjects receiving PBA experienced symptomatic

hyperammonemia; and the total number of adverse effects (AEs) reported among subjects

taking HPN—l00 (5 subjects reported a total of 15 AEs) was lower than the number of AEs

among subjects taking PBA (7 subjects reported 2] AEs).

[00123] The following table summarizes overall comparative data for sodium PBA and

HPN—lO0, administered at equimolar rates (n=lO) (see tables above and figures 10-13 for

additional detail).
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Parameter Sodium PBA HPN-100

NH3: Total AUC 38.4 1 l9.6 26.] i 10.3

79-” 40-‘ 56-3 i 27-9
NH3 exposure: DAY 37.] 32.9

(hours 612)

NH3 exposure: NIGHT 36.3 21.3

(hours 12-24)

Adverse effects 21 reported by 7 subjects 15 reported by 5 subjects

Serious adverse effects 2 (symptomatic

hyperammonemia)

PAGN excretion Comparable Comparable

[00124] While the differences between sodium PBA and HPN-100 did not reach

 
statistical significance due to the small sample size, HPN-100 exhibited a clear trend toward

being more efficacious at equimolar dosages, and it was particularly effective for improving

overnight control of ammonia levels.

[00125] Figure 9a demonstrates that PBA levels in the blood are not correlated with

HPN—lOO dosages received. It plots the 24-hour AUC for PBA and the Cmax for PBA

against HPN-I00 dosage (top panel), and while the AUC and Crnax track together in each

patient, they show no relationship to HPN-100 dose: both the highest and the lowest PEA

exposures occurred in patients receiving high doses of HPN—l00. Figure 9b shows that

levels of PAA are similarly uncorrelated with HPN dosages.

[00126] Figure '10 illustrates the trend shown in the clinical testing, where HPN-I00

provided better overall control of waste nitrogen.

[00127] Figure 1 1 illustrates that improved night time control of excess ammonia is

achieved with HPN-I00.

[00128] Figure 12 shows that especially for patients with higher ammonia levels when

treated with sodium PBA (Na PBA), HPN-100 provides better control than sodium PBA,

while in patients with lower ammonia levels (ones for whom sodium PBA seems to work

relatively well), HPN-"100 provides at least comparable ammonia control. Note that for

patients having ammonia levels above about 40 pmol;'L when treated with sodium PBA,

HPN—lOO at equimolar dosages provided superior control of ammonia, and consistently

reduced ammonia levels to below about 40 prnol.’L. Thus for patients whose ammonia

levels are abnormal (_e.g. above about 40 pmoUL) when treated with sodium PBA, it is
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expected that better ammonia control can be achieved with an equimolar amount of HPN-

IOO. Based on this, dosages of HPN-I00 can be determined as set forth herein. Figure 13

illustrates that ammonia levels were better controlled in this test by HPN—l00 than with

sodium PBA, e.g., the average ammonia levels are lower, and tend to be below the upper

limit for normal.

Example 4

Relationship Between Ammonia Control and Urinary PAGN Excretion

[00129] As part of the clinical study in UCD patients described in the example above

(Example 3), the relationship between plasma ammonia levels and urinary excretion of

PAGN was examined. Unlike blood levels of PAA or PBA which exhibited no consistent

relationship to ammonia levels (i.e. ammonia control), blood ammonia assessed as the time-

normalized area under the curve exhibited an inverse curvilinear relationship to urinary

PAGN. That is, plasma ammonia decreased as urinary PAGN increased. Moreover, the

relationship between ammonia and urinary PAGN excretion did not differ between sodium

PBA and l-lPN—lOO suggesting that this method of dose determination is independent of

product formulation. Figure 5 shows a plot of Plasma Ammonia (TN-AUC) versus Urinary

PAGN Excretion.

Example 5

Experimentation With Dosing Schedule

[00130] The results of single dose PK/PD modeling obsewed in the examples above

suggested that HPN-100 exhibits delayed release characteristics as compared with sodium

PBA with a corresponding potential for increased flexibility in dosing, which was further

explored in additional clinical studies described above. In one of these, HPN-100 was

administered twice daily as well as in the fasted and fed state. In the other, HPN—l00 was

administered three times daily with meals. Both 3x daily and 2x daily closing resulted in a

similar proportion of PAGN excreted in the urine and, as demonstrated in adult UCD

patients, three times daily dosing was associated with effective ammonia control.

[0013]] In Example 2, a number of secondary statistical analyses comparing PK variables

after fed versus fasted HPN-100 dosing and single versus multiple HPN-100 dosing were

also done. There were no PK or PD differences observed when HPN-100 was administered
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after fasting (clay I) or with a meal (day 8). Accordingly, it is believed that HPN-I00 can be

effectively administered without the need for it to accompany a meal, while the label and

package insert for sodium PBA (sodium PBA) indicate that it should be taken with meals.

In addition to the lack of difference for PAA PK variables between the fasted and fed states

(Days 8 vs 1), the table below also illustrates plasma accumulation of PAA that occurs with

multiple dosing (Days 15 vs. 8).
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Plasma PK Variables For PAA

PK variable Child-Pugh A Child-Pugh B Child-Pugh C Healthy volunteers
1u=8} 1I1=8) 1l1=8) 1u=8)

AUCo—tz [1 1-lg/U11-I 1'11]

Day 1
Geo. mean (range)
CV9}.-

Day 3
Geo. mean {range}
CV91:

Day 15
Geo. mean (range)
CV91:

AUC0—l [t |1glInL 1'11]

Day].
Geo. Mean (range)
(‘.'V%

Day 15*
Geo. Mean {range}
CV%

CD183

Day 1
Geo. mean (range)
CV%

Day 8
Geo. mean (range)
CV92:

Day 15‘
Geo. mean (range)
CV93:

tuz lhl‘

Day 1
.\rieantSD1
Range

Day 15
Mean (SD)
Range

TIIIII

Day 1
Median {range}

Day 8
Median {range}

Day 15
Median {range}

37.33 17.29-78.42}
53.-1-I

39.6-'-1-(5.96-153.14}
78.73

117.89 123.28-«'-1-13.43)
76.82

37.33 17.29-78.42}
53.41

1.7.1.57 t'.':'3.23—528.73]
92.27

9.65 {'."!.58—26.93_‘I
63.78

10.21 (1.6?-1-25.66}
62.25

29.07 (7.29-53.48)
44.21

1.80 10.94}
1.01-3.1-'-1

3.5012.00-6.00}

4.00 12.00-6.00}

4.001100-6.00}

72.20 t23.38—|74,73J
6-1-.91

73.-'-1-1-836.8-3-279.->1-8'!
85.58

138.95 (40.21-652.99)
99.48

72.20 t23.38—|74.73)
64.91

153.0014-0.21—938.851
118.54

13.53 16.94-27.97)
57.70

1 -'-1.78 [-1-.4-1-6-42.02)
74.53

25 .46 I 10.54-65.40)
64.26

2.76 [ I .531
1 .6 8-3 .84

5.00 13.00—8.00)

5.00 t3.00—8.00)

4.00 t3.00—8.00)

*p = 0.64 for group effect; "p = 0.72 for group effect

‘On day l, n = 2 in Child-Pugh group B and n = 0 in all other groups; on day 15, I1 = dim group A, 2 in group
B. 1 in group (7, and 3 in group D

/\U(T0_13, area under the plasma concentration curve from time 0 up to 12 hours after dosing; /\UC‘.0_.[, area
under the plasma concentration curve from time 0 to the last measurable concentration; (‘,,m, maximum
observed plasma concentration; CV, coefficient 01' variation; gee. Mean, geometric mean; 11, number of
subjects; SD. stzmdard deviation; '1‘,,m, time to maxinium observed plasma concentration: tm, half-life

PK/PD Modeling Results

Example 6
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48.59 (<1-.75—312.43}
109.58

86.36 128.|2—367_70)
92.85

184.26 [14-.97-22-1-5.51}
170.56

485914.75-312.43)
109.58

19-1-.1711-1-.97—3-115.51)
198.42

10.95 12.68-40.30}
82.65

16.03 85.49-48.07)
72.29

33.28 (5.03-208.80)
121.5]

2.10 (0.32!
1.88-2.33

7.70
7 . 70-7 .70

5.00 12.00-23.00)

5.00 14.00-23.00}

5.00 t0.00—8 .00)

50.63 {I-1.27-150.00
79.59

34.07 1537-13-1-.99f
80.59

99.16 {30.06—39-«L79
88.59

50.63-114.27-150.00
79.59

99.9-1130.013-1-20.32
93.08

11.81 14.14-39.79}
68.72

10.03 12.90-28.43}
66.97

21.92 [7.76—6l.3l)
62.88

1.91 (0.37)
1.68-2.33

6.0014.00-6.00}

-1.00 13.00-6.00}

4.00 0.00-4.00}
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[00132] In the case of most drugs, the fraction of an orally administered dose which is

removed and metabolized by the liver prior to reaching the systemic circulation (i.e. first

pass effect) is not considered bioavailable, since it does not enter the systemic circulation

and therefore is not able to reach its target organ or receptor. However, this is not the case

for ammonia scavenging drugs described in this invention. Since hepatocytes and possibly

enterocytes contain the enzymes necessary for conversion of PBA to PAA and conversion of

PAA to PAGN and since glutamine is present in the splanchnic as well as the systemic

circulation, it is likely that PBA can be converted to PAGN prior to reaching the systemic

circulation (i.e. “pre—systemically”) and that this PBA is fully effective with respect to

ammonia scavenging ("Figure 6); i.e. fully active. To verify this possibility, PKIPD modeling

using NONM EM V] (Icon, Ellicot City, MD.) was carried out on plasma and urinary

metabolite data (over 5000 data points) from the clinical studies described above involving

healthy adults, subjects with cirrhosis and UCD subjects. The results of this PKJPD

modeling have validated the model depicted in Figure 3. Moreover, the modeling has

verified that HPN—lOO exhibits slow release characteristics as compared with sodium PBA

and provided an explanation for the poor correlation between blood levels of PBAIPAA and

ammonia and the importance of urinary PAGN is dose adjustment. Key conclusions

resulting from the PKIPD modeling were as follows

1. PBA is more slowly absorbed (-40% as fast) from the intestine after administration

of HPN— [00 versus sodium PBA (absorption rate constants and absorption half—lives

for HPN- 100 and sodium PBA are 0.544 h" vs. 1.34 h"' and 1.27 h vs. 0.52 h,

respectively).

2. The lower plasma levels of PBA following administration of HPN-I00, as compared

with sodium PBA, reflect results indicating a fractionally greater amount of PBA

(31% vs. I%) being converted pre-systemically (to PAA and PAGN) following

administration of HPN-100 than Na PBA.

3. In a dataset containing healthy, cirrhotic, and UCD individuals, diagnosis was

introduced as a covariate on the estimated bioavailability of HPN-100 revealing a

32% lower estimated bioavailability of PBA in healthy adults compared to adult

UCD patients. Cirrhotic and UCD patients had similar PBA bioavailability

following HPN-100 treatment.
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Example 7

ADME Study In Three Cynomolgous Monkeys

[00133] To assess the preclinical handling of ammonia scavenging drugs, 600 mg/kg of

either radio labeled sodium PBA or radio labeled I-IPN-I00 was administered as a single

dose to 3 cynomolgous monkeys. These monkeys were chosen because, like humans (and

unlike most other species), they metabolize PAA to PAGN and thus provide a useful model

for testing prodrugs of PAA. This study corroborated clinical findings summarized in

Examples I-3, including the following: (a) closing with oral sodium PBA or oral HPN- I 00

did not result in 100% conversion to urinary PAGN, (b) plasma PBA and PAA blood levels

did not correlate consistently with ammonia scavenging activity as reflected by urinary

PAGN output, and (_c) HPN-I00 exhibited slow release characteristics as compared with

sodium PBA.

[00134] Radio labeled PBA and PAA entered the systemic circulation rather slowly

following administration of radio labeled HPN-I00 [Cmax for PBA was achieved 1.5 hours

post—dosing (52.2 [.1g!mL) and Cmax for PAA was achieved 8 hours post dosing (1 I4

pg/mL)], corroborating the findings observed in humans (including the PKIPD modeling),

and essentially no HPN-100 appeared in systemic circulation or in excretions. About 90%

of radioactive material derived from HPN-100 that was excreted in urine was PAGN,

accounting for 39% of the administered HPN-100. By contrast, when oral sodium PBA was

administered, PAGN accounted for only 23% of the radio labeled material, and unchanged

PBA accounted for 48% of the administered dosage of oral sodium PBA. Thus oral sodium

PBA was utilized less efficiently than I-IPN—lOO, and an unexpectedly high amount of PBA

was excreted unchanged.

Example 8

Biological and Anatomical Considerations

[00135] Unlike most drugs which act on a target organfcellfreceptor (etc.) perfused by

systemic blood, ammonia scavenging drugs of the types covered by this invention do not act

on a target organ, rather they act through the combination of PAA with glutamine to form

PAGN (Figure 6). Since glutamine is present in the splanchnic as well as the systemic

circulation and since the liver is a metabolically active organ capable of catalyzing all steps

involved in the conversion of HPN-I00 or PBA to PAA and then to PAGN, the data

accumulated to date, including the PKIPD modeling, as well as anatomical consideration
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lead us to the conclusion that the formation of PAGN from PBAIPAA occurs to a significant

degree before PBAIPAA reach the systemic circulation (e.g. within the liver). This is

especially true when HPN—l00 is administered as a PBA prodrug. This explains the poor

correlation between plasma levels and ammonia trapping effects and leads to the conclusion

that the dosing and dose adjustment of these PBA prodrugs should be based on urinary

excretion of PAGN and total urinary nitrogen. Figure 6 illustrates how this occurs.

[00136] For certain clinical trials, particularly for comparing l-IPN-100 to PBA, l-JPN-100

will be administered at a dose that is equivalent (equimolar) to an amount of sodium PBA

that would be considered suitable for the particular patient; and the dosage can then be

adjusted by the methods described herein. For example, the HPN-100 dose range will

match the PBA molar equivalent of the approved sodium PBA (sodium phenylbutyrate)

(NaPBA) dose range. HPN-100 will be administered three times a day (TID) with meals.

Note that the conversion of the dose of NaPBA to the dose of HPN-100 involves correction

for their different chemical forms (i.e. HPN-100 consists of glycerol in ester linkage with 3

molecules of PBA and contains no sodium) (NaPBA [g] X 0.95 = HPN-100 [g]) as well as

correction for the specific gravity of I-lPN~ 100, which is 1.1 gz’rnL.

HPN-I 00 Dose Ranges Corresponding to Recommended Daily Doses of Sodium PBA

Sodium PBA HPN-100 HPN-100
PBA Equivalent Dose (mg) PBA Equivalent Dose (mL)

450-600 mg/kglday _ I , 0.39-0.52 mL.fkg.’day
{patients 5 20 kg) 428 570 mg lxg/day
9.9-13.0 gfn12/day 8.6-I 1.2 mLfm2fday. 9.4— 12.4 I 12rd

Maximum Daily Dose: 20 g Maximum Daily Dose: 19 g 17.4 n1L

20 g of sodium PBA contains ~l7.6 g of phcnylbutyric acid; 1‘) g of l-lPl\'—l00 contains —-17.6 g ofphenyllnutyric
acid

 
Example 9

Determination of a Starting Dosage and Dose Agjystment of HPN-100

[00137] A patient having a nitrogen retention state (e.g. an inherited urea cycle disorder

or cirrhosis) who is currently not being treated with an ammonia scavenging agent as

described in this invention is determined clinically to be in need of such treatment. This

clinical determination would be based upon a variety of factors (e.g. signs and symptoms of

HE in patients with cirrhosis, elevated blood ammonia levels).
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