
1 of 22

(12)

(54)

(71)

(72)

(73)

(*)

(21)

(22)

(65)

(63)

(60)

(51)

(52)

|||||||||||||||||||||||||||||||||l|||||||||||||||||||||||||||||||||||||||||

United States Patent
Seharschmidt et :1].

METHODS OF THERAPEU'l'IC
MONITORING OF NITROGEN SCAVENGING
DRUGS

Applicant: Horizon Therapeutics, Inc.. Deerfield.
II. (US)

Inventors: Bruce Scharschmidt, San Francisco.
(TA (US): Masuud Mokhtaraui. Walnul
(‘re-cl\'. (‘A (US)

Horizon Therapeutics, Inc:.. Deerfield.
1 1.. ( US)

Subjecl to any disclaimer. lhe term oflhis
patent is extended or adjusled under 35
U.S.C. 15403) by 0 days.

This palent is subjec:1 lo a lerminal dis-
claimer.

Assignees

Notice:

Appl. No; 14.-816,674

Filed: Aug. 3, 2015

Prior Publication Data

US 2015110335605 Al Nov. 26. 2015

Related U.S.Applieation Data

Continuation of application No. l3f775,000, filed on
Feb. 22. 2013. now Pen. No. 9.095.559. which is a

coxilixinaiinn oliapplicatioll No. l3f4l7.137. filed on
Mar. 9. 2012. now Pat. No. 8.404.215.

Provisioiizil application No. GUS-12_.l(l0. filed on Sep.
30. 2011. prm'isiLn1eIl application No. 611564.668.
filed on Nov. 2.9. 2011.

Int. Cl.

/l6IK 49/00 (2006.01)
/[6IP I3/00 (20(}6.{)l )

[(.'o11Iin1II.'d)

U.S. Cl.

CPC A6IK3I/216 (2013.01): /161K 9/9053
(201301 ):_ (MIN 31/221‘ (2013.01): GQIN

USOU92542?8B2

(10) Patent No.: US 9,254,278 B2

(45; Date of Patent: *Feb. 9, 2016

33/4925 (2013.01): GUIN 2800/085 (2013.01):
Y!0T436/175383 (2015.01)

(58) Field of Classification Search
(‘PC A61K 3111216: GOIN 311221: YIOT

4361125383

USPC‘ ......... .. 42419.2: 5141432. 433. 544. 570. 533:
436M. 113

Sec appliczllion lilo for complete SCE|l'Cl1 history.

References Cited(56)

U .S. PATENT DOCUMENTS

4.284.fi4? A
4.457.942 A

8.-"I981 Bnisilowetal.
7.-' I984 Brusilow

[(‘on1iI1ued}

FOREIGN PATENT DOCUMENTS

W0
W0

W094.-"22494
\\’()2{}0S.-"(]5360?

I0-" I 994
6-2005

(('onIinued}

OTHER PUBLICATIONS

Amodio. P.. el 3].. “Deleclinn of Minimal Hepalit: Encephalopaihyz
Norinzilizaiion and {')pli1ni?a.lion of [he Psychomelrlc Hepalic
Encephalopzithy Score. A Neumpsychological and Quantified IZEG
Sludy.” J. llcpatol. 49346-3 53 (2(JU'S).

[(‘nnlinuod)

I’r.5)i.=a'!'_i-' }:L\'ami'r.-er Savilha Rao

(5?) ABSTRA(?'l‘

The present disclosure provides methods for evaluating daily
zn'nn1onia exposure based on a single fasting. annnonia blood
level measllremenl. as well as uletlmds lhal u1i1i';.c Lhis tech-

nique to adjusl the dosage of a 1'1iLl'0gCl‘l scavengi11_g drug.
determine whether to administer a nitrogen scavenging drug.
and treat nitrogen retention disorders.

15 Claims, 3 Drawing Sheets

u.-Ktmglana-me NH.‘
Emmi» GI It 15—;-NH‘, -—lL-ifllinalim \.p('s|T\-P-'I=-t 73l'»fl§‘i4‘¢“|l 1-1'IIm\«l'nurylI'.eI

""~°s"“\¢/""1" [3':,5..~"‘:T,.....""':::ills]-an-amt 11*-3 " '__' 'ii

i Urine rnaaloli9 ‘.
canm.-_.1 phosvluihr :: ‘-

OTC

 
LUPIN EX. 1001

1 of 22
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

doukasme
Text Box
          LUPIN EX. 1001

https://www.docketalarm.com/


2 of 22

US 9,254,278 B2
Page 2

(51) Int. (31.
A6IK 31/216 (2006.01)
A6IK 9.490 (2006.01)
GQIN 31/22 (2006.01)
(;arN 33/49 (200601 )

(56) References Cited

U.S. PATENT DOCUMENTS

5.654.333 A 831997 Saniid
5.968.979 A 10.-‘I999 Brusilow
6.060.510 A 532000 Brusilow
6.033.934 A 7.52000 Brusilow
6.219.567 131 4t'200l Eggers
8.094.521 B2 1.-'2012 Levy
8.404.215 B1 352013 Scharsclunidtetal.
8.642.012 B2 2.-‘"2014 Scharschmidt
9.078.865 B2 7.'2015 Lee

2003.-"0195255 Al
2U04»"0229948 A1
200570273359 Al
200630135612 Al
2008.-"0119554 A1
2010.-'000885‘) A1
20l0.»'00l(t207 Al
201270022157 Al
20l2»’0220661 A1
2013.-"02109l4 A1
2013.-"0281530 Al
2014.-"0142186 Al
201570094278 Al
201530105469 A1

l0."2003 Sumrrtar
11-‘Z004 Summaretal.

12-""2005 Young
652006 Ferranle
S.-‘"2008 Jalan
1."2010 Scharschmidt
172010 Wurtmanctal.
132012 Scitarschmidt
8-‘"2012 Lee
8«'2013 Scharschmidt

10.-'2013 Scharschmidt et al.
5.’2014 Scharschmidtetal.
432015 Scharsclnnidtetal.
4.520 15 Scharschmidt et al.

FOREIGN PATENT DOCUMENTS

W0 WO2006.-"0 56794 652006
W0 WO200 77005633 I 52007
WC) WO2009.r'0 87474 732009
W0 WO2009.t'134460 1 1320051
WO WO2010.i025303 3-"2010
W0 WO2012.-"028620 392012
W0 WO2013:'048558 4-F2013
W0 WO2013-"l58l45 10"2013

OTHER PUBLICATIONS

ANDA Notice l.elter. Par Phamtaceutical. Inc. to Hyperion Thera-
peutics. inc .. Re: Glycerol Phenylbutyrate 1.1 gmfml oral liquid: US.
Pat. Nos. 8.404.215 and 8.642.012 Notice of Paragraph 1V Certifi-
cation Mar. 12.2014.

Bttjaj. J. S.. et al.. "Review Article: The Design ofC|inica| Trials in
Hepatic Encephalopathy—An international Society for Hepatic
Encephalopathy and Nitrogen Metabolism (ISHE.-N) Consensus
Staterrtent." Aliment Phartnacol Titer. 33 (7):739-747 1’201 I).
Barsotti. Measurement of Atrunonia in Blood. 138 J. Pediatrics.
S11-S20 (2001).
Batshaw. ct al.. Treatment ofCarbamyl Phosphate Synthctase Defi-
ciency with Keto Analogues o1'Essentia1 Amino Acids. 292 The New
England .1. Medicine. 1085' 90 (1975).
Batshaw. M. 1.. ct. al.. Altcmative Pathway Therapy for Urea Cycle
Disorder: Twenty Years Later. 138 .1 . Pediatrics S46 (2001).
Blau. Duran. Blaskovics. Gibson (editors). Physician's Guide to the
I.aborzt.tory Diagnosis o1'Metabolic Diseases. 261-276 (2d ed. 1996).
Blei. A. T.. et al.. “Hepatic Encephalopathy.” Am. J. Gastroenterol.
96(7):l968-1976 (2001 ).
Burlina. AB. et al.. Long-Term Treatment with Sodium
Phenylbutyrate in Omithine Transcarbamylase-Deficient Patients. 72
Molecular Genetics and Metabolism 351-355 (2001).
(farducci. .V1.. Phenyllxttyrate lndxtces Apoptosis in Human Prostate
Cancer and is More Potent than Pheaylacetate. 2 Clinical Cancer
Research 379 (1996).
Cztrducci. .\-'1.A. et al.. A Phase] Clinical and Pl1zI.t'|11acologicaI Evalu-
ation of Sodium 1-‘henylbutyratc on an 120-h l.nfi.tsion Schedule. 7
C lin. Cancer Res. 3047 (2001).

Center for Drug Evaluation and Research. Clinical Pharmacology
and Biopharmaceutics Review for New DntgApp| ication No. 20-645
(Arnmonu1®) (2005).
Center for Drug Evaluation and Research. Labeling for New Dntg
Application No. 20-645 (Amrnonu1®) ( 2005).
Center for Drug Evaluation and Research. Medical Review for New
Drug Application No. 20-645 (Armnonul®) (2005).
Chen. Z. et al.. Tributyrin: A Prcdrug of Butyric Acid for Potential
Clinical Application in Differentiation Therapy. 54 Cancer Research
3494 (1994).
(.‘lay.A. ct. al. Hyperatmnonctnia in the ICU. [32 Chest 1368 (2007).
Collins. A.I-'. et al.. Oral Sodium Phcnylbutyrate Therapy in
1-Iomozygotts Beta Thalassemia: A Clinical Trial. 85 Blood 43
(1995).
Conn. H. 0.. et al.. “Liver Physiology and Disease: Comparison of
Lactulosc and Ncomycin in the 'l'rcaLment of Chronic Porta1-Sys-
temic Enccpltalopathy. A Double Blind Controlled Trial." GasLroen-
tcrology 72(4)-.573-583 (1977).
Cordoba. J .. "New Assessment or Hepatic Encephalopathy.“ Journal
ol'Hepato|t:-gy 54: 1030-1040 (2011 ).
Darmattn. D. et al.. Phenylbtttyrate-Induced Glutaminc Depletion in
Hun1a.ns: Eflccl on [.e1tcine Metabolism. 5 Am. J. of Physiology:
Endocrinology and Metabolism F801 (1998).
Diaz. G. A.. ct al.. “Ammonia Control and Ncurocognitive Uutcomc
Among Urea Cycle Disorder Patients "Treated widt Glycerol
Phenylbutyrate." I-Iepatology 57(6):2 17 1-2 179 (2013).
Dixon. M. A. and Leonard. J .V.. Intcrcurrenl Illness in Inborn Errors
o1'lntern1ccliaty Metabolism. 67 Archives of Disease in Childltood
1387 (1992).

Dover. U. ct al. l.nduction of lictal Ilemoglobin Production in Sub-
jects with Sickle Cell Anemia by Oral Sodium Phenylbutyratc. 54
Cancer Research 3494 ( 1994).
lindo. 1". et al.. Clinical Manifestations oflnborn Errors ofthe Llrca

Cycle and Related Metabolic Disorders During Child.hood. 134 .1.
Nutrition 16055 (2004).
European Medicines Agency. Annex 1: Summary ol‘I‘roduct Charac-
teristics for Atnmonaps.
European Medicines Agency. European Public Assessment Report:
Summary for the Public for Ammonaps (2009).
European Medicines Agency. Scientific Discussion for Ammonaps
(2005).
European Medicines Agency. Scientific Discussion for (‘arbaglu
(2004).
FDA Label for Carbaglu. seven pages. (Mar. 2010).
Feillet. F. and Leonartl. J .V.. Alternative Pathway Therapy for Urea
Cycle Disorders. 21 J. lnhcr. Mctab. Dis. 101-111 (1998).
I-‘coll-Iionscca. M. L.. Sodium Benzoatc Therapy in Childrcn with
Inborn Errors oi'Urea Synthesis: Effect on Carnitine Metabolism and
Ammonia Nitrogen Removal. 57 Biochemical and Molecular Medi-
cinc3| (1996).
Fercnci. R. et al.. “Hepatic Encephalopathy—Definition. Nomencla-
ture. Diagnosis. and Quantification: Final Report of the Working
Party at the 11th World Congresses of Gastroenterology. Vienna.
1998.“ Hepatology 35:7l6-721 (2002).
Fcrnandes. Saudttbray. Bcrghc (editors). Inborn Metabolic Diseases
Diagnosis and 'l‘rcat.mcnt. 219-222 (3-d ed. 2000).
Geraghty. _\t1.T. and Brusilow. S.W.. Disorders o1'tl1e Urea Cycle. in
Liver Disease in Children 827 ( 1"-..l . Suchy et al.. eds. 2001).
(ihabril. M. ct al.. “Glycerol Phenylbutyrate in Patients with Cirrho-
sis and Episodic I-Iepatic Encephalopathy: A Pilot Sntdy of Safety
and Effect on Venous Ammonia Concentration.” Clinical Pharmacol-

ogy in Drug Development 2(3): 278-234 (2013).
Gilben. J . et al.. A Phase I Dose Escalation and Bioavai [ability Study
of Oral Sodium Phcnylbutyrate in Patients with Refractory Solid
Tumor Malignancies. 7 Clin. Cancer Research 2292-2300 (200 1).
Gore. S. et al.. Impact ofthe Putative Differentiating Agent Sodium
Phenylbutyratc on Myclodysplastic Syndromes and Acute Myeloid
Leukemia. 7 C lin. Cancer Res. 2330 (2001).
Groprnan. A.L. et al.. Neurological Implications ot‘Urca Cycle Dis-
orders. 30 J. Inherit Melab Dis. 865 (2007).
Hassanein. T. 1.. et al.. “Randomized Controlled Study of
listracorporeal Albumi.n Dialysis for llcpatic Encephalopathy in
Advanced Cirrhosis." llcpatology 46: 1853- 1862 (2007).

2 of 22
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


3 of 22

US 9,254,278 B2
Page 3

(56) References Cited

OT1-IER PUBLICATIONS

I-Iassancin. T. I.. et al.. “Introduction to the 1-Icpatic Encephalopathy
Scoring Algorithm (III.-‘SA)." Dig. Dis. Sci. 53:529-S38 (2008).
Hassanein. T.. et al.. “Performance of the Hepatic Encepltalopathy
Scoring Algorithm in a Clinical Trial of Patients With Cirrhosis and
Severe liepalic Encephalopathy." Am. J. Gastrocntcrol. 1041392-
1400 (2009).
Honda. S. ct a|.. Successful Treatment of Severe I-Iyperaminoneinia
Using Sodium Phenylacetate Power Prepared in Hospital Pharmacy.
25 Biol. Pharm. Bull. [244 (2002).
Intemational Search Report and Written Opinion For PCT!T..iS09.-*'
30362. mailed Mar. 2. 2009. 8 pages.
International Search Report and Written Opinion for PCT-’LlS2(l09:"
055256. mailed Dec. 30. 2009. 13 pages.
Inter Partes Review o1'U.S. Pat. No. 8.404.215.
Inter Panes Review of US. Pat. .\lo. 8.6410 I 2.

Kleppc. S. et al.. Urea Cycle Disorders. 5 Cturenl Treatment Options
in Neurology 309-319 (2003).
Kubota. K. and lshizaki. 'l'.. Dose-Depcndcnt Pharmacokinetics of
Benzoic Acid Following Ora] Administration ot'Sotlium Benzoate to
Humans. 41 Eur. J. Clin. Pharmacol. 363 (I991).
Lee. B. and Goss. J.. Long-Tenn Correction of l.Irea Cycle Disorders.
1354 J. Pediatrics S62 (2001 ).
Lee. 13. et a1.. Considerations in the Difficull-to-Manage Urea Cycle
Disorder Patient. 2| Crit. (Tare Clin. S19 (2005).
Lee. B.. et aI.. “Optimizing Ammonia (NH3) Control in Urea Cycle
Disorder (UCD) Patients: A Predictive Model.” Oral Abstract Plat-
form Prcsentations. Biochemical Genetics. Phoenix. AZ. Mar. 22.
2013.

Leonard. J.\r'.. Urea Cycle Disorders. 7 Semin. Nenatol. 27 (2002).
I.i7.ardi-Ccrvera. J. et al.. Hepatic Encephalopathy: A Review. 2
Annals ofl-tepatology 122-120 (2003).
Maestri NE. et al.. Prospective treatment of urea cycle disorders. J
PaEt'li:I1rl99l;ll9:923—928.

Maestri. l\'.E.. et al.. Long—Tenn Survival of Patients with
Argininosuccinate Synthetasc Deficiency. 127 .1. Pediatrics 929
(1993 ).
Maestri. N. E.. Long-Term Treatment of Girls with Omithine
Transcrubautylase Deficiency. 355 '.\l. Engl. J. Med. 855 (I996).
Majeed. K.. Hyperarnmonemia. eMec|icine.corn (Dec. 2001).
Marini. .l.C. et al.. Phenylbutyrate Improves Nitrogen Disposal via an
Allemaiive Pathway without Fliciting an Increase in Protein Break-
down and Calabolistn in Control and Ornithine Tra.nscarba.rnyla.se—
Deficient Patients. 93 Am. .1. Clin. Nutr. 1248 (2011).
Marsuda. 1.. Hyperarmnoncmia in Pediatric Clinics: A Review of
Ornithinc Transcarbamylase Deficiency (UTCD) Based on our Case
Sttldies. 47 JMAJ 150 (2004).
McGuire. ELM. et al.. Pharirtacokinetic (PK) and Safety Analyses of
a Novel Ammonia-Reducing Agent in Healthy Adults and Patients
with Cirrhosis. llyperion 'I'l:tcrapeutics. poster. one page (2009).
Miztttani. N. et al.. Hyperargininemia: Clinical Course and Tram-
ment with Sodium Benzoate and Phenylncetic Acid. 5 Brain anti
Development 555 (1983).
Mokhtarani. M.. et 21].. (20 13) "Elevated Phcnylacetic Acid Levels Do
Not Correlate with Adverse Events in Patients with Urea Cycle Dis-
orders o rl-Iepatic Encephalopathy and Can Be Predicted Basedon the
Plasma PAA to PAGN Ratio.“ Mol Genet Melab I ]0(4):44t$~453.
Mokhtarani. .V1.. ct al.. (2012) "Urinary 1-‘henylacetylglutarninc as
Dosing Biomarker for Patients with Urea Cyclc Disorders." Mol
Genet Metal) i0T(_3):308-314.
Montcleone. JPR. et al.. (2013) "Population Phannacoltinetic Mod-
eling and Dosing Simulations ot‘.-\Titrogen-Scavenging Compounds:
Disposition ofGlycerol Phenylbutyrate and Sodium Phenyibutyrate
in Adtllt and Pediatric Patients with Urea Cycle Disorders." J. Clin.
Pharmacol. 53(7): 699-710.
Munoz. S. J.. "Hepatic I.-Encephalopathy." Med. Clin. N. Am. 92:795-
8l2 (2008).
Nassogne. M .C .. Urea Cycle Defects: Management and Outcome. 28
J. Inherit. Metals. Dis. 407 (2005).

New England Consortium ofMetabolic Progrmns. Acute Illness Pro-
tocol: Urea Cyclc Disorders: The lniant.-"Child with A.rgininosuc-
cinate l.yase Deficiency. adapted from SLunmar. M and Tuclunan. M.
Proceedings of a Consensus Conference for 01-: Management of
Patients with Urea Cycle Disorders. 138 J. Pods. Suppl. S6 (_2001).
New England Consortium oi'Metabolic Progrztlns. Acute illness Pro-
tocol: Urea Cycle Disorders: The lrtt'artt.'Child with Citrullinemia.
adapted from Sumruar. M and Tuchman. M. Proceedings of a Con-
sensus Conference for the Management of'l’aticnts with Urea Cycle
Disorders. 138 J. Peds. Suppl. S6 (2001).
Newma.rk. H. L. and Young. W. C .. Butyratc and Phenylacetate as
Differentiating Agents: Practical Problems and Opportunities. 22 J.
Cellular Biochemistry 24'? (I995).
Ortiz. M.. et al.. "Development ofa Clinical Hepatic Encephalopathy
Staging Scale." Aliment Pharmacol ’l'her 26:859-867 (2002).
Par Pharrnacetttical. Inc.‘s Initial Invalidity Contentions and Non-
Infringement Contentions for U .S. Pat. Nos. 8.404.215 and
81142.0 12.

Parsons-Smith. B. G.. et al.. "The Electroencephalograph in Liver
Disease.” Lancet 2731862-821 (1952).
Phuphanich. S. et a].. Oral Sodium Phertylbutyrare in Patients with
Ret:1u'rent Malignant Gliomas: A Dose Escalation and
Pharmacologic Study. Ncuro-Oncology 172 (2005).
Praphanproj. V. ct al.. Three Cases of lntravcnotis Sodium Benz-::-ate
and Sodium Phenylacetrtte Toxicity Occurring in the Treatment of
Acute I-Iyperammonemia. 23 J. Inherited Metabolic Disease 129
(2000).
Rockcy. D. C.. ct al.. "Randomized. Controlled. Double Blind Study
of Glycerol Phenylbutyrate in Patients with Cirrhosis and Episodic
Hepatic Encephalopathy." Hepatology 56:248(A) (2012).
Stlam. M.. et al.. “Modified-Orientation Log to Assess Hepatic
Encephalopathy." Aliment Pharmacol Ther. 35(8):9 13-920 (2012).
Scientific Discussion for Amtnonaps. EMEA 2005. available at
http:.-".-"www.ema.europa.eutdocsren_GB='doctunent___library."
EPAR__-_ Scientific _Discussion-"humart’0002 l9r'WC500024?48.
pdl’.
Scotti sh Medicines Consortium. Carglumic Acid 200 mg Dispersible
Tablets (Carbaglu-®) No. 299-'06 (Scp. 8. 2006).
&akins. J .W.I.. The Determination of Urinary
Phcnylacetylgltttaminc as Phenylacetic Acid: Stud ies on its Origin in
Normal Subjects and Children with Cystic Fibrosis. 35 Clin. Chim.
Acta. 121 (1971).
Search and Examination Report for British Patent Application No.
GB 09155453. dated Uct. s. 2009. 5 pages.
Sherwin. C. et al.. The Maximum Production of Glutaminc by the
lltlman Body as Measured by the Output of Phcnylacctylglutamine.
37 J. Biol. Chem. 113 (1919).
Smith. W.. et al.. “Ammonia Control in Children Ages 2 Months
through 5 Years with Urea Cycle Disorders: Comparison of Sodium
Phcnylbtityrate and Glycerol Pitertylhttty'rale.“ .l Pedialr.
162(6):1228-1234.01 (2013).
Surnmar. .VI.. Current Strategies for the Management of Neonatal
Urea Cycle Disorders. [38 J. Pediatrics 530 (2001).
Stuntnar. M. and Tuclunan. M.. Proceedings ofa Consensus Confer-
ence for the Management ofPatients with Urea C yclc Di sozders. 138
J. Pediatrics S6 (2001).
Surmrtar. M.. Urea Cycle Disorders Overview. Gcne Reviews. www.
gcnetestsorg (Apr. 2003).
Sumrnar. M. et al.. Unmasked Adult-Onset Urea Cycle Disorders in
the Critical Care Setting. 21 Crit. Care Clin. S1 (2005).
The National Organimtion for Rare Disorders (2012). The Physi-
cian’ s Guide to Urea Cycle Disorders. at l1ltp:r'r'nor(lphysicia.ngIJides.
org»"wp-content.-"uploads-"2012.-"02-NORD. Physician _Guidc. .to. .
Urea__Cyc1e_Disorders.pdl‘.
Todo. S. et al.. Onhotopic Liver Transplantation for Urea Cycle
Enzyme Deficiency. l5 Hepatology 4 I9 (1992).
Tuchman. .VI.. andYudkolT. M.. Blood Levels ofAmrnonia and Nitro-

gen Scavcnging Amino Acids in Patients with Inherited I-typcram-
lTlOl'lElTIl3.. 66 .\tIolecula.r Genetics and Metabolism 10-15 ([999).
United States Patent and Trztdeinark Oflice. lnlemztlional Search
Report and Written Opinion dated Jan. 15. 2015 for PCT.-'L'S14.t'
58489.

3 of 22
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


4 of 22

US 9,254,278 B2
Page 4

(56) References Cited

OTHER PUBLICATIONS

United States Patent and Trademark Office. International Search

Report and Written Opinion fo1' PC'1'.-’ U520 14t050543 dated Jan. 23.
2015.

Vilstrup. H.. et aI.. "Hepatic Encephalopathy in Chronic I._iver Dis-
ease: 20 I4 Practice Guideline by the American Association for the
Study of Liver Diseases and the European Association for the Study
ot't.he Liver." Hepatology 60 (2):? I5-235 (2014).
Walsh et al.. Chemical Abstract vol. I I2. No. 23 I744.
Welboume. T. el al.. The Effect of Glutarnine .-\tl.ministra.tion on

Urinary Ammonium Excretion in .\lor:nal Subjects and Patients with
Renal Disease. SI J. Clin. Investigation 1852 (I972).
Wilclten. 13.. Problems in the Management of Utca Cycle Disorders.
81 Molecular Genetics and Metabolism 85 (2004).
Wilson. C.J.. et al .. Plasma Glutamine and Ammonia Concentrations

in Omithine Carbantoyllransferase Deficiency and Cilrullinaemia.
24 J. Inherited Metabolic Disease 691 (2001).
Wright. (3.. et al.. Management of Ilepatic Encephalopathy. 2011
International Journal of Ilepatology 1 (2011).
Wright. P.. Review: Nitrogen Excretion: Three End Products. Many
Physiological Roles. 198 J. Experimental Biology 273 (I995).
Yajima. et al. Diurnal Fluctuations of Blood Ammonia Levels in
Adult-Type Citrullinemia. I37 Tokohu J. Ex! Med. 2 I3-220 ( I982).
Yu, Ryan and Potter. Murray. Diagnosis of Urea Cycle Disorders in
Adulthood: Late-Onset Carbarnyl Phosphate Synthetase I Defi-
ciency. 7 MIIMJ 30 (2010).
Yttdkofli M. et al.. In Vivo Nitrogen Metabolism in Ornithine
Transcarbamylase Deficiency. 98 J. Clin. Invest. 2167 (I996).
Zeillin. P. Novel Pharmacologic 'l'herapies forCysIic Fibrosis. 103 J.
Clinical investigation 44’.-‘ (I999).
Batshaw. M .L. et :1]. (Aug. 1981 ) ".-New Approaches to the Diagnosis
and Treatment of lnborn En'ors of ‘Urea Synthesis.“ Pedi'ntt'i'r.'s
ss(2):29a-29r.
Brahe. C.. ct al.. (2005) “Phcnylbutyrate Increases SMN Gene
Expression in Spinal Muscular Atrophy Patients." Em'J Hrmi Getter
l3'.2S6-259.

Brunctti-Pierri. N .. el al.. (201 I ) "Phenylbutyrate Therapy for Maple
Syrup Urine Disease." Him: Mot’ Genet 20(4):63 I-640.
Chung. Y.L.. et al.. (2000) "A Novel Approach for Nasopharyngeal
Carcinoma Treatment Ucse Phenylbutyrate as a Protein Kirtase C
Modulator: Implications For Radiosensitiration and FBV—Ta.rgeted
Therapy." Cliu Cancer Rev 6: 14524453.
Cudkowicz. ALS (2009) "Phase 2 Studyofsodium Phenylbutyrate in
ALS." Antyorropltic Lateral’ Sclerosis 10:99-I 06.
Diaz. G.A.. et aI.. "Phase 3 Blinded. Randomized. Crossover Com-

parison of Sodium Phenylbutyrate (Na.PBA) and Glycerol
Phenylbutyrate (GPB): Ammonia INHJ) Control in Adults with Urca
Cycle Disorders (-UCDs)." Mol, Genet‘. Metab. l02:276. Societj-‘ of
iit!ier'i.'od Metabolic Disease (SMID) Abstract.
lirtns. (3.M.. et al.. (200?) "Survival After Trcat.mcnt with
Phenylacetate and Benzoate for Urea-Cycle Disorders.” NEng}Med
3562232-2292.

Groptnan. A. (2010) “Brain Imaging in Urea Cycle Di solders." Mat‘
Genet Metro‘) l00:S20-S30.

Hines. P.. et al.. (2008) “Pulsed-Dosing widt Oral Sodium
Phenylbutyrate Increases Ilemoglobin I’ in a Patient with Sickle Cell
Anetrtia." Pect'r'an'B.iaod Camrer 50:357-359.

I-Ioganh. P.. et al.. (2007) "Sodium Phenylbulyrate in Huntington’s
Disease: A Dose-Finding Study." Mot? I)i'sord 22[ l3)l962- I964.
Huang. l-l.l‘l.. et al.. (_20l2) "Cannabinoid Receptor 2 Agonist Ame-
liorates Meseateric Angiogenesis and Portosysternie Collaterals in
Cirrhotic Rats." Hq)aro.’og)- 56:348-253.
Hyperion Therapeutics "Hyperion Therapeutics Announces Enroll-
ment of I-'irst Patient in Phase I-"2 Clinical Trial of GT4? in Patients

with Urea Cycle Disorders" .-’\nnounccment, I page (Oct. 23. 2007').
Mercuri. E.. et al.. (2004) “Pilot Trial of Phenylbutyrate in Spinal
Muscular Atrophy.“ Netrtzirittrscttl Disord I4: I30-135.

Mokhtarani. M.. et al.. (2012) "Elevated Phenylacetie Acid (PAA)
Levels Appear Linked to Neurological Adverse Events in Healthy
Adults but Not in Urea Cycle Disorder (IICD) Patients.“ Mol Genet
Metab 1051342.

Moldave. K.. et 211.. (I95?) "Synthesis of Phenylacetylglutamine by
Huma.n Tissue,” J. Biol. Chem. 2292463476.

Monteleone. JPR. et al.. (20 I2) "Population pk Analysis ol'GlyeeroI
Phenylbutyrate (GPB) and Sodium Phenylbutyratci NAPBA) in
Adult and Pediatric Patients with Urea Cycle Discorders.”Mo:' Gene:
l'lri't?t‘a.b i0S:343.

Ong, J. P.. et al.. (2003) "Correlation Between Ammonia Levels and
the Severity of Hepatic Encephalopathy." Am. J. Med. I I4: 188- I93.
Perrine. S. i".. (2008) “Fetal Globin Stimulant Therapies in the Beta-
Ilemoglobinopathies: Principles and Current Potential.“ Pea't'atr'/trm
37(5):339-346.
Ryu. H.. et al.. (2005) “Sodium Phenylbutyrate Prolongs Survival
and Regulates Expression of Anti-Apoptotic Genes in Transgenic
Amyotrophic Lateral Sclerosis .\/lice.“ J Nenrmclierit 93: 1082-1098.
Stauch. el al.. ([908) “Oral I.-ornithinc-l..-asportate therapy of
chronic hepatic encephalopathy: results of a placebo-controlled
doul:Ile—bliml study" JHéj*)ai‘o."r)g)-' 23(5 )‘.356~8fi4.
Xie. G. el al.. (2012) “Role of Dillerenliation of Liver Simtsoitlal
Endothelial Cells in Progression and Regression of llepatic liibrosis
in Rats." Gastroettrerology l42:S918.
European Patent Otfice. Extended European Search Repon for
EP09'l'39263 completed Nov. 2. 2011.
European Patent Office. International Search Report and Written
Opinion for PC‘I':'US2009.-"0552S6 completed Dec. 18. 2009 and
mailed Dec. 30. 2009.

Examination Report for British Patent Application No.
GBl0l3468.2 dated Oct. 28. 20} 1.

International Preliminary Report on Patentability (Ch I} for l’C'I'r'
US20 I 3028620 completed Jun. 4. 20 I2 and mailed on Apr. I0. 2014.
International Preliminary Report on Patentability (Ch II) for PCT!
US20 l2«'028620. completed Aug. 22. 2013 and mailed Sep. 4. 2013.
United States Patent and Tradeinarlt Ollice. International Search

Report and Written Opinion for PCT.-'LIS2009t030362 mailed Mar. 2.
2009.
United States Patent and Trademark Office. International Search
Report and Written Opinion for PCT.-"US20I2.-028620 mailed Jun.
20. 2012.
United States Patent and Trademark Office. Lntemational Search

Report and Written Opinion tor PCT-‘U520 I2r'546".r'3 mailed Nov. 20.
2012.
United States Patent and Trademark Office. International Search
Report and Written Opinion for PC!"-“U S20 I 3."i'I 333 mailed Mar. 28.
2014.

Lichter-Konecki. U.. et al.. “Ammonia Control in Children with Urea
Cycle Disorders (UCDs); Phase 2 Comparison of Sodium
Phenylbutyratc and Glycerol Phenylbutyrate.". Mol. Genet. Metab.
1031323-329(_20ll).
ANDA Notice Letter. Lupin Ltd. to Horizon Therapeutics. lnc.. Re:
Notification oflnvalidity. Unenibrceability. and.-“or Noninfringement
for US. Pat. Nos. 8.4043 I5 and 8.642.012 Pursuant to §
505(j)[2)(B)(ii) and (iv) of the Federal Food. Dnlg. and Cosmetic
Act. Sep. 4. 2015.
Ahrcns. M. et al. (Jan. 2001). “Consensus Statement From a Confer-
ence for the Management of Patients With Urea Cycle Disorders."
Supp. Journal of Pediatrics 1380 }:SI-S5.
Ambrose. A.M. et al. (1933). "Further Studies on die Detoxification
0fPl1enylacetic Acid." J. Bio. Chem. l0l.'fi69—675.
Batshaw. M.I.. et al. (Dec. 1980). “Treatment of Hyperarnmonemic
Cotna C auscd by Inborn Errors of Urea Synthesis." J. Pediatr.
97(6):893-900.
Batshaw .\tI.L. et al. (Jun. 10. 1932). "Treatment oflnborn Errors of
Urea Synthesis: Activation of Alternative Pathways ofWaste Nitro-
gen Synthesis and Excretion." N. Engl. J. Med. 30fi(23)l38'i'-I392.
Batshaw. ML. (1984). “IIy'perammonemia.“ in Current Problems in
Pediatrics. l.ockha.t‘I. JD. etl.: Year Book Medical Publishers. pp.
2-69.

Berry. G. 'I‘.. et al.. “Long-Term Management of Patients with Urea
Cycle Disorders.“ J. Pediatrics (2001) l38:S56-S6].

4 of 22
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


5 of 22

US 9,254,278 B2
Page 5

(56) References Cited

OTHER PUBLICATIONS

Brusilow. S.. et al.. "Amino Acid Acylation: A Mechanism of Nitro-
gen Excretion in Inborn Errors ofUrea Synthesis." Science 20'f:5S9-
6tSl 1980).
Bm silow. S. W.. ot'a|.. “Phenylacetylglutamine May Replace Urea as
a Vehicle for Waste Nitrogen Excretion." Pcdiatr. Res. 29: 147- 150
(1991).
Brusilow. S.W. et al. (Sep. 1. 1979). "New Pathways of Nitrogen
Excretion in Inbom Errors o['Urca Synthesis." Lancet 2(8140):4S2-
454.

Btusilow. S.W. (Jun. 21,1984). “Treatment of Episodic Ilyperam-
monemia in Children With l.nborn Errors ofUrea Synthesis.“ N. l:.ngl.
J. Med. 3 l0(25)l630-1634.
Btusilow. S.W. (Amendment Dated Jul. 25. 1994). “Protocols for
Management ofintercurrent Hyperammonemia in Patients with Urea
Cycle Disorders." FDA Application to Market A New Drug for
Iluman Use or an Antibiotic Drug for Human Use. Fourteen pages.
Brusilow. 3.. et al. (1991). "Treatrrient of Urea Cycle Disorders.”
Chapter 5 in Treatment of Genetic Diseases. Desnik. R.J. et al. eds.
Churchill Livingstone. New York. NewYork. pp. 79-94.
Brusilow. S.W. et at. (1995). “Urea Cycle Enzymes.“ Chapter 32 in
The Metabolic and Molecular bases of Inherited Diseases. Scriver.
C.R. et al. eds... -.VlcGraw-Hill. lnc. I\'ewYork. pp. H87-1232.
Brusilow, S.W.. el al. ( l996).“Urea Cycle Disorders: Diagnosis.
Pathophysiology. and Therapy,” Adv. Pediatr. 43:12?-l T0.
Brusilow. S.W.. et al. (1995). "Urea Cycle Disorders: Clinical Para-
digm of Hyperammonernic Fnecpitalopalhy." Progress in Liver Dis-
eases(1995) 12:293-309.
Btusilow. S. W.. et al.. “Restoration of Nitrogen Homeostasis in a
Man with Ornithine Transcarbamylase Deficiency." J. Metabolism
(l993)42: I336-1339.
Calloway. D.I-i. et al. (1971). “Sweat and Miscellaneous Nitrogen
Losses in Human Balance Studies.“ J. Nutrition 101:T'5-T86.

Calloway. D.t-I. et al. (19'i1). “Variation in Endogenous Nitrogen
Excretion and Dietary Nitrogen Utilization as Determinants of
Human Protein Requirements.“ J. Nutrition 10 12205-216.
Camacho. L.i-1. et al. (2007. e-pub. Oct. 20. 2006). “Phase l Dose
Escalation Clinical Trial oi’ Phenyl butyrate Sodium Administered
Twice Daily to Patients With Advanced Solid Tumors.” lnvest. New
Drugs 25: I31-138.
Chang J.-G.. et al.. “Treatment of Spinal Muscular Atrophy by
Sodium Butyrate." PNAS USA (2001) 98(i'.i):98U8-9813.
ClinicalTrials.Gov-"Archive View ofNCT0l'.]S5 1200 on Dec. I {.2007

“Dose- Escalation Safety Study oi’ Glyceryl Tri
(4-Phenylbutyratcl(_*I.i'l‘4l’) to Treat Urea Cycle Disorders“ [accessed
Oct. 5, 2009]. 4 pages.
Combined Search and Examination Report mailed on Sep. 9. 2010.
for Great Britain Patent Application No. 1013-'-168.2. filed on Aug. 27.
2009. six pages.
Combined Search and Examination Report mailed on Oct. 9. 2009.
for Great Britain Patent Application No.GB0915 545 .8. filed on Aug.
27. 2009. eight pages.
‘Complaint for Patent Infringement‘. H}oper'iwr T0erapeir.'ic.t', Inc. V.
Przr Piimriioceirticols. inc. Filed in U.S. District Court for the Eastern

District o1'Te.~:as. Apr. 23. 2014.
‘Complaint for Patent Infringement’. Horizon i'"I:empeu.'r‘rs, Inc. v.
Lupin Ltd. and .'.irpiu PI'ut:'niaceim'r.'afs irri.-. Filed in 1.’ .S. District
Court for the District ofNew Jersey. Oct. 19. 2015.
Comte. 13.. et a].. “Identification of Phenylbutyrylglutamine. A new
Metabolite of Phenylbutyrate Metabolism in llumans." Journal of
Mass Spectrometry (2002) 37(6):5 81-S90.
Darzcns. G. et a],: “Preparation de quelques glycerides
phenylaliphatiques et leur reduction en alcools . . . ". Comptcs
Rendus l-Iebdomadaires Des Seances De L 'Academie Des Sciences.

vol. 205. Oct. 13. 1937. pp. 582-684.
Deferrari. G. et al. (1981). “Brain Metabolism o['Arnino Acids and
Ammonia in Patients with Chronic Renal Insutflciency." Kidney
International 20:505-510.
Diaz. G.A.. et al.. “Phase 3 Blinded. Randomized. Crossover Com-
parison oi’ Sodium Phenylbutyrate (Na.PBA) and Glycerol

Phenylbutyrate (GPB): Ammonia (_NH3) Contml in Adults with Urea
Cycle Disorders (UCDs).“ Mol. Genet. Metal). l02:2?6 (2011).
Diaz G. A.et ai. "Ammonia (N113) control and improved neurocogni-
tive outcome among urea cycle disorder (UCD) patients treated with
glycerol phenylbutyr.-ue (_GPB)." Mol. Genet. Metab. 2012. 105. 3] l.
SIMD Abstract 24.

l:‘xamiriation Rcport mailed on Oct. 27. 2010. for United Kingdom
Patent Application No. GB0915545.8. filed on Aug. 27. 2009. two
pages.
E.‘{fll‘i1ll'iflli0I1 Report mailed Feb. 5. 2010. for United Kingdom Patent
Application No. GBO9l5545.8. filed on Aug. 27. 2009. two page.
Examination Report mailed May 1 1. 2010. for United Kingdom
Patent Application No. GB09l 5545.8. filed on Aug. 2?. 2.009. one
page.

FDA Label for Ammonul®. sixteen pages (Feb. 2005).
FDA. (Aug. 2003). “B1IphenylC|i= (Sodium Phcnylbutyrate) Label"
nine pages.
FDA Label for Buphenyl. 6 pages.
Gargoslcy. S. (2006). “High Arrunonia Levels are Associated With
Increased Mortality and Coma." Ucyclyd Pharma. Inc.. one page.
Gargoslty. S. et at. (Oct. 14. 2005). “Results of a Twenty-two Year
Clinical Trial: Actue. Adjttnctive Pharmacological Treatment of
Hyperarrunoneinic Episodes in Patients with Deficiencies in
Enzymes ofthe UreaCycle.“ poster. Ucyclyd Pharma. Inc .. one page.
Gargosky. S. (Aug. 2. 2005). "Improved Survival of Neonates Fol-
lowing Administration of Ammonul® (Sodium Phenyl acetate &
Sodium Benzoate) 10% 110% Injection." SSIEM Poster. six pages.
Ghabril. .VI., et al.. "Glycerol Phenylbutyrate (GPB) Administration
in Patients with Cirrhosis and Episodic Ilepatic Encephalopadty
(I-113).“ accepted for presentation at Digestive Disease Week. 2012.
Gropman. A. I... et 211.. “t H MRS Allows Brain Phenotype Differ-
entiation in Sisters with l.ate Onset Omithine Transcarbamylase
Dcficiencyt_0'1C.D) and Discordant Clinical Presentations.“ Mol.
Genet. Metab. 94(1);52-so (zoos).
Gropman. A.L.. et a].. "1 H MRS Identifies Symptomatic and
Asymptomatic Subjects with Partial Orriilhine Traiiscarinamylase
Deficiency.” Mol. Genet. Metab. 95:21-30 (2008).
IIype1'ion Therapeutics. (Mar. 30. 2009). “Hyperion Therapeutics
Announces Results for Phase II Study in Urea Cycle Disorders.“
located at <htIp:e'.fwww.hyperiontx.comr”press:"release..-'pr
1238518388? last visited on Apr. 2?. 201 1. three pages.
Hyperion Therapeutics. (Jun. 2. 2009.) “l-lyperion Therapeutics
Announces Results ofPhase I Study in Patients with Liver Cirrhosis"
located at<http:.".-"www.hyperiontx.comu"press.*’release.r”pr
l24389l l6l>. last visited on Apr. 27. 2011, three pages.
International Preliminary Report on Patentability mailed on Mar. 1.
201 1. for PCT Application No. P(."l'.-"L.’S2009.-‘U30362. filed on Jan. 7.
2009. seven pages.
International Preliminary Report on Patentability mailed on Mar. 1.
20] 1. for PCT Application No. PC'l'.-"US2009.-"0S5256. filed on Aug.
27. 2009. six pages.
James. M.O. et al. (1972). “The Conjugation of Phenylacetic Acid in
Man. Sub-I-Iuman Primates and Some Other Non-Primates Species.“
Proc. R. Soc. London 182225-35.

John. B.A. et al. (Mar. 2009). “The Disposition of lIl-‘N- 100. A Novel
Pharmaceutical Under Development for Potential Treatment of
I-Iyperammonemia. in Cynomologus Monkeys." abstract presented at
ACMG 2009. one page.
John. B.A. et :11. (Mar. 2009). “The Disposition ofHPN- l 00. A Novel
Pharmaceutical Under Development for Potential '1'rcat.ment of
1-Iyperammonemia. in Cynomolgus Monkeys.“ ACMG 2009 ADML‘.

poster. two pages. ‘
Kasnmov. T.. et al.. “New &conda.ry Metabolites ot'Pheny1butyrate
in Humans and Rats.“ Drug Metabolism and Disposition (2004)
32(1);m-19.
Lea et aI.. "Butyramide and Monobutyrin: Growth Inhibitory and
Di fferentialing Agents". Anticancer Res. 13: 145-1 50 (1993).
Lee. B. et al. (Aug. 2009). "Dosing and Therapeutic Monitoring of
Ammonia Scavenging Drugs and Urinary Phenylacetylglutamine
(PAGN) as a Biomarker: Lessons From a Phase 2 Comparison ofa
Novel Arnmonia Scavengirtg Agent With Sodium Phenylbtltyrate
(NaPBA).".absr.ract presented at ICll;‘-M 2009. San Diego. CA. one
[1330 .

5 of 22
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


