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per day, if that dosage is within a range considered safe to administer to the patient. Either

the dosage of HPN-100 or dietary protein intake could be adjusted to optimize the treatment

plan for this subject.

[00] 4]]Optionally, the urinary PAGN output may be determined as a ratio of urinary

PAGN concentration to urinary creatinine concentration; creatinine levels are typically

stable enough for a given individual to provide a normalization factor for urine volume so

that rather than determining total daily urinary PAGN, the physician can estimate total daily

urinary PAGN from testing a single urine sample.

[00142] The physician may also monitor the plasma ammonia levels and dietary protein

intake in the patient to ascertain whether the patient’s dietary protein intake and drug

treatment combined are producing the appropriate therapeutic effect. Dietary protein intake

or drug dosage or both could be adjusted to attain a notrnal or desired plasma ammonia

level, e.g., a level below about 40 umol;’L. However, as demonstrated by the observations

described herein, the physician would not use plasma levels of PAA or PBA to adjust the

dosage of HPN-I00 or otherwise guide treatment, as those levels do not correlate well with

the ammonia scavenging effect of the administered I-lPN—lO0.

[00143] If the 19g dose of HPN-100 is determined to be inadequate (e.g. patient requires

an increase in dietary protein which would result in excretion of waste nitrogen exceeding

his or her urea synthesis capacity and PAGN excretion), HPN—lOO dose would be increased

sufficiently to cover the necessary dietary protein and the same methodology of dose

adjustment based on urinary PAGN excretion would be applied to determine that dosage of

I-lPN—l00.

[00144] In a subject having little or no urea synthesis capacity where essentially all

urinary nitrogen would be accounted for by PAGN, the ammonia scavenging effect may be

monitored by determination of total urinary nitrogen (TUN), rather than directly measuring

PAGN levels in the urine.

[00145] Optionally, the TUN can be used as a measure of urea synthesis capacity, by

subtracting the amount of nitrogen present as PAGN.

Example 10

Determination of a Dosage of HPN—lOO for a Patient already on sodium PBA

[00146] A patient with a UCD already on sodium PBA who is to be transitioned to HPN—

100 would undergo assessment of dietary protein and measurement of urinary PAGN

excretion.
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[00147] If the patient is judged to be adequately controlled on sodium PBA , then the

starting dose of HPN-I00 would be the amount necessary to deliver the same amount of

PAA (eg. 19 grams of HPN—l00 would correspond to 20 grams of sodium PBA).

Subsequent dose adjustment would be based on repeated measurement of urinary PAGN as

well as assessment of dietary protein and ammonia. , However, as demonstrated by the

observations described herein, the physician would not use plasma levels of PAA or PBA

either to determine the initial dosage of HPN-100 or adjust the dosage of HPN-100 or

otherwise guide treatment, as those levels do not correlate well with the ammonia

scavenging effect of the administered I-IPN~lO0.

[00148] If the patient is determined to be inadequately controlled on sodium PBA , then

the starting dose of HPN-I00 would be selected to deliver an amount of PAA higher than

the dose of sodium PBA provided such HPN—lO0 dosage is otherwise appropriate.

Subsequent dose adjustment would be based on repeated measurement of urinary PAGN as

well as assessment of dietary protein and plasma ammonia. However, as demonstrated by

the observations described herein, the physician would not use plasma levels of PAA or

PBA either to determine the initial dosage of I-lPN—l0O or adjust the dosage of HPN—lOO or

otherwise guide treatment, as those levels do not correlate well with the ammonia

scavenging effect of the administered HPN—l0O.

[00149] Optionally, for example in a ‘fragile’ UCD patient with a history of repeated

episodes of hyperammonemia, the conversion from sodium PBA to HPN-I00 might occur in

more than one step, whereby, at each step, the dose of sodium PBA would be reduced in an

amount corresponding to the amount of PAA delivered by the incremental dose of HPN-

100.

[00150] If the dose of HPN-100 is determined to be inadequate {_e.g. patient requires an

increase in dietary protein which would result in production of waste nitrogen exceeding his

or her urea synthesis capacity and PAGN excretion), HPN-100 dose would be increased

sufficiently to cover the necessary dietary protein and the same methodology of dose

adjustment based on urinary PAGN excretion would be applied.

[00151] The examples set forth herein are illustrative only, and should not be viewed as

limiting the invention.
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Claims

1. A method to determine an effective dosage of I-lPN— [O0 for a patient in need of

treatment for a nitrogen retention disorder, which comprises monitoring the effect of an

initial dosage of HPN—lOO,

wherein monitoring the effect consists essentially of determining the patient’s

urinary phenylacetyl glutamine (PAGN) output;

and determining from the urinary PAGN output whether andfor how to adjust

the initial dosage of HPN~l0O to produce a desired ammonia scavenging

effect.

2. The method of claim 1, wherein urinary PAGN output is determined as a ratio of the

concentration of urinary PAGN to urinary creatinine.

3. The method of claim I, wherein the nitrogen retention disorder is chronic hepatic

encephalopathy or a urea cycle disorder.

4. The method of claim 1, wherein administering the effective dosage of HPN—lOO to

the patient produces a normal plasma ammonia level in the patient.

5. A method to determine an effective dosage of HPN-100 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 monitoring the effect consists of determining the patient’s urinary

phenylacetyl glutamine (PAGN) output andfor total urinary nitrogen.

6. A method to determine a dosage of HPN—lOO for a patient having a nitrogen

retention disorder, which comprises calculating the dosage of HPN—lOO based on a

utilization efficiency for HPN-I00 conversion into PAGN of about 60% to about 75%.

7. The method of claim 6, wherein the dosage of HPN—lOO is calculated from the

patient’s dietary protein intake.

8. The method of claim 7, wherein the dosage of HPN—lOO is reduced to account for the

patient’s residual urea synthesis capacity.
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9. A method to determine a dosage of a PAA prodmg for a patient having an ammonia

retention disorder, 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 produce the

target amount of urinary PAGN,

wherein about 60% to about 75% of the PAA prodrug is converted

into urinary PAGN.

10. The method of claim 9, wherein the PAA prodrug is phenylbutyric acid (PBA) or a

pharmaceutically acceptable salt thereof.

1 1. The method of claim 9, wherein the PAA prodrug is HPN-100.

12. A method to treat a patient having an ammonia retention disorder with a suitable

dosage of a PAA prodrug, comprising:

at) 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 prodmg into urinary PAGN; and

e) administering to the patient the suitable dosage of the PAA prodrug.

13. The method of claim 12, wherein the PAA prodrug is phenyibutyrate or a

pharmaceutically acceptable salt thereof, or HPN-100.

14. The method of claim 12, wherein the PAA prodrug is HPN-100, the patient is a

patient with clinically significant residual urea synthetic capacity, and the HPN-100 is

administered in two or three doses per day.
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15. A method to transition a patient receiving treatment with an initial amount of

phenylacetate or phenylbutyrate to a final amount of HPN-I00, comprising:

determining a replacement amount of HPN—lO0 to replace at least a portion

of the phenylacetate or phenylbutyrate;

substituting the replacement amount of the HPN—IOO for the phenylacetate or

phenylbutyrate; and

monitoring the amount of urinary PAGN excreted by the patient to assess the

effectiveness of the replacement amount of the HPN-100.

16. The method of claim 15, wherein an increase in the amount of urinary PAGN caused

by the transition indicates that the amount of HPN-100 can be reduced.

I7. A method to transition a patient taking an initial daily dosage of phenylbutyrate from

phenylbutyrate to HPN-I00, comprising

a") determining a suitable amount of HPN—lO0 to replace at least a

portion of the initial daily dosage of phenylbutyrate;

b) administering the suitable amount of HPN-I00 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-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 I-IPN-

100.

18. A method to initiate treatment with phenylacetate, phenylbutyrate or a I-IPN—l0O 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 an estimated 60% to 75% conversion of the administered drug

into PAGN; and
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d) increasing the dose of drug as appropriate, and repeating the steps above,

to reach a maintenance dose of the drug.

19. 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.

20. The method of claim 19, wherein the PBA prodrug is HPN-100.

21. The method of claim 20, wherein the AUC for PBA exposure is lower with the

prodrug than with PBA by at least about 20%.

22. The method of claim 20, wherein the exposure to PBA upon treatment with the

prodrug is lower by at least about 30% compared to treatment with PBA.

23. A method to determine a suitable dietary protein level for a patient having a nitrogen

retention disorder, comprising:

determining the patient’s endogenous nitrogen elimination capacity;

calculating from the endogenous nitrogen elimination capacity an amount of

dietary protein the patient can process without the aid of a nitrogen

scavenging drug;

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 drug, taking into account the

of protein required for health and body growth.

24. The method of claim 23, wherein the nitrogen scavenging drug is HPN-I00.

25. The method of claim 24, wherein the selected dosage of HPN—I0O is up to about 19

grams per day, and wherein the amount of dietary protein the patient should be able to
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process with the assistance of this amount of HPN~lO0 is about I g of protein per gram of

HPN—lO0.

26. A method to treat a patient with a PBA prodrug, comprising administering HPN—lOO

at a daily dose in excess of 19 g per day to a subject having HE or UCD.

27. The method of claim 26, wherein the daily dose of HPN-I00 is between about 19g

and about 57 g.

28. A method to treat a patient having a nitrogen retention disorder with the PBA

prodrug HPN—l0O, wherein the AUC for PBA is less than about 600 and the Cmax for PBA

is less than about I00 when the PBA prodrug is administered.

29. The method of claim 28, wherein the subject's plasma ammonia levels are on

average normal when treated with I-IPN—l0O.
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DOSING AND MONITORING PATIENTS ON NITROGEN-SCAVENGING DRUGS

Cross—Rel'erence to Related Applications

[0001] This application is a continuat.ion in part ofU.S. Nonprovisional Patent Application

Serial No. l2r‘350,l l 1, filed January 7, 2009 which is pending, and a continuation in part of

International Application No. l’(ITfIJS(}8f30362, filed January 9, 2009, each of which claims

benefit of priority to U.S. Provisional Application Serial Number 6lz"093,234, filed August ‘.29,

2008, each of which is incorporated herein by reference in its entirety. This application is also

relat.ed to the U8. provisional patent. application entitled “Treating special populations having liver

disease with nitrogen-scavenging compounds," naming Sharron Gargosky as inventor, serial

number 61/048,830. filed on April 29, 2008.

Technical Field

[0002] This invention relates to treatment of patients with nitrogen retention st.at.es, including

urea cycle disorders (UCDs), cirrhosis complicated by hepatic encephalopathy (HIE) and chronic

renal failure (CRF). using administered compounds that. assist in eliminat.ion of waste nitrogen

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

invention provides methods for delivering such compounds and selecting suitable dosages for a

patient. as well as adjusting dosages and monitoring effectiveness ofa treatment. As depicted in

Figure la, inherited disorders (e.g.. UCDs) and acquired disorders (e.g. cirrhosis, typically with

portal systemic shunting, complicated by HE) involving the liver which impair the normally

efficient clearance of ammonia from the portal circulation and conversion to urea via the urea

cycle, depicted in Figure 1b, result. in elevated levels in the blood of ammonia. a potent. neurotoxin.

CR1‘, while associated in some instances with mildly elevated levels of ammonia, (Deferrari, @

@1980; 20:505), results in retention of other nitrogenous waste products normally excreted in the

urine, in particular urea. the blood levels of which are commonly used to assess renal function.

[0003] Restriction ofdietary protein (i.e. intake of dietary nitrogen) is comlnonly used in die

management of each of these nitrogen ret.ention states. to avoid accumulation of ammonia or

metabolic products containing ammonia, e.g., urea. References herein t.o ammonia and ammonia
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scavenging refer primarily to treating UCD5: and I-113 and conditions that emulate UCDs, although

the terms ammonia scavenging and waste nitrogen scavenging are used interchangeably.

Back round Art

[0004] Drug dosing is usually based upon measurement of blood levels of the active drug

species in conjunction with clinical assesslnent of treatment response. However, the present

invention is based on evidence that for certain pnodrugs of phenylacetic acid (PAA), measuring the

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

effect: drug levels in the blood do not correlate with efficacy in this case. In addition, assessment

of treat.ment effect. by measuring levels of ammonia in the blood in IJCD patients is also potentially

unreliable. Individual ammonia level measurements vary several-fold over the course of a day for

a given patient, and withdrawing multiple blood samples under carefully controlled conditions over

an extended period of time is clinic ally impractical as a way to monitor a treated patient. The

variability in blood ammonia levels reflects the fact that ammonia levels in UCD patients are

affected by various factors including dietary protein and t.iming in relation to meals, such that any

individual value fails to provide a reliable measure of how much ammonia the drug is mobilizing

for elimination; i.e. drug effect. The invention demonstrates that prodrugs of phenylbutyric acid

(PB/\'} behave similarly to sodium PB./X, in that measuring PBA levels is unreliable for assessing

their effectiveness. This invention provides a novel method for closing in patients with nitrogen

retention states, in particular patients with liver disease and clinical manifestations of hepatic

encephalopathy and patients with UCl)s. 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

metabolixed to form PB/\.

[0005] Hepatic encephalopathy (I-IE) refers to a reversible spectrum of neurologic signs and

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

[0006] Urea cycle disorders (UCDs) comprise several inherited deficiencies of enzymes or

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

lb, which also illustrates how certain ammonia—scavenging drugs act to assist in elimination of

excessive ammonia. UCDs include inherited conditions associated with insufficient function of

any one of several ammonia-processing enzymes. Individuals born with no meaningful residual

urea synthetic capacity typically present in the first few days of life {neonatal presentation).

Individuals with residual Function typically present later in childhood or even in adulthood, and

")
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symptoms may be precipitated by increased dietary protein or physiological stress (e.g. intercurrent

illness.) Some enzymes whose deficient functioning causes UCDS include the following:

0 Carbarnyl phosphate synthctasc (CPS),

0 ornithine transcarhamylase (OTC),

0 argininosuccinate synthetase (ASS),

0 argininosuccinate lyase (A521,),

0 arginase (ARG; EC Number 3.5.3. I ; autosomal recessive}, {/\RG) and

0 N-acetyl glutamine synthetase (NAGS)

[0007] Mitochondrial transporter deficiency states which mimic many features of urea cycle

enzyme deficiencies. and thus emulate UC])s and are treatable by the methods described herein for

treating UCD5, include the following:

0 Ornithine translocase deficiency thyperomithinemia, hyperammonemia, homocitrullinuria

or I-II-ll-I Syndrome)

'3 Citrin (aspartate glutamate transporter) deficiency

[0008] The common ['e ature of UCDS and similar conditions and hepatic encephalopathy that

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

the body, and hyperammonemia. CRF is similarly characterized by build-up of excessive waste

nitrogen in the blood in the form urea, and the ammonia scavenging drugs described herein are

likewise effective to prevent accumulation of excess levels of urea. 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 11E, 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 ofprotcin. As a result. waste nitrogen builds up in the body

of a patient having a nitrogen retention disorder, which usually results in excess ammonia in the

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

irnportant part of an overall management strategy for such disorders.

[0009] 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 sufficient protein to support normal growth (i.e. in growing children] and repair; thus in

3
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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 nitrogemelimination 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 readi1y—excreted forms, such as

phenylaeetyl glut-amine (PAGN). In some embodiments, the invention relates to methods for

determining or adjusting a dosage of an oral drug that forms FAA in viva, which is converted into

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

[0010] Based on prior studies in individual UCI) patients (e.g. Brusilow, Pediatric Research,

vol. 2‘), 147-50 (1991); Brusilow and Finkelstien, J. Metabolism, vol. 42, 1336-3‘) (1993)) in

which 80—90% of the nitrogen scavenger sodium phenylhutyrate (a FAA prodrug) was reportedly

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

I
\ .

conversion of sodium phenylbutyrate or other PAA prodrugs to PAGN (e.g. Berry et al.,

 , vol. 138, 356-361 (2001)) or do not co1111nent on the implications of incomplete

conversion for dosing (e.g. Singh. Urea Cycle Disorders (.‘.onl'erence Group ‘C0n.s'en.s'u.s‘ .S‘mteme::r

from at C0:r_f.'(Jrtrs'Jr(r(»_f.'ar fire Marrager-irerrr qf Pan'errr.s' wiflr Urea (:1-'(.'Z(4 D:'sord(=r.!r’, Supp] to .1

Pediatrics, vol. 138(1), S1-S5 (2001)). Based on what is known, one expects essentially complete

conversion of these drugs into urinary PAGN.

[0011] PBA is currently the preferred nitrogen scavenging drug for UCD patients in need of

substantial nitrogen elimination capacity. Current treatment guidelines recommend 4 times per day

dosing with PBA, based on the fact that PBA is absorbed rapidly from the intestine when

administered in the form of sodium PB/\ and exhibits a short half life in the bloodstream (Urea

Cycle Disorders Conference Group ‘Consensus Statement’ 2001). Current recommendations for

sodium phenylhutyrate closing in UCD patients indicate that dosage should not exceed 600 mgfkg

(for patients weighing up to 20 kg) or in any case 20 grams total per day. Frequent dosing helps

minimize the peak levels of ammonia, which can be very harmful, and it minimizes buildup of high

concentrations of PAA as well.

[0012] (RF (chrome renal failure) resulting from a variety ofcauses (e.g. diabetes,

hypertension, glomerular disease, etc.) is associated with diminished excretion from the body of

water soluble waste products normally present in the urine, including nitrogenous waste such as

urea. While the contribution of increased blood levels of urea. per sc. to the clinical manifestations
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of CRF‘ and end-stage renal disease (ESRD) known as uremia is uncertain, urea levels in the blood

are commonly used as one measure of renal function and the need for and frequency of renal

replacement therapy such as dialysis. As a corollary of the findings noted above in UCD patients

(e.g. Brusilow, Ped:'am'r.' Researr..-h, vol. 29, 147-50 (1991); Brusilow and Finkelstien, L

 ,vol. 42, 1336-39 (1993)), increased waste nitrogen excretion in the form of PAGN

resulting from administration of PAA prodrugs decreases urea synthesis and therefore can serve as

an alternative to urea excretion. Consistent with this, Brusilow (US Patent # 4,284,647) has

demonstrated that administration of sodium henzoate, which increases waste nitrogen excretion in

the form of hippuric acid, lowered blood urea levels in a patient with renal failure (Figure 14).

Accordingly, PA/\ prodrugs, including PEA and Hl"N—l00 can he used to treat CRF as well as

UCDs and HE, and methods for determining and adjusting dosage of these PAA prodrugs and

monitoring treatment efficacy are among the inventions tlisclosetl herein. In general, and without

being limited by theory, prodrugs of PAA which do not contain sodium would be preferred for

treatment of treatment of those nitrogen retention states, including CRF as well as cirrhosis and

E111‘. which are also known to be associated with sodium and fluid retention ntanifested, for

example, as ascites and or peripheral edema. IlPN~10() is one such sodium~l'ree PAA prodrug.

Disclosure of Fimbodiinents of the Invention

[0013] The invention provides a novel approach for determining and adjusting the schedule

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

glyceryl tri-I4-phenylbutyrate] (I ll3'N-100), based upon the urinary excretion of the drug metabolite

phenylacetylglutamine (P/XGN] and./or total urinary nitrogen. It is based in part on the discovery

that bioavailability of these drugs as conventionally assessed based on systemic blood levels of the

drugs themselves or of the active species produced in viva from these drugs does not accurately

predict removal of waste nitrogen or reduction of plasma ammonia in healthy human volunteers,

adults with liver disease, or patients with l_.'CDs receiving ammonia scavenging drugs as defined

below. Conversion of orally administered sodium phenylbutyrate (NaPBA, or sodium PB/\) to

urinary PAGN (_ul3A(iN) is now shown to be incomplete: conversion is typically about 4t}—?(J%, or

about 54% on average. (A preliminary analysis suggested the range would be around 60-75%, but

final analysis shows the average is about 54%.) The average value of about 54% conversion was

determined experimentally for orally administered lIPN—l 00 or PBA converting into urinary

PAGN, and a range of about 40-70% represents the average plus or minus approximately one

5
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standard deviation for this data set. By comparison, correlating urinary PAGN with drug dosage

using information available in the art would have provided substantially different results, since the

prior art suggests a much higher conversion, e.g., 90% or more. As used in this context, “about

54%" refers to a value between 50% and 60%, and the urinary PAGN output refers to a measure ol‘

urinary PAGN output for a subject receiving ongoing stable daily dosages of the nitrogen

scavenging drug.

[0014] Urinary PAGN can be measured in various ways; in some embodiments. as described

herein, it is a 24-hour measurement, which tneans measurement of total urinary PAGN output. for a

period of 24 hours following the first dose of the day of a nitrogen scavenging drug. In other

embodiments, a 12-24 hour urinary PAGN level is used, which is the total amount of urinary

PAGN excreted over the time period 12-24 hours after the lirst dose of the day. As an alternative,

as described herein, spot testing of urinary PAGN levels can be used, by normalizing the value as a

ratio to urinary creatininc output. Daily creatininc output is relatively stable for most subjects, and

this has been found to be true even in the UCD. HE, and CRP‘ patients receiving the nitrogen

scavenging drugs described herein. Because creatininc output is relatively stable, it can he used to

normalize urinary PAGN output levels: from a ‘spot test’ of a partial sample, the ratio of ul’/\(lN

to urinary creatininc can he used to estimate a total daily urinary PAGN output. These values may

be used in calculations of dosages or protein intake based on urinary PAGN output as well as for

determining initial drug dosage for a patient taking a given amount of protein.

[0015] The invention further provides methods to easily monitor trteated patients to determine

from urinary PAGN output whether their overall treatment program (diet and medication) is

working. and when the patient needs a modified treatment program or adjusted drug dosage. These

methods comprise ntonitoring urinary PAGN output, either as a 24 hour output, or as a 12-24 hour

total urinary PAGN output, or as an estimated value from a spot test, where the urinary output is

normalized to urinary creatinine and convened l.o an estimated 24-hour (or 12-24 hour) output. In

one embodiment, the method comprises comparing that value 1'or urinary PAGN to a cut-ol't' value

that distinguishes patients likely to have normal ammonia levels from patients likely to have high

ammonia levels.

[0016] Prodrugs ol’ phenylbutyrate (PBA, the active ingredient in BIIPI-[ENYL“'°(sodiu1n

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

which is itself a prodrug ol‘ phenylacetic acid (FAA), are especially subject to the effects described

herein.
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"R “~/\‘co,'~a*
/

phenylbuiyrate

OH

E Phenylacetic acid
O NH;

HO -».,N1,0
0 H Phenylacetylglutamine

[0017] As used herein “ainmonia scavenging drugs" is defined to include all orally

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

includes at least phenylbutyrate, BU131-113NY1.F’ (sodium phenylbutyrate), AMMoNAPs°-",

butyroyloxymethyl-4-phenylbutyrate, glyceryl tri-[4-phenylbutyrate] (IIPN-I00], esters, ethers,

and acceptable salts, acids and derivatives thereof. These drugs reduce high levels ofcndogenous

ammonia by providing phcnylacctic acid in vivo. which is metabolized e1"l"iciently to form

phenylacetyl glutamine (l’AGN}. PAGN is efficiently excreted in urine, carrying away two

equivalents of nitrogen per mole of PAA converted to P/—\(_iN. References herein to sodium

phenylbutyrate are understood to include reference to the drug product BI_.ll‘HE1\'=YL‘"’, and

BUIJI IHNYLGO was used for the Examples herein wherever test subjects were treated with sodium

phenylbutyrate. Thus the sodium PBA dosages used in the Exaniples generally refer to a dosage of

BUPI ll-ENYI .®, and the amounts of sodium phenylbutyrate in those lixamples should be interpreted

accordingly. Note that the terms ‘ammonia scavenger’ and ‘nitrogen scavenger‘ are used

interchangeably in this invention, reflecting the Fact that the drugs described herein lower blood

ammonia andlor urea levels through elimination of waste nitrogen in the form 01" I’AGN.

[0018] In some enibodiments, the invention uses prodrugs that can be converted into PAA

within the body. Sodium phenylbutyrate (sodium PBA) is one such dmg; it is converted by

oxidative mechanisms into PA/\ in the body. HI‘N—l00 is another such drug: it can be hydrolyzed

to release PB/—\, which in turn can be converted to PAA. Thus, l-II-"’N-100 is a prodrug of PBA, and

also a pre-prodrug of PA/-\. Clinical evidence demonstrates that HPN-100 is converted into PAA

7

408



409

W0 20 101025303 PCTIU S2009;‘055256

in the body as expected, and that PAA is then linked to a molecule of glutamine and convened into

PAGN, which is eliminated in the urine as predicted. This process can be summarized as follows:

I-lI’N-100 9 3 PBA -) 3 PAA

PAA + glutamine -) l7’!\GN.

[0019] PAGN is mainly excreted in the subject’s urine, and removes two molecules of

ammonia per molecule of excreted PAGN. Each HPN-100 molecule forms three PAA molecules,

so each molecule of IIPN-100 can promote excretion of six molecules of ammonia. The clinical

results suggest that conversion of [IPN-I00 into PBA and PAA is efficient, in that lll’N-100 is

generally not detectable in blood, but surprisingly suggest that some PEA derived from HPN—l0O

is convened to PAGN before the I-IPN-100 (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 IIPN-100 as an ammonia scavenger.

[0020] In some embodiments. the invention uses a prodrug of PBA, including HPN-100 and

other esters ofphenylbutyrate. The PBA prodrug is thus a prodrug ofa prodrug, since PBA acts to

scavenge ammonia after it is convened to PAA and is thus considered a prodrug of PAA. In some

embodiments, the PB/\ prodrug is an ester ofphenylbutyrate, such as those described below; a

preferred PBA prodrug l‘or use in the invention is l-IPN-100. These compounds can be made and

used by methods disclosed in US. Patent No. 5,968,979, which is incorporated herein by reference

for its description of these compounds and methods for their administration.

[0021] Where an ‘equal molar’ or ‘equimolar’ amount ofa second drug is to be used along

with or instead 01' 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 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 I-“AA occurs in t»'r'vo. Thus, for example, a molecule of l-IPN-

100 can be metabolized by ester hydrolysis followed by oxidation to form three molecules of PAA,

so a tnole of IIPN-100 would be considered equimolar to three moles of PA/\. Similarly, since

I-ll’N-100 hydrolyzes to fonn three molecules of PBA (and one molecule of glycerol), an

equimolar amount of I lPN— 100 would be one—third of the molar amount of PB/\.
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[0022] The following Table sets forth amounts of I-IPN-100 that correspond to equimolar

amounts of certain relevant doses of BUPI ll:‘.NYL.® (sodium phenylbutyrate). Note that the

conversion of the dose of sodium PBA to the dose of Hl’N- IOU involves correction for their

different chemical forms |i.e. l-IPN—100 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 lIPN—lO0, which is 1.1 g/mI..

Table 1. Conversion Factors.

Bl.ll’l-lENYl..'” HPN- 100 IIPN-100

(sodium PBA) PBA Equivalent Dose (mg) PB/\ Equivalent Dose (‘T1143
-450-(00 ik Id 0.39-0.52 U14 (:1

(.pafl}em:§26gkga)y 428—570mgfkg/day 1“ 3’ fly
9.9-13.0 g/In2;’day 8.6-] 1.2 1nJ_J1112iday
(Patimm ) 20 kg} 9.4 — 12.4 g.*'1n2:’clay

Maxinlum Daily Dose: 20 g Maxinlum Daily Dose: I9 g 17.4 ml.
 

[0023] The present invention can use prodrugs of the formula (I):

H

H O’Fi1

H O—R2 ‘I’

H O’Fi:a

H

wherein R], R3, and R3 are inclependently, 1-1,

45 45—§ (C or —g (CmH2m-2)
and n is zero or an even number, m is an even number and at least one of R1, R3, and R;

is not H. For each R], R3, or R3, 11 or 111 is independently selected, so the R1, R3, and R3 groups

in a compound of formula I do not have to be identical. The preferred compounds are those

wherein none of R5, R3, and R3 is ll. and Frequently each n or m for a particular embodiment is

the same, i.e.. R1, R3, and R3 are all the same. The advantage over the prior art of decreased

9
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dosage is greater with such Lriesters, and having all three acyl groups the same reduces issues

related to mixtures of isomers. Moreover, the trio] backbone liberated by hydrolysis of the

esters is glycerol, 3. normal constituent of dietary triglyceride which is non-toxic.

[0024] The present invention also utilizes phenylbutyrate and phenylacetate prodrugs of the

R_Oj\

formula II:

R4

wherein R is a C;-(710 alkyl group,

R4 lS

or ,

:34 “':‘f(c H 3
(CH2)n rn 2rn—2

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

[0025] In Iiormula II, R can be, for example, ethyl, propyl, isopropyl, n—butyl, and the like.

[0026] The compounds of the invention are esters of the eongeners of phenylaikanoic and

phenylalkenoic acids having an even number 01' carbon atoms in the alkanoie acid portion, which

include phenylacetic acid esters and those ofphenylhutyric acid, etc., which can be converted hy

efficient beta-oxidation processes to phenyl-acetic acid in the body. They are thus prodrugs for

phenylacetic acid. Where :1 is 2 or 4, the esters are also prodrugs for phenylbutyric acid.

Preferably the alkylene or alkenylene earboxylale group contains 24 or fewer carbon atoms. so 11 or

In is less than 24. In some emboditnents, n and [11 are 0, 2, 4 or 6, and in some pmferred

embodiments n or II] is 2.

[0027] Certain preferred embodiments of the invention use [IPN—l()0 (Folrilula III):

l0
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H O

H O

H 0 (111)

H O

H

[0028] 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 FAA; therefore, an initial dose of PBA could be selected

if an effective dosage o1‘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 P/\A or a

prodrug that forms PA/\ 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 PA/\ dose equivalence, the PA/\

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 amtnonia elimination: for monitoring a dosing

level ofa PBA prodrug, one should not rely upon these parameters to assess the effectiveness of

the prodrug. While not bound by the underlying theory, explanations for this effect. (Le. the

inconsistent relationship between ammonia scavenging and PB/\ andfor PAA blood levels) are

provided herein.

[0029] The following Tables provides data from three clinical test groups showing the

inconsistent relationship between plasma FAA and PBA levels among healthy volunteers, patients

with cirrhosis and UCD patients, despite that fact that, as described in detail below, all groups

exhibited similar ammonia scavenging activity based on urinary excretion of PAGN. Note in Table

11
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2. for example, that plasma PAA and PBA. measured as AUCg4 were both about 4-fold lower

following single dose administration of llPN— 100 as compared with sodium PBA to healthy

volunteers (see also Figure 4), despite similar ammonia scavenging as determined by urinary

output of PAGN. Similarly, healthy volunteers and cirrhotic subjects exhibited no differences in

urinary PAGN output, yet FAA blood levels tended to be higher in Child-Pugh C cirrhotics.

12
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Table 2. Plasma Pharmaeokinetics of PBA, FAA, and PAGN Comparison across Studies

Cmax Tm,” TI/2 Al -TC:-4

Analyte Treatment (pgfmI.) (h) (11) {pg-hlml.)

Ilealthy Volunteers (Single Dose — 3 glmzitlay PBA Mole Equivalent)

PEA Sodium PBA 221.0 542.6
H1’1‘~'-100 137-7-

39 1.2Sodium PBA 279.8

FAA Hl’1\'-100 . ‘ . 70.9

PAGN Sodtum PBA - . . 395.] _ 
HPJN’-100 . ' . 262.1

Healthy Volunteers and Cirrhotit: Patients (Multiple day dosing ol' IIPN-100 at 100 mgfkg BID] '

Cllild-Pugh/\ 2.3 131.7
C‘|1tlclPugl1B 2.9 189.5

PBA ' _ '
C|111d—Pugh C 3.1 192. I

3-0 132-7
Cllilti-Pugh A 3.8 168.8

mm Cl1tlr.l—Pugh 13 4.5 252.4
(.‘l11ld—Pugh (7 4.8 579.9
Volunteers _ . 130.5

(.‘l1ild-Pugh A - . . 335.1

PAGN Cltnltl-Pugh I3 . . 466.99
(.‘|1ild-Pugh C . .. . 578.4
Voluttteens . . 550.9

U(.‘.D Subjects (Multiple Dose — PBA Mole Equivalent)

2-1 739-0
6-1 '-- 540-0

 
PBA

W -sou--m mm - . 595.6
8-0 574-6

MON Sodium PBA 7.2 1133.0
IIP1\- 100 8.0 1098.0

gm: maximum plasma concentration; '1‘,,,,, = time of maximum plasma concentration; AUC34 = AUC from time 0 to
24 liours; l"-JC = not calculated

‘Study did not include a sodillm phenylhiltyrate comparator arm, V-.1|11es represent I-ll’N— I00 dosing only. Al l(I values
represent the AUC from time 0 to the last measurable plasma concentration.

 
[0030] 'I1'1e plasma and urinary pharmacokinetic parameters for 10 UCD patients are

summarized at the bottom of Table 2 and in more detail in the following Table 3. Note that urinary

PAGN output was very similar for sodium PBA (as BUPI IHNYI.) and IIPN-100 in UCD patients

at steady state following multiple day dosing. However, in this case, plasma PBA levels measured

as AUC34 following llPN—l00 were about 27% lower following IlPN—l(J0 administration, as

compared with sodium PBA administration, whereas PAA blood levels were similar for subjects

13
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on both drugs. Notably, peak urinary output of PAGN occurred during hours 6-12 after the first

dose of PBA, but during hours 12-24 following lIPN—100 dosing, again demonstrating the slow-

release characteristics of I-[PN-100. Collectively, these findings demonstrate that the blood levels

o1'PB/-‘t. FAA and PAGN do not correlate consistently with urinary PAGN output. which is

stoichiometrically related to ammonia scavenging, and suggest that urinary PAGN output provides

a convenient method for monitoring ammonia elimination induced by the administered drug.

Table 3. PK Parameters and Ammonia Following NaPBA and HPN-100 Administration

Arithmetic Mean (CV%)
PK Parameters

 
IIPN- 100 (n: 10) l\’aPBA (n=lI})

PBA in Plasma

Al|CIct24(t1g-hfmI..) 540 (60.2)* 7'39 (49.1) *-

(1|nax.,.,(p.g!rnI.) 70.I (64.7) I-‘-l-I (44.5)
Crninss (ttghnL) 2.87 (265) 0.588 (255)

PAA in Plasma

AUCM4 (pg-11/m1 .) 575 (169) * 595 (1:14) *
(In1ax5s(}.tgf|n|.) 40.5 (148) 53.0 (94.7)
(Imin_._..,( :’n'|l..) 7.06 (31 l) 3.56 (194)

I’AG.N' in Plasma

AIICM4 (ttg-hfn1L._) 1098 (44.2) “‘ I133 (31.0)**

Ctn-axis (t1gl'mL) 71.9 (56.0) 83.3 (25.8)

C|nins5(tLgfI'nJ_.) 12.: (134) 15.3 (86.1)
PAGN in Urlnt:-*

Total excreted 0-24 hr (pg) 10 784 747 (25.9) I2 153 473 (48.2)
0-6 hr (pg) 238137] (61.3) 2452838 (41 ft)

6-I-2 hrt J 4859121 (54.7)

12-24 hr (pg) 5433033 (50.4) 46454-1’.-' (59.8)
Recovery of PBA as PAGN (9%) 54 (I5) 54 (I6)

Total Urinary Nitrogen in 24 hr
Mean (SD) g 8.9 (3.0)** 9.6 (3.9)**
Ammonia

TNAUC (t1mol)'L) 26.2 (39.2) 38.4 (51.0)
C|nax55(t1mob’L) 56.3 (49.5) 79.1 (50.6)
% normal ammonia values "‘ 57.98 (33.3?) 72.22 (27.23)

Mean Ammonia Ratio 0 7'
(glycerol phenylhutyrate /NaPB/\) '
95% CI of ratio 0.444. 15

AUCO 34: Area under the concentration from time 0 (pn:~dose) to 24 hours. Cmaxfig Maximum plasma concentration at steady state.
Cminss: Minimum plasma tmnccntralion at steady stale.. * n=8. *"‘n=9
'TNz"\I IC: 'f'irne—non'nalized area under the curve;
*9?-. normal ammonia values are presented as mean (SD)

[003]] The following Table further demonstrates the utility of urinary PAGN as a measure of

drug el'i"ect, assessed by examining correlates of blood ammonia measured over 24 hours and

expressed as time-normalized area under the curve (TNA1 IC). These measurements were made

following administration of either sodium PBA or I-IPN— lf)0, and correlation coefficients are
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shown as ‘r’ values and tests of statistical significance by ‘p’ values. As the table shows, there was

no statistical correlation between ammonia levels and PA/\ or PBA plasma levels and a barely

significant correlation with plasma PAGN levels (p = 0.04). As expected, there is a correlation

with drug dose; and surprisingly. there is a very strong (1) <0.{')00 l) inverse correlation with 24

hour urinary PAGN output (see also Iiigure 13), as well as with the 12-24 hour urinary PAGN

output (p -((1.001). This data is related to the testing described in I":X3l‘111'JlC 4 herein.

Table 4. Correlation Between Ammonia and Plasma PAA, PBA and PAGN, and Urinary

PAGN (UPAGN) ‘-2

Plasma PAA Plasma PBA Plasma PAGN UPAGN Dose I}-PAGN 12-24

N I5 15 16 [S I 8 to

r -0.23 0.08 -0.52 -0.80 _o 55 -0.75

P NS NS 0.04 «:0 . 0001 0.02 <o.oo1
' 

Ammonia was measured as time-normalized area under the curve (INAUC) based on up to l l

samples drawn over 24 hours

2 Speannan Rank—()rder Correlation
Data from both NaPB/\ and lIPN—l{}0 treated subjects were included in the analysis

Data from one subject with more than 50% missing data on IIPN-100 were excluded.

NS = not significant at a=0.U5.

[0032] As the data in Table 4 demonstrate, the I2-24 hour urinary PAGN output level for these

subjects correlates well with plasma ammonia levels. too: thus where a 24 hour urinary PAGN

output is used herein, a 12-24 hour urinary PAGN output can be used instead of the 24-hour

output. The 12-24 hour sample collection is typically Inore convenient than interrupting daily

activities to collect a 24-hour sample, and it was particularly surprising that 12-24 hour uI’AGN

output would correlate with ammonia control well enough to be useful.

[0033] One embodiment of the invention is a method For determining andfor adjusting the dose

of ammonia scavenging drugs in patients who have UCDs, whereby dose would be based on the

amount of dietary protein the patient is consuming, the anticipated percentage conversion of the

drug to PAGN, and the paticnt’s residual urea synthetic capacity. if any. Dose adjustments, if

necessary, would be based on the observed urinary excretion o1'PA(iN 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, but patients with later-onset

nitrogen accumulation disorders generally have some endogenous capacity, refeITed to sometimes

15
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as their residual urea synthesis capacity. See Brusilow, PROGRESS IN LIVER DISEASES, Ch. 12, pp.

293-309 (1995).

[0034] The suh_iect’s plasma ammonia Ievel Inay also be determined; this is a critical parameter

for tracking effectiveness of an overall treatment program, but any given measurement of ammonia

levels 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. Moreover, because ammonia values vary

widely during the day for these patients and because repeated monitoring over the course of an

entire day is impractical, blood ammonia levels are neither practical nor reliable for routine patient

monitoring. 'lhe present invention provides practical alternative methods based on urinary PAGN

output. A preferred embodiment of the invention provides methods for monitoring plasma

ammonia or efficacy of a PAA prodrug treatment without routinely measuring blood levels of

ammonia.

[0035] 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. The average nitrogen content

of dietary protein is well known, as is the stoichiometry for its conversion into PAGN for

excretion. The prior art has indicated or assumed that all of the PAA prodrug would be converted

into uPAGN. As demonstrated herein, that is not the case, and particularly for I-IPN-100, improved

methods for correlating dietary protein, residual endogenous capacity for waste nitrogen excretion,

and drug dosage with urinary PAGN excretion are provided.

[0036] 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, ii‘ any. While the urea synthetic capacity in patients with liver disease

would generally be greater than for patients with I_l(IDs, 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
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observed urinary excretion o1'PAGN and total waste nitrogen would adjust for these individual

patient characteristics.

[0037] 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. 'l'he difference between total

waste nitrogen in the urine and the amount of PAGN excreted is indicative of the patient’s

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 t.o the amount needed

t.o facilitate elimination of the waste nitrogen from the palient’s dietary protein. Dietary protein

intake should be determined or adjusted according to how Inuch nitrogen the subject can eliminate

above the amount that is eliminated as PAGN, which results from the FAA-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 very young growing patients, who retain a greater

fraction of ingested nitrogen to support body growth), and that about 16% of protein, on average, is

nitrogen (sec Brusilow 1991).

[0038] It has generally been assumed for such determinations that an orally administered

prodrug would be converted with 1{}()% efficiency into PAGN for elimination [see, eg, Berry et

al., J. Pediatrics 138(1), S56-S61 (2001) where Figure 1 assumes 1{)[l% conversion]; and one report

found that about 80-90% of PAA or PB./X was excreted front a specific individual as PAGN.

Brusilow, Pediatric Research 29(2), 147-150 (1991). The label for BUPI--Il7£NYI.® is consistent

with this, indicating conversion 0|" 80-100% 01' PBA into urinary PAGN within 24 hours of

administration.

[0039] It has now been found that I-IPN-100 and phenylbutyrate are both converted into urinary

PAGN at an overall conversion of about 40% to about 70% on average in 24 hours following drug

administration. About 60% conversion efficiency was seen in UCD patients and up to 75% was

seen in cirrhotic patients in a preliminary assessment of the data; however. some data used for that

assessment was misleading. Upon completion of the study and more detailed analysis of the data,

an overall average conversion of about 54% was found. with a standard deviation of about 15%.
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Results are shown in Table which shows the average urinary PAGN output in a 24 hour period

was 54il5% for subjects receiving llPN—l00, and 54:l:l 6% for subjects receiving PBA. Based on

this, a conversion efficiency in a range of about 40-70% is expected for both I-ll’N—1U0 and PBA,

with an average conversion efficiency of about 54%; 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 (-1.3 grams) of dietary

protein per day. Note that PAGN carries away two molecules of ammonia per molecule of PAGN.

Hxainples of calculations based on these parameters are provided in Hxamplet-: 9 and 10 herein.

Note that reliance upon the previously used assumptions of near quantitative conversion would

result in calculating dosages that would be nearly two-fold different from those calculated using

the conversion efficiency measured herein for a relevant UCD patient population, resulting in

potentially serious treatment errors. The improved methods herein thus reduce likelihood of

administering incorrect drug dosages to a highly sensitive patient population, and should reduce

occurrence of hyperamrnonemia or overmcdication.

[0040] In one aspect, the invention provides a method for transitioning a UCD patient from

phenylacetate or phenylbutyrate to HPN-100 or other esters or prodrugs of phenylhulyrate. The

method involves administering an initial dosage of the proclrug 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.

[0041] In so111e embodiments. the transition from phcnylbutyrate 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 (e.g. for clinically ‘fragi]e' patients with a propensity t'or

frequent hyperammonemia). 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

(Le. the amount necessary to deliver an equimolar amount of PBA) of I-IPN-100 or other prodrug

of phenylhutyrate, 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.

[0042] Another embodiment of the invention would be the adtninistration of a PAA prodrug,

for example a non-sodium containing prodrug such as Hl’N- 100, to a patient with CR1-‘. The

enhanced excretion of waste nitrogen in the form of PAGN would be expected to lower urea
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synthesis and levels of urea in the blood, as well as potentially other nitrogenous waste products

for which urea accumulation serves as a marker. The dosing principles noted above, including the

percent conversion to PAGN for initial dosage selection and for determination of dietary protein

would pertain to CRl'*‘, as would the utility of urinary PAGN for dose ad_iustn1ent and patient

monitoring.

[0043] Another embodiment oflhe invention is based on observations that delivery of PB/\ 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 ol' P/\/\. This regimen reflects the rapid absorption ofphenylbulyrate from the

gastrointestinal tract and quick metabolic conversion to PAA. I-IPN-100, by contrast, which is a

glyeeryl lri—ester of phenylbutyrate, has been found to be absorbed only 40% as rapidly as sodium

PB.’-X, 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 pharmacodynamic (PD) properties of IIPN-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 ol‘ 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 PB/\. Indeed, phannacokinetics for utilization of l lPN—l0O were very similar

when I-IPN-100 was taken with food or without food, after a day of fasting, so HPN-100 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

phenylaeetate. Surprisingly, even though IlPN—l00 and sodium PBA are both prodrugs of PAA,

I-IPN-100 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-100 is administered in two doses per

day (BID), and in some embodiments it is adiiiiuistened in three doses per day (TID).

[0044] It has also been found that because of the slow-release characteristics of I-lPN- 100. a

patient taking IIPN-100 has more stable and often lower plasma levels of PBA than a patient

taking sodium PBA itself. l-"or example. systemic exposure to PBA for a subject treated with l-ll’N-

l()0 was 27% lower than that observed for a subject treated with sodium pbenylbutyrate. The
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subjects receiving I-IPN-100 had PBA exposure, measured as a 24 hour AUC, of 540 pg-hrfmL,

compared to 739 1.1 g—hn"mL for subjects treated with PBA. This is believed to result from the slow

release characteristics of l-ll’N-100 and greater fractional conversion of PBA to l’AA.-’I’AGN prior

to reaching the systemic circulation following administration of PB/\ in the form of HPN— 100 as

compared with sodium PBA (e.g. see liigures 2 and 3), characteristics which offer 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

l-[PN-100, and peak plasma levels of PBA are higher as a result). In contrast, levels of PA/-\ in the

blood were essentially the same in both groups (l098 pg-hrfnil. for subjects receiving IIPN-100,

and I 133 pg—hr/ml. for subjects receiving PBA).

[0045] Other aspects of this invention relate to the observation that there is apparently no

satural ion in the ability of the body to convert sodium PBA or I-II3N—lU0 I.o 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 I-IPN-100 than an equimolar amount

compared to the patient’s dosage of PBA. It suggests a patient can receive a higher dosage of

I-IPN-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 l-[1-‘N -100 that are higher than

previously recommended sodium Pl-IA dosages.

[0046] Other aspects of the invention will be apparent front] the following detailed description

and the examples provided herein.

[0047] For convenience, the amounts of PAA (phenylacetic acid), PBA (phenyl butyric acid),

or l[PN—l00 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 l)ravving§

[0048] liigure la depicts human nitrogen retention states including urea cycle disorders

(UC|)s), cirrhosis {e.g. accompanied by portal systemic shunting and hepatic encephalopathy (llli),

and chronic renal failure (CRF).
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[0049] Figure 1b shows waste nitrogen disposal via the urea cycle and by the auxiliary

pathway involving PAGN.

[0050] Figure 2 depicts a conventional model to describe pharmacokinetic (PK) behavior of a

prodrug, which, in the ease of phenylbutyrate, assumes that FBA and FAA must reach the systemic

circulation in order to be active; i.e., in order to be converted to FAGN and effect ammonia

scavenging.

[0051] Figure 3 depicts an adapted model to describe PK behavior of sodium PBA or other

drugs such as IIPN-100 that can be converted to FBA and FAA, informed by the observations

described herein showing that metabolism of lll’N-100 results in lower plasma levels of FAA and

PBA while providing equivalent pharmacological effect. Unlike the conventional model, this

model allows for ‘pre-systemic‘ conversion of PBAIFAA to FAGN and explains inconsistent

relationship between blood levels of these metabolites and PA(iN~n1ediaI.ed excretion of waste

nitrogen

[0052] Figure 4 shows how plasma levels of FAA, PBA, and PAGN change over time

following administration of a single dose of either PBA or IIFN-100. It shows that the peak level

of PAA is lower when the PBA prodrug, I-IFN-100, is used. and the FAA level at 24 hours post-

administration is higher with the prodrug. Thus the prodrug provides a more sustained level of

plasma PAA.

[0053] Figure 5 presents an anatomic explanation for the observations that the prodrug (Pl-SA}

can be converted to FAGN prior to reaching the systemic circulation (corresponds to the model

depicted in Figure 3).

[0054] Figure 6 shows that FBA levels fluctuate relatively rapidly after dosing in healthy

adults, while FAA and PAGN levels reach a fairly stable steady state after a few days of treatment

with sodium phenylbutyrate.

[0055] Figure 7 shows that PBA, FAA and PAGN levels reach steady states at different times

in healthy adults and that FAA takes longer to reach a steady state level in cirrhoties

[0056] Figures 8a. 8b, and Se show that in subjects treated with HPN-100, there is little or no

correlation between the dose of l-IPN-100 and plasma levels of either PBA or PAA in the subject.

However, it also shows that urinary excretion of FAGN correlates well with dosage of I-IFN-100.

[0057] Figure 9 shows plasma ammonia levels [I;ime—normalized area under the curve, or TN-

AUC or Area under the curve (AUC)] during the day and night for 10 LICD patients treated for

seven days with sodium PBA. or with an equimolar dosage of I-lPN—l00. and illustrates that I-[PN-

7]
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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 I-[l’l\."-100 than in subjects receiving an equimolar

dosage o1‘l’BA.

[0058] Iiigure 10 shows that l-JPN-100 did a betterjob than PBA of managing plasma levels of

ammonia overnight.

[0059] Figure I 1 demonstrates that in patients whose ammonia levels were well controlled on

sodium I-‘BA, IIPN-"100 maintained control. By contrast, patients whose ammonia levels were

elevated despite treatment with sodium l-‘BA exhibited the greatest benefit in terms of improved

ammonia control from HPN~10U.

[0060] Figure 12 summarizes the data from Figure 11 and provides a statistical comparison of

ammonia levels for patients on sodium FHA and those on I-IPN-100. It also shows the normal

range for each set of patients.

[0061] Figure 13 depicts the strong negative correlation between urinary PAGN output and

blood ammonia, measured over 24 hours and expressed as time-normalized area under the curve, in

patients with urea cycle disorders. Blood ammonia assessed as TNAUC (Y—axis) correlated

inversely (r = -0.80; p < 0.001) with urinary PAGN output (X-axis).

[0062] Figure 14 depicts the effect on blood urea of administered sodium benzoate to a patient

with chronic renal failure.

Modes o1'(Iarrying Out the Invention

[0063] 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 for administration of an ammonia scavenging drug 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 tnadc

it’ necessary, based upon the actual measurement ol' urinary P./\(.lN output, or a well—corre]atecI

parameter like total urinary ammonia or the ratio 01' PAGN to creatinine.

[0064] In another aspect. the invention provides a method to transition a patient having a

nitrogen retention state from phenylbutyratc or phenylacetate to a prodrug ol" phenylbutyrate
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(which is a prodrug of PAA), such as HPN-100, or other ester or prodrugs such as compounds of

Formula I and [I as shown herein.

[0065] For a number of reasons, I-ll-‘N-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 and small associated with sodium

PBA, and it reduces potentially harmful sodium intake, since phenylhutyratc is administered as a

sodium salt, and daily doses are quite large--up to 20 grams of PBA can be administered per day.

This amount of the drug product BUPI-ll*INYI..® would include over 2 g of sodium, which equals

the entire recommended daily sodium intake for a healthy adult. A large majority of patients (nine

out of ten UCD patients who participated in the clinical study described in Flxample 3 herein)

preferred I-IPN-100 over sodium PBA in clinical testing. Thus many patients who have been

treated wit.h phenylbutyrate as an ammonia scavenging drug may want to transition from it to

IIPN-"100.

[0066] It would seem logical for a physician to transition a patient from phenylbutyrate to a

prodrug of phenylbutyrate by calculating the amount of the prodrug that would produce an amount

of PBA that corresponds to the dosage of phenylbutyrate previously administ.cred to the patient.

This would he 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 phenylhutyrate in the blood, to establish the same levels achieved when PB/\ was administered.

As summarized above and discussed in more detail below, however. that approach is not

appropriate because, surprisingly, plasma levels of PBA do not correlate well with administered

dosages of HPN-100 or with the effectiveness of a dose of HPN- 100 or sodium PBA. (Note that

sodium PB/\ is the acid form ofphcnylbutyratc, which is the common name for the drug

BUl’I-II}iNYI.®, and is typically administered as BUPI-I[iNYI.,®, which is a 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 the sodium salt, in the form of the drug BUPHENYL®.)

[0067] Alternatively, since PBA is a prodrug for PAA, the dosage of a phenylbutyrate prodrug

could be calculated according to the theoretically forrned 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 l’AA. 'l‘he molecular weight of sodium l’BA, the registered

drug form of PBA (the sodium salt of PB A). is 186; the molecular weight of I-IPN—l00 is 530. and

I\)Ls.)
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of course HPN-100 provides three equivalents of PBA per molecule, so only one-third as many

moles of Ill-‘N—100 would be needed to replace a tnolar quantity of either PBA or l-‘AA. Thus each

gram of sodium PBA could be replaced by 0.95 grams of l-IPN-100; and since I-IPN-100 is a liquid

having a density of 1.] g/ml_., each gram of sodium PB/-\ would be replaced by 0.87 mL of HI’l\'—

100, assuming l-lI’l*-I-100 is used as an undiluted liquid. This can be used to select a starting dosage

of IIPl\‘—100 for patients being transitioned from sodium PB/\ to IIPN—lO0. Alternatively, a starting

dose ofHPN-100 in a patient not already taking BUPI-IE-iNYL® (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 adlninistered as llI’N—lO0, into urinary PAGN is

incomplete and averages about 54%, and over a range of about 40-70%.

[0068] 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 PA/\. 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 phenylhutyrate, and thus a lower nitrogen-scavenging effect, since conversion of the

prodrug to the active drug might be less than 100% efficient. 'I‘hus monitoring FAA 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 o1‘PA/-\

or PBA observed upon administration of a prodrug of phenylbutyrate to match that produced by an

effective amount of phenylbutyrate, in order to achieve the same ammonia—scavenging effect.

Rather, eflicacy of the prodrug I-IPN-I00 correlates with urinary PAGN levels, not with plasma

levels of PA/\ or PBA.

[0069] Models have been developed to describe how ammonia-scavenging drugs or prodrugs

are expected to behave in vivo. One model, shown in Figure 2, reflects conventional approaches to

assessing drug effectiveness as applied to l-IPN-100 based on blood levels of PAA or PE‘ A.

Clinical testing has shown that I-Il’N-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 [BA for controlling blood ammonia levels, and for eliminating ammonia as PAGN via die

urine. Thus the conventional model fails to account for some important pharmacokinetic
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differences between PBA and Hl’N-100. It was hypothesized that, as compared with sodium PBA,

a greater percentage of PB/\ derived from lIPN— 100 is converted into PAGN for elimination (or

PAA or PBA derived from it) before errterrtrg the .S_vst€mt'r.' circtilatfort {the “central compartment"

in Figure 2). Recognition of this important and unexpected difference underlies certain aspects of

the present invention.

[0070] /\ 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-

l0() as well as from sodium PB/\ can be converted into PAGN without entering into systemic

circulation; presumably, IIPN-100 or its initial metabolic products (e.g., acompound of formula I

wherein one or two of R1—R-3 represent phenylbutyryl groups, and the remaining one or two of R1-

R3 represent lI—the expected products of partial hydrolysis of I-IPN-100) may reach the liver and

be converted int.o PAGN there, prior to reaching t.he systemic circulation. Moreover, the fractional

conversion of PB/\ derived from I-IPN-100 is greater than for PEA absorbed when PBA is

administered as the salt, an observation which explains the lower blood levels of PBA following

administration of IIPN-100 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 PB/-\ are not reliable indicators of the elfectiveness of a PEA prodrug like HPN-100, and

should not be relied upon to set or adjust dosages of such PBA prodrug compounds. Data

presented herein, c.g. as summarized in Figure 8, demonstrate this effect. Alternative methods for

monitoring a subject treated with I-lPN- 100 are needed, and are provided herein.

[0071] In addition, PKIPD modeling demonstrates that HPN-100 is absorbed only about 40%

as rapidly as PBA when dosed orally. As a result, HPN-1()0 provides a slow-release delivery

effect, even though it appears to metabolize to PBA rapidly once absorbed. This provides greatly

enhanced flexibility in dosing and explains why I-IPN-I00 can be dosed, e.g., three times per day or

even twice per day to provide stable ammonia levels that require four or more doses 01' PBA to

achieve. This slower release, in conjunction with pharmacokinetic and anatomic considerations as

depicted in figures 3 and 5, respectively, explain the greater conversion ot‘PBA to PAAIPAGN

following administration in the fomi of [-Il’N—l 00 as compared with sodium PB/—\.

[0072] In view of these observations of unexpected pharm acokinetic behavior. neither plasma

PAA nor PB/-\ levels should not be used to evaluate or monitor treatment of a subject with llPN-

100 or sodium PBA. Alternative methods are needed, and are provided herein. for monitoring a

subject treated with I-ll’N—100. For one. it has been found that between 40 and 70% of I-lPN—100 is

Ix) U1
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convened into urinary PAGN, typically about 50-60%. This elimination efficiency for HPN-100

and sodium PBA in UCD patients averages 54%, which is surprisingly low in light of previous

references that have generally assumed the conversion of sodium l’BA into urinary PAGN to be

about 100%. Because the conversion of I-lPN—100 is much lower than expected, it is important to

appropriately adjust for this conversion efficiency before interpreting urinary PAGN output.

Failure to take into account this conversion efficiency could lead to substantial tnisjudgtnents in

adjusting therapeutic dosing of a nitrogen scavenging drug; for example a doctor might increase

dosage of an ammonia scavenging drug upon finding that urinary PAGN output. was only about

half of that expected, resulting in an unnecessary overdose of the drug.

[0073] Urinary PAGN has also been shown to be inversely correlated with levels of waste

nitrogen, e.g. ammonia, in the blood, thus efficacy of I-IPN-100 can be evaluated by measuring

urinary PAGN. This is particularly valuable because it is very difficult to rely on monitoring of

ammonia levels for routine patient maintenance, and surprisingly, none of the other parameters

associated with I-IPN-100 treatment, such as plasma levels of PAA or PBA or PAGN or HPN-100,

correlated with ammonia levels well enough to be useful for guiding therapy.

[0074] In one embodiment, the invention thus provides a method to determine an effective

dosage ofa nitrogen scavenging drug, particularly HPN-ll_lIJ, for a patient. in need of treatment for

a nitrogen retention disorder. The patient may be one having a UCD or similar condition, I-IL-1, or

CR1-*', for example. The method comprises monitoring the effect of an initial dosage of the drug on

a subject by determining the subject’s urinary PAGN output. While plasma ammonia levels can

also be tested, particularly for a treatment naive patient, it is demonstrated herein that the PAGN

level can be used much more conveniently for out-patient monitoring, for example. and correlates

well with effectiveness of the drug dosage. Thus in a prefern-:d entbodintcnt. the method does not

involve use of ammonia level information for monitoring the effectiveness of a treatment with

l—IPN-100, or for adjusting an initial dosage of I-IPN-I00; rather, the method relies upon urinary

PAGN output levels to monitor the effect of an initial dosage, and to determine whether andfor

how to adjust the initial dosage of HPN-100 to provide a desired ammonia scavenging effect, such

as adequate ammonia control t_o produce an average ammonia level that is normal, or is below the

upper limit of normal for the testing methods and facility. From urinary PAGN output, the

effectiveness of an initial dose ofllPN-100 can be determined readily as further discussed herein.

l’rel'erably, the initial dosage is a dosage amount that is administered daily to the subject, and
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typically the subject will receive the initial daily dosage for at least several days, preferably at least

a week, before this method is applied so a relatively steady state is achieved.

[0075] Optionally, the method further comprises determining from the initial dosage whether a

dose adjustment is needed. This can be based on comparing the subject’s urinary PAGN output to

the subject’s daily protein intake, to ascertain whether the expected amount of waste nitrogen is

being excreted. Methods for calculating how much nitrogen excretion is needed are known in the

ar1—see Brusilow, et al. Alternatively, as described below, a target level of urinary PAGN can be

determined for the subject’s population, and the subject’s UPAGN can be compared to that target

value. For example, as set forth below, for an adult UCD patient receiving daily dosages oflll’N-

100 or PB./\. a cut—oi’l' level of about 10 g uP/XGN per day distinguishes those who achieve normal

plasma ammonia levels (ones having 10g or higher daily ul’AGN output) from those having

ammonia levels above normal. The subjects for these met.hods can be patients having I-Hi, CRF, or

UCD conditions and needing treatment with a nitrogen scavenging drug. uPAGN levels can be

determined either as total urinary PAGN over a 24 hour period following the first dose of HPN-100

in a day, or as the 12-24 hour uPAGN output, measured for the period 12-24 hours after the first

dose of I-lPN~10t) 01‘ the day. Alternatively, as set forth herein. UPAGN can be determined as a

ratio with urinary creatinine in a sample ol" the subject’s urine, and this measurement can he used to

estimate a 24-hour or a 12-24 hour ul’AGN output for the patient.

[0076] In each case, if urinary PAGN output indicates an adjustment is needed, an adjusted

dosage can be determined from the urinary PAGN output in view of the infonnation herein, which

demonstrates that a daily dosage of I-IPN-100 or PBA is converted to a 24-hour urinary PAGN

output that corresponds to about 54% of the administered dosage of the drug. II‘ the subject’s

urinary PAGN output indicates a need to increase or decrease drug dosage, an adjusted dosage can

be determined as the amount of additional drug needed to produce the desired UPAGN level, in

view of the conversion efficiency of about 54%. The desired uPAGN level would be that

corresponding to the amount of waste nitrogen to be removed, as calculated l'rom the subject’s

daily protein intake, or as the difference between the observed uPAGN level and a target uPAGN

level for the subject’s population as discussed further below. The subject’s daily protein intake can

also be adjusted, it" appropriate, for the subject’s residual urea synthesis capacity, if any. In many

UCD subjects having inborn severe enzyme function deficiencies in the urea cycle or transporter

enzymes mentioned above, minimal residual urea synthesis capacity is likely to be present, and no

adjustment may be needed.
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[0077] Plasma levels of ammonia are difficult to measure—a blood sample is needed and must

receive special handling to ensure accurate measurement. Moreover, ammonia levels vary widely,

depending on time of day and relationship to meals, especially in the population having l..lCl)s.

Among the patients tested for the study described herein, measured ammonia levels varied from 2

to 150 tunol/L among patients receiving sodium phenylbutyrate, and from 2 to 106 1.11110].-‘L among

patients taking IlPN~l 00. liven for a single patient, ammonia levels varied over a range of 2.4 to

54-fold within a single day among the subjects receiving NaPBA, and over a range of 2.4 to 12.3-

fold among subjects receiving IIPN-100. Even among subjects being managed in a controlled

clinical setting, ammonia levels for individuals varied over a 7-fold range in a single day.

Individual plasma levels of ammonia are thus highly variable. and repeating monitoring is

impractical in the usual clinical setting, making blood levels of ammonia a poor choice for

monitoring ellecliveness of a drug regimen—partieularly on an outpatient basis. A more reliable

measure of the effectiveness of ammonia scavenging drugs is thus needed, and it is shown herein

that urinary PAGN provides such a measure: it uses the far more practical collection of urine

rather than blood samples, and measures a parameter that does not require particularly careful

sample storage and handling. Moreover. the measured urinary PAGN level correlates well with

ammonia control, while being less prone I.o fluctuations caused by tithing ol' the sample collection.

[0078] In another aspect, the invention provides a method to determine a dosage of a PAA

prodrug for a patient having an ammonia retention disorder, comprising:

at} determining the patient's dietary protein intake;

b) determining the patient‘s residual urea synthesis capacity, if any;

c) estimating from a) and b) the amount of excess waste nitrogen the patient

needs to excrete to remove the waste nitrogen associated with the dietary protein intake that

is not excreted as urea; and

d) determining an amount of the PA/\ prodrug needed to eliminate the

estimated amount of excess waste nitrogen as urinary PAGN,

wherein the amount of PAA prodrug needed is determined based on a conversion factor

whereby about 40% to about 70% oi" the FAA prodrug is converted into urinary PAGN.

[0079] The PAA prodrug can be HPN-100 or PBA in so111e embodiments.

In some embodiments, the conversion factor is about 54%. The subject (patient) for these

methods can be one having a lJC.‘l), H]-_", or CR1" and needing treatment with a nitrogen

scavenging drug. The patient’s urinary PAGN output can be measured as a 24 hour, or a 12-24
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hour total output, or it can be estimated from the ratio of PAGN to creatinine in a spot sample of

the subject's urine.

[0030] In addition, it has been found that among adult patients with nitrogen retention

disorders, ammonia levels in blood, measured as time normalized area under the curve (TN-AUC)

exceeded 30 ;.tmoll'L in 7 of 9 patients whose 24-hour urinary PAGN output was under 10 g; while

ammonia levels were under 30 ntnolll. in 7 of9 subjects whose 24-hour urinary PAGN output

exceeded 1.0 g. (The threshold level for this analysis, 30 umolfL, was the average ‘upper limit’ for

normal ammonia levels among the study sites.) Thus a single parameter that can be readily

measured, a urinary PAGN output cut-off value of 10 g per 24 hour period, was found to be

surprisingly useful to predict effective amntonia level management in a group of adult UCD

patients receiving l-IPN-100 or Nal°BA, in spite of the high variability of direct measurements of

ammonia levels. These findings further demonstrate t.he ut.ility of urinary PAGN in UCD patients,

and indicate that a target urinary PAGN output level can be a useful indicator of the effectiveness

of a nitrogen scavenging drug treatment that provides adequate control of blood ammonia level

control. Output above the cut-off value was highly correlated with achieving normal ammonia

levels. while output below the cut—off value was highly correlated with failure to achieve normal

ammonia levels.

[0081] While the measured cut—off level in this patient population was 10 g per day, different

populations are expected to exhibit different cut—off values; however, based on the surprising

observation that a single easily-measured parameter readily predicts whether adequate ammonia

control is achieved, determining the correct cut-off value for a particular patient population taking

I-IPN-100 or PBA for ammonia scavenging can be done without undue experimentation. It is only

necessary to measure urinary PAGN output for subjects in the population of interest, and assess

their ammonia levels, then correlate the ammonia control with urinary PAGN to detemtine the cut-

off value for that population. For a different population, the cut-off level may be about 5g, 6g, 7 g,

8g, 9g, 10g, 11g, 12g, 13g, 14g. or 15g of urinary PAGN per day.

[0082] Thus in another aspect, the invention provides a method to identify a subject in need of

close monitoring, or a need to modify a treatment plan for a subject, where the subject is a person

treated with an ammonia scavenging drug, particularly l-IPN- 100 or PBA. The method comprises

comparing the 24-hour urinary PAGN output for the subject to a cut-off value for the population in

which the subject fits. Routine experimentation enables identifying the level of urinary PAGN that

correlates with successful anttnonia control in the patient’s population. as a cut—off level that can be
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used to distinguish subjects likely to achieve normal ammonia levels from those unlikely to

achieve normal ammonia levels, or to identify subjects who need a modified ammonia control

treatment program.

[0083] Based on the data herein, a cut-off level of urinary PAGN output of approximately 10 g

per day distinguishes adult UCD patients into groups who generally had normal ammonia levels

(those producing over 10 g urinary PAGN per day) and those who failed to achieve normal

ammonia levels (those producing less than 10 g urinary PAGN per day). The method can also

comprise testing a subject by determining the subject's 24-hour urinary PAGN output, and

classifying the subject as one likely to have acceptable ammonia control on a current treatment

program (normal ammonia levels) based on a urinary PAGN level above the cutoff, or as one

likely to have insufficient ammonia control (excessive ammonia levels) on a current treatment

program, based on having a urinary PAGN output below the cutoff. Subjects having a urinary

PAGN output below the cut-off (e.g., an adult UCI) patient with a 24-hour urinary PAGN output

under 10 g) would be recommended to undergo further testing, and possibly an adjusted treatment

regimen involving lower protein intake or increased dosage of an ammonia scavenging drug such

as I-lPN—l00 would be needed. Optionally, the method can also comprise determining an adjusted

dosage of the ammonia scavenging drug for a subject whose urinary output is less than the cut-off

level. Determining the cut-off for a given population is a matter of routine experimentation in

view of the surprising observation herein showing that this parameter, urinary PAGN, can serve

that function. If the drug is I-IPN-100 or PBA, the conversion efficiency factor of about 54% of

administered drug being excreted as urinary PAGN can be used to determine how much additional

drug to administer. subject to the limitations on recommended daily dosing of the drug for that

subject.

[0034] It has also been found that I-IPN-100 has little to no effect on urinary creatinine output,

and that urinary creatinine levels were about the same for subjects on BUI’Hl’lNYl,® and I-IPN-

10(). The average total 24-hour creatinine excretion fora subject receiving PEA was 1.08 (0.43)

grams, and for a subject receiving I-IPN-100, it was 1.03 (0.3 8) grams. Moreover, because daily

urinary creatinine outputs in healthy adults and patients with niu'ogen retention states are typically

rather stable, either measuring l’A(iN 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-ll’N-100’s effectiveness. In one aspect, the invention thus provides a method to

assess the effectiveness of a treatment with l-lPN—l00. comprising determining the ratio of P/\(_iN
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to creatinine in a ‘spot urine’ test. Clinical studies show that urinary excretion of PAGN, and the

ratio of PAGN to ereatininc in urine, correlate well with blood ammonia levels: an increase of

PAGN or of the PAGN I ereatinine ratio correlates with decreasing plasma ammonia levels.

Accordingly, in one method, l-lPN—l00 treated patients are monitored by measuring urinary PAGN

output, or by measuring the ratio of PAGN to creatinine in spot urine testing. The ratio from spot

testing can be used to estimate a 24-hour uP/XGN output level for the subject or a 12-24 hour

uPAGN output level. This method can be used to monitor treatment of a treatment-naive patient,

or of a patient being transitioned from PBA to IIPN-100, or a patient being treated with IIPN-100.

Increasing levels of urinary PAGN output, or an increase in the ratio of PAGN to creatinirte in spot

testing provides a way to determine whether a dosing regimen that utilizes HPN—l0{) or another

PBA prodrug is promoting elimination of excess ammonia to an adequate degree, and to compare

t.wo treatment methods to determine which is more effective tor the particular subject, and t.o

monitor a subject receiving such treatment or being transitioned from PBA to IIPN-I 00 treatment.

[0085] While plasma ammonia levels have traditionally been used to assess disease control in

UCI) patients, atnmonia levels have critical limitations as pertains to use in (losing ofIlPN-100.

For example, individual plasma ammonia levels are affected by many factors including diet, vary

widely throughout the course of the day even under controlled conditions, and might. be elevated

regardless of how well a drug t:reat.n1ent works. 'l‘hus t.o meaningfully reflect drug effect, the

plasma ammonia levels need to be monitored over tinte by repeated blood samplings, which is not

practical for routine clinical monitoring 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 ot' different

parameters could be measured to assess effectiveness of a dosage of I-IPN-100, only measurements

based on urinary PAGN are both convenient and reliable as a direct measurement of the nitrogen

scavenging drug’s effect.

[0036] Thus in one embodiment, the invention provides a method to monitor the effectiveness

of treatment of a LJCD patient with l-ll’N- l 00, where monitoring consists essentially of monitoring

the patient’s urinary PAGN excretion. Urinary PAGN levels comparable to those achieved with a
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previous PBA dosing regimen would be considered evidence that the HPN-100 treatment was

equally effective as Ll'1e PBA treatment it replaced. Alternatively, a plasma ammonia level of less

than about 40 [.ll1lOll'L, or of not greater than 35 1.tI11ola’L would indicate the treatment was effective;

however, the method can be practiced without measuring plasma ammonia levels, and in some

embodiments. ammonia levels are not used in the determination of efficacy, or they are not used in

adjusting a treatment plan, dosage, or protein intake level. In some enlbodirnents, 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, to estimate the 24 hour (or 12-24 hour) UPAGN level.

[0087] In another aspect, the invention provides a utilization efficiency factor for IIPN-l 00 or

for sodium PB/\ of about 40% to about 70%, with an average value of about 54%, which can be

used to more accurately determine an initial starting dose of either drug andfor correlate dietary

protein intake with projected urinary PAGN.

[0083] 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 involves

administering an initial dosage of the proclrug that is selected based on the patient’s current dosage

of phenylbutyrate. For example, the amount of I-IPN~ 100 needed to provide an equal molar

amount of PB/-\ would be calculated (an equimolar amount), and this equimolar amount would be

administered to the patient. Urinary excretion of PA GN or plasma ammonia levels would be

monitored, and the dosage of IIPN 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 llPN—l00 would be adjusted

as needed to match the urinary PAGN output from this patient when treated with the previous PA A

drug or prodrug, assuming the previous PA/\ 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 vivo effects of that amount of the new drug. It also

avoids the risk of inaccurate dosing and potential overtreatmem that could result if one monitored

PAA or PBA and tried to adjust the prodmg (i.e. I-IPN-100) dosage to match the PAA or PBA level

to the corresponding level provided by administering sodium phenylbulyrate itself.

[0039] 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
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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 Inore than five steps. At each step, a fraction

of the initial dosage of phenylbutyrate corresponding to the number of steps used I‘or the transition

is replaced by an appropriate amount of I-[PN-100 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 convened into PBA. Note,

t.oo, that. BUI3'IIENYI.® (sodium phenylbutyrate) contains about 6% inactive ingredient.s, so it is

appropriate to base calculations upon the PBA content of the drug rather than on the weight of the

fortnulated drug. The patient is then monitored to determine how much ammonia scavenging effect

has been provided. The amount of I-IPN-100 (or prodrug) can then be adjusted to produce about

the same amount of ammonia excretion in the form of excreted PAGN that was achieved by the

initial dosage oliphenylbutyrate, if the patient was well controlled.

[0090] A physician who is switching a patient from FBA to HPN-100 or another ester of

phenylbutyrate should be aware that an el'l"eetive amount of I IPN-100 does not necessarily produce

a FAA or PBA level that is as high as those seen when sodium phenylbutyrate is administered. It

is reported that. FAA exhibits some toxicity at high plasma concentrations. Thihault, et al., C(m(.'er

Research, 54(7_):l690-94 (1994) and Cancer, 75(l2_):2932-38 (1005). Given this, and given the

unique properties of [lPN— 100 described above, it is particularly important that a physician not use

plasma levels ofI’AA or PBA to measure the efficacy of I-II-‘N-100. If one administers I-II’N~l{}O in

amounts sufficient to match the plasma PBA or FAA levels provided by administering

phenylbutyrate, l'or example, the dose ol‘ I-IPN-100 may be unnecessarily high.

[0091] The treatment—na‘1'vc patient is one not presently receiving an amn'1onia—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 ntay 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 PAA 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,

“Plienylacetylgluta mine may replace urea as a vehicle for waste nitrogen excretion," Pedi'rIrri'c

Research 29:1-47-150, (1991). Methods are also know for measuring the total amount of nitrogen
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excreted in the urine: in the ease ofa subject taking a drug that acts by providing PAA, the total

waste nitrogen will include PAGN excreted.

[0092] 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 l-ll’N-100 is efliciently 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-100 would thus be able to carry away waste nitrogen front about 2 g of dietary

protein. In addition, if it is found that IIPN-100 utilization efficiency is between about 40% and

'?0‘§'n in various individual patients {as disclosed herein, it has been found that about 40-70% of

I-lPN—100 is converted into urinary PAGN in the tested UCD patients, with an average value of

54%), which is consistent with clinical observations to date, and the average value of about 54%

can be used to further refine the relationship between dietary protein int.ake and I-IPN~10{l dosing

levels for a given subject. With this refinement, each grain ofllPN-100 would assist with removal

of waste nitrogen [or about 1 gram (—- 1.3 grams) of dietary protein. This factor can be used to

calculate a suitable dosage of I IPN-l(}() if dietary protein intake is known or controlled, and it can

be used to calculate a tolerable dietary protein intake for subject receiving a set dosage of HPN—

100.

[0093] This method can also be used to establish a reconnnended 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 drug, and adding to the amount of dietary protein the patient

can process on hislher own an amount of protein that the patient would be able to process when

using a particular dosage of PB/\ or a PBA prodrug like I-lPN—l{)0. Using I-IPN—lO0 as an

example, a daily dosage of about 18 grams of I-IPN-100, utilized at an estimated efficiency of 54%,

would enable the treated patient to eliminate waste nitrogen corresponding to about 25 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 I-IE, by adding this amount of protein to the amount the

patient's endogenous nitrogen elimination capacity can handle.

[0094] In some embodiments. it is also useful to measure PAGN excretion, which accounts for

so me 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 ntechanisnis. and is helpful in
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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 in some cases, while some patients may be

known based on their condition or history to have little or no residual endogenous capacity to

eliminate waste nitrogen. Dosage of l-IPN-100 can then be established by determining the

suhject’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 IIPN-100 sufficient to permit the subject to handle the balance ofwaste nitrogen, based

on the subject’s dietary protein intake. llere again, the amount of urinary PAGN expected from the

dosage ofHI"N—10O can be determined from the average conversion (54%), and this can be used 1.o

determine how much urinary PAGN to expect, and the dosage can be adjusted if necessary based

on monitoring urinary PAGN output.

[0095] The plasma or blood level of ammonia is optionally also determined, at least

periodically if not on an ongoing basis, 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 nitrogen scavenging drug may need to be increased if that

can be done, or the patient‘s dietary protein intake can be decreased ii‘ that is feasible.

[0096] In some instances, the dosage of HI’N- 100 may be limited to dosages that do not exceed

recommended dosing levels For phenylbutyrate, adjusting for the fact that each mole of lIPN— 100

can produces three moles of phenylbutyrate. The label for the use of sodium PBA for the chronic

treatment of U(_‘.Ds recomntends a daily dosage not to exceed 20 g; a daily dosage in a range of

9.9-13.0 g/mg set according to the subject's size for subjects over 20 kg in weight; and a dosage

within a range of 450-600 nigfkg for subjects weighing less than or equal to 20 kg is indicated.

While lower doses of l-ll-"’N- 100 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

I-[PN-l0() at a daily dosage not to exceed an amount of I-IPN- 100 that corresponds to the molar

amounts of phenylbutyrate described above (and correcting for the I‘act that HPN-100 can provide

three molecules ofPBA]. For a subject weighing more than 20 kg, a dosage range for llPN-100

would be between 8.6 and I 1.2 mtjrnz. For a subject weighing less than 20 kg, a dosage range of

about 390 to 520 pljkg per day o1'l-II’N—100 would be appropriate. based on the use of an

436



437

W0 20101025303 PCTIU S2009i055256

equimolar a1nount compared to the recornmended doses of HPN-100. There is no evidence to

suggest that IlPN—lO0 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 I-IPN-100 based on the recommendations for sodium PBA would

correspond to an equimolar amount of Hl’N- [00, or about 19 g or 17.4 1nL.

[0097] Thus in one embodiment, the invention provides a method to monitor the effectiveness

of a treatment of a UCD patient with HPN-100, where monitoring consists of, or consists

essentially of, monitoring the patient’s urinary PAGN excretion and.-‘or plasma ammonia levels.

Urinary PAGN lcvcls comparable to those achieved with a previous PBA dosing regimen would be

considered evidence that the I-IPN— I00 ueatment 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 pmolI'l., or of not greater than 35 pmo1l'l., or less than about 30 pmolil..., would indicate the

treatment was effective. In some embodiments, rather than using urinary PAGN output measured

over time, one can use the ratio ol'PAGN to creatinine in the urine, in a spot test. Because urinary

Creatinine is relatively constant, the ratio of PAGN to creatininc can he used to estimate daily

urinary PAGN output without requiring collection of a full ’24whour urine sample.

[0098] 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 PB/\ is unlikely to produce PA./\ blood levels leading to Alvis.

Moreover, tolerability of taking I-lI’N-100 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.. Ln 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.

[0099] Thus in another embodiment, the invention provides methods to treat a subject having

HE or LECD, with a dosage of I-IPN-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 12C)-140% or from 140-160% or from 160-1800/Ea of the equimolar

amount of the recommended highest dosage of PBA. In accordance with this aspect, the daily
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dosage 01']-IPN-100 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.

[00100] In one aspect, the invention provides a method to identify the starting dose or dose

range and to individually adjust the dose or dose range of a nitrogen scavenging drug comprising

PAA or a 1’/-\A prodrug (including I-IPN-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 PA/X or a PA/\ prodrug;

c) measuring blood ammonia to determine if the increase in urinary excretion of total

waste nitrogen is sufficient to control blootl ammonia levels; and

d) adjusting the initial dosage to provide an adjusted dosage of the nitrogen scavenging

drug comprising PAA or a PAA 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 dos age o1'l-IPN—100 or other

nitrogen scavenging drug being administened. Optionally, the method also includes determining

the sub_iect‘s endogenous nitrogen eliminating capacity (residual urea synthesis capacity) to further

help determine an initial dose of llPN—100.

[0010]] The initial dosage of the l-lPN—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 I-IPN-100 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 1-2 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.
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Checking the patient’s plasma ammonia levels provides a measure of the effectiveness of the

overall treatment program, including diet and drug dosing.

[00102] The table below summarizes the amount of dietary protein that doses of l-IPN-100

below (dose 1). within (dose 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 -0.18 grams

of waste nitrogen if completely converted to PAGN; 54% of the PAA delivered as the PBA

prodrug released from IJPN-lU0 is converted to PAGN; 47% of dietary protein is excreted as waste

nitrogen, and 16% of dietary protein consists of nitrogen (Brusilow 1991; Calloway 1971). These

factors can be used when relating dietary protein intake, drug dosing and waste nitrogen

elimination for purposes of the present invention.

Table 5. HPN-100 Doses and Expected Waste Nitrogen Excretion Based on Dietary Protein

Corresponds to -0.47): the dose administered in Example 2, for a 70 kg adult
and -0.35): the amount of PEA (--6.] g) delivered in the maximum approved

3 m]_ BID dose of sodium PBA of 20 g

lixpected to mediate excretion of waste nitrogen associated with -8 gofdietary
protein

Corrcsponds to -l .612): the dose administered in Example 2, for a 70 kg adult
and ~01 .1 x the amount of PBA (--I 8.2 g) delivered in the maximum approved

9 ml, 1-31]) dose of sodium PB/\ of 20 g

Expected to mediate excretion of waste nitrogen associated with --25 g of

 
dietary protein

Corresponds to -2.36x the dose administered in lixample 2, For a 70 kg adult
and —-1.73 x the amount of PBA (—-30.3 g) delivered in the maximum approved

15 ml. BID dose of sodium PBA of 20 gDose 3

Expected to mediate excretion of waste nitrogen associated with -40 g of
dietary protein

[00103] Note that this also indicates that I--ll‘-‘N-100 can be administered in two doses per day,

while PB/\ typically is administered in four doses per day. This is likely associated with the slow~

release characteristics of I IPN-I00 described herein, and is expected to improve quality of life and

compliance with the treatment program for subjects receiving HPN-I 00 rather than PBA.

[00104] 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 uniol/1.. In certain clinical tests described herein the upper limit of normal for the
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subjects was between 26 and 35 t.tm0la’L. {e.g., in some of the tests described herein the site

average for normal ammonia levels was about 30 |.tn1o1/L}, and it is recognized in the art that a

normal ammonia level will vary depending upon exactly how it is Ineasured; thus as used to

describe ammonia levels herein, ‘about’ means the value is approximate, and typically is within 1

10% of the stated numeric value, and ‘normal’ is determined according to the particular testing

methods.

[00105] In other aspects. the invention provides a method to identify a suitable starting dose or

dose range for a UCD or I-II-:3 patient and to individually adjust the dose or dose range of a 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 1.o the pat icnt’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 or urinary

PAGN 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 ofaiiiiiionia.

[00106] Where the patient has previously been treated with I-‘AA or a PAA prodrug, the treating

physician may rely, wholly or in part, upon the previous treatment to set a dosage for a new PA/\

prodrug, or a PBA prodrug. to be administered to the same patient. 11‘ the previous drug was

reasonably effective for managing the patient’s condition, the physician may set the dosage for a

new PA/-\ or PB/-\ 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 PA/\.

[00107] 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
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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.

[00108] 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 or urinary PAGN output.

[00109] Where the subject is receiving treatment with a nitrogen—scavenging drug, it may be

necessary to reassess the patient’s dietary intake of protein periodically, since many factors will

affect the halance 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. It may further be useful to measure the

patient’s PAGN output level as discussed above, to help determine the patient’s endogenous

capacity for excreting nitrogen wastes via urea cycle or other mechanisms.

[00110] In the above methods, the patient may he one having a urea cycle disorder, or other

nitrogen accumulation disorders. In many embodiments, the methods are applicable to patient’s

having a urea cycle disorder, but relatively normal liver function.

[00111] The above methods can be practiced with a variety of prodrugs of PAA or PBA. In

some embodiments, HPN-100 is the PBA prodrug of choice for these methods.

[00112] In another aspect, the invention provides a method to transition a patient from treatment;

with an initial amount ofphenylacetate or phenylbutyrate to a final amount of a PBA prodrug,

comprising:
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a) determining a replacement a111ount of a PBA prodrug to replace at least a

portion of the phenylacetate or phenylbutyratc;

h) substituting the replacement amount of the prodrug for the portion of

phenylacetate or phenylbutyrate; and

c) monitoring the amount of urinary PAGN excreted by the patient to assess the

elfectiveness of the replacement amount of the prodrug.

[00113] Optionally, this method comprises adjusting the amount of the prodrug and

administering an adjusted amount of the prodrug, then further monitoring I-‘AGN 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.

[00114] Iior reasons discussed extensively herein, it is misleading to rely upon PAA levels when

moving a patient to a prodrug (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

PB./X prodrug that is to be given to the patient.

[00115] In many cases, it will be possible to transition a patient directly from, e.g.,

phenylhutyrate to I-IPN-100 or another PBA protlrug in a single stage, rather than in incremental

steps. Thus all of the previously used FAA or PA/\ 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 metaboli-/.e or excrete the drug is uncertain), it may be preferable

to transition fI‘()I11 the initial drug to a new PBA prodrug like HPN-100 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 (eg, 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 hyperammoncmia while

receiving treatment or while taking a large amount of drug that pmmotes nitrogen elimination.
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[00116] Thus in another aspect, the invention provides a method to transition a UCD patient

fro111 treatn1ent with an initial amount of phenylacetatc or phenylbutyrate to a 1'1 nal amount of a

PBA prodrug, comprising:

a) determining a replacement amount ofa 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

phenylhutyratc; and

e‘) monitoring plasma level of ammonia in the patient: to assess the effectiveness of

the replacement amount of me prodrug. Optionally, this may he done by

monitoring urinary PAGN output.

[00117] In seine embodiments. the replacement amount of the prodrug is an equimolar amount

compared to the amount of PB/\ being replaced

[00118] 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 infonnation about the effects ofa first step in setting

the replacement. amount of the prodrug for use in subsequent steps; thus it‘ the prodrug is

significantly tnore effective than predicted when the estitnated amount used as a replacement

amount is atlministered in a first step, the replacement amount used in a subsequent. step of the

transition can he proportionally reduced.

[00119] In another aspect, the invention provides a method to initiate treatment with

phenylaeetate, phenylbutyrale 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 tnore complex, since the prodrug will rely 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

h) estimating the patient's need for urinary waste nitrogen excretion; then
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c) administering a starting dose of the drug estimated to provide a fraction of

the necessary waste nitrogen clearance as excreted PAGN; and

cl) increasing the dose of drug as appropriate, and repeating the steps above, to

reach a maintenance dose of the drug.

Monitoring of the subject may be done by testing ammonia levels, or by

monitoring urinary PAGN output. In one embodiment, the subject’s urinary

output of PAGN is tnonitorcd to ensure that the output exceeds a cut-off value

that correlates well with achieving normal ammonia levels, such as a level of

about 10 g urinary PAGN per day in adult UCD patients.

[00120] 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 oi‘ 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.

[0012]] The fraction of nitrogen waste to be cleared in a single step can be selected with due

regard t.o the severity of the patient’s condition (nitrogen accumulation disorder). In sortie

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.

[00122] In another aspect, the invention provides a method to transition a patient taking an

initial daily dosage of phenylbutyrate from phenylbutyrate to HPN-100, comprising

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 I-lI’N—l0U 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—

100;
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c) determining the level of excreted urinary PAGN [or the subject to

make sure it has not decreased; and

d) repealing steps a—c until all ofthe phenylbutyratc is replaced by

HPN-100.

[00123] If it is found that the amount of excreted PAGN decreases, additional l-II’N-100 or

additional PBA would be administered to reestablish a level o1'PAGN excretion that is suitable for

the patient, and the replacement steps would then be continued until all ol’ the PBA was replaced

by HPN-100.

[00124] Ilere again, the portion oI'pl1cnylbutyrate to be replaced in an initial step can be 100%,

about U2, about H3, or about ‘A, 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 I-IPN-100 will take account of the excreted PAGN, rather than being based only on less

reliable criteria for evaluating the orally delivered PBA prodrug.

[00125] In another embodiment, the invention provides a method to administer a phenylbutyrate

prodrug t.o a patient, comprising determining the rate of PAGN excretion for t.he 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 II 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 PB/\. In some embodiments,

the subject experiences pharmacokinetic parameters for PBA that demonstrate lower exposure to

PBA, including a lower AUC and Cmax for PB A, 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. Vtfhen l[PN—l00 and PB/\ were administered to UCI) patients at equirnolar dosages,

the patient receiving I--IPN—l ()0 had overall lower plasma ammonia levels, and also lower PBA

['3Xp0Sl.l1'CI
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AUC (NI-I3] Cm, (NH3) AUC (PBA] Cm, (PBA)

t1g—hr/1nl_. ti g-hrimL |.l g-hri’1nL tr g-hrr'n1L

PBA 38.400} 79.1 (40) 739(49) l 14 l (44)
IIl’N—l 00 26. It 10) 56.393) 54{)(6{}) I 70{65]

[00126] 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-l{}() at equiniolar dosing provided better ammonia level control and

lower PI-IA exposure levels. Accordingly, in one aspect the invention provides a method to treat a

U(ID patient with a PBA prodrug, wherein the prodrug produces better a111monia 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 PB/\. In some embodiments. the

treatment uses I-IPN-100 as the prodrug. and in some embodiments the AUC for PB/-\ exposure is

lower with the prodrug than with PBA by at least about 20%; or the exposure to l’BA upon

treatment with the prodrug is lower by at least about 27%% 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 (_?max for PBA is less than about 100 when the

prodrug is administered. Preferably, the prodrug provides plasma amtnonia levels that average less

than about 40 pmolfl. or not more than 35 pmol!I., or not more than about 30 pmol!I..

[00127] 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 lICDs 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 IIPN-100. Patients

with cirrhosis and H1.’ would also be candidates for less frequent dosing, as even patients with

severe liver disease have significant residual urea synthetic capacity {Rudman et al., .I. Clin. Invest.

1973).
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[00128] Specific embodiments of the invention include the l'ollowing:

A. A method to determine an effective dosage of IlPN—l00 for a patient in need of

treatment for a nitrogen retention disorder, which comprises monitoring the effect of an initial

dosage of l-lPN—l 00, wherein monitoring the effect consists essentially of determining the patient’s

urinary phenylacetyl glutamine (I’AGN] output.

In this method, the initial dose for a treatincnt—na't've patient would take into account the

expected percentage conversion of the administered PBA to urinary PAGN, and urinary PAGN

output can he determined as a ratio of urinary PACN to urinary creatinine, since it has been

demonstrated by others that ereatinine, 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 (lisortler. Plasma ammonia levels (or urea levels in the case

of CRF] 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 dos age of I-ll’N~100 for a patient in need of

treat_ment for a nitrogen ret.ention disorder, which comprises monitoring the effect of an initial

dosage of HI’.-\I-100, wherein the initial dose for a Lreat.ntent-na'i‘ve patient. would take into account

the expected percentage conversion of the administered PB/\ to urinary PAGN. and wherein

monitoring the effect of the initial dosage of Hl’N~lO() 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- 100 to the patient preferably produces a

normal plasma antmonia level in the patient. This can he a level of about 35 or about 40 t1Inol!l_..

C. A method to determine a starting dosage of l-IPN- 100 for a patient having a nitrogen

retention disorder, which comprises calculating the dosage of HPN-100 based on a utilization

efficiency of about 40% to about 70%. In such methods, the dosage ol' HPN-1()(} 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 I-IPN-100 is sometimes reduced to

account for the patient’s residual urea synthesis capacity, by adjusting the amount of I-IPN-I00 to

re flect the amount of ammonia scavenging needed in view of the paticnt’s endogenous capacity for

nitrogen elimination.
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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;

c) estimating from a) and b) the patient’s target urinary PAGN output;

(1) determining an amount of the PA./\ prodrug needed to mobilize the

target amount of urinary PAGN based on about 40% to about 70% conversion

(preferably about 54%) of the FAA prodrug into urinary P AGN.

In these methods, the FAA prodrug can he phenylhutyric acid (PB/\) or a phannaceutically

acceptable salt thereof, or it can be I-lPN—100.

E. A method to treat a patient having an ammonia retention disorder with a suitable

dosage o1'a PAA prorlrug, 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 40% to about 70% conversion

(preferably about 54%) ot‘ the PAA prodrug into urinary PAGN; and

e) administering to the patient the suitable dosage of the PA./\ prodrug.

In these methods, the PAA prodrug is often phenylbutyrate or a pharmaceutically acceptable

salt thereof, or I-IPN-100.

G. A method to transition a patient receiving treatment with an initial amount of

phenylacetate or phenylbutyrate to a final amount of llPN—100. comprising:

at) determining a replacement amount of I--IPN-100 to replace at least a

portion 01' the phenylacetate or phenylbutyrate;

b) substituting the replacement amount of the HPN-100 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 I-IPN-1U().

In these methods, an increase the amount of urinary PAGN may indicate that the amount of

l-ll’N-100 can be reduced, and a decrease in urinary PAGN may indicate the amount of HPN-100

needs to be increased. Alternatively. a urinary PAGN level above the level that correlates with
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achieving normal ammonia levels (e. g., about 10 g urinary PAGN per day in adult IJCD patients)

may be used as an indicator that the dosing level is adequate.

1-1. A Inethod to transition a patient taking an initial daily dosage of phenylbutyrate

from phenylbutyrate to IlPN—l00, comprising

a) determining a suitable amount of HI’N- 100 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 dos age of

phenylbutyrate minus an amount corresponding to the portion replaced by llPN-

100;

c) determining the level of excreted urinary PAGN for the subject; and

d) repeating steps a—c until all ofthe phenylhutyrate is replaced by

HPN-l 00.

I. A method to initiate treaunent with phenylacetate, phenylbutyratc or a IIPN-100 in

a step—wise fashion. comprising:

a) estimating or measuring dietary nitrogen intake for the patient;

andfor

b) estimating the palient’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 PB/\ to urinary

PAGN; and

(1) increasing the dose of drug as appropriate, and repeating the steps above,

to reach a maintenance dose of the drug.

5. 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.
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[00129] In the foregoing embodiments and methods, the PBA prodrug is often I-IPN-100.

Urinary PAGN output is typically measured either as a total output over the 24 hour period

following the first dose of the [BA prodrug of the day, or as a total urinary PAGN output for the

period 12-24 hours following the first dose 01' the PBA pnodrug of the (lay. These values may be

measured directly, or they may be estimated from the ratio of PAGN to creatinine in a sample of

the patient’s urine taken while the subject is on a stable drug dosage, optionally during the 12-24

hour period following the first dose of the drug of the day.

[00130] The methods include a method to treat a patient having a nitrogen retention disorder

with the PBA prodrug IIPN-100, wherein the AUC for PBA exposure can be lower with the

prodrug than with PB/\ by at least about 20%, or by at least about 27% compared to treatment with

PBA. This is believed to be related to the slow absorption or uptake characteristics of I-IPN-100,

which provide a more stable level of PBA exposure and provide an unexpected advantage of l-ll’N~

100 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:

a) determining the patient’s endogenous nitrogen elimination capacity;

h) 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 t.o

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 drug, taking into account the amount of protein required

for health and body growth.

[00131] In this method, the nitrogen scavenging drug can be HPN-100. (Iommonly, the selected

dosage of l-IPN-100 is not more 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 IIPN-100 is about 1 grams

(~13 g) of protein per gram of Hl’N-100.

L. A method to treat a patient with a PBA prodrug, comprising administering llPN-

100 at a daily dose in excess of 19 g per day to a subject having Hlrl or LJCD.

Optionally. the daily dose of l-lPN—10[) is between about 20 g and about 57 g.
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M. A n1ethod for determining the dosing schedule of a PBA prodrug wherein the

patient retains substantial residual urea synthetic capacity, as would be the ease for

most patients with cirrhosis and I-IL". or most UCD patients who do not exhibit

symptoms within the first two years of life.

N. A method for determining the dosing schedule of a PBA prodrug (preferably

sodium free] in a patient with CR}-" based on the anticipated conversion to PAGN

and urinary PAGN excretion. The method comprises using a conversion efficiency

factor of 54% when dosing with [II-’N—l0(), in order to determine a recommended

daily dose of the prodrug. The method can also comprise monitoring efficacy of a

treatment of a (‘RF patient with I-IPN—100 by measuring urinary PAGN output.

[00132] In the foregoing methods that utilize I-IPN—l00, the exposure to Pl-l./\ upon treat.ment

with the prodnig IIPN-I00 is lower by at least about 27% compared to treatment with PBA. Also,

commonly the AUC for PBA is less than about 600 and the Cmax for PBA is less than about 1()()

when the prodrug is administered. Also, in the foregoing methods, when the subject is treated with

the prodrug, which can be I-IPN-100, the subject will typically achieve and maintain normal plasma

ammonia levels.

[00133]Son1e additional enumerated embodiments of the invention include the following:

limbodiment 1. A method to determine a dosage of a PA/\ prodrug for a

patient having an ammonia retention disorder, comprising:

at) determining the patient’s dietary protein intake;

b) determining the patient’s residual urea synthesis capacity, if any;

c) estimating front a) and b) the amount of excess waste nitrogen the

patient needs to excrete to remove the waste nitrogen associated with the dietary

protein intake that is not excreted as urea; and

d) determining an amount ol' the PAA prodrug needed to eliminate the

estimated amount of excess waste nitrogen as urinary PAGN,

wherein the amount of PAA prodrug needed is determined based on

a conversion factor whereby about 40% to about 70% of the PAA prodrug is

converted into urinary PAGN.
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2. The method of embodiment 1, wherein the FAA prodrug is phenylbutyric

acid (PB/\) or a pharmaceutically acceptable salt thereof.

3. The method of embodiment 1, wherein the PAA prodrug is I-IPN-100.

4. The method of embodiment 2 or 3, wherein the conversion Factor is about

54%.

5. A method to determine an effective dosage of I IPN-100 for a patient in need

of treatment for a nitrogen retention disorder, which comprises monitoring the effect

of an initial dosage of I--IPN-100,

wherein monitoring the effect of the initial dosage of I-IPN~l U0 consisats.

essentially of determining the patient’s urinary phenylaeetyl glutamine (PAGN)

output;

and determining from the patient’s urinary PAGN output whether and/or

how to adjust the initial dosage ol'HPN-100 to provide a desired ammonia

scavenging eI't'ect.

6. The method of embodiment 5, wherein determining from the patient‘s

urinary PAGN output whether to adjust the initial dosage of I-IPN-100 to produce a

desired ammonia scavenging effect comprises comparing the patient's urinary

PAGN output to a cut-of1' level of urinary PAGN output that correlates with

achieving effective ammonia control for comparable patients.

7. The method of embodiment 6, wherein the patient is an adult UCD patient,

and the cut-off level is about It} gfday of urinary PAGN.

8. The method of any one 01' embodiments 5-7, wherein determining from the

patient’s urinary PAGN output how to adjust the initial dosage of I-IPN-100

comprises calculating an adjusted dosage based on a conversion efficiency of about

40-70% for conversion of l-ll’N- 100 to urinary PAGN.
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9. The method of embodiment 8, wherein the conversion efficiency is about

54%.

It"). The method of any of the preceding embodiments, wherein the nitrogen

retention disorder is hepatic encephalopathy (I-IE), a urea cycle disorder (UCD), or

chronic renal failure (CRF).

1 1. The method of any ofthe preceding embodiments, wherein the patient’s

urinary PAGN output is determined from the ratio of PAGN to crcatinine in a

sample of the subject's urine.

12. The method of any one of the preceding embodiments, wherein the patient‘s

urinary PAGN output is the patient’s total urinary PAGN for 24 hours following the

first dose of HPN-100 of the day, or the patient's total urinary PAGN for the period

12-24 hours following the First dose ofllPN-100 of the day.

13. A method to determine a dosage of I-IPN-100 for a patient having a nitrogen

retention disorder, which comprises calculating the dosage of HPN-100 based on a

conversion efficiency for I lPN—1 00 conversion into urinary PAGN of about 54%.

14. The method of embodiment 13, wherein the dosage of HPN-100 is

calculated from the patient’s dietary protein intake.

15. The method of embodiment 14, wherein the dosage of I-JPN-100 is reduced

to account for the patient’s residual urea synthesis capacity.

16. Use of a PBA prodrug in the treatment of HE or UCD or CRF, comprising

administering I-IPN-100 at a daily dose in excess of 1‘) g per day. .

17. Use of a PB/\ prodrug in the manufacture of a medicament for the treatment of

His‘ or LICD, wherein the PBA prodrug is I-ll’N-100 in a form for administration at a

daily dose in excess of 19 g per day.

52

453



454

W0 201011125303 PCTIU S2009;‘055256

18. The method of embodiment 16 or claim 17, wherein the daily dose of IIPN—

100 is between about 19g and about 57 g.

19. Use of the PBA prodrug [-lI’N- 100 to treat a nitrogen retention disorder, ,

wherein the AUC For PB/X is less than about 600 and the Cmax for PB/\ is less than

about 100 when the PBA prodrug is administered.

20. Use of the PBA prodrug IIPN-100 in the manufacture of a medicament for use

to treat a nitrogen retention disorder, wherein the AUC I-‘or PBA is less than about

600 and the Cmax for PBA is less than about 100 when the PBA prodrug is

administered.

21. The use of embodiment 19 or einbodiment 20, wherein a subject's plasma

ammonia levels are on average normal when treated with IIPN-100.

22. A method to determine whether a dosage o|' HPN-1 00 being administered to

a subject having a nitrogen retention disorder is providing adequate amnionia

control For the sub_ieet . or it‘ the dosage needs to be Inodified,, wherein the method

comprises measuring the subjeet’s urinary PAGN output level. and eomparing this

urinary PAGN output level to a cut-oil‘ value for urinary PAGN output determined

for comparable subjects.

wherein the dosage is adequate it‘ the subject’s urinary PAGN output equals or

exceeds the cut-off value, and the dosage needs to be modified if the subject's

urinary PAGN output is less than the eut-off value.

23. The method of embodiment 22, wherein the subject is an adult UCD patient,

and the cut-off value is about 10 g of urinary PAGN per day.

24. The method of embodiment 22, wherein the nitrogen retention disorder is a

UCD, 1-ll_‘l, or CR1".
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25. The method of embodiment 22, further comprising modifying the dos age if

the subject’s urinary PAGN output is less than the cut—off value to determine an

adjusted dosage.

26. The method of embodiment 25, wherein the adjusted dosage is calculated by

subtracting the subject's urinary PAGN output from the eut~0ff value to determine

an amount by which the subject’s urinary PAGN output needs to be increased, and

calculating an amount of I-IPN-100 that corresponds to the amount by which the

subject's urinary PAGN output needs to be increased while taking into account that

the conversion of I-IPN— l 00 into urinary PAGN is about 54%.

[00134] In the foregoing embodiments and methods, the PBA prodrug is often I-IPN-100.

Urinary PAGN output is typically measured either as a total output over the 24 hour period

following the first dose of the PB A prodrug of the day, or as a total urinary PAGN output for the

period 12-24 hours following the first dose of the PBA prodrug of the day. These values may be

measured directly, or they may be estimated from the rat.io of PAGN to creatinine in a sample of

the patient’s urine taken while the subject is on a stable drug dosage, optionally during the 1224

hour period following the lirst dose of the drug of the day.

[00135] The methods include a method to treat a patient having a nitrogen retention disorder

with the PB/\ prodrug llPN—lO0, wherein the AUC for PB/\ exposure can be lower with the

prodrug than with PBA by at least about 20%, or by at least about. 27% compared t:o treatment with

PBA. This is believed to be related to the slow absorption or uptake characteristics of I-IPN-100,

which provide a more stable level of PBA exposure and provide an unexpected advantage of HPN-

IOU to be effective with less frequent. dosing when compared to sodium phenylbutyrate.

[00136] The following examples are ofliered to illustrate but not to limit the invention.

[00137] 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 Hl’N—l00 into PACN in selecting starting dosage. the
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delayed release behavior and implications for dosing schedule of delivering PBA as a triglyceride

rather than as a salt, and the possibility of administering IIPN—l00 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

[00138] To assess its pharmacokinetic (PK) and pharmacodynamic (PD) profile, HPN-100 was

administered as a single dose to 24 healthy adults. Pharmacokinetic samples were taken pre—dose

and at I5 and 30 minutes post—dose and 1, 1.5, 2, 3, 4, 6, 8, 12, 24, and 48 hours post—dose. As

discussed below, plas111a levels of the major I-IPN-100 metabolites PBA, FAA and PAGN were

many fold lower after administration ol'HPN-100 than after sodium PB/\. By contrast, urinary

excretion of PAGN was similar between the two groups {-4905 +)'- 1414 mg following sodium PBA

and 4130 +.’- 925 mg following I-IPN-100) and the diilerences 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 ofIlPN-100). 'll1us, the plasma metabolite

concentrations did not accurately reflect the comparative ammonia scavenging activity of sodium

PB/\ and Hl-‘N—l()U.

[00139] Three healthy aduit volunteers were treated with a single dose of either sodium PBA or

llP1\-I-100 at a dosage o1‘3 g/1112. Plasma levels of PA/\, PBA. and PAGN were 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).

[00140] In each panel, the curves represent measured levels of I-‘BA, PAA or l-"/—\GN in subjects

receiving sodium PB/\ at 3g/mg dosage, or IIPN-"I00 in an amount calculated to provide an

equimolar amount of PB/\ 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 llPN- 100.

[00141] 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 curves at the 10- 15 hour time span are all for PBA; and the highest three curves at

15—25 hours represent PAGN levels. PA/\ levels were not determined after approximately 12

hours, and were generally close to the PAGN curves up to that time.
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Example 2

Administration of I-ll’N-100 to patients with liver disease

[00142] To determine its pharmacokinetic (PK) and pharmacodynamic (PD) profile in patients

with liver disease, clinical testing was conducted in which HPN-100 was administered orally as a

single dose (I00 ntgfkgfday on day 1), and twice daily for 7 consecutive days (200 mg/kg/day on

days 8 through M, in two doses of I00 mg/kg 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. Steady state levels of these metabolites in blood are

reached by this time——see Figures 6 and 7. On day 15, subjects received a single dose of I—]I’N—l 00

(100 mgfkg). PK blood samples were taken pre-dose, at 15 and 30 minutes post-dose, and at 1,

1.5, 2, 3, 4, 6, 8, 12, and 24 hours post-dose on days I, 8, and 15, and al. 48 hours after closing on

days 1 and I5. On days 9-14, blood samples were taken pre-morning dose and at 2 hours post-

morning dose. Urine was collected 0-4, 4-8. 8—l2. and 12-24 hours post-dose on days 1, 8. and

15, and at 24-48 hours post-dose on days 1 and 15.

[00143] I-IPN— 100 was metabolized via the predominant pathway in all subject groups, and the

alternative I-IPN-100 metabolites PAL} tphenylacetyl glycine}, I’B(_‘: (phenylhutyryl glycine), and

PBGN (phenylbutyryl glutamine) were below the limit of quantification in all plasma samples.

Both the extent of systemic exposure (AU(‘..3-.) and C.,,,,,,, for PB/\ 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 dillerences in these variables on day 15. As described below, plasma

FAA levels did correlate with Childs-Pugh classification ti.e. were higher in patients with more

severe liver disease). However, the average conversion ofl-[PN—l00 to PAGN was - 40-50% after

single dose administration, 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-100 or to utilize it l'or elimination of excess ammonia. Thus, as

summariyted in more detail below, plasma metabolite levels did not correlate well with the lIPN—

l00 dosage and, just as for healthy adults, plasma metabolite levels did not accurately reflect the

nitrogen scavenging effect ofl-IPN-100.
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Analyte Subject group Geometric mean 90% (‘.1 I’ value for
ratio group effect

PBA Al'ICu_. 0.40

Child—Pugh A 0.92 0.58-1.43

Child-Pugh B 1.26 0.80-1.97

Child-Pugh C 1.37 0.87-2.14

PEA C...“ 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 AUCIH 0.64
0.48-3.06

Child-Pugh A 1.22 0-6 ‘-335
Child-Pugh B 1.53 0-77-438
Child-Pugh C 1.94

PAA Cm... 0.72

Child—Pugh A 1.33 0.70-2.52

Child—Pugh B 1. I6 0.61-2.20

ChiId—Pugh C 1.52 0.80-2.88

AITCg_.., area under the plasina concentration curve from time () to the last measurable concentration; (21. confidence
interval; (Ema... maximum observed plasma concentration; PAA, phenylacetic acid; l’B A, plienylbutyric acid.

[00144] During multiple dosing (days 8 15), there was a trend for higher systemic

concentrations of PBA and FAA in subjects with greater hepatic impairment ((.‘.hild—Pugh B or C)

compared with Child-Pugh group A and the healthy Volunteers. Unlike PB/\, I-“AA did accumulate

significantly in plasma during niultiday dosing. Differences between single {day 8) and multiple

closing (day I5: steady state—see Figures 6 and 7) were significant for Al.ICg_.g and C....._.. 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.

[00145] The clinical efficacy of HPN- 100 is dependent on its ammonia scavenging capabilities,

through conjugation of glutamine with PAA to l'0rm PAGN. After closing on each day, PAGN was

the major metabolite excreted: 42-49 "/E= ol‘ the I--IPN-100 dose administered was excreted as PAGN

on day l, 25-45% on day 8, and 58-85% on day 15. Very low amounts of PBA and PAA were
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excreted in the urine (£ 0.05% of the total I-IPN-100 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 aI11Inonia—scavenging capacity ol’IIPN—l00, as

2 moles of ammonia combine with 1 mole of PAA to produce PAGN. I-Iepatic impairment had no

significant effect on the ammonia-scavenging ability of11I’N-100 in this study. There were no

significant differences in the amount ol'PA(1N 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

PA./\ 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.

Urinary Output of Phenylacetylglutamine (PAGN)—HeaIthy Subjects and Cirrhotie Subjects

Study U1’ 1204—002': Healthy Volunteers and Cirrhotic Patients (100 m;.p'1<g I-[PN-100 BID)

Child-Pugh A
(n=8)

I-Iealtliy VolunteersChild-Pugh B
tn=8)

Child-Pugh C
(n=8) (n=8)

PAGN after closing on day 1 (0-24

Amount Excreted (umol)

Proportion excreted post-24 hours
( 93)‘

PAGN after dosing on day 1 (0-48

Amount Excrcted (pmol)

hours)

15553 (4201)

15.5 (7.5)

18386 (4961)

19291 (12054) 14903 (4292)

8.8 ((1.0) 16.9 (10.5)

16847 (4326)

14.5 (13.3)

19902 (4505)
M010 % ofdosc excreted

PAGN after (losing on day 8 (0-12

47.1 (10.4)

hours)’

44.9 (9.7)

20354 (15231) 17869 (4312)

48.5 (29.4) 42.2 (11.4)

Aniouut Bxcretcti (ttniol)
Mole ‘36 of dose excreted

[6068 (7397)

40.6 (16.4)

13179 (5786)

29.9 (13.0)

15428 (6519)

44.6 (24.2)

10195 (4189)

24.5 (11.4)

PAGN after dosing on day 15 (0-48 hours) "

Amount Excreted ( umol) 31431 (15291) 25152 (11426)
Mole % ofdose excreted 79.6 (_30.5)

 
30752 (20860) 28716 (8223)

85.0 (65.1) 63.6 (21.9)58.2 (29.2)

HPN—IUOc value is corrected for approximately 15% under collection of urine. PAGN was detectable in plasma
samples of subjects receiving I-1l’N—l0() but not Nal’BA after the 24 hour time point indicating that urinary
collection 01' PAGN was incomplete at 24 hours following I'1I’N- [00 dosing.

3Values are not %dc-se; instead, they represent the amount of PAGN yet to be eliminated in urine expressed as a
percentage 01' total PAUN eliminated over 48 hours. For example, I555.’-I|8386*l()U=l5.5‘Z.- for (fl1ild—l’ugl1 A
patients.

3Ilrinc collection was after the first l1PN~ 100 dost‘ (100 tnglkg) in the morning.
“Calculated as a percentage of the single dose administered on the morning of day 15
PAGN =phenylacety1glutamine
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[00146] Of particular note, there was no relationship between the plasma levels of PBA and

FAA, which exhibited a non—statistieally significant directional change toward higher plasma levels

in patients with liver disease than healthy adults, and urinary excretion of PAGN.

EXAMPLJJ 3

Administration ot‘llPN—l00 To Adults With UCl)s

[00147] 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 PB/-\ to a PBA equi111olar dose ol'HPN-100. Subjects were required to be on a stable dose

of sodium PB/\ before cnmlment. Upon enrolment, all subjects received sodium PEA 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 convened to the PBA equimolar

dose of HPN-100, 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% HPN-100 dose

for one week and were tl'1cn re-admitted to the study unit for repeated PK (Visit 11-1), ammonia

and urine collections.

[00148]'I'he 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 corroborated by plasma

ammonia results. Moreover, the findings demonstrate considerable inter-individual variability in

the percentage of both sodium PB/\ and IIPN-100 that is converted to urinary PAGN.

[00149] Pharmacokinetic, annnonia and safety analyses: As summarized in the l.able below, 7

days of HPN-100 atlministration resulted in comparable FAA and plasma PAGN levels but slightly

lower PBA levels compared to the PB/—\ molar equivalent dose of sodiuln PBA.

Comparison of Pharmacokinetie Parameters at Steady State — sodium PBA vs. HPN-100

PK Parameter Arithmetic Mean (CV93)

{N=10l (N=10)

Al To 2.1 (ttg-|1i’1nL} 739 (49.2) 540 (60.1)

Crnax5_,(_|_1g/ml. 14] (44.3) 70.1 (64.7)

(.‘n1i|1,,(ttgJ':nL 2.87 (265)
PAA in Plasma

A[.'C‘o-2.; (Llg'l1i"111I.} 574.6 (163.9)
59
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PK Parameter Arithmetic Mean (CV%)

Sodium PBA HPN-I00

(N=10) {N=l0)

C1nax§S('},tg/1111. 53.0 (94.7) 40.5 (147.6)

Ctiiiiia. (_|.tg/ml, 3.56 (I9-4.4) 7.06 (310.7)
PA ("RN in Plasma

ALTCM4 (ttg-Itlnil.) I I33 (31.1) 1098 (44.2)

83-3 (25.8: 71-9 rm)
16.8 (226.1)

ALTCIM4: Area under the concentration from time 0 (pre—dose) to 24 hours, Ctnaxfi: Maximum plasma concentration at
steady state. (jminsb: Minimum plasma concentration at steady state, A,: Amount excreted over 24 hours

t The Incan (SD) sodium PB/\ close = 12.6 (4. I 1) g; the mean (SD) I-ll’N—100 dose = 12.3 (3.91) g.

 
[00150] Despite dissimilar PB/\ blood levels, overall urinary excretion of PAGN was similar for

the two treatments as summarized in the table below. Iinportantly, 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 0|‘ administered P!\:\ converted to PAGN. which averaged -54% and was typically

similar for both sodium PBA and I-IPN-100. Moreover, the 24 hour pattern of excretion appeared

to differ in that urine output 01' PAGN reached its highest level during the ‘afternoon hours’ (6-12

hour urine collection) for patients treated with sodium PB A, whereas peak output of PAGN

occurred overnight (12-24 hour urine collection) for patients. on IlPN—I00 treatment. This

cliffercnce presumably reflects the slow release characteristics and longer duration o1‘c1Tective

blood concentrations of PAA following administration of l--lPNvl 00 as compared with sodium

PBA. IIPN-100 was either not detectable or below the limits of quantitation in all blood samples.

Com arison of Mean PAGN Amount lixcreted — and Percent Conversion % Followin

Administration 0!" Sodium PBA (sodium phenylbutyrate) vs. llPN—l00

PAGN in UrinI_=* I-IPN-100 Recipients BUPIIENYLQQ Recipients
Total excreted 0-24 hr (pg) 10 784 747 (25.9) 12 153 473 (48.2)
0-6 hr (ttg) 2381371 (6 L3) 245283861-1.6)

6-12 hr (pg) 3027310 (44.9) 4859I2I (54.7)
12-24 hr (pg) 5433033 (50.4) 464-5447 (59.8)
Recovery of PBA as PAGN (‘.’«’’c-) 54 (I5) 54 ( 16)

[00151] As sutnmarized in the table below, mean time I'l0I‘l11aliZCd area under the curve (_TN—

AUC) values liar venous ammonia following llPN—100 were directionally (-31%) lower than those

60

461



462

W0 201011125303 PCTIU S2009;‘055256

observed with sodium PBA (26.1 vs. 38.4 umolz“L) although the differena:-es did not achieve

statistical significance (Figure 9). Likewise, peak venous ammonia concentrations following IlPN—

100 were directionally (-29%; not statistically significant) lower than those observed with sodium

PBA (56.3 vs. 79.1 pmol/I.., respectively).

[00152] The normal upper limit for venous ammonia varied among the study sites from 26 to 35

i.lInolfI.. I-Examination of atnrnonia values ('l"N—/\UC] for individual patients demonstrated that

patients with higher ammonia levels on sodium 1'-‘BA exhibited greater decreases in ammonia

values following administration of I IPN- 100 (Figure I 1). Moreover. the mean ammonia value after

IIPN-100 (26.1 ttmolfl.) was within the normal range while it was above the upper limit of normal

(ULN) for subjects receiving sodium PB/\ (sodium phenylhutyrate) (38.4 pm0l;'I..) (Figure 12].

Likewise the mean percentage of normal ammonia values increased from 58% after sodium I‘BA

treatment to 7'2‘?/Ev a1't.erlIl’N—l{l0 treatment.

Venous Ammonia Pharmaeodynamies Following Seven Days of Dosing With Either Sodium

PBA or HPN-100 (Steady State)

Sodium PISA HI’N—l00

TN-AUC PBA Equivalent TN-AUC PBA

(pmoyu Equivalent
dosel

5002

Mean

SI

Median

Min

‘V13!

25%

75%

N-4

IE1‘

IE1-
IE1‘
REZ-
‘
_‘
‘
‘
‘
_‘

Z1
:‘
_‘
_‘
‘
‘
‘
—

-

_

2
2
2
2
2
2
2

EH
2
2
2
2
2
2
2

6]
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[00153] This reduction in ammonia exposure among UCD patients retlects better overnight

control among subjects receiving IlPN—l00, as summarized in the table below and in Figure 10.

This study shows that both AUC and Cmax for a111n1onia were lower with l-ll’N-100, indicating

less total ammonia exposure, and especially at night, I-il’N~l00 exhibited a significantly stronger

eifect. While not statistically significant due to the small population size, this demonstrates that

IIPN—l0O is at least as effective, and apparently more so, than PBA on an cquitnolar basis based on

the key measure. its ability to mobilize ammonia for urinary elimination. Based on preliminary

results, lIPN- 100 also provides more stable ammonia levels, and reduces risk of hyperanmlonemia.

In this trial, 9 of 10 subjects who experienced both IIPN-100 and sodium PBA indicated a

preference for I-lPN—l 00.

[00154] In addition, in this trial, no serious adverse effects (SAEs) were observed in patients

taking l-IPN—100, while two subjects receiving Pl-IA experienced symptomatic hyperammonemia;

and the total number of adverse effects (AE3) reported among subjects taking IIPN-100 (5 subjects

reported a total of 15 A133} was lower than the number of AEs among subjects taking PBA (7

subjects reported 21 Alis).

[00155] The following table summarizes overall comparative data for sodium PBA and I-[PN-

IOU, administered at equimolar rates (n=10) (see tables above and Figures 10-13 For additional

detail).

Parameter Sodium PBA HPN-100

NI-I3: Total AUC 38.4 i 19.6 26.1 1 10.3

N113 Cmax 79.1 i 40.1 56.3 1 27.9

N1-[3 exposure: DAY

(hours 6-12)

NI-[3 exposure: NIGHT 36.3

{hours 12-24)

Adverse effects 21 report.ed by 7 subjects 15 reported by 5 subject.s

Serious adverse effects 2 (symptomatic 0 
hypcrammoncmia)

PAGN excretion Comparable Comparable
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[00156] While the differences between sodium PBA and HPN-100 did not reach statistical

significance due to the small sample size, llI’N—l00 exhibited a clear trend toward being more

efficacious at equirnolar dosages, and it was particularly effective for improving overnight control

of ammonia levels.

[00157] Iiigure Sa demonstrates that PBA levels in the blood are not correlated with HPN-100

dosages received. It plots the 24-hour AUC For PB./\ and the Cniax for PB./\ against lIPN—100

dosage (top panel), and while the AUC and Cmax track together in each patient, they show no

relationship to I--IPN-l{l() dose: both the highest and the lowest PBA exposures occurred in patients

receiving high doses ofllPN-100. Figure 8b shows that levels of PAA are similarly uncorrelated

wiI.h I-IPN dosages.

[00158] Figure 9 illustrates the trend shown in the clinical testing, where I-IPN-100 provided

better overall control of waste nitrogen.

[00159] Figure 10 illustrates that improved night time control of excess ammonia is achieved

with l-IPN-100.

[00160] I*'igt1re l 1 shows that especially for patients with higher ammonia levels when treated

with sodium PBA (Na PBA), HI’N—l{J(J provides better control than sodium PBA, while in patients

with lower ammonia levels (ones |‘or whom sodium FHA seems to work relatively well), HPN-lUU

provides at least comparable ammonia con1.rol. Note that for patients having ammonia levels

above about 40 pmolfl. when treated with sodium PB.-’\, l[PN—l00 at equiinolar dosages provided

superior control of ammonia, and consistently reduced ammonia levels to below about. 40 pmoli'L.

Thus for patients whose ammonia levels are abnormal (e.g. above about 40 pI1l0L"L) when treated

with sodium PEA, it is expected that better ammonia control can be achieved with an equimolar

amount ol"IlPN—l00. Based on this, dosages of llPN—l(}0 can be determined as set forth herein.

Figure 12 illustrates that ammonia levels were better controlled in this test by I-IPN-I00 than with

sodium PBA, e.g., the average ammonia levels are lower, and tend I.o be below the upper limit for

normal .

Exarriple 4

Relationship Between Ammonia Control and Urinary PAGN I-Excretion

[00161] 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
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(i.e. atnmonia 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-IPN-100 suggesting that this method of dose

determination is independent of product formulation. The following Table summarizes the

statistical correlations observed in this study between various parameters and ammonia levels in

the subject's blood.

Correlation Between Ammonia and Plasma PAA, PBA and PA GN, attd Urinary PAGN

(UPAGN) "2

PAA PBA Plasma PAGN UPAGN Dose [E-l’AGN 12-24

N 15 15 16 18 13 16

1- -0.23 0.08 -0.52 _11.210 _055 -0.75

P NS NS 0-04 <0.t)()01 0.02 41.1101

Ammonia was measured as lIITlB-I'|0I'I1‘I3.llZBd area under the curve (TNAUL)

2 Spearman Rank-Order Correlation
Data from both Nal’BA and IIPN-l00 were included in the analysis

Data from one subject with more than 50% missing data on I-IPN-100 were excluded.

NS = not significant at rt=0.()5.

[00162] Figure 13 shows a plot of Plasma Ammonia (TN-AUC) versus Urinary PAGN

Excretion, and demonstrates the strong correlation between ammonia levels and urinary PAGN.

‘Normal’ ammonia level varies for different subjects and different testing sites, and the four sites

for the studies herein reported different upper levels of normal (UI.Ns') for ammonia, ranging from

26-35 ].ll'110l1iL. Across all sites involved, subjects treated with HPN-100 exhibited average

ammonia levels that were ‘normal’, i.e., below the UIN (upper level of normal), 73% of the time,

while subjects treated with sodium PBA had ‘normal’ ammonia levels, ie, below the l_lL.-N, 60%

of the time.

Fzxattiple 5

1;‘ =-rimentation With Dosin Schedule

[00163] The results of single dose PK/PD modeling observed in the examples above suggested

that HPN-100 exhibits delayed release characteristics as compared with sodium PB-A with a
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corresponding potential for increased flexibility in dosing, which was further explored in additional

clinical studies described above. In one of these, IIPN—l00 was administered twice daily as well as

in the fasted and fed state. In the other, I-lI’N-100 was administered three times daily with meals.

Both 3x daily and 2x daily dosing 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.

[00164] In Example 2. a number of secondary statistical analyses comparing PK variables after

fed versus fasted I-IPN-100 dosing and single versus multiple I-IPN-100 dosing were also done.

There were no PK or PD differences observed when lIPN- 100 was administered after fasting (day

ll or with a meal (day 8). Accordingly, it is believed that I-IPN—IOU can be effectively

administered without the need for it to accompany a meal, while the label and package insert for

sodium PB/\ (sodium PB/-\) indicate that it should be taken with meals. In addition t.o the lack of

difference for I’AA 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 varla ble

15000-1: [U-1£'J'T1L.|‘h1

Day I
(ico. mean {range}
(‘\.-"%

Day 8
Gen. mean {range}
(.‘\a'%

Day 15
Geo. mean {range}
f.'\a'%

AuC....[u.g/m1.;-n|

Dayl
Geo. Mean (range)
E'\I'%

Day 15*
Geo. Mean (range!
(‘.\'“%

Cmxlll-glmL|

Day 1
(ice. mean {range r
C‘\-’%

Day 8
(ice. mean ( range}
CV%

Day Is‘
Gen. mean 4’ range}CV06

In 1111’

Day I
Me an (SI);
Range

Day I5
Mean {SDI
Range

'l‘...... lhl

Day 1
Median { range;

Day 8
Median f range]

Day 1 5
Median 1_ range}

Child-Pugll A
(I1 = 3)

37,33(T.39-T8.-12!
53.41

3').64 [5.‘J6—1S3.l-'1]
78.73

112.89 (23.28—cl-13.-1-3)
"£6.82

37.33 (".u".29—78.-I-2!
53.41

121.5‘? [23.28—528.".I"3)
92.2.7

‘L65 f2.58—26.')3'j
63.78

10.21 11.64-25.66!
5'3 -:-;

29.07 17.39-53.48!
44.21

L80 (0.94-J
|.0l -3.14

3.50 (2.00--6.00}

4.00 (2.00 6.00)

4.00 (2.00---6.001

Child-Pugh B
in = 8}

72.20 (23.38 -1?4.'.-'3)
64.91

23.44 {26.83—2?').-I-8)
85.58

I3895 (=l0.2l—652.99}
99.48

72.20 (23.38—|?-'l.?3J
64.91

153.00 I‘40.2]—938.85)
113.54-

13-.52 (6.‘J-'l—2‘.'I".91|'I
5120

I 4.28 (4.46-'1-2.02]
74.53

25.46 (10.54 65.40)
64.26

2.26 (1.53)
1.68-3.84

5.00 (3.00--8.00]

5.00 (3 .00 8.00]

4.00 (3.00-H 8.00]

*1: = 0.64 for group effect: ‘[3 = 0.72 for group cfl"cc1
*On day I, n = 2 in ChiId—Pugh group B and n = 0 in all other groups; on day 15, n = 4 in group A, 2 in group B, 1 in
group C, and 3 in group D

PCT!U S20l]9;‘055256

Child-Pugh C
In =81

485914.‘.-'5-312.43)
109.58

86.36 [28.12—36':'.?0j
92 .85

184.26 []4.‘)'?—2'.‘:-I-5.51}
170.56

48.59 I-I-.":'5—3l2.»l3I
I09.58

194.1‘? []4.97—34-15.511
198.42

10115 (2.53-l-0.30)
82.65

16.03 (6.49 -48.07}
"P2 .29

33.28 [."|.03---208.30)
121.51

2.10 {[133}
1.88-2.33

7.70
7.710-7.70

5.00 (2.00--8.00]

5.00 (-1.00 8.003

5.00 (0.00--8.00}

Healthy volunteers
(I1 = 5)

50.63 (14.2? 150,001
79.339

34.07 (5.27—13-l.‘J‘)j
30.59

99. I6 (30.06——3(.'|4.?9:
88.59

50.63 (14.2T—l50.00J
79.59

99.94 (30.06--I-20.32!
93.08

11.81 (-1-.1-‘I--251.11");
68.72

10.03 (2.90--28.43]
66.9?

21.92 (1.76-61.31)
62.88

{1

L91 (0.3?!
1.68 -2.33

6.00 (-4.00 —-6.00!

4.00 (3.00 6.00!

-1.00 (3.00 4.00"!

.v-'\lI(I[,__1-_., area under the plasma concentration curve from time 0 up to I2 hours after dosing; AU(I9_.., area under the
plasma concentration curve from time 0 lo the last measurable C01‘lL'.t:[‘l1l‘211.1l)I'l‘, (‘.m_“, maximum observed plasma
concentration; CV, coefficient of variation; gee. Mean, geometric mean; n, number of subjects; SD, standard deviation;
T.,._.,.. time to maximum observed plasma concentration; 1.11:, ha] 1"—life

66

467



468

W0 201011125303 PCTIU S2009;‘055256

Example 6

PKIPD Modeling Results

[00165] 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. llowever. 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~systcn1ica11y") and that this PBA is

fully effective with respect to ammonia scavenging (Figure 5); i.e. fully active. To verify this

possibility, PKIPD modeling using NONMIEM V1 (Icon, I-"illicot 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 I-II’N~100 exhibits slow release characteristics as compared with sodium PBA and

provided an explanation For the poor correlation between blood levels o|' PB A/I’/-\A and ammonia

and the importance of urinary PAGN is dose adjustment. Key conclusions resulting from the

IJKIPI) modeling were as follows

1. PBA is more slowly absorbed (—-40% as fast) from the intestine after administration of

l--lPN—I00 versus sodium PBA (absorption rate constants and absorption hall'—lives for l-[PN-

100 and sodium PBA are 0.544 11-1 vs. 1.34 if] and 1.37 h vs. 0.52 h, respectively).

!\.) The lower plasma levels of PB/\ following administration of I lPN—100. as compared with

sodium PBA, reflect results indicating a fractionally greater amount of PBA (31% vs. 1%)

being converted pre-systemically (to PAA and PAGN) following administration of lIPN-

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 l-ll’N— 100 revealing a 32% lower estilnatetl

bioavailahility of PBA in healthy adults compared to adult UCI) patients. Cirrhotic and

UCD patients had similar PBA bioavailability following I-IPN-100 treatment.
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E131;

ADME Studv In Three Cynomolgous Monkeys

[00166] To assess the preclinical handling of ammonia scavenging drugs, 6'00 lnglkg of either

radio labeled sodium PBA or radio labeled I-IPN-100 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

PA/\. This study corroborated clinical findings sunirnarized in I-Examples 1-3, including the

following: (a) dosing with oral sodium PBA or oral 1-IPN-100 did not result in 100% conversion to

urinary PAGN, (I3) plasma PBA and PAA blood levels did not correlate consistently with ammonia

scavenging activity as reflected by urinary PAGN output, and (c) {IPN-100 exhibited slow release

characteristics as compared with sodium PBA.

[00167] Radio labeled PBA and PAA entered the systemic circulation rather slowly following

administration of radio labeled IIPN-100 [Cmax for PBA was achieved 1.5 hours post—dosing (52.2

tug/mL) and Cmax for PAA was achieved 8 hours post dosing (114 pg/mL)], corroborating the

findings observed in humans (including the I’KJ'PD modeling), and essentially no I-ll’N—l0O

appeared in systemic circulation or in excrctions. About 90% of radioactive material derived from

HPN-100 that was excreted in urine was PAGN, accounting for 39% of the atlministered I-IPN-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 Pl-IA. Thus oral sodium PBA was utilized less efficiently than I-IPN-100, and an

unexpectedly high amount of PBA was excreted unchanged.

Example 8

Biological and Anatomical Considerations

[00168] Unlike most drugs which act on a target organ!cel1freceptor(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 5).

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 oflIPN—

100 or PBA to PA/\ and then to PAGN, the data accumulated to date, including the PKIPD

modeling, as well as anatomical consideration lead us to the conclusion that the formation of
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PAGN from PBNPAA occurs to a significant degree before PBAIPAA reach the systemic

circulation (e.g. within the liver). This is especially true when IIPN—l00 is administered as a PB/\

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. liigure 5 illustrates how this

occurs.

[00169] For certain clinical trials, particularly for eomparing I-IPN-100 to PEA, HPN-1.00 will

be administered at a dose that is equivalent (equimolar} to an amount of sodium PEA 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— I 00 dose range will match the PEA molar equivalent of

the approved sodium PBA (sodium phenylbutyrate) (Nal’B A) dose range. I-IPN-100 will be

administered three ttimes a day ('l‘lD_) with meals. Not.e that the conversion of the dose of NaPBA

to the dose of IIPN-100 involves correction for their different chemical forms (i.c. IIPN-100

consists of glycerol in ester linkage with 3 molecules of PBA and contains no sodium) (NaPBA [g]

x 0.95 = IIPN-100 [g]) as well as correction for the specific gravity ofIIPN-100, which is 1.1

g/mL..

HPN-100 Dose Ranges Corresponding to Recommended Daily Doses of Sodium PBA

IIPN-100 IIPN-100

PBA Equivalent [lose (mg) PISA Equivalent Dose (rnL)

450-600 tllgfltgfday 0.39-0.52 tiiljkg/day

(patients 5 20 kg)

Sodium PBA

428 — 570 Irigfkglday

9.9-13.0 g/m2/day
(patients > 20 kg)

Maximum Daily Dose: 20 g Maximum Daily Dose: 19 g 17.4 ml,
20 g of sodium PB/\ contains -17.6 g of phenylbutyric acid; 19 g of l--lPN— 100 contains «-17.6 g ofphenylbutyric acid

9.4 _ 114 gfmzfday 8.6~l1.2 1nIJn12l'day 
Example 9

Determination ofa Startin Dosa e and Dose /\d'ust1nent of IIPN-100

[00170] A patient having a nitrogen retention state (e. g. an inherited urea cycle disorder.

cirrhosis complicated by hepatic encephalopathy or chronic renal failure) 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 detennination would be based upon a

variety of factors (e.g. signs and symptoms of H145 in patients with cirrhosis, elevated blood
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ammonia levels in UCD patients, levels of urea and symptoms of uremia in patients with chronic

renal failure).

[0017]]. The starting dosage is based on clinical considerations, including the estimation of

residual urea synthetic capacity (an infant with UCD presenting with hyperammonemia in the first

few days of life would be presumed to have no significant urea synthesis capacity) and appropriate

dietary protein intake (i.e., infants with UCD require increased dietary protein to support body

growth. but long-term dietary protein restriction in patients with cirrhosis is usually ineffective or

counterproductive, and the methodology outlined in this invention.

[00172] For example, an adult with limited residual urea synthetic capacity is treated with an

initial dosage of HPNJUO of 19 g per day and placed on a protein—limited diet containing about 25

g of protein per day. The patient’s daily urinary output of PAGN is monitored. The daily intake of

I-Il’N—100 amounts to 19 g of l-lI’N~100, at a molecular weight of -—530, which is 0.0358 mo] I-IPN—

l00. Each mole of IIPN-100 can theoretically be converted into three moles of PAA and thus three

moles of PAGN, so the 19 g daily dosage ofl-IPN-100 could produce 0.108 mol of PAGN in vivo.

If entirely converted into PAGN and all of the PAGN is excreted in the urine, the theoretical

quantity of PAGN would be 28.4 g per day, which would be sufficient to mediate the waste

nitrogen excretion resulting from ~41 grams of dietary protein, assuming that l6% of dietary

protein is nitrogen and -47% of dietary nitrogen is excreted as waste nitrogen (see Brusilow).

[00173] However, as demonstrated herein, IIPN—l00 is typically converted into urinary PAGN

with an efficiency of about 40% to 70% (typically about 54% conversion was found in UCD

patients), thus the physician would expect t.o observe about 17 g of urinary PAGN output per day

from this dosage of I-IPN-100. This corresponds to -25 grams of dietary protein — which is similar

to the prescribed amount. but less than the theoretical amount (41 grants) this dosage of I [PN—100

might have been expected to account for theoretically. Thus the adjustment for 40-70% efficiency

significantly affects the overall treatment program, and knowing what efficiency to expect enables

the treating physician to avoid putting the patient on a diet containing too much protein l'or the

patient to manage on this dosage of I-IPN-100.

[00174] VVhen monitoring the patient, if the doctor observes a higher output of urinary PAGN

than expected, the dosage of I-IPN-100 is reduced proportionally; thus if 21 g of urinary PAGN per

day is observed, the physician will reduce the dosage of IIPN-100 to (17:/2l)*19g = 15 g.

Similarly, if urinary PAGN output is below that expected amount, such as 12 g per day, the amount

of l-Il’N—l00 would be increased: if 12 g is observed and 17 is expected. the physician could adjust
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the HPN-100 dosage to (17/12) * 19g = 27 g I-IPN-100 per day, if that dosage is within a range

considered safe to administer to the patient. Either the dosage of llPN—l0(l or dietary protein

intake could be adjusted to optimize the treatment plan for this subject. Alternatively, if the

urinary PAGN output exceeds about 10 g per day, based on the correlation described above, the

treating physician will recognize that this correlates with high likelihood of achieving normal

ammonia levels, and may monitor ammonia andlor urinary PAGN for a time to assess whether the

dosage being administered is generally sufficient for this subject.

[00175] Optionally, the urinary PAGN output may be determined as a ratio of urinary PAGN

concentration to urinary ereatinine concentration; creatinine levels are typically stable enough for a

given individual to provide a normalization Factor for urine volume so that rather than determining

total daily urinary PAGN, the physician can estimate total daily urinary PAGN from testing a

single urine sample.

[00176] The physician may also monitor the plasma ammonia levels and dietary protein intake

in the patient to ascertain whether the patient’s dietary protein intake and drug treatment combined

are producing the appropriate therapeutic effect. Dietary protein intake or drug dosage or both

could be adjusted to attain a normal or desired plasma ammonia level, c.g., a level below about 40

umolfl .. However, as demonstrated by the observations described herein, the physician would not

use plasma levels of PAA or PBA to adjust the dosage of HPN-100 or otherwise guide treatment,

as those levels do not correlate well with the ammonia scavenging effect of the administered lll’N—

100.

[00177] If the 19g dose o1'HPN-100 is determined to be inadequate (e.g. patient requires an

increase in dietary protein which would result in excretion of waste nitrogen exceeding his or her

urea synthesis capacity and PAGN excretion). llPN—1()0 dose would be increased sul'l"ieiently to

cover the necessary dietary protein and the same methodology of dose adjustment based on urinary

PAGN excretion would he applied to determine that dosage of HPN-100.

[00178] In a subject having little or no urea synthesis capacity where essentially all urinary

nitrogen would be accounted for by PAGN, the ammonia scavenging effect may be monitored by

determination 01' total urinary nitrogen (FUN), rather than directly measuring PAGN levels in the

urine.

[00179] Optionally, the "FUN can be used as a measure of urea synthesis capacity, by subtracting

the amount of nitrogen present as PAGN.
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Example 10

Determination of a Dosa e of l[PN—l00 for a Patient alread on sodium PBA

[00180] A patient with a UCD already on sodium PBA who is to be transitioned to I-IPN-100

would undergo assessment of dietary protein and measurement of urinary PAGN excretion.

[00181] If the patient is judged to be adequately controlled on sodium PBA , then the starting

dose of HPN-I00 would be t_he amount necessary t.o deliver the same amount of PA/\ (e.g. 19

grams of Hl’N- 100 would correspond to 20 grams of sodium PBA). Subsequent. dose adjustment

would be based on repeated measurement of urinary PAGN as well as assessment of dietary

protein and ammonia. . However. as demonstrated by the observations described herein, the

physician would not use plasma levels of PA/\ or PB/-\ either to determine the initial dosage of

IIPN-100 or adjust the dosage of IIPN-100 or otherwise guide treatment, as those levels do not

correlate well with the ammonia scavenging effect of the administered IlPN—l 00.

[00182] [f the patient is determined to be inadequately controlled on sodium PBA , then the

starting dose of [-IPN-100 would be selected to deliver an amount of PA/-\ higher than the dose of

sodium PB/\ provided such llPN—l00 dosage is otherwise appropriate. Subsequent dose adjustment

would be based on repeated measurement of urinary PAGN as well as assessment of dietary

protein and plasma ammonia. However, as demonstrated by the observations described herein, the

physician would not use plasma levels of PAA or PBA either to determine the initial dosage of

l~ll"N—l00 or adjust the dosage of l~lPN—l0{} or otherwise guide treatment, as those levels do not

correlate well with the ammonia scavenging effect of the administered I-IPN-100.

[00183] Optionally, for example in a ‘fragile’ UCI.) patient with a history of repeated episodes

of hyperarnnronemia, the conversion from sodium PBA to I-IPN-100 might occur in niorc than one

step, whereby, at each step, the dose of sodium PB/\ would be reduced in an amount corresponding

to the amount of PAA delivered by the incremental dose of l—II’N-100.

[00184] II‘ the dose of I-lPN—l00 is determined to be inadequate (e.g. patient requires an increase

in dietary protein which would result in production of waste nitrogen exceeding his or her urea

synthesis capacity and PAGN excretion), IIPN-100 dose would be increased sufficiently to cover

the necessary dietary protein and the same methodology of dose adjustment. based on urinary

PAGN excretion would be applied.

[00185]'I'he examples set forth herein are illustrative only, and should not be viewed as limiting

the invention.
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Claims

1. A method to determine an effective dosage of l-IPN-IOU for a patient in need

of treatment for a nitrogen retention disorder, which comprises monitoring the effect

of an initial dosage of [IPN-100.

wherein monitoring the effect consists essentially ol" determining the

patients urinary phenylacetyl glutamine (PAGN) output;

and determining from the urinary PAGN output whether andfor how to

adjust the initial dosage of IIPN-100 to produce a desired ammonia scavenging

effect.

2. The method of claim 1, wherein urinary PAGN output is determined as total

urinary PAGN output for a 24 hour period following a first dosage of I IPN-100 on a

clay, or total urinary PAGN output for a 12-24 hr period following the first dosage

of I ll-‘N400 on a day, or a as a ratio of the concentration of urinary PAGN to

urinary creat.inine in a sample of the pat.ient’s urine, which is used to estimate total

urinary PAGN output for 24 hrs or for 12-24 hrs.

3. The method of claim 1, wherein the nitrogen retention disorder is chronic

hepatic encephalopathy, a urea cycle disorder or chronic renal failure.

4. The method of any one of claims 1-3, wherein determining how to adjust the

initial dosage comprises calculating an adjusted dosage based on conversion of

about 54% of orally administered I-IPN—l(}0 into urinary PAGN.

5. The method of c]ai1n I, wherein determining from the urinary PAGN output

whether to adjust the initial dosage ofIlPN—I()O to produce a desired ammonia

scavenging effect comprises eompari ng the pa1ient's urinary PAGN output to a cut-

off level of urinary PAGN output that correlates with achieving effective ammonia

co ntro] for comparable patients.

6. A method to determine a dosage of I-IPN-100 for a patient having a nitrogen

retention disorder, which comprises calculating the dosage of [-IPN-100 based on a
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conversion efficiency for HPN-100 conversion into PAGN of about 40% to about

70%.

7. The method of claim 6, wherein the dosage of HPN-100 is calculated from

the patient’s dietary protein intake.

8. The method of claim 7, wherein the dosage of I-II-‘N-100 is adjusted to

account for the patient's estimated residual urea synthesis capacity, if any.

9. A method to determine a dosage of a PAA prodrug for a patient having a

nitrogen retention disorder, comprising:

a) csl.in1al.ing the patient’s residual urea synthesis capacity, it‘ any;

h) determining the patient’s dietary protein intake;

c) estimating from a) and b) the patient’s target urinary PAGN output;

(1) determining an amount of the PAA prodrug needed to produce the

target amount of urinary PAGN,

wherein the dosage o|' PAA prodrug is determined based on a conversion

efficiency whereby about 40% to about 70% of the PAA prodrug is

converted into urinary PAGN.

10. The method of claim 9, wherein the PAA prodrug is phenylbutyric acid

(PBA) or a pharmaceutically acceptable salt thereof.

1 l. The method of claim 9, wherein the PAA prodrug is I-IPN-100.

12. A method to treat a patient having a nitrogen 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;
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d) determining an amount of the PAA prodrug needed to mobilize the

target amount of urinary PAGN based on about 40% to about 70% conversion of the

PAA protlrug into urinary l’AGN; and

e) administering to the patient the suitable dosage of the PAA prodrug.

13. The method of claim I2, wherein the PA./\ prodrug is phenylbutyratc or a

pharmaceutically acceptable salt thereof, or l-IPN-I00.

14. The method of claim 12, wherein the PAA prodrug is IIPN-100, the patient

is a patient with clinically significant residual urea synthetic capacity, and the I-[PN-

100 is administered in two or three doses per day.

15. A method to transition a patient receiving treatment with an initial amount of

phenylacetate or phenylbutyrate to a final amount of HPN-I00, comprising:

determining a replacement amount of IIPN-100 to replace at least a portion

of the phenylacetate or phenylbutyrate;

substituting the replacement amount of the HPN-100 for the phenylacetate

or phenylbutyrate; and

monitoring the amount of urinary PAGN excreted by the patient to assess

the effectiveness of the replacement amount. of the I-IPN—l()0.

16. The method of claim 15, wherein an increase in the amount of urinary

PAGN caused by the transition indicates that the amount of phenylacctate,

phenylbutyrate, andfor I-IPN-100 should be reduced, and optionally adjusting the

patient’s dosage of PAA, PBA, or HPN-100.

17. A method to transition a patient taking an initial daily dosage of

phenylhutyrate from phenylbutyiate to lIl’N-100, comprising

a) determining a suitable amount of HPN-100 to replace at least a

portion of the initial daily dosage of phenylbutyratc;

I3) administering the suitable amount of l-ll’N- 100 to the subject along

with an amount ofphenylbutyratc corresponding to the initial daily dosage of
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phenylbutyrate minus an amount corresponding to the portion replaced by HPN-

100;

c") determining the level of excreted urinary PAGN for the subject; and

(1) repeating steps a—c until all of the phenylbutyrate is replaced by

HPN-100.

18. A method to initiate treatment with phenylacetate, phenylbutyrate or a HPN-

100 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

e) administering a starting dose of the drug estimated to provide a

fraction of the necessary waste nitrogen clearance as urinary PAGN taking into

account an estimated 40% to 70% conversion of the administered drug into PAGN;

and

(1) increasing the dose of drug as needed, and repeating the steps above. to

reach a maintenance dose of the drug that provides a normal blood level of

ammonia.

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 01' PBA.

20. The method of claim 19. wherein the PBA prodrug is HPN-100.

21. The method of claim 20, wherein the AUC for PBA exposure is lower with

the prodrug than with PBA by at least about 20%.
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22. The method of claim 20, wherein the effectiveness of the I-IPN-100

treatment is assessed based at least partly based on urinary output OFPAGN.

23. A method to determine a suitable dietary protein level for a patient having a

nitrogen retention disorder, comprising:

a) estimating the patient’s endogenous capacity for waste nitrogen

excretion;

b) calculating from the patient"s endogenous capacity for waste

nitrogen excretion an amount of dietary protein the patient can process

without the aid of a nitrogen scavenging drug; and

c) adding an amount of protein that the patient should be able to process

with the assistance of a selected dosage of a nitrogen scavenging drug

to arrive at an amount of dietary protein the patient. can ingest while being

treated with the selected dosage of the nitrogen scavenging drug, taking into

account. the of protein required for health and body growth.

24. The method of claim 23, wherein the nitrogen scavenging drug is I-IPN-100.

25. The method ol"clait11 24. wherein the selected dosage oi’ IlPN—l00 is up to

about 19 grams per day, and wherein the amount of dietary protein the patient

should be able to process with the assistance of this amount of I-IPN-100 is about 1

g of protein per gram of HPN-100 per day.

26. A method to treat a patient with a PBA prodrug, comprising administering

I-IPN-100 at a daily dose in excess of 19 g per day to a subject having HE or UCD.

27. The method of claim 26. wherein the daily dose of I-IPN-100 is between

about 19g and about. 57 g.

28. A method to treat a patient having a nitrogen retention disorder with the

PBA prodrug l-ll’l\£-I00, wherein the AUC for PBA is less than about 600 and the

Ctnax for PBA is less than about 100 when the PBA prodrug is administered.
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29. The method of claim 28, wherein the subject's plasma ammonia levels are

on average normal when treated with HPN-100.

30. A method to determine whether a subject having a nitrogen retention

disorder has achieved adequate ammonia control or needs further testing or a

modified treatment program, comprising measuring the subject’s urinary PAGN

output level, and comparing this output level to a cut—ol'l' value for urinary PAGN

output determined for comparable subjects, and classifying the subject as one in

need of further testing or a modified treatment program if the subject's urinary

PAGN falls below the cut-oil’ value.

The method of claim 30, wherein the subject is an adult UCD patient, and the cut-

off value is about 10 g of urinary PAGN per day.

The method of claim 30, wherein the subject has chronic renal failure.

The method of claim 30, wherein the subject has a UCD or I IE.
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Figure la

Nitrogen Retention States

Human Nitrogen Retention States: Hereditary (UcDs) And
Acquired (Cirrhosis) Liver Disease And Chronic Renal Failure (CRF)

Hereditary (UCDS) and .
Acquired (Cirrhosis) °"'°"'° "°"a'

Liver Disorders Failure (CFIF)
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Figure 1b

The Urea Cycle

Sodium Pl1e-nlybutyrate
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