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Figure 1
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Figure 2

A conventional clinical pharmacology model in which only drug reaching the central (systemic)

circulation is assumed to be active.

 PK/PD Modeling of PBA/PAA/PAGN/UPAGN

- Conventional Approach -

HPN-100 or N°ie= '

B‘-‘P“°“Y'° This model only allows for convetsion of PBA to
PAA to PAGN In the systemic (labeled ‘central‘)

_................ ..| plasma compartment. Bioavailabiiity and drug
‘ = effect is assume to relate directly to plasma

metabolite concentatlons
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METHODS OF TREATMENT USING
AMNIONIA-SCAVE-.\'GlNG DRUGS

CR()SS-Rlil" l iI{l-iN(_‘l'i TO Rl-ll .A'l'l-ll.)
Al’Pl..lC.4‘\'l‘I()NS

[0001] This application claims benefit of priority to US.
Provisional application Ser. No. 611093.234. filed Aug. 29.
2008. which is incorporated herein by reference in its entirety.
This application is also related to the U .S. provisional patent
application entitled “Treating special populations having
liver disease with nitrogen—scavenging compounds.“ naming
Sharron Gargosky as inventor. Ser. No. 6lt’0-48.830. filed on
Apr. 29. 2008.

TECHNICAL FIELD

[0002] This invention relates to treatment of patients with
nitrogen retention states. in particular urea cycle disorders
(UC‘Ds} and cirrhosis complicated by hepatic encephalopathy
(I-I13). using administered compounds that assist in elimina-
tion ofwaste nitrogen from the body. The compounds can be
orally administered small-molecule drugs. and the invention
provides methods for delivering these compounds and select-
ing suitable dosages liar a patient.

BACKGROUND ART

[0003] Drug dosing is usually based upon measurement of
blood levels of the active drug species in conjunction with
clinical assessment of treatment response. However. the
present invention is based on evidence that for certain pro-
drugs ofphenylacetic acid (PAA). measuring the blood level
ofthe prodrng Pl-3A) or of PAA formed Ii't‘n11 it is unre-
liable. In addition. assessment oftreatment elfect by measur-
ing levels ofammonia in the blood is inconvenient. because it
requires withdrawing multiple blood samples under carefully
controlled conditions. Because blood ammonia levels are

affected by various factors including dietary protein. they also
fail to provide a direct measure of how much ammonia the
drug is mobilizing for elimination. The invention demon-
strates that prodrugs oi‘ phcnylbutyric acid (PBA) behave
similarly to sodium PBA. in that measuring PBA levels is
unreliable for assessing their effectiveness. This invention
provides a novel method for dosing in patients with nitrogen
retention states. in particular patients with liver disease and
clinical manifestations of hepatic encephalopathy and
patients with UCl)s. It is particularly applicable to prodmgs
that liberate or are n1el'al:Ioli;acd to form phenylacetic acid. i.e..
prodrugs of PAA, and those prodrtigs that are nretabolized to
fortn PBA.

[0004] Hepatic encephalopathy refers to a spectrum o lineu-
rologic signs and symptoms which frequently occur in
patients with cirrhosis or certain other types of liver disease.
[0005] Urea cycle disorders comprise several inherited
deficiencies of enzymes or transporters necessary for the
synthesis ofurea from ammonia. The urea cycle is depicted in
FlCi. l. which also illustrates how certain ammonia-scaveng-
ing dnigs act to assist in elimination of excessive ammonia.
The enzymes including their Enzyme Connnission (EC)
numbers and modes of inheritance include the following:

[0006] Carbamyl phosphate synthetase (CPS: EC Num-
ber 6.3 .4. I 6: autosomal recessive).

[0007] ornithilte transcarbamylase (OTC: l§i(_‘ Number
2.1.3.3; X-linked),

Jan. 14, 2010

[0008] argininosuccinate synthetase (ASS: EC‘ Number
6.3.4.5: autosomal recessive),

[0009] argininosuccinate lyase (ASL; EC Number 4 .3 ,2.
1; autosomal recessive),

[0010] arginase [AR(i: I€(.' Number 3.5.3.1: autosomal
recessive). and

[0011] N-acetyl glutamine synthetase (NAGS 1: EC
Number 2.3.] .l : autosotnal recessive)

[0012] Mitochondrial transporter deficiency states which
mimic many features of urea cycle enzyme deficiencies
include the following:

[0013] Ornithine Lranslocase deficiency (hyperomithi11c-
rnia. hyperammonemia. liomocitrullinuria or 111-111 Syn-
drome)

[0014] Citrin [aspartate glutamate transporter) defi-
ciency

[0015] The common feature of UCD and hepatic encepha-
lopathy that render them treatable by methods of the inven-
tion is an accumulation ofexcess waste nitrogen in the body.
and llyperalnmonemia. In normal individuals. the body ’s
intrinsic capacity for waste nitrogen excretion is greater than
the body’s waste nitrogen production. so waste nitrogen does
not accumulate and ammonia does not build up to harmful
levels. For patients with nitrogen retention states such as
UCD or HE. the body's intrinsic capacity for waste nitrogen
excretion is less than the body’s waste nitrogen production
based on a normal diet that contains significant amounts of
protein. As a result. nitrogen builds up in the body ofa patient
having a nitrogen retention disorder. and usually results in
excess ammonia in the blood. This has various toxic eifects:

dmgs that help eliminate the excess ammonia are an i1npor-
tant part of an overall management strategy for such disor-
ders.

[0016] To avoid build-up of ammonia to toxic levels in
patients with nitrogen retention states. dietary intake of pro-
tein (a primary source of exogenous waste nitrogen) must be
balanced by the patient’s ability to eliminate excess ammonia.
Dietary protein can be limited. but a healthy diet requires a
significant amount of protein. panicularly for growing chil-
dren: thus in addition to controlling dietary protein intake.
drugs that assist with elimination of nitrogen are used to
reduce ammonia build-up [l1yperammonemia). The capacity
to eliminate excess ammonia in treated patients can be con-
sidered the sum of the patient’s endogenous capacity for
nitrogen elimination (if any) plus the amount of additional
nitrogen-elimination capacity that is provided by a nitrogen
scavenging drug. The methods of the invention use a variety
of different drugs that reduce excess waste nitrogen and
ammonia by converting it to readily-excreted forms. such as
phenylacetyl glutamine (PAGN). In some embodiments. the
invention relates to methods for determining or adjusting a
dosage of an oral drug that forms PAA in vivo. which is
converted into PAGN. which is then excreted in urine and thus

helps eliminate excess nitrogen.
[0017] Based on prior studies in individual UCD patients
[e.g. l3rusilow_. Pedirifric Research. vol. 29. I47-50 (1991);
Brusilow and Finkelstien. .2’. Mefaboffsiti, vol. 42. 1336-39

(1993)) in which 80-90% of the nitrogen scavenger sodium
phenylbutyrate was reportedly excreted in the urine as PAGN.
current treatment guidelines typically either assume complete
conversion of sodium phenylbutyrate or other PAA prodrugs
to PAGN (e.g. Berry et al._. .2’. Pediatric-s, vol. 138. S56—S61
(2001 )] or do not comment on the implications of incomplete
conversion for dosing (e.g. Singh. Urea Cycle Disorders Con-
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ference Group ‘Consensus Starentem‘_fi'ort: a Corgfererice_for
the Manageniem‘ QfPa£i'eirrs wr'.I':'r Urea Circle Disorders '.
Suppl’ to J Pea't'afrf.c.'5. vol. l38[l ). S1-S5 [200] D.
[0018] Current treatment guidelines reconunend 4 times
per day dosing. based on the fact that l-‘BA is absorbed rapidly
from the intestine when administered hr the form ofsodium

PBA and exhibits a short half life ir1 the bloodstream (Urea
Cycle Disorders Conference Group ‘Consensus Statement’
200])

[0019] (Turrent recommendations for sodium phenylbu-
tyrale dosing indicate that dosage shottld not exceed 600
mgfkg (for patients weighing up to 20 kg) or in any case 20
grams total.

DISCLOSURE OF EMBODIMENTS OF 'l'l-lli
INVENTION

[0020] The invention provides a novel approach for deter-
mining and adjusting the schedule and dose oforally admin-
istered nitrogen scavenging drugs. including sodium phenyl-
butyrate and glyceryl tri-[4-plrenylbutyr-ate] (I--IPN-100).
based upon the urinary excretion of the drug metabolite phe-
nylacetylglutamine (PAGN) andfor total urinary nitrogen. It
is based in part on the discoveries that bioavailability of these
drugs as conventionally assessed based on systemic blood
levels of the drugs themselves or of the active species pro-
duced i11 vivo from these drugs does not accurately predict
removal ofwaste nitrogen or reduction ofplasma ammonia in
healthy human volunteers. adults with liver disease. or
patients with UCDs receiving ammonia scavenging drugs as
defined below and that conversion of orally administered
sodium phenylbutyrate (NaI’BA. or sodium PBA) to PAGN to
urinary PAGN is incomplete. typically about 60—'F5“/u. Pro-
drugs of phenylbutyrate (PISA. the active ingredient in
BUPHENYUE {sodium phenylbutyrate), which is the
sodium salt of PBA along with small amounts of inert ingre-
dients), which is itselfa prodrug ofphenylacetic acid (PAA).
are especially subject to the eflects described herein.

co3'r<a*

pllenylbulymte
OH

0

Fire n_\«'Ia.eclic acid
0 NH;

'0'} N
ll

0

Pltcliylcteetylglutmuinc

[002]] As used herein “ammonia scavenging drugs" is
defined to include all orally administered drugs in the class
which contain or are metabolized to phenylacetate. Thus. the
term includes at least phenylbutyrate, BUPHENYLITSJ (so-
dium phenylbutyrate), AMM0N.1\PS®. butyroyloxymetl1yl-
4-phenylbutyrate, glyceryl tri-[4-phenylbutyrate] (HPN-

Jan. 14,2010

l 00). esters. ethers. and acceptable salts. acids and derivatives
thereof. These drugs reduce high levels of endogenous
ammonia by providing phenylacetic acid in vivo. which is
metabolized ellicicntly to form pheuylacetyl glutarninc
(PAGN ). PAGN is eflicicntly excreted in urine. carrying away
two equivalents of nitrogen per mole of PAA converted to
PAGN. References herein to sodium phenylbutyrate are
understood to include reference to the drug product BUPHE-
NYLIEJ. and BUPHENYL*-Rt was used forthe Examples herein
wherever test subjects were treated with sodium pl1enylbu-
tyrate. Thus the sodium PBA dosages used in the Examples
generally refer to a dosage of BUPHENYL-IEI. and the
amounts of sodium phenylbutyrate in those Examples should
be interpreted accordingly. Note that the terms ‘ammonia
scavenger’ and ‘nitrogen scavenger‘ are used iriterchangeahly
in this invention. reflecting the fact that the drugs described
herein lower blood ammonia through elimination of waste
nitrogen in the form ofPAGN.
[0022] In some embodiments. the invention uses prodrugs
that can be cortvcned into PAA within the body. Sodium
phenylbutynate (sodium PBA) is one such drug; it is converted
by oxidative mechanisms into PAA in the body. HPN-100 is
another such drug: it cart be hydrolyzed to release PBA. which
in tttrn can be oxidized to form PAA. Thus. HPN-100 is a
prodrug of PISA. and also a prodrug of PAA. Clinical evi-
dence demonstrates that llPN-100 is converted into FAA in

the body as expected. and that PAA is then linked to a mo]-
ecule ofglutamine and converted into PAGN. which is elin1i—
nated in the urine as predicted. This process can be summa-
rired as follows:

HPN- l l'JIJ-*3 PB.-\ -*3 l’.-’\.-\

PA.-\+giut.1rnirte—-PAGN.

[0023] P!\(}N is mainly excreted iii the subject's urine. and
removes two molecules ofamrnonia per molecule ofexcrctod
PAGN. Each HPN- 1 00 molecule forms three PAA molecules.

so each molecule of I-IPN-I 00 can promote excretion of six
molecules ofarnrnonia. The clinical results suggest that con-
version of HPN-10-0 into PBA and PAA is efficient and fairly
rapid, but surprisingly suggest that some conversion of I-IPN
to PAGN may occur before the IIPN-100 (or PBA. or FAA
derived from PBA) enters systemic circulation. As a result.
systemic levels of PAA or PBA are not reliably correlated
with the ellicacy of HPN-J00 as an ammonia scavenger.
[0024] ln some embodiments. the invention uses a prodrug
of PBA. including HPN-100 and other esters of phenylbu-
tyrate. The PBA prodrug is thus a prodrug ol‘a prodrug. since
PBA acts to scavenge ammonia after it is converted to PAA
and is thus considered a prodrttg of PAA. ].11 some embodi-
rnents, the P13./\ prodrug is an ester ofphenylbutyratc. such as
those described below; a preferred PBA pi-odrug for use in the
invention is HPN-100. These compounds can be made and
used by methods disclosed in US. Pat. No. 5.968.979. which
is incorporated herein by reference for its description ofthese
compounds and methods for their administration.
[0025] Where an ‘equal molar’ or ‘equimolar’ amount of a
second drug is to be ttsed along with or instead of a certain
amount of a first drug, the amount of each drug is calculated
on a molar basis. and the equirnolar amount of the second
drug is the amount that produces an equal molar amount of
active drug in vivo. Where one of the drttgs is a prodrug. the
amount ofprodrug will typically refer to the molar amount oi‘
the active species Fortued from that prodrug. That active spe-
cies is usually PAA for the prodrugs described herein, and the
molar amount ofa prodrttg corresponds to the amount ol'PAA
that would form in the body from that amount of the prodrug.
assuming complete conversion imo PAA occurs in vivo.
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Thus, for example. a molecule of HPN-l00 can be metabo-
lized by ester hydrolysis followed by oxidation to fonn three
molecules of PAA, so a mole of l-iPN~l0'0 would be consid-
ered oquitnolar to three moles of PAA. Similarly. since I IPN-
J00 hydrolyzes to form thrcc molecules of PBA [and one
molecule of glycerin). an equimolar amount of HPN-100
would be one-third of the molar amount of PBA.

[0026] The following Table sets forth amounts of I-Il’N- 1 00
that correspond to equimolar amounts of certain relevant
(loses of BUPI lliNYIJlt‘- (sodium pltenylbutyrate). Note that
the conversion of the dose of sodium PBA to the dose of
HPN—l00 involves correction for their different chemical

forms [i.e. HPN-100 consists ofglycerol in ester linkage with
3 molecules of PBA and contains no sodium: [sodium PBA
[g'[><0.95=I-IPN-100 [g] )] as well as correction for the specific
gravity ofl-li-‘N-100. which is 1.1 g»’mL.

HI-‘N-1L'ILI FHA l-IPN-lno PEA
BU-PIlEl\YL ® Equivntent Equivalent
tsodium PEA} Dose ting: Dose tmL}

4Sfi—t5t)I.I |ng"l>:gr'day
[patients '5 ‘ti kg]

‘).9—13.I.r g.=':t12-‘day
{patients : 20 kg!

42B—5?L! 1ng."kg.'d.a_v 0.39-0.52 n1l.»'kg.*day

‘J.4—l2.4 g-"nt2a'dsy B.6—ll.2 rnL-"m2."da,v

M-axiimnn Daily Maximum Daily I14 I11}.
Dose: 20 g Dose: 19 g

[0027] The present invention can use prodrugs of the for-
mula (l):

(1)
H

1-1 0-11,

H (J—P.»

H O—R3

It

[0028] wherein R,. R2. and R3 are independently. H.

§ ,0 :
{C H3 in or

E O :
{C trrH3m\-EJ

[0029] and n is zero or an even number_. III is an even
number and at least one of R, . R3. and R3 is not H. For
each R,_. R1. or R3. nor m is independently selected. so
the R, . R2. and R3 groups in a compound offormula 1 do
not have to be identical. The preferred compounds are
those wherein none of R, . R3. and R3 is El. and fre-
quently each n or n1 for a particular embodiment is the
same, i.e.. R,, R2, and R3 are all the same. The advantage
over the prior art of decreased dosage is greater with
such Lriesters. and having all three acyl groups the same
reduces issues related to mixtures of isomers. Moreover.
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the trio] backbone liberated by hydrolysis ofthe esters is
glycerol. a normal constituent of dietary triglyceride
which is non-toxic.

[0030] The present invention also utilizes pltenylbutyrate
and phenyiacetate prodrttgs of the forntttla II:

(II:0

H.JJ\K:

[0031] wherein R is a C,-Cm alkyl group.
[0032] R4 is

set-1,1,, S
tC...H:....zi 3

Of

[0033] and n is zero or an even number, and m is an even
number.

[0034] in Formula II. R can be. for example. ethyl. propyl.
isopropyl. n-butyl, and the like.
[0035] The compounds of the invention are esters of the
congeners of phenylalkanoic and phenylalkenoic acids hav-
ing an even number of carbon atoms in the alkanoic acid
porlittrt, which include pltenylacetic acid esters and those of
phenylbntyric acid. etc.. which can be converted by efficient
beta-oxidation processes to phenylacetic acid in the body.
They are thus prodrugs for phenylacetic acid. Where :1 is 2 or
4. the esters are also prodrngs for phenylhutyric acid. Prefer-
ably the allcylene or alkenylene carboxylate group contains 24
or fewer carbon atoms, so I: or in is less than 24. In some
embodiments. n and m are 0. 2. 4 or 6, and in some preferred
embodiments n or m is 2.

[0036] Certain preferred embodiments ofthe invention use
I-IPN-100 (Fomntla Ill):

tIIIJ

O

H

H O 0

H 0

H 0

ii.
0

[0037] Total daily dosage ofprodrugs like sodium PISA can
often be selected according to the amount needed to provide
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an appropriate amount of the active species. it‘ that amount is
known or can be determined. PBA is a prodrng for PAA;
therefore. an initial dose of PBA could be selected if an

ellective dosage oft’./Uk were known. taking into account the
fraction ofPl3A that is converted into PAA and ultimately into
PAGN. if a subject has been treated with PAA or a prodrug
that forms PAA in the body. the amount of the previously used
drug that was efiective provides a possible starting point for
selecting a dosage of a new prodrug of PAA. In this same
patient, alter the new prodrug is administered at the expected
PAA dose equivalence, the FAA levels in the subject could be
monitored and the dose of the prodrug adjusted until tl1e 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 prc-drug administered
or with ammonia elimination: for tnonitoring a dosing level of
a PBA prodrug, one should not rely upon these parameters to
assess tl1e effectiveness of the prodrug. While not bound by
the underlying theory. explanations for this effect [i.e. the
inconsistent relationship between ammonia scavenging and
PBA audfor PAA blood levels) are provided herein.

[0038] The liallowing Table provides data from three clini-
cal test groups showing the inconsistent relationship between
plasma PAA and PBA levels among healthy volunteers.
patients wit.l1 cirrhosis and UCI) patients. despite that fact
that, as described in detail below, all groups exhibited similar
annnonia scavenging activity based on ttrinary excretion of
PAGN. Overall. this shows that urinary PAGN provides a
convenient method for monitoring ammonia elimination
induced by the administered drug, which does not require
drawing blood and directly relates to the actual nitrogen
elimination provided by the administered nilrogell scaveng-
ing drttg without being influenced by the many other factors
that can affect plasma atnmonia levels.

Plasma Pltrlrmacokinctics oI‘PB.-\. l’.»\.i\. and PAGN Coluparison acrossStudies

6”“ ‘l‘,m,, T‘/: .-‘\l..'(.‘,_,.
Anal ytc Treatment u.tgt'mLl thl Eh} tug ' h-"mLl

Healthy V"olu.r|tcers [Single Dose - 3 gr'm2:'day PBA Mole Equivalent]

l’B.*\ Sotliutu PBA 221,0 0.9 0,? 543.6
I-IPl\'— 100 3113 2.4 1.9 132.2

PAA Soditun PB.-*1 58.8 3.9 1.2 2'i'£l.8
H PN- llJt'I 14.9 4.0 NC '.lI'J.9

PAGN Sodium PB.-’\ 153.] 3.2 1.? 395.1
HPl\'— too 30.2 4-.t‘J NC 262.1

l'lt.'.‘.tllll._\-‘ \«'o|ur|tet:rs and (_‘irrI1otic Patients {ltJt'J rug.-‘kg BID!’

PBA ('ltiId—Pugl1.-\ 42.8 2.3 1.2 131.?
(‘liild-Pugh B 41.8 2.9 3.4 139.5
Child-PtIgl1(‘ 44.3 3.l 1.9 I911
Voltmteers 29.8 3.0 2.1 132.?

P.-\A Cl1ild~Pugh A 33.2 3.8 l .8 168.8
Cltild-Pttglt B 3U,l$ 4.5 2.8 252.4
Cliiltl-Pugh C‘ 53.] 4.3 'i'.i" 5?9.9
Volunteers 25.5 3.6 1.9 130.5

PAGN (‘ltild-Pugh A 37.? 3.9 5.0 335.!
(‘liilrl-Pugh B 38.! 4.0 2.5 466.99
Cl1ild—l’ugl1 C 43.] 5.3 4.0 578.4
Volttnteers 46.3 4.3 2,2’ fiSt'J.9

UCD Subjects tMu|tip1e Dose — PBA Mole Equivalent}

PBA Sodium PEA 141.0 2. I NC ?39_tJ
l'l.PN- [U0 T'0.] 6.1 NC 54tJ.lI|
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-continued

Pl-15l'I1:t Pliarnlacokinetics of PEA. PAA. and P.-\(.iN Cornparison acrossStudies

(_‘,_,,_ ‘I',,_,,, '1“ ’: At;'(_‘9_,
.A.na|y‘tc Treatment tug-"mLl thl (hi tug ' h*'mL}

PAA Sodium PBA 53.!) 8.1 NC 595.6
HPN-1 IJIU 40.5 8.0 NC 5 ?4.6

PAGN Soditirrt FHA 83.3 2.2 3.9 ll33.tJ
ll[’N—100 ?1.9 8.0 4.8 1098.0

(:,,m, -= niaxhnurn plastna c0I1eerrI.r3t ion:
Tm, - time of maximum plasma concentration:
_:\Ut’_‘3,, =.AL5C l'ro|n time (I to 24 hours:
NF - not calcttlated

'St'ut‘1y did not irtclttrle :1 sodium phertylhutyrate comp:1raIor.'trm_.v.1lLtes rep-
resent l-lPN—1(It'J dosing only. AUC values represent the AUC trout time CI to
the last Irtcastirahle [Jl.'1Sl1'|.:l conceal ration.

[0039] One embodiment of the invention is a method for
determining artdfor adjusting tl1e dose ofamrnonia scaveng-
ing dmgs in patients with UCDs_. whereby dose would be
based on the amount ofdietary protein the patient is consum-
ing. the anticipated percentage conversion of the drug to
PAGN. and the patient’s residual urea synthetic capacity, if
any. Dose adjustments. ifneccssary, would be based on the
observed urinary excretion of PAGN andtor total urinary
nitrogen (TUN), the difference between the two rellecting the
patient’s endogenous capacity for waste nitrogen excretion
This endogenous capacity may be absent in certain patients
having innate ttnea cycle disorders dtte to inborn metabolic
deficiencies. but patients with later-onset nitrogen accumula-
tion disorders generally have some endogenous capacity,
referred to sometimes as their residual urea synthesis capac~
ity. See Brusilow. PROGRESS nc Ln-'Ett DISEASES. Ch. 12, pp.
293-309 (1995). The subject's plasma ammonia level may
also be detennined: this is a critical parameter for tracking
elfectiveness of an overall treatment program. but reflects a
variety of factors such as dietary protein and physiological
stress. as well as the etlecl ofa drug used to promote nitrogen
excretion.

[0040] Once the patient‘s residual endogenous capacity for
waste nitrogen excretion has been determined. either as the
dillerence between PAGN output and total nitrogen output or
as total urinary nitrogen output in the absence ofan ammonia
scavenging drug, the tolerable amount oldietary protein can
be calculated for that patient according to the dosage of the
ammonia scavenging drug being administered. or the dosage
ofthe ammonia scavenging drugcan be adjusted orcalculated
to compensate for an estimated protein intake.

[0041] Another embodiment is a method tor 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 constuning, the
anticipated conversion ofthe drug to PAGN. and the patit:t‘1[’S
residual urea synthetic capacity. if any. While the urea syn-
thetic capacity inpatients with liver disease would generally
be greater than for patients with UCDs_. considerable patient
to patient variability would be expected among both groups
dependittg, respectively. on the severity of their liver disease
and the severity of their inherited enzymatic defect. Dose
adjustments based on the observed urinary excretion of
PAGN and total waste nitrogen would adjust for these iridi-
vidual patient characteristics.
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[0042] Another embodiment is a method for determining or
adjusting allowable dietary protein in the diet ofa patient with
UCD or with hepatic encephalopathy. who is being treated
with an oral FAA-fonning amrnnriia scavenging drug,
whereby the amount of allowable protein would be deter-
mined by the amount ofPAGN and total nitrogen in the urine.
The difference between total waste nitrogen in the urine and
the amount of PAGN excreted is indicative of the patient ‘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
ttsed to adjust dietary protein intake while adnlitiistcring a
lixed dosage ofan ammonia scavenging drug. or the dosage of
the ammonia scavenging drug can be determined according to
the amount needed to facilitate elimination o1'the waste nitro-

gen liont the patient ‘s dietary protein. Dietary protein intake
should be determined or adjusted according, to how much
nitrogen the subject can eliminate above the amount that is
eliminated as PAGN, which results from the l-‘AA-liorrning
ammtmia scavenging drug being administered. When making
these calculations or adjustments, it is suitable to assume that
about 47% of nitrogen in protein will become waste nitrogen
that needs to be excreted in the urine (the amount may be less
for growing patients. who retain a greater fraction of ingested
nitrogen to suppon body growth). and that about 16% of
protein, on average, is nitrogen (sec Brusilow 1991).

[0043] 11 has generally been assumed for such determina-
tions that a prodrug would be converted with 100% eificiency
into PAGN lbrclimination [see. eg. Berry et al..JC Pediatric.-5
138(1). 856-561 (2001 )whcre FIG. 1 assumes 100% conver-
sion]; and one report found that about 80-90% ot'PAA or PBA
was excreted from a specific individual as PAGN. Brusilow.
Pediatric Research 29(2). l4?-150 (1991). It ha_s now‘ been
found that I-IPN-100 and plienylbutyrate are both converted
ii1to urinary PAGN at an overall etficiency of about 60% to
about 75% on average (about 60% conversion efficiency was
seen in UCD patients and about 75% conversion was seen in
cirrhotic patients. for example}: consequently. this efliciency
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 con-
version rate. each gram ofI-1PN- 1 00 can facilitate elimination
ofwaste nitrogen from about a gra111 (--1.3 grains) of dietary
protein per day. Note that PAGN carries away two molecules
ofammonia per molecule of PAGN. Examples ofcalculations
based on these parameters are provided in Examples 9 and 10
herein.

[0044] 111 one aspect. the invention provides a method for
transitioning a patient from phenylacetate or phenylbutyrate
to HPN-100 or other esters or prodrugs of phenylbutyrate.
The method involves administering an initial dosage of the
prodrug. that is selected based on the patient's current dosage
ofphenylacetate or phenylbutyrate. and is adjusted according
to the levels ofexcreted PAGN that result when the prodrug is
administered.

[0045] In some embodiments. the transition from phenyl-
butyrate might be undertaken in more than a single step and
urinary excretion of PAGN and total nitrogen would allow
monitoring ofanunonia scavenging during the transition {eg
for clinically ‘fragile’ patients with a propensity for frequent
hyperammonemia). The methods can use two, three. four.
live. or more than five steps as judged clinically prudent. At
each step. a fraction of the initiai dosage of phenylbutyrate
corresponding to the number of steps ttsed for the transition is
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replaced by a11 appropriate. amount (i .e. the amount necessary
to deliver an equ imolar amount of PBA) ofl-IPN-100 or other
prodrug of phenylbutyrate. e.g.. if the transition is to be done
in t.h.rcc steps, about one-third ofthe phenylbutyrate would be
replaced with a prodrug at each step.

[0046] Another embodiment of the invention is based on
observations that delivery of PBA in the lbnn ofa glyceryl
tri-ester or other prodrug imparts slow release characteristics
that allow greater tlexibility in dosing schedule. Sodium phe-
nylbutyrate (sodium PBA). for example, is typically dosed
every 4 to 8 hours, or even more frequently. in order to
maintain a suitable plasma level of PAA. This regimen
reflects tl1e rapid absorption of phenylbutyrate from the gas-
trointestinai tract and quick metabolic conversion to PAA.
HPN-100. by contrast. which is a glyceryl tri-esterofphenyl-
butyratc. has been found to be absorbed only 40% as rapidly
as sodium PBA. enabling dosing three times daily. such as
with meals. or even twice daily. such as morning and evening.
This dosing flexibility is l’ur1her enhanced by the fact that the
pharmacokinetie (PK) and pharinacodynamic (PD) proper-
ties of HPN-100 are indistinguishable in the led or fasted
states. It is thus not critical for the frequency ofadministration
to be rigidly maintained with the PBA prodrugs in the form of
an ester; the number of doses per day can be reduced for
greater convenience, and the dosages do not have to be linked
to meal schedules as is recornrnelided in the label for sodium

I-‘BA. lndeed. pharmacokineties for utilization of I-IPN-100
were very similar when HPN-100 was taken with food or
without food. aftera day of fasting, so HPN-100 can be taken
with food or without lood. This translates into a more conve-

nient treatment protocol and potentially higher patient com-
plianee upon substituting HPN-100 for phenylbutyrate or
plienylacetate. Surprisingly. even though IlPN-100 and
sodium I-’l3./\ are both prodrugs of PAA. iIPN- 100 is ellect ive
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. llPN- I 00 is administered in two doses
per day (1311)), and in some embodiments it is administered in
three doses per day (TTD).

[0047] It has also been found that because of the slow-
release characteristics ol'HPN-100. a patient taking I-IPN-100
has more sustained and often lower plasma levels of Pl-3A and
PAA thana patient taking sodium PBA itself. This is believed
to be consistent with the greater flexibility i11 dosing that is
discussed in more detail elsewhere in this application {plasma
levels of P13./\ rise and fall more quickly after administration
of sodiut11 PBA than after administration ofHPN-100).

[0048] Other aspects of this invention relate to the obser-
vation that there is apparently no saturation in the ability 01'
the body to convert sodium PBA or HPN-100 to urinary
PAGN over a several—fold dose range up to and including, the
maximum doses of sodium PBA recommended to date. This

should enable a patient to take a higher dose o1'HPN-100 than
an equimolar amount compared to the patient‘s dosage of
PBA. It suggests a patient can receive a higher dosage of
1-1 PN-1 00 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 [ll-‘N-1010 that are higher than previously
recommended sodium PBA dosages.
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[0049] Other aspects ofthe invention will be apparent from
the following detailed description and the examples provided
herein.

[0050] lior convetliencc. the amounts o1‘PAA (plleltylaeetie
acid). PBA (phenyl butyric acid). or [I1-‘N-IUD to be admin-
istered 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 regi-
men with one drug for comparisort to treatments with related
drugs.

BRIEF DESCRIPTION OI’ THE DRAWINGS

[0051] FIG. I shows waste nitrogen disposal via the urea
cycle and by the auxiliary pathway involving PAGN.
[0052] FIG. 2 depicts a conventional model to describe
pharmacokinetic (PK) behavior of a prodrug, which. in the
case of phenylbutyrate. assumes that PISA and PAA must
reach the systemic circulation in order to be active; i.e.. in
order to be converted to PAGN and effect ammonia scaveng-
mg.

[0053] FIG. 3 depicts an adapted model to describe PK
behavior ofsodium PBA or other drugs such as HPN— 1 00 that
can be converted to PBA and PAA. informed by the observa-
tions described herein showing that metabolism of I--IPN-I00
results in lower plasma levels of PAA and PBA while provid-
ing equivalent pharmacological ellect. Unlike the conven-
tional model. this model allows for ‘pre-systemic’conversion
ofPBAJPAA to PAGN and explains inconsistent relationship
between blood levels of these metabolites and PAGN—tnedi—

ated excretion of waste nitrogen
[0054] FIG. 4 shows how plasma levels of PAA. I’I3A_. and
PAGN change over time following administration ofa single
dose of either PBA or I-IPN-100. It shows that the peak level
ol'PAA is lower when the PBA prodrug. I-IPN-I00. is used.
and the FAA level at 24 hours post-administration is higher
with the prodrug. Thus the prodrug provides a more sustained
level ofplasma PAA.
[0055] FIG. 5 presents data on ammonia levels front the
tests in Example 3.
[0056] FIG. 6 presents an anatomic explanation for the
observations that the prodrug (PBA) can be convened to
PAGN prior to reaching the systemic circulation (corresponds
to the model depicted in FIG. 3).
[0057] FIG. 7 shows that PBA levels fluctuate relatively
rapidly after dosing i11 healthy adults, while PAA and PAGN
levels reach a fairly stable state after a few days of treatment
with sodium pltenylbutyrate.
[0058] FIG. 8 shows that PBA. PAA a11d PAGN levels reach

steady states at dilferent times in healthy adults and that FAA
takes longer to reach a steady state level in cirrhotics
[0059] FIGS. 9a, 9b. and 9c‘ show that in subjects treated
wit.l1 IIPN-I00. there is little or no correlation between the

dose of HPN-100 and plasma levels ofeither PBA or PAA in
the subject. Ilowever. it also shows that urinary excretion of
PAGN correlates well with dosage of HPN- l 00.
[0060] FIG. 10 shows plasma ammonia levels [time-nor-
malized area under the curve. or TN-AUC or Area under the

curve [AUC}] during the day and night for 10 UC‘D patients
treated for seven days with either sodium PBA or an equin1o-
lar dosage of ill-‘N-I00. and illustrates that ill-’N-I00 pro-
vided better control of ammonia levels than PBA: both the
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AUC (area under the curve]. which is an index oftotal amino-
nia exposure. and Cmax, which measures the peak correcti-
tration of ammonia. were lower in subjects receiving HPN—
l(l0 than in subjects receiving an equimolar dosage of PBA.
[0061] 1'-‘IG. 11 shows that I-IPN-100 did a better job than
PBA of managing plasma levels of nitrogen overnight.
[0062] FIG. 12 demonstrates that in patients whose amino-
nia levels were well controlled o11 sodium PBA. I-IPN-100

maintained control. By contrast, patients whose ammonia
levels were elevated despite treatment with sodium PBA
exhibited the greatest benefit in terms of improved attlrnflliia
control from IIPN- I00.

[0063] FIG. 13 summarizes the data from FIG. 12 and

provides a statistical comparison of ammonia levels for
patients on sodium PBA and those on HPN- I 00. It also shows
the normal range for each set ofpatients.

MOIJIES OF CARRYING OUT Tl Ili INV"IiN'I'ION

[0064] I11 one aspect, the invention is reduced to practice in
determining the dose. dosing schedule and dose adjustments
necessary for treatment ofnitrogen retention states including
urea cycle disorders and liver disease complicated by hepatic
encephalopathy. The starting dose and schedule would be
based upon the theoretical considerations including the esti-
mated percentage conversion of the drug to PAGN. the waste
nitrogen resulting from the patient '5 dietary protein and the
percentage ofdrug converted to a11d excreted as PAGN. Fol-
lowing initiation of treatment. further dose adjustments
would then be made if necessary. upon the actual measure-
menl ofuriuary PAGN output. or a well-correlated parameter
like total urinary ammonia or the ratio ofPAGN to creatinine.
[0065] In another aspect, the invention provides a method
to transition a patient from phenylbutyrate or phenylacetate to
a prodrug of pltenylbutyrate (which is a prodrug of PAA).
such as I-IPN-I00, or other ester or prodrugs such as com-
pounds ofFormula I and II as shown herein. For a number of
reasons. I--IPN-I00 is considered a more desirable drug than
sodium PIZA for many patients who have high ammonia
levels and require treatment with an ammonia scavenging
drug. In particular. it avoids the unpleasant taste associated
with sodium PBA. and it reduces potentially harmful sodium
intake. since phenylbutyrate is administered as a sodium salt.
A large majority of patients (nine ottt of ten UCD patients
who participated in the clinical study described in example 3)
preferred I-IPN- [00 over sodium PIZA in clinical testing. Thus
many patients who have been treated with 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 pmdmg of plienylbutyrate
by calculating the amount of the prodrug that would produce
an amount of PEA that corresponds to the dosage ofphenyl-
butyrate previously administered to the patient. This would be
expected to produce about the same blood plasma ievel ofthe
active ingredient. PBA. Eflicacy ofthe new treatment with the
prodmg could then be assessed by monitoring levels of phe-
nylbntyratc in the blood. to establish the same levels achieved
when PBA was administered. As discussed below. however.

that approach is not appropriate because. surpri singly. plasma
levels ofPBA do not correlate well with administered dosages
ofHPN—l 00 orwith the effectiveness ofa close ofI-}I'N— 100 or

sodium PBA. (Note that sodium PBA is the acid form of
phenylbutyrate. which is the common name for the drug
BU PI-if.-INYL=E0_. and is typically administered as BUI’I-llL-
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which is a sodium salt of PBA. References to treat-

ment with PBA herein encompass administration of the phe-
nylbutyrate neutral compound or a salt of phenylbutyrate.
Typically, and in all of the working examples herein, PBA is
administered as }3tJPI-I1iNYI.®.)

[0067] Alternatively, since PBA is a prodrug for PAA. the
dosage of a phenylbutyrate prodrug could be calculated
according to the theoretically formed amount of PAA. which
should be the same amount as what would be calculated from

the PBA dosage, since one molecule of PBA is expected to
produce one molecule of PAA. The molecular weight of
sodium PIBA. the registered drug form of PBA (the sodium
salt ofPI}/\)_. is 186; the molecular weight of I-lPN- 1 00 is 530.
and of course HPN-I00 provides three equivalents of PBA
per molecule. so only one-third as many moles of HPl\l- l00
would be needed to replace a molar quantity ofeither PBA or
PAA. Thus each gram of sodium PBA could be replaced by
0.95 grams ofHPN—l00_: and since I-IPN—l00 is a liquid hav-
ing a density of l .l gfnll... each grain ofsoditnu I-’l'3A would be
replaced by 0.87 ml. of l-lPN- 1 00, assuming [- [PN-100 is used
as an undiluted liquid. This can be used to select a starting
dosage of HPN-100 for patients being transitioned from
sodium PBA to HPN-100. Altematively. a starting dose of
HPN~l00 in a patient not already taking BIJPHENYLIEKF {sow
dium phenylbutyrate) would need to take into account the
surprising observation described in more detail below {see
examples 2 and 3) that conversion of the PISA. when admin-
istered as I-IPN-I00. into urinary PAGN is incomplete and
averages about 60-75%.

[0068] Altematively. the physician could measure plasma
levels ofeither PBA or PAA in a subject receiving an effective
amount ofPBA. and detemtine a dosage ofa PBA prodrug by
administering enough of the prodrug to produce tl1e same
plasma levels of PBA or P/U-\. 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 ofPAA or PBA than phenylbutyrate. and thus a
lower nitrogen-scavenging effect. since conversion of the
prodrug to the active drug might be less than 100% eflicicnt.
Thus monitoring PAA or PBA plasma levels and increasing
the prodrug dosage to bring levels up to those obtained by
administering phenylbutyrate might be expected to produce
the same physiological effect as the phenylbutyrate dosage.
However. it was found that it is not necessary for the plasma
level of PAA or PBA observed upon administration of a
prod.1'ug ofplienylbtttyrate to match that produced by an effec-
tive amount of phenylbutyrate. in order to achieve the same
ammonia-scavenging effect. Rather. etlicacy of the prodrug
I-IPN-100 correlates with urinary PAGN levels. not with
plasma levels of PAA 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 FIG. 2. reflects conven-

tional approaches to assessing drug effectiveness as applied
to I-IPN-I 00 based on blood levels of PAA or PBA. Clinical

testing has shown that HPN-100 does 11ot produce the plasma
levels of PAA and PBA that might be expected from this
model. though. even though it is at least as effective on an
equimolar basis as PBA for controlling blood ammonia lev-
els. and for eliminating ammonia as PAGN via the urine. Thus
tl1c conventional model fails to account for some important
metabolic differences between P13./\ and l-IPN-100. it was
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hypothesized that. as compared with sodium PBA. a greater
percentage of PBA derived from I-IPN-100 is convened into
PAGN for elimination (or PAA or PBA derived from it) before
entering the systemic circulation (the “central compa11rnent”
ill 1'’ l(}. 2}. Recognilioti of this important and unexpected
difference underlies certain aspects of the present invention.

[0070] A refined working tnodel based upon the observa-
tions described herein and as outlined in this disclosure is

depicted in FIG. 3. It supports the conclusion that PBA
derived from HPN—l00 as well as from sodium PBA can be

converted into PAGN without entering into systemic circula-
tion; prestunably. I'lPN-l'l)0 or its in.itial metabolic products
[e.g.. a compound of formula I wherein one or two of R,-R3
represent phenylbutyryl groups. and the remaining one or two
of R1-R3 represent H—tl1e expected products of partial
hydrolysis of I-IPN-100] may reach the liver and be converted
into PAGN there, prior to reaching the systemic circulation.
Moreover. the fractional conversion of PBA derived from

IlPN-100 is greater than for PBA absorbed when PBA is
administered as die salt, an observation which explains the
lower blood levels of PBA following administration of HPN-
l00 as compared with sodium PBA despite equivalent or
potentially superior ammonia scavenging activity. This
observation led to the recognition that plasma levels of PAA
or PBA are not reliable indicators of the effectiveness of a

l-‘BA prodrug like l'IPN- l 00. and should not be relied upon to
set or adjust dosages of such PBA prodmg compounds. Data
presented herein. eg. as summarized in FIG. 9. demonstrate
this effect. Alternative methods for monitoring a subject
treated with I-IPN-100 are needed. and are provided herein.

[0071] In addition, PKIPD modeling, as reflected by con-
siderations and depicted in FIGS. 3 and 6, demonstrate that
HPN—l00 is absorbed only about 40% as rapidly as PBA
when dosed orally. As a result. lIl’N-100 provides a slow-
release delivery effect. even though it appears to metabolize
to PBA rapidly once absorbed. This provides greatly flexibil-
ity in dosing and explains why HPN-l 00 can be dosed. e.g..
three times per day or even twice per day to provide similarly
stable ammonia levels that require four or more doses of PBA
to achieve.

[0072] 111 view of these observations of unexpected phar-
macokinctic behavior. plasma PAA and Pl-SA levels should
not be used to evaluate or monitor treatment ofa subject with
I-IPN-100 or sodium PBA. Altemative methods are needed.

and are provided herein. for tnonitoringa subject treated with
HPN—l00. For one. it has been found that between 50 and
85% of Hl"N—100 is converted into urinary PAGN. typically
about 60% to about 75%. This conversion efiiciency for HPN-
I00 and sodium PBA in U('_‘.D patients is surprising in light of
previous references that have generally assumed the conver-
sion ellicieiicy of sodium PBA to be about 100%. Urinary
PAGN has been shown to be inversely correlated with levels
ofwaste nitrogen. e.g. anmtonia. in the blood. thus efficacy of
HPN—l00 can be evaluated by measuring urinary PAGN. It
has also been found that HPN— 100 has little to no effect on

creatinine levels. Moreover. because creatinine levels in
healthy adults and patients with nitrogen retention states are
typically rather stable. either measuring PAGN output in
urine over time. or measuring the ratio of the concentrations
of PAGN to creatinine. which can be conveniently done in
spot testing, provides a way to monitor HPN—l 00's efiective-
ness. In one aspect, the invention thus provides a method to
assess the effectiveliess of a treatment with I'll-’N-100. com-

prising detennining the ratio of PAGN to creatinine in a ‘spot
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urine‘ test. Clinical studies show that urinary excretion of
PAGN. and the ratio ofPAGN to creatinine in urine. correlate
well with blood ammonia levels: an increase of PAGN or of

the P.‘\(il\Uereatini1ie ratio correlates with decreasing plasma
ammonia levels. Accordingly. i11 one method. IIPN-100
treated patients are monitored by measuring urinary PAGN
output. or by measuring the ratio of PAGN to creatinine in
spot urine testing. This method can be used to monitor treat-
ment of a treatment-na‘1've patient, or of a patient being tran-
sitioned from PBA to I-]PN-100. or a patient being treated
with IIPN-100. Increasing levels of urinary PAGN output. or
an increase in the ratio of PAGN to creatinitte in spot testing
provides a way to determine whether a dosing regimen that
utilizes I-IPN-100 or another PBA prodrug is promoting
elimination of excess ammonia. and to compare two treat-
ment methods to determine which is more effective for the

particular subject.

[0073] While plasma ammonia levels are often used to
assess disease control in UCD patients. it is often inconve-
nient to rely upon plasma ammonia levels for optimizing the
dosing of I-IPN-100 outside of a clinical setting. Moreover.
plasma ammonia levels are affected by many factors and
might be elevated regardless of how well a drug treatment
works: it reflects dietary and other factors as well as the
adequacy of a drug dosage being used. Plasma ammonia
varies a good deal even when relatively well-controlled.
based on meal timing, drug timing. and various other factors.
Thus to meaningfully reflect drug effect. the plasma annnonia
levels need to be monitored over time by repeated blood
samplings. which is not practical for routine monitoring of
some patients and which does not provide direct infomiation
about whetheran ammonia scavenging drug is working. Mea-
surements 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 nttmber ofdilferent parameters could be
measured to assess effectiveness of a dosage of HPN-100.
only measurements based on urinary PAGN are both conve-
nient and reliable as a direct measurement of the nitrogen
scavenging drug's effect.

[0074] Thus in one embodiment. the invention provides a
method to monitor the effectiveness of treatment of a UCD

patient with I IPN-100, where monitoring consists essentially
of monitoring the patient’s urinary PAGN excretion. and
optionally checking plasma ammonia levels. Urinary PAGN
levels comparable to those achieved with a previous PBA
dosing regimen would be considered evidence that the llPN-
10-0 treatment was equally effective as the PBA treatment it
replaced. Alternatively. a plasma ammonia level ofless than
about 40 ;J_rnolJ'[.. or of not geater than 35 iuiiolfl, would
indicate the treatment was effective. In some embodiments.

rather than using urinary PAGN output measured over time.
one can use the ratio of PAGN to creatinine in the urine. in a

spot test.

[0075] ln another aspect. the invention provides a utiliza-
tion efficiency factor for HPN-100 or for sodium PBA of
about 60% to about 75%. which can be used to more accu-
rately determine an initial starting dose ofeilher drug andftir
correlate dietary protein intake with projected urinary PAGN.

Jan. 14, 2010

[0076] In one aspect". the invention provides a method for
transitioning a patient from phenylbutyrate to I-IPN-100 or
other esters or prodrugs of phenylbutyrate. The method
involves administering an initial dosage ofthe prodrug that is
selected based on the patie11t‘s current dosage of phenylbu-
tyrate. For example, the amount of I-IPN-100 needed to pro-
vide an equal molar amount ofPBA would be calculated (an
equimolar amount). and this equimolar amount would be
administered to the patient. Urinary excretion of PAGN or
plasma ammonia levels would be monitored. and the dosage
of I-IPN would be increased or decreased as needed to estab-
lish a level of PAGN excretion that is about the same as that

provided by a previously used effective amount ofphenylbu-
tyrate or another nitrogen scavenging drug. Typically. a sub-
ject 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 afierwards, and the
dosage of l-lPN— 100 would be adjusted as needed to match the
urinary PAGN output from this patient when treated with the
previous PAA drug or prodrug. assuming the previous PAA
prodrug treatment was considered effective. This provides a
safer and more effective transition to the new prodrug than
methods that rely upon using an equimolar amount without
monitoring the in vivo effects of that amount ofthe new drug.
It also avoids the risk of inaccurate dosing and potential
overtreatment that could result ifone monitored I-‘AA or P13-A

and tried to adjust the prodrug (i.e. I-IPN-100} dosage to
match the PAA or PBA level to the corresponding level pro-
vided by adminislering sodium phenylbutyrate itself.

[0077] ln some embodiments. the transition from phenyl-
butyrate might be undertaken in more than a single step and
urinary excretion of PAGN and total nitrogen would allow
monitoring of ammonia scavenging during the transition. In
some embodiments, a patient taking an initial dosage of phe-
nylbutyrate is transitioned from phenylbutyrate to a prodrug
of pltenylbutyrate in steps. The methods can use two, three,
four. five. or more than live steps. At each step. a fraction of
the initial dosage of phenylbutyrate corresponding to the
number of steps used for the transition is replaced by an
appropriate amount of HPN—l 00 or other prodrug of phenyl-
butyrate. 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 quantita-
tively converted into PBA. Note. too. that BUPl-lf£NYI.JR‘-
(sodium phenylhulyrate] contains about 6% inactive ingredi-
ents, so it is appropriate to base calculations upon the PBA
content of the drug rather than on the weight ofthe formulated
drug. The patient is then monitored to determine how t’t‘tucl1
ammonia scavenging effect has been provided. The amount
of HPN-100 (or prodnig) can then be adjusted to produce
about the same amount ofammonia excretion in the form of

excreted PAGN that was achieved by the initial dosage of
phenylbutyrate. if the patient was well controlled.

[0078] A physician who is switching a patient from PBA to
HPN-100 or another ester ofphenylbutyrate should be aware
that an effective amount of 1--IPN-100 does not necessarily
produce a PAA or PBA level that is as high as those seen when
sodium phenylbutyrate is administered. It is reported that
PAA exhibits some toxicity at high plasma concentrations.
Tltibault. et al.. Cancer Research. 54(7): 1690-94 (1994) and
Cancer. 75(l2):2932-38 (1005). Given this, and given the
unique properties of HPN—l00 described above. it is particu-
larly important that a physician not use plasma levels ofl-’AA
or PBA to measure the efficacy of HPN-100. lf one adminis-
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lers HPN- l 00 in amounts sufficient to match the plasma PBA
or PAA levels provided by administering phenylbutyrate, for
example. the dose of HPN-100 may be unnecessarily high.

[0079] The tneatment—naive patient is one not presently
receiving an ammonia-scavenging drug treatment to manage
nitrogen levels. While there are recommended dosage levels
for the nitrogen scavenging drugs in many cases. the right
dosage for a naive patient may be lower than those ranges. for
example. and. less connnonly. it may be above an equimolar
amount when compared to the dosages recomntended for
sodium PBA. The initial dosage ofPAA or a PAA prodrug can
be calculated by methods known in the art once a patients
dietary intake of protein is known. and assuming the patient
11as a relatively normal liver function. Saul W Brusilow. “Phe-
nylaeetylglutamine may replace urea as a vehicle for waste
nitrogen excretion." Pediatric Research 29:147-150. (1991).
Methods are also know for measuring the total amount of
nitrogen excreted in the urine: in the case ofa subject taking
a d.rug that acts by providing FAA, the total waste n.it.t'ogcn
will include PAGN excreted.

[0080] It is estimated that about 47% ofnitrogen in proteins
consumed will be converted into waste nitrogen. a11d that
about 16% of protein on average is nitrogen. Using these
figures. and assuming HPN-100 is elficiently converted to
PAGN, a daily dosage of about 19 g of HPN—l00 would
provide a vehicle to excrete the waste nitrogen from about 43
g of dietary protein: each grant of ill-‘N-l0'l) would thus be
able to carry away waste nitrogen from about 2 g of dietary
protein. 111 addition. ifit is estimated that l-IPN-l 00 utilization
ciliciency is between about 50% and 85% in various indi-
vidual patients (as disclosed herein. it has been found that
about 60-75% ofHPN—l 00 is converted into urinary PAGN on
average). which is consistent with clinical observations to
date. and these factors can be used to further refine the rela-

tionship between dietary protein intake and [-IPN-100 dosing
levels for a given subject. With this refinement. each gram of
HPN-100 would assist with removal of waste nitrogen for
about 1 gram (-1 .3 grams) of dietary protein. This factor can
be used to calculate a suitable dosage of HPN~100 if dietary
protein intake is known or controlled. and it can be used to
calculate a tolerable dietary protein intake for subject receiv-
ing I--IPN-100.
[008]] This method can also be used to establish a recom-
mended daily dietary protein intake for a patient. by deter-
mining the patient ‘s endogenous nitrogen elimination capac-
ity. 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 hisfher
own an amount of protein that the patient would be able to
process when using a particular dosage of PBA or a PBA
prodrug like l-IPN-100. Using I--IPN-100 as an example. a
maxinuun daily dosage ofabout 19 grams of HPN— 100, uti-
lized at an estiiuated eificiency of 60%. would enable the
treated patient to eliminate waste nitrogen corresponding to
about 40 g of dietary protein. ‘thus the invention provides a
method to establish a suitable dietary protein level for a
patient having a urea cycle disorder or HE. by adding this
amount of protein to the amount the patient's endogenous
nitrogen elimination capacity can handle.
[0082] In some embodiments. it is also useful to measure
PAGN excretion. which accounts for some of the total waste
nitrogen excreted when PAA or a PAA prodrug is working.
The total waste nitrogen excreted minus the amount ofPAGN
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excreted represents the patient '5 endogenous capacity for
excreting nitrogen wastes via the urea cycle or other mecha-
nisms. and is helpful in determining how much protein intake
l.l1e patient can manage at a given drug dosage, and also for
understanding whether the patient requires extremely close
monitoring. The endogenous capacity to excrete nitrogen
wastes will be very patient-specific. Dosage ofHPN-I 00 can
then be established by determining the subject's endogenous
capacity to eliminate waste nitrogen: subtracting the amount
ofdietary 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 bal-
ance ofwaste nitrogen. based on the subject’s dietary protein
intake.

[0083] The plasma or blood level ofammonia is optionally
also determined. in addition to measuring urinary P.-XGN. to
assess the effectiveness of the overall drug and dietary regi-
men for a particular patient. If the ammonia control is inad-
equate. 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 if that is feasible.

[0084] In some instances. the dosage ofHPN-100 may be
limited to dosages that do not exceed recorrmiendcd dosing
levels for phenylbutyrate. adjusting for the fact that each mole
ofHPN- 1 00 can produces three moles ofphenylbutyrate. The
label for the use of sodium PBA for the chronic treatment of

1JCl)s recommends a daily dosage not to exceed 20 g; a daily
dosage in a range of 9.9-13.0 grin: set according to the sub-
jects size for subjects over 20 kg in weight: and a dosage
within a range of 450-600 mgfkg for subjects weighing less
than or equal to 20 kg is indicated. While lower doses of
HPN-100 may provide comparable ammonia scavenging to
PBA on a molar equivalent basis. it may be suitable to select
a higher dosage of IIPN-l 00 to achieve adequate ammonia
control for certain subjects. ’fypically_. that dose will not
exceed the recommended ranges for dosages of pl1e11ylbu-
tyrate for a given indication. Thus it may be appropriate to
administer HPN-100 at a daily dosage not to exceed an
amount ofHPN- 100 that corresponds to the molaramounts of
phenylbutyrate described above {and correcting for the fact
that IIPN-I00 can provide three molecules of I-’l3.t\). For a
subject weighing more than 20 kg. a dosage range for I-lPN-
100 would be between 8.6 aI1d ll.2 l‘l]lJl‘l‘l2. For a subject
weighing less than 20 kg. a dosage range ofabout 390 to 520
uI...='kg per day of I-IPN-100 would be appropriate. based on
the use of an equimolar amount compared to the recom-
mended doses of HPN—l00. There is no evidence to suggest
that IIPN-100 would produce adverse effects at a rate in
excess of that from an equimolar amount of sodium Pt}.-\. so
the daily recorruuended upper limit of20 g per day ofsodium
PBA suggests that a daily dose limit of l-IPN- 1 00 based on the
recommendations for sodium PBA would correspond to an
equimolar amount of HPN-100. or about 19 g or l'r'.4 1nL.

[0085] Thus in one embodiment, the invention provides a
method to monitor the effectiveness ofa treatment of a UCD

patient with l-IPN-100. where monitoring consists of. or con-
sists essentially of. monitoring the patient’s urinary PAGN
excretion andfor plasma ammonia levels. Urinary PAGN lev-
els comparable to those achieved with a previous PBA dosing
regimen would be considered evidence that the HPN-100
treatment was equally eflective as the PBA treatment it
replaced. Altemativcly. a plasma ammonia level that was
normal. e.g.. a level of less than about -10 p.1noLI"I.. or of 11ot
greater than 35 pmoli’L. would indicate the treatment was
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etlcctive. In some embodiments. rather than using urinary
PAGN output measured over time, one can use the ratio of
PAGN to creatinine in the urine. in a spot test.
[0086] Ilowever, it has also been found that IIPN-100
exhibits no indications of toxicity at equimolar doses when
compared to the approved PBA dosage of20 gfday and a dose
2-3 times the equivalent of 20 grams ol'PBA is unlikely to
produce PAA blood levels leading to AEs. Moreover. toler-
ability of taking HPN-100 is much higher than for PBA and a
linear relationship has been observed between HPN— 1 00 close
and PAGN output up to doses of 17.4 ml .. In some patients or
clinical settings. I-IPN-100 doses well above l.l1e approved
PBA dosage are expected to be beneficial: for example. in
UCD patients who exhibit recurrent hyperammonernia even
on maximal doses ofsodititn PBA. in UCD patients who need
increased dietary protein to support body requirement, or in
patients with other nitrogen retaining states.
[0087] 'l'l1us in another enibodiment. the invention provides
rltethods to treat a subject having Illi or U(‘I), with a dosage
ofl'IPN- I 00 that corresponds to between 100 and 300% o[the
equimolar amount ofthe recommended highest dose ot'PBA.
In some embodiments. the suitable dosage will be between
about 120% and 180% of the highest recommended dose of
PBA: in other embodiments it will be between 120-140% or

from 140-160% or from 160- 180% of the oquimolar amount
of |.l1e rccornnietlded higllest dosage of PB/\. In accordance
with tltis aspect. the daily dosage of I-IPN-100 could be as
much as 5? g, or up to about 38 g, or up to about 33 g. or up
to about 30 g, or up to about 25 g.
[0088] 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 l-‘AA prodrug (including EIPN-100)
used for the management oiia treatment-naive patient, which
method comprises the steps of:
[0089] at administering an initial dosage of the drug esti-
mated according to the patient‘s dietary protein load. taking
into account the expected percentage conversion to PAGN
[0090] b) measuring the amount of total waste nitrogen
excreted following administration ofthe nitrogen scavenging
drug comprising F’A.*\ or a PAA prodrug;
[0091] cl measuring blood ammonia to determine if the
increase in urinary excretion of total waste nitrogen is sulfi-
cient to control blood anunonia {eve-ls’, and d) adjusting the
initial dosage to provide an adjusted dosage of the nitrogen
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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 I’!\(iN excreted. liiither or each oltltese parameters can
be monitored to assess the dosage of I IPN-100 or other nitro-
gen scavenging d.rL1g being administered. Optionally. the
method also includes detertnining the subject’s endogenous
nitrogen eliminating capacity (residual urea synthesis capac-
ity) to further help determine an initial dose of HPN-100.
[0092] The initial dosage of the I-IPN-100 for a treatment
naive patient can be calculated as the amount of waste nitro-
gen that needs to be eliirtinated based o11 the patient's dietary
protein intake. This amount can be reduced by an amount
equivalent to the waste nitrogen the patient can eliminate
using tl1e patient‘s endogenous waste nitrogen elimination
capacity, which can be measured as described herein. The
suitable starting dose of HPN-100 can be calculated by esti-
mating dietary protein intake that needs to be managed via the
nitrogen scavenging drug, and providing a dose of drug
amounting to about I g of I IPN-I00 per I-2 grams ofdietary
protein in excess of the antount 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 ofammonia inthe subject to
ensure that an acceptable level of ammonia has been
achieved. Checking the patient‘s plasma anunonia leveis pro-
vides a measure of the efiectiveness of the overall treatment

program. including diet and drug dosing.
[0093] The table below snntmari/.es the amount of dietary
protein that doses of} IPN- 100 below {dose 1), wit11in{dose 2)
and above {Close 3) those corresponding to the recommended
dosages of sodium PBA would be expected to ‘cover’ (Le.
mediate resulting wastenitrogen excretion), given the follow-
ing assumptions: 1 gram of PAA mediates the excretion of
-0.18 grants of waste nitrogen if completely converted to
PAGN: 60% of the PAA delivered as the PEA prodrug
released from IIPN-100 is converted to PAGN; 4?% of
dietary protein is excreted as waste nitrogen, and 16% of
dietary protein consists of nitrogen (Brusilow 1991: Callo-
way 19? 1). These factors can be used when relating dietary
protein intake. drug dosing and waste nitrogen elimination for
purposes of the present invention.

HPN-101.‘! Doses and Expected Waste Nitrogen Excretion Based on Dieta.r_v Protein

Dose 1 3 mi. BID

Dose! 9 mi. Bil)

Dose3 15 mi. BID

Corresponds to -U.4?x the dose administered in Example 2. for :1 ?U kg adult
aJItl -tJ.35x the iunotuit of P1-3A t-6.1 gt deiivu:-red 'm the Iuaximum approved
dose ofsodium PB.-\ oI‘2U g
Iixpecterl Io Incdicue excretion ofwaslc nitrogen associated with -8.5 g of
dietary protein
Cormsponrls to -1.4-Ex the dose ndininistereri in Iixalnple 2. for :1 T0 kg adult
and -0l.lx die amount of PBA t--18.2 gt deiivered in the maximurn approved
dose ofsodium PBA ot'2U g
Expected to riiedistte excretion ofwaslc nitrogen associated with -26 g of
dietary protein
Corresponds to -—2.3t‘3x the dose ndlniiiislcred in Example 2. for :1 To kg adult
and -l.'l'3 x I.ltL‘ amount of PB.-‘\ t-30.3 gt delivered in the Inaxlmnm approved
dose ofsodiinn FHA ol‘2t'J g
Expected to Inerliate excretion oliwaslc nitrogen tlssociated with -43 g of
dietary protein
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[0094] 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 ttmolfL. In certain
clinical tests described herein tl1e upper limit ofnormal for the
subjects was between 26 and 35 time]!L. and it is recognized
in the art that a normal ammonia level will vary depending
upon exactly how it is measured: thus as used to describe
ammonia levels herein. ‘about’ means the value is approxi-
mate. and typically is within 210% of the stated numeric
value.

[0095] In other aspects. the invention provides a method to
identify a suitable starting dose or dose range for a UCD or
Ill-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:

[0096] a) administering an initial dosage of the new nitro-
gen scavenging drtig (which can be estimated according to the
patient’s dietary protein load andfor the dose of the new drug
expected to yield the same amount ofurinary PAGN excretion
as a previously used nitrogen scavenging drug):

[0097] b) measuring the amount of total waste nitrogen
andfor ofPAGN excreted following administration of the new
drug;

[0098] c) optionally measuring blood ammonia to deter-
mine if the initial dosage is sttliicient to control blood ammo-
nia levels. or to establish a suitable average ammonia level:
and

[0099] 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 nitro-
gen excreted by the patient. The adjusting ofthe initial dosage
is done based on the amount of urinary PAGN, without rely-
ing upon plasma levels of PAA. Pl3A_. or PAGN, and prefer-
ably without relying upon plasma levels ofammonia.

[0100] Where the patient has previously been treated with
PAA or a PAA prodrug, the treating physician may rely,
wholly or in part, upon the previous treatment to set a dosage
for a new PAA prodrug, or a PISA prodrug, to be administered
to the same patient. If the previous drug was reasonably
eifective for managing the patient’s oondition. the physician
may set the dosage for a new PAA or PBA prodrug by refer-
ence 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./-\.

[01 01] Again. as disctlssed above, it is sometimes desirable
to measure PAGN excreted in addition to total waste nitrogen
excreted. The total waste nitrogen excreted minus the amount
ofPAGN excreted represents the patient‘s endogenous capac-
ity 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 nitro-
gen wastes will be very patient-specific.

[0102] ln 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 amn1onia—scavenging drug that comprises
PAA or a PA/\ prodrttg. ‘vvh.ich n1et.l1od comprises the steps of:

[0103] a) measuring l.l1e amount of total waste nitrogen
excreted following administration of the drug.
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[0104] b) determining the amount ofdietary protein cal-
culated to yield an amount ofwaste nitrogen Iess than or
equal to urinary waste nitrogen: and

[0105] c) adjusting dietary protein andfor drug dosage as
appropriate based upon measurelnent ofblood ammonia
and total waste nitrogen excretion.

[0106] 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 balance between nitrogen intake. nitro-
gen excretion. and dosage ofa ttitrogett scavenging drug. The
invention provides methods to determine how 111t1eh 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 level as discussed above. to help deter-
mine the patient’s endogenous capacity for excreting nitrogen
wastes via urea cycle or other mechanisms.
[0107] In the above methods. the patient may be one having
a urea cycle disorder, or other nitrogen accumulation disor-
dcrs. In many enlboditnents, the methods are applicable to
patient’s having a urea cycle disorder, but relatively normal
liver function.

[0108] The above tnethods can be practiced with a variety
ofprodrugs of PAA or PBA. In some embodiments. HPN-100
is the PBA prodrug of choice for these methods.
[0109] in another aspect. the invention provides a method
to transition a patient from treatment with an initial amount of
phenylacetate or phenylbutyrate to a filial amount ofa PBA
prodntg, comprising:

|l)110] a) detennining a replacement amount of a PBA
prodrug to replace at least a portion of the phenylacetate
or phenylbutyrate:

[I111 1] ya) substituting the replacement amount oi‘ the
prodrug for the portion of plienylacctatc or phcnylbu-
tyrate: and

[0112] c) tnonitoring_ the amount oi'PAGN excreted by
the patient to assess the effectiveness ofthe replacement
amount of the prodrug.

[0113] Optionally. this method comprises adjusting the
amount of the prodrug and administering an adjusted amount
of the prodrug, then Further monitoring PAGN excretion to
assess the effectiveness of the adjusted amount of the pro-
drng. The replacement amount of the PBA prodrug can be
about an equimolar amount to the amount of MBA being
replaced.
[0114] For reasons discussed extensively herein. it is mis-
leading to rely upon PAA levels when moving a patient to a
prodrug (or a new prodrug) of PAA or PBA. The availability
oi'liver—based mechanisms for rapid conversion of a prodntg
into 1-’A(iN witllotlt necessarily entering the systemic system
renders plasma levels ol‘PAA and P13./-\ insttllicient as predic-
tors ofeflicacy. so the method relies upon the excreted PAGN
for assessing and monitoring treatment with a P.-XA or PBA
prodrng that is to be given to the patient.
[0115] In many cases. it will be possible to transition a
patient directly From. e.g._. pltenylbutyratc to IIPN-100 or
another I-‘BA prodrug in a single stage. rather I.l1an in incre-
mental steps. Thus all of the previously used PAA or PAA
prodrng 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
reconunended limits ol'P./\A or PAA prodrug, and for patients
having very limited endogenous capacity for excreting nitro-
gen wastes, or in situations where the ability of the patient to
metabolize or excrete the drug is uncertain), it may be pref-
erableto transition from the initial dmgtoa new PBA prodrug
like IIPN-100 in two or more stages or steps. Thus the train-
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sition may be made in 2. 3. 4 or 5 steps. and at each step a
fraction ofthe original drug (e.g_. about half for a two-step
transition. about a third for a three-step transition. etc.) is
replaced by the new I-’I3A prodrug to be administered. This
approach might be appropriate for a ‘fragile’ UCI) patient
know11 to be susceptible to repeated episodes of hyperam-
monemia while receiving treatment or while taking a large
amount of drug that promotes nitrogen elimination.
[0116] Thus in another aspect. the invention provides a
method to transition at UCI) patient from treatment with an
initial amount of phenylacetalc or phenylbutyrate to a Final
amount ofa PBA prodrug, comprising:

[0117] a) determining a replacement amount ofa PBA
prodrug to replace at least a portion ofthe phenylacetate
or phertylbutyrate;

[0118] b) substituting the replacement amount of the
prodrug for the phenylacetate or phenylbutyrate: and

[0119] c) monitoring plasma level of ammonia in the
patient to assess the effectiveness of the replacen1ent
alnount of the prtodrug.

[0120] In some embodiments. the replacement amount of
the prodrug is an equimolar amount compared to the amount
of PBA being replaced
[0121] During the monitoring step. the patient is being
treated with a mixture of phenylacetate or phenylbutyrate
plus the new prodrug. The proptmion depends upon What step
ofthe transition the patient is i11. The physician ca11 also use
information about the effects of a first step in set‘ting the
replacement amount of the prodrug for use it1 subsequent
steps: thus if the prodrug is significantly more effective than
predicted when the estimated amount used as a replacement
amount is adtn inistered in a first step. the replacement amount
used in a subsequent step ofthc transition can be proportion-
ally reduced.

[0122] In another aspect. the invention provides a method
to initiate treatment with plicnylacetate, plienylbutyrate or a
PBA prodrug in a step-wise fashion. as might be appropriate
for a ‘fragile patient‘ (a U(‘D patient with a history of frequent
symptomatic hyperanunoncmia andfor neonatal onset dis-
ease who presumably has no urea synthetic capacity. or a
patient with severely compromised liver function whose abil-
ity to metabolize the drug may be uncertain). This process
may be more 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:

[0123] a) estimating or measuring dietary nitrogen
intake for the patient: and/or

[0124] b) estimating the patient ‘s need for urinary waste
nitrogen excretion; then

[0125] c) administering a starting dose of the drug esti-
mated to provide a fraction of the necessary waste nitro-
gen clearance as excreted PAGN: and

[0126] d) increasing the dose ofdrug. as appropriate. and
repeating the steps above, to reach a maintenance dose
of the drug.

[0127] The methods also include optionally measuring
total urinary nitrogen and urinary PAGN after at least 3 days
ofdrug 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 efi'ect. A
suitable dosage ofthe drug would be identified as one where
the atnotmt of excreted PAGN is sufficient to clear the

expected amount ofwaste nitrogen from the dietary intake of
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protein. which can be adjusted to account for the patient‘s
endogenous nitrogen elimination capacity.

[0128] The fraction of nitrogen waste to be cleared in a
single step can be selected with due regard to the severity of
the paticnt’s condition (nitrogen accumulation disorder). In
some embodiments. it will be appropriate to target removal of
about 50% of the waste nitrogen for which clearance assis-
tance is needed. In sotne embodiments. the method will target
removal of about 100% of the waste nitrogen.

[0129] In another aspect. the invention provides a method
to transition a patient taking an initial daily dosage of phe-
nylbutyrate from phenylbutyrate to HPN-100. comprising

[0130] :1") determining a suitable amount ofl-lPN-100 to
replace at least a portion of the initial daily dosage of
phenylbutyrate:

[0131] b) administering the suitable amount ofHPN- l 00
to the subject along with an amount of pltcnylbutyrate
corresponding to die initial daily dosage of phenylbu-
tyrate minus an amount corresponding to the portion
replaced by HPN-100:

[0 132] c) determining the level ofexcreted PAGN for the
subject to make sure it has not decreased: and

[0133] d) repeating steps a—c until all of the phenylbu-
tyrate is replaced by IiPN-100.

[0134] If it is found that the amount of excreted PAGN
decreases. additional HPN-100 or additional PBA would be
administered to reestablish a level ol'PAGN excretion that is

suitable for the patient. and the replacement steps would then
be continued until all ofthe PBA was replaced by I-IPN-100.

[0135] Here again. the portion of pheuylbutyrate to be
replaced in an initial step can be 100%. about './2. about ‘/3. or
about ‘zit. or some value between these. During a stepwise
process. where less than all ofthe phenylbutyrate is replaced
in a [irst step. the patient will receive both HPN-100 and
phenylbutyrate. As demonstrated herein_. the appropriate
method for determining a suitable dose of HPN-100 will take
account of the excreted PAGN. rather than being based only
on less reliable criteria lbr evaluating the orally delivered
PBA prodrug.

[0136] In another embodiment. the invention provides a
method to administer a phenylbutyrate prodrttg to a patient.
comprising determining the rate of PAGN excretion for the
subject following administration of at least one phenylbu-
tyrate proclrug. and selecting or adjusting a close administra-
tion schedule based ou the PAGN excretion rate. The com-

pound can be a compound of Formula 1. Formula II or
Formula III as described above. Advantageously, the com-
pounds used herein as prodrugs of Pl3A achieve nitrogen
scavenging comparable to that of PBA but exhibit a slow-
releasc kinetic profile that produces a more stable ammonia
level in the treated subject. in some embodinients. the meth-
ods of the invention include administering a prodrug as
described herein to a subject at a dosage that provides com-
parable arrunonia level control to that achieved by PBA. but
with significantly lower exposure of the subject to systemic
PBA. in some embodiments. the subject experiences pl1am1a-
cokinetic parameters for PBA that demonstrate lower expo-
sure to PBA, including a lower AUC and Cmax for I-‘BA.
while maintaining a plasma ammonia level comparable to or
better than that provided by treatment with a dosage of PEA
within the normal dosing range. When HPN—l00 and PBA
were administered to UCD patients at equintolar dosages, the
patient receiving l'Il-’N-l 00 had overall lower plasma ammo-
nia levels. and also lower PBA exposure:
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MIC {NH3} (Tmax [EH33 .-\U(? {PEA} (Em, EPB.-\l
gig-hriml. pg-hr-’mL rrg—|1r!InL pg—hr.-'mL

PBA 3tt.4:2t'I} 19.] [cu] ‘£39 :49} I41 L44;
HPN—tuo 26.1 :10} 5t5_3{2ts] 54:1 ran} ‘tt;{53}

[0137] While a larger data set is needed to demonstrate
statistical significance. limited amounts of data are avaiiable
in part due to the rarity of these conditions. Nevertheless. the
data indicates that PBA treatment resttlted in less effective

amntoitia level control and greater exposure to PBA. while the
PBA prodrug [-IPN-100 at equimolar dosing provided better
ammonia level control and lower PBA exposure levels.
Accordingly, in one aspect the invention provides a method to
treat a UCD patient with a PBA prodrug. wherein the prodrug.
produces better ammonia level control than PISA without
increasing the patient’s exposure to Pl3.’\ as judged by the
AUC and Cmax for PBA. when compared to treatment with
an equimolar amount of PBA. In some embodiments. the
treatrnent uses 1-IPN-100 as the prodrug. and in some embodi-
ments the AUC for PBA exposure is lower with the prodrug.
than with PBA by at least about 20%: or the exposure to PB!-\
upon lreattnent with the prodrug is lower by at least about
30% compared to treatment with PBA: or both of these con-
ditions are met to demonstrate reduced exposure to PBA. In
some embodiments. the AUC for 1-‘BA is less than abottt 600
and the (‘max for PBA is less than about 100 when the

prodrug is administered. Preferabiy, the prodrttg provides
plasma amnionia levels that average less than about 40
nmo1tL or not more than 35 iuJ1oh’L.
[0138] The advantageous slow-release kinetic profile of
compourtds used herein as prodrugs of 1313A permits less
frequent and t11ore llexible dosing in selected patients as
compared with sodium PBA. While all patients with UCDs
and a propensity for elevated ammonia levels should in prin-
ciple be able to benefit from the ammonia scavenging activity
of I-IPN-100. UCD patients with substantial residual urea
synthetic capacity (e.g. UCI) whose first manifestations
occur at several years ofage or older: i.e. patients who do 11ot
exhibit neonatal onset) would be the best candidates for three
times daily or even twice daily dosing with PBA prodrugs
such as I--IPN-100. Patients with cirrhosis and H13 would also

be candidates for less frequent dosing, as even patients with
severe liver disease have significant residual urea synthetic
capacity (Rudrnan et al.. J. (Yin. Invest. 1973].
[0139] Specific embodiments of the invention include the
following:
[0140] A. A method to determine an e1Tectivc dosage of
I-IPN-100 for a patient in need of treatment for a nitrogen
ret'ention disorder. which comprises monitoring the effect of
an initial dosage ol'Hl’N- 100. wherein monitoring the effect
consists essentially of detemtining the paticnt‘s urinary phe-
nylacetyl glutantine (PAGN) output.
[0141] In this method. the initial dose for a treatment-naive
patient would take into account the expected percentage con-
version of the administered PBA to urinary PAGN, and uri-
nary PAGN output can be determined as a ratio of urinary
PAGN to urinary creatinine. since it has been dc-nionstrated
by others that creathijne, the daily excretion ofwhich tends to
be constant for a given individual. can he used as a means to
nonnalize measures of urinary parameters while correcting
for variations in urinary volume. In these methods, the nitro-
gen retention disorder can be chronic hepatic encephalopathy
or a urea cycle disorder. Plasma ammonia levels may also be
monitored to adjust the overall treatment program and dietary
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protein intake. but as discussed above, urinary PAGN pro-
vides a preferred way to assess the drug‘s role in waste nitro-
gen elimination.
[0142] B. A method to determine an elfective dosage of
IIPN-100 for a patient in need of treatment for a nitrogen
retention disorder, which comprises monitoring the effect of
an initial dosage ofHPN-100. wherein the initial dose for a
treatment-naive patient would take into account the expected
percentage conversion of the administered PBA to urinary
PAGN. and wherein monitoring the effect ol'the initial dosage
of I JPN-100 consists essentially of determining the patient’s
urinary phenylacetyl glutamine {PAGN) output and./or total
urinary nitrogen. In these methods, administering the effec-
tive dosage of 1-] PN- 100 to the patient preferably produces a
normal plasma ammonia level in the patient. This can be a
level of about 35 or about 40 [.unolt'L.
[0143] C. A method to determi tie a starting dosage ol'I-IPN-
100 for a patient having a nitrogen retention disorder, which
comprises calculating the dosage of HPN-100 based on a
utilization eiliciency of about 60% to about 75%. In such
methods, the dosage of 1-IPN-100 can be calculated from the
patient's dietary protein intake. or it can be estimated iron: the
patient’s body weight and approximate growth rate. I11 such
n1ethods_. the dosage of HPN-100 is sometimes reduced to
account for the patient‘s residual urea synthesis capacity. by
adjusting the amount of I-IPN-100 to reflect the amount of
amlllortia scavenging needed in view of the patient‘s endog-
enous capacity for nitrogen elimination.
[0144] D. A method to detennine a dosage ofa FAA pro-
dmg for a patient having a nitrogen retention disorder. com-
prising:

|01-15] a) detennining the patient's residual urea synthe-
sis capacity;

[0146] in) determining the patient’s dietary protein
intake:

[0147] c) estimating from a) and b] the paticnt‘s target
urinary PAGN output:

[0148] d) detennining an amount of the PAA proclrug
needed to mobilize the target amount of urinary PAGN
based on about 60% to about 75% conversion ofthe PAA

prodrug into urinary PAGN.
[0149] ln these methods. the PAA prodrug cam be phenyl-
butyric acid {PBA) or a pltannaceutically acceptable salt
thereof. or it can be HPN-100.

[0150] A method to treat a patient having an ammonia
retention disorder with a suitable dosage ofa PAA prodrug.
comprising:

[0151] a) determining the paticnt's residual urea synthe-
sis capacity:

[0152] b) determining the patient‘.-3 dictaiy protein
intake:

[0153] c) estimating from a) and b) the patient '5 target
urinary PAGN o1Itput:_

[0154] d) determining an amount of the PAA prodrug
needed to mobilize the target amount of urinary PAGN
based (111 about 60% to about 75% conversion ofthe 1-‘AA

prodmg into urinary P.-XGN: and
|0155] e) administering to the patient the suitable dosage

of the PAA prodrug.

[0156] In these methods. the PAA prodrug is olten phenyl-
butyrate or a pharmaccutically acceptable salt thereof, or
HPN-100.

[0157] G. A method to transition 21 patient receiving treat-
ment with an initial amount of phenylacetate or phenylbu-
tyrate to a final amount of HPN-100, comprising:
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[0158] a) detennining a replacement amount of HPN-
l()() to replace at least a portion of the phenylacetate or
phenylbutyrate:

[0159] b) substituting the replacement amount of the
IIPN-100 for the phenylacctate or pltenylbutyratez and

[0160] c) monitoring the amount of urinary PAGN
excreted by the patient to assess the effectiveness of the
replacement amount of the HPN-100.

[0161] In these methods. an increase the amount of ttrinary
PAGN may indicate that the amount of HPN-100 can be
reduced. and a decrease in urinary PA(:iN may indicate the
amount of l ll-’N-IOD needs to be increased.

[0162] H. A method to transition a patient taking an initial
daily dosage of phenylbutyrate from phenylbutyrate to I-Il’N-
l00_. comprising

[0163] a) determining a suitable amount ofl-IPN-100 to
replace at least a portion of the initial daily dosage of
pltcnylbutyrate;

[0164] b) administering tl1e suitable amount of I Il-’N- l 00
to the subject along with an amount ofphenylbutyrate
corresponding to the initial daily dosage ot'pl1enylbu-
tyrate minus an amount corresponding to the portion
replaced by HPN-100;

[0165] c) detennining the level of excreted urinary
PAGN for the subject: and

[0166] d) repeating steps a-c until all of the pl1cnylbLt-
tyrate is replaced by l lPN-100.

[0167] l. A method to initiate treatment with phenylacetate.
phenylbutyrate or a HPN-100 in a step-wise fashion. com-
prising:

[0168] a) estimating or measuring dietary nitrogen
intake for the patient; and/or

[0169] b) estimating the patie11t ‘s need for urinary waste
nitrogen excretion based upon diet and urea synthetic
capacity: then

[0170] c) administering a starting dose of the drug esti-
mated to provide a fraction ofthe necessary waste nitro-
gen clearance as urinary PAGN taking into account the
expected percentage conversion of the administered
Pl3.’\ to urinary PAGN: and

[0171] d) increasing the dose ofdrug as appropriate. and
repeating the steps above, to reach a maintenance dose
of the drug.

[0172] J. A method to treat a UCD patient with a PBA
prodrng. wherein the prodrug produces equivalent or better
ammonia level control compared to PBA without increasing
the paLient‘s exposure to FDA as judged by the AUC and
Cmax for PBA when the patient receives the l-‘I3./\ prodrug.
when compared to the AUC and Crnax observed when the
patient receives an equimolar amount of PBA.
[0173] ln these 1nethods_. the PBA prodrug is often I-lPN-
100.

[0174] The methods include a method to treat a patient
having a nitrogen retention disorder with the P13./\ prodrug
I‘Il4’N-lt)U_. wherein the AUC for PEA exposure can be lower
with the prodrug than with PBA by at least about 20%. or by
at least about 30% compared to treatment with PBA. This is
believed to be related to the slow absorption or uptake char-
acteristics ofHPN-l0{J_. which provide a more stable level of
PBA exposure and provide an unexpected advantage of] 1 PN-
IOD to be effective with less frequent dosing when compared
to sodium phenylbutyrate.
[0175] K. A method to determine a suitable dietary protein
level for a patient having a nitrogen retention disorder. Com-
prising:

Jan. 14, 2010

[0176] a) determining the patient’s endogenous nitrogen
elimination capacity:

[0177] b) calculating from the endogenous nitrogen
elimination capacity an amount of dietary protein the
patient can process without the aid of a nitrogen scav-
enging drug:

[0178] c) then adding an anlottnt 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 ofthe nitro-
gen scavenging drug. lalsing imo account the amount of
protein required tor health and body growth.

[0179] In this method. the nitrogen scavenging drug can be
HPN-100. Corrunonly. the selected dosage of HPN-I 00 is not
more than about 19 grams per day. and the amount ofdietary
protein the patient should be able to process with the assis-
tance ofthis amount of[ IPN- I 00 is about 1 gra1ns(-1.3 g) of
protein per gram of I lPN- 100.
[0180] L. A method to treat a patient with a PBA prodrug.
comprising administering HPN-100 at a daily dose in excess
oil 9 g per day to a subject having i-lli or UCD. Optionally. the
daily dose ofHPN-100 is between about 20 g and about 57 g.
[0181] M. A method for determining the dosing schedule of
a PBA prodrug wherein the patient retains substantial residual
urea synthetic capacity. as would be the case for most patients
with cirrhosis and HE or most UCD patients who do not
exhibit symptoms within t.l1e first two years oflife.
[0182] 111 the foregoing methods that utilize l-JPN-100. the
exposure to PBA upon treatment with the prodrug HPN-100
is lower by at least about 30% compared to treatment with
PBA. Al so. commonly the AUC for PBA is less than about
600 and the (Tmax for PBA is less than about 100 when the

prodmg is administered. Also. in the foregoing methods,
when the subject is treated with the prodrug. which can be
HPN-100. the sttbject will typically achieve and maintain
normal plasma ammonia levels.
[0183] The following examples are offered to illustrate but
not to limit the invention.

[0184] 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 ofplasma ammo-
nia. These data demonstrate that, surprisingly, the plasma
level of PBA or PAA seen with an effective amount of a

prodrng can be far less the plasma level of PBA or PAA seen
with a similarly eflective amount of phenylbutyrate. More-
over, they demonstrate the need to allow for incoltlplete con-
version of soditun l-‘BA or IIl’N- l 00 into PAGN in selecting
starting dosage. the delayed release behavior and i111plica-
tions for dosing schedule of delivering PBA as a triglyceride
rather than as a salt. and the possibility of adnrinistering
HPN-100 in doses greater than those currently recommended
for sodium PB./-\. These are followed by a biological expla-
nation for the findings.

Example 1

Single Dose Safety and PK in Healthy Adults

[0185] To assess its pharmacokinetic (PK) and pharmaco-
dynamic (PD) profile. I IPN- 100 was administered as a single
dose to 24 healthy adults. Pliarmacokinetic samples were
taken pre—dose and at 15 and 30 mimttes post—dose and 1. 1 .5.
2. 3_. 4. 6, 8. 12. 24. and 48 hours post—dose. As discussed
below. plasma levels ofthe major I lPN- I00 metabolites PBA.
PAA and PAGN were many fold lower after administration of
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HPN-100 than alter sodium PBA. By contrast. urinary excre-
tion of PAGN was similar between the two groups {4905+r‘—
1414 mg following sodium PBA and 4130+t'—925mg follow-
ing I'llr’N-100) and tile differences that were observed were
determined to be largely an artifact of incomplete collection
due to stopping urine collection at 24 hours (note that PAGN
excretion following administration of sodium PEA was
largely complete at 24 hours but continued beyond 24 hours
following administration of 1-IPN-100). Thus. the plasma
metabolite concentrations did not accurately tetiect the com-
parative arrunonia scavenging activity of sodium PBA and
HPN—l00.

[0186] Three healthy adult volunteers were treated with a
single dose ofeither sodium PBA or I“-IPN-100 at a dosage of
3 gfmz. Plasma levels nl'PAA. PBA, and PAGN were moni-
tored periodically for 12-24 hours by known methods.
Results of this are shown in FIG. 4. which shows a curve for

each subject (note the log scale).
[0187] 111 each panel, the curves represent measured levels
of PISA. PA./X or PAGN ill subjects receiving sodium PBA at
3 gfinl dosage. or IIPN-100 in an amount calculated to pro-
vide an equimolar amount of PBA to that provided by the
sodium PBA dosage. Three curves for each material are for
three subjects who received the specified dosages of soditmi
PBA or I-IPN- 100.

[0188] in the lell panel. the upper curve represents PBA
levels; the intermediate one represents PAA levels: and the
lowest ofthe three sets oflines 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. PAA levels were not deter-
mined at fter approximately 12 hours. and were generally close
to the PAGN curves up to that time.

Example 2

Administration of I-IPN-100 to Patients with Liver
Disease

[0189] To determine its pharniacokinetic (PK) and pharma-
codynamic (PD) prolile in patients with liver disease. clinical
testing was conducted in which IIPN-100 was administered
orally as a single dose (100 mgflcgtday on day 1). and twice
daily for 7 consecutive days (200 ntgfkgfday on days 8
through 14. in two doses of 100 rngfkg 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 nonnal hepatic liinction. On day l 5. sub-
jects received a single dose of 1-1PN~l0O (100 ntgfkg). 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 1. 8, and 15. and at 48 hours after dosing on
days 1 and 15. 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, 8-12. and 12-24 hours post-dose on
days 1. 8. and 15. and at 24-48 hours post-dose on days 1 and
15.

[0190] IIPN-100 was metabolized via the predolniiiant
pathway in all subject groups. and the alternative HPN—l00
metabolites PAG (phenylacetyl glycine). PBG (phenylbu-
tyryl glycine), and PBGN (plienylbutyryl glutamine) were
below the limit ofquantification in all plasma samples. Both
the extent of systemic exposure (AUC,,_,) and (‘Wu 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 differences in these vari-
ables on day l5. As described below. plasma l-’.-\A levels did
correlate with Childs-Pugh classification (i .e. were higher in
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patients with tnore severe liver disease). However. the aver-
age conversion of HPN-100 to PAGN was -'?5%_. and no
difierence were seen between patients with cirrhosis and
normal healthy volunteers. dentonslrating that hepatic
impairment did not affect the subjects’ ability to activate the
PBA prodrug HPN-100 or to utilize it for elimination of
excess ammonia. Thus. as summarized in more detail below.

plasma metabolite levels did not correlate well with the HPN-
JOO dosage and. just as for healthy adults. plasma metabolite
levels did not accurately refiect the nitrogen scavenging clTect
of I- IPN- l 00. Moreover, the mean conversion ofadmittistered
PAA to PAGN averaged -75% in this patient population.

Geometric P value for
Artalyte Subject group mean ratio 90% CI group effect

PBA .-\_L.'Co_, I14-III
{TI1ild—Pug|1.«\ 0.93 tJ_Stt—1.43
Child-Pugh B 1.26 tJ.E0—1.9?
Child—PugI1(Z 1.3? tJ.8?—2.14

Pl-3A CM, {:52
Chi ld—Pugh A 1.42 t1.8?-2.31
Cl1ild—PugJi 13 1.35 0.33-2.21
Chilcl-Pugl1C 1.50 0.92-2.45

Pi’\.»\ i'\L'(.‘D , 1164
Child—P'ugJi A 1.22 0.48-3.06
(.‘l1ild-PtIgJ1 B 1.53 tJ.6l~3.S."\
Cl1ild—PugJi C 1.94 0.2?-4.88

PA.-\ C,,m 1.3.22
Cl1ild—Pugli A 1.33 tJ.?I‘J-2.52
Child-Pugl1B 1.16 tJ.t'i1-2.20
Chi ld—Pugh C 1.52 0.81"!-2.38

.-\lJ(To., area under the pl:Isn'L't concentratiotl curve Ii*om time U to the lastmeasurable concentration:
CI. confidence interval:
Cm‘. mrtxinnuu observed plasma concennntion:
I-’AJ\. plsciiylacet it: acid:
PB.-’t. pheit_vibtttyric acid.

[0191] During multiple dosing {days 8-15}. there was a
trend for higher systemic concentrations of PBA and PAA in
subjects with greater hepatic impairment (Child-Pugh B or C)
compared with (.‘hild—Pugh group A and the healthy volun-
teers. Unlike PISA, PAA did accumulate significantly in
plasma during multiday dosing. Differences between single
(day 8) and multiple dosing (day 15: steady state} were sig-
nificant for AUC,,_,2 and Cm“ of PAA for all subjects com-
bined (p<U.00l)_. btit not for PBA. Alter dosing on day 15.
extent ofexposure to P./-\A. but not PBA, significantly corre-
lated with hepatic impairment.
[0192] The clinical ellicacy ofI IPN- 100 is dependent on its
ammonia scavenging capabilities. through conjugation of
glutamine with PAA to form PAGN. After dosing on each day.
PAGN was the major metabolite excreted: 42-49% of the
HPN-100 dose administered was excreted as PAGN on day 1 .
25-45% on day 8. and 58-85% on day 15. Very low amounts
of PEA and PAA were excreted in the urine (§0.05% of the
total HPN-100 dose). There were no significant differences in
the amount ofPAGN excreted between any ofthe Chi ld—Pugh
groups and the healthy volunteers. Urinary PAGN excretion is
also an indication of the ammonia-scavenging capacity of
HPN-100. as 2 moles of ammonia combine with 1 mole of

PAA to produce PAGN. Hepatic impairment had no signifi-
cant effect on the ammonia- scavenging ability ofHPN-100 in
this study. There were no significant differences in the amount
ofPAGN excreted between any ofthe Child-Pugh groups and
the healthy volunteers. The observations that hepatic impair-
ment had no significant efiect on the ammonia-scavenging
ability of HPN-100 in this study but was associated with
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accumulation of PAA in plasma underscores the importance
ofutilizing urinary PAGN rather than metabolite blood levels
to guide drug effect and, as a corollary. the importance ofthe
invention. as does the fact that the mean percentage conver-
sion of administered PAA into urinary PAGN among the 4
treatment groups was -75%.

Urinary PAGN Excretion After Dosing on Day 15 (0-48
Hours).

[0193]

C|1i|e1—Pug|1A [St Chi|d—l’ug|1 B ts:

Amount

excreted tpntoit

Mean {SD} 31431 ([5391] 351.57 {H426} 3l'|T52 1208511}

Range 16016-63239 13643-41635 633}-60139
Molar % of
dose excreted

i\"Iea.I1[SD} 79.6 (30.51 58.213921 85.0 165.1}
Rallge 43.9-138.2 26.5-99.6 33.1-321.1
Molar % of
dose anunonitt

scavenged

Mean [SD] 159.2 (60.9) 116.3 (58.31 169.9 [l3t].1J

R.'i.I'tge 97.9-2? 6.4 53.1"!-1.99.3 46.3‘~¢‘l-42.3

[0194] 01' particular note. there was no relationship
between the plasma levels ofPBA and PAA, which exhibited
a non-statistically sigttificant directional change toward
higher piasma levels in patients with liver disease than
healthy adults. and urinary excretion ol'PAGN.

Example 3

Administration of HPN-100 to Adults with UCDS

[0195] To furtlter explore its pharmacnkinetic (PK) and
phannacodynarnic (PD) profile i11 clinical states associated
with nitrogen retention, 10 adult UCD patients were switched
from sodium PBA to a PBA equimolar dose of HPN-100.
Subjects were required to be on a stable dose ofsodiutn PBA
before enrolment. Upon enrolment, all subjects received
sodium PBA for 7 days and were then admitted to a study unit
[Visit 2-1) for ovemjght observation and 24-hour PK and
ammonia measurements and urine collections. Subjects were
then converted to the PISA equimolar dose ol'Ill’N-100, either
in a single step or in multiple steps depending on the total dose
ofsodiutn PBA: 9 out of 10 patients convened 111 a single step.
Subjects stayed on the l00°/aHPl\l-100 dose for one week and
were then re-admitted to the study unit for repeated PK (Visit
1 1-1). ammonia and urine collections.

[0196] The findings from this study, summarized in detail
below, dentonstmte thatjust as in healthy adults and patients
with liver disease, plasma metabolite levels do not correlate
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well with ammonia scavenging activity as refiected by uri-
nary PAGN excretion and corroborated by plasma ammonia
results. Moreover. the findings demonstrate considerable
inter-individttal variability in the percentage of both sodium
P13/X and 1--JPN-100 that is converted to urinary PAGN.
[0197] Pliarmacokinetic. ammonia and safety analyses: As
summarized in the table below. 7" days ot'HPN-100 adminis-
tration resulted in comparable FAA and plasma PAGN levels
but slightly lower PBA levels compared to the PBA molar
equivalent dose of sodium PBA.

C|1i]d—Pt:gtC E8] 1'1E3.1I1'I}«'.‘\l1I.I113 (81

28?] 6 (32231
l?2I.'I3—41I}92

68.fi{'.31_9J
30.6-96.

137.2 (43.9!
61.3-I93.-1

Contpurisorl of Pl'IZll'.l'l1.'1CO1i1fIE11C Par:Imeters at
Steady State v sodium PEA vs. 1-IPNvll'JU

.-\rillItI1ctie Me-an t'C\.-" %[

Sodium PB.-X IIPN-1L't(I
PK Paranteter EN =10] tN =10}

PBA in Pistsma

z‘\1.]Co._1.1i|.|g'1l-"[111.-1 ‘£39 £492) 540 150.1]
Cmnx,,ttJ.gt'n1I. 141 (44.3; tun :5-1.71
Cnijnfltug-’mL 0.588 (255) 2.8? 1265]
PA.-X in Plasma

.-\UC.;;.‘ttIg~ hfmI.,t 595.6 £123-.9} 5?4.t5 (163.91
Cl11.'lX” tpgt'|nl_ 53.!) (94,?) 40.5 t‘t4'.I'.é-J
C‘n1i!t,,{ttg-"tnl.. 3.5!’: £194.41 '.I'.06 1310.71
P.1\Gl\ in Plasmtt

_»\ut:M_,:;tg«t..rmt_; 1133 :31.1t I098 t-$4.2]
Cn1.'1>t“I[[.tga'n1l. 83.3 (23.8) TL9 {$6.01
Cnu'r1,,t’t1g-’mL 16.8 £86.11 12.1 1134.4]

.-\UC}_,_2,,: .'\t'l.‘-EL underthe concentration from time 0 tpre-rlosel to 24 hours.
(fmaxuz Muxinlttrn plztstna concentration at steady state.
(Tminu: Minimum plasma eoneentnttlort at steady state.
A,: Amount excreted over 24 hours
'The mean {SDI sodium PB.-‘\ dose = 12.6 t4.11}g: the mean {SD} 1-lPN—l0t'J
dose = 12.30.9113.

[0198] Despite dissimilar PBA blood levels. overall urinary
excretion of PAGN was similar for the two treatments as
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summarized in the table below. lrnportantly, and in contrast to
the assumptions inherent in current treatment guidelines that
all adniiuistered sodium PBA is converted to urinary PAGN.
considerable inter—individual variability was observed in the
percentage of administered FAA converted to PAGN, which
averaged -60% and similar both sodium PBA and I-IPN-100.
Moreover. the 24 hour pattern ofexcretion appeared to differ
in tl1at urine output of PAGN reached its highest level during
the ‘afternoon hours‘ (6-12 hour urine collection) for patients
treated with sodium PBA. whereas peak output of PAGN
occurred overnight (12-24 hour urine collection) for patients
on Ill-‘N-I00 treatment. This difference presumably rellects
the slow release characteristics and longer duration of effec-
tive blood concentrations of PA./-\ following administration of

Subject

1 U11 1
1 I102
IIJIJ4
1:106
2001
2003
30:32
3004
5001
SUUE

N
Meant
SD

Median
Min
Max
2.5%
T5%

HPN-100 as compared with sodium PBA. HPN-100 was
either not detectable or below the limits ofquantitation in all
blood samples.

[0199] Comparison of Mean PAGN Amount Iixcreted
(ug)—Sodium PBA (Sodium phenylbutyrate) vs. l-IPN—l00

PAGN PAGN PAGN Total P.-\GN
Tre.-urru:uI 0-6 hours 0- 1 2 hours 12-24 hours Excretion {CV %l

sodium PBA 2.452.838 4.859321 4.64544"? 12,153,473 (48.2)
IIPN—10D 2.331.371 3.027.310 5.433.033 1[I_'IB4.?4'1' {£5.91

[0200] As summarized in the table below. mean time nor-
malized area under the curve (TN-AUC) values for venous

ammonia following I-IPN-100 were directionally (-31%)
lower than those observed with sodium PBA (26.1 vs. 38.4

tu'noLI"L} although the differences did not achieve statistical
significance (FIG. 10). Likewise. peak venous ammonia con-
centrations following HPN-100 were directionally (-29%;
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not statistically significant) lower than those observed with
sodium PBA (56.3 vs. 79.1 tLmoli’L_. respectively).

[0201] The normal upper limit for venous amiuonia varied
among the study sites from 26 to 35 tu:nolfL. Examination of
ammonia values (TN-AUC} for individual patients demon-
strated that patients with higher ammonia levels on sodium
PBA exhibited greater decreases in anunonia values follow-
ing administration of HPN-100 (FIG. 12]. Moreover. the
mean ammonia value alier I-IPN-100 (26.1 ttittolfl.) was
within the normal range while it was above the upper limit of
normal (ULN) after sodium PBA (sodium pheuylbutyrate)
(38.4 pmolfl.) (FIG. 13). Likewise the mean percentage of
normal ammonia values increased from 53% after sodium
PBA treatment to 83% after I-IPN-100 treatment.

Venotls Anunonia Phanmcodyuamics Following Seven Days of
I}:-sin With iiilllcr Socliurn PB.-\ G1‘ 1-ll-’1\‘-[U0 lStt:2u'lv St.'1lL'l

I-IPN-101.!

Sotiiilm PEA P‘l3.'\

Cmax” 'I'l\'-AUC PB.-’\ Equivalent Cmnx” TN—AUC Equivalent
Etunol-"I .1 l111Tl0lr'I :1 dose1 liuI1ol:'| .J {|.uuol-"1 .1 dose‘

29.1.1 Efi.4-T 17.3 53.1] 19.8 13.1
31.0 20.9 15.8 31.0 19.3 15.9
85.1! 46.8 99.2 106 35.1 9.16

150 i'1.5 17.5 13.0 8.30 1".-'.?
38.0 52.1 6.5? .310 22.? 6.71
3].U 17.5 11.8 T41; 21.1 12.2

108 22.3 16.5 36.0 21.9 17.?
115 62.9 13.1 $5.0 38.4 13.1
82.3 35.8 8.16 57.0 35.5 8.85
72.2 3 17.7 5.76 75.2 39.1 8.85
10 10 10 10 10 10
'19.] 38.4 12.6 56.3 26.1 11.3
40.] 19.6 4.11 219 10.3 3.91
33.6 36.8 12.5 60.0 22.3 12.7
29.0 16.4 6.5? 13.0 8.30 6.711

1511 11.5 17.5 106 39.1 17.?
3I.n 20,1: 32.5 I93

110 54.8 — 75.0 36.2 —

[0202] This reduction in ammonia exposure among UCD
patients refiects better overnight control among subjects
receiving l-1PN- 100. as summarized in the table below and in
FIG. 11. This study shows that both AUC and Cmax for
ammonia were lower with HPN-100. indicating. less total
ammonia exposure, and especially at night. IIPN—l0() exhib-
ited a significantly stronger elfect. While not statistically
significant due to the small population size, this demonstrates
that HPN-100 is at least as effective. and apparently more so,
than PBA on an equimolar basis based on the key measure. its
ability to mobilize ammonia for urinary elimination. Based
on preliminary results. HPN—l00 also provides more stable
amlnonia levels, and reduces risk of hyperalnnlollentia. In
this trial. 9 of 10 subjects who experienced both I IPN-100 and
sodium PBA indicated a preference for HPN-100.

[0203] in addition. in this trial. no serious adverse elfects
(SAEs)were observed in patients taking HPN-100. whiletwo
subjects receiving PBA experienced symptomatic l1yperarn-
monemia; and the total number of adverse efiects (AE5)
reported among subjects taking HPN—l00 (5 subjects
reported a total of 1 5 Al"-Es} was lower than the nuruberofAl:is
among subjects taking PBA (? subjects reported 21 AEs].
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[0204] The tollowing table summarizes overall coinpara-
tive data for sodium PBA and I-IPN-I00. administered at

equimolar rates (Lt-"'10) (see tables above and FIGS. 10-13 for
additional detail).

Parsinctcr Sodium PEA 1-lPN—1{JtJ

NH3:Tot.'1l .~\L'(‘ 38,4 2: 19.6 26.1 1 10.3
NH; (.‘n1.aJt '19.] : 40.1 56.3 2 219
N113 exposure: DAY 37.1 32.9
[hours 6-12)
NI-I3 exposure: 36.3 21.3
NIGHT
[hours 12-24)
Arlvcrse eflects 21 reported by 1" stthjects 15 reported by 5 subjects
Serious adverse 2 tsyniplomntic It
elfects hyperamlitoneiiiial
P.-\GN excretion ('ompantb1c (Ioniparahic

[0205] While the differences between sodium PBA and
1-lPN—lt)U did not reach statistical significance due to the
small sample size, HPN-100 exhibited a clear trend toward
being more etlicaciotts at equimolar dosages. and it was par-
ticularly effective For improving overnight control ofammo-
nia levels.

[0206] FIG. 9a demonstrates that PBA levels in the blood
are not correlated with I'IPN- l 00 dosages received. It plots the
24-hour AUC for PBA and the Crnax for P13./\ against I-IPN-
I00 dosage (top panel). and while the AUC and Cmax track
together in each patient. they show no relationship to HPN-
IOO dose: both the highest and the lowest PBA exposures
occurred in patients receiving high doses of HPN-100. FIG.
9b shows that levels of PA./\ are similarly uncorrelated with
I-IPN dosages.
[0207] FIG. 10 illustrates the trend shown in the clinical
testing. where I-l'PN-100 provided better overall control of
waste nitrogen.
[0208] FIG. 11 illustrates that improved night time control
of excess ammonia is achieved with I--IPN-100.

[0209] FIG. 12 shows that especially for patients with
higher ammonia levels when treated with sodium PBA {Na
PBA). HPN—l00 provides better control than sodium PBA.
while in patients with lower ammonia levels (ones for whom
sodium PBA seems to work relatively well), HPN-100 pro-
vides at least comparable ammonia control. Note that for
patients having ammonia levels above about 40 umolfl. when
treated with sodium PBA. HPN-I00 at equimolar dosages
provided superior control of ammonia, and consistently
reduced anunonia levels to below about 40 ,u.moli'I... Thus for
patients whose ammonia levels are abnormal (e.g. above
about 40 ].unolfL] when treated with soditmt PBA. it is
expected that better ammonia control can be achieved with an
equimolar amount of I-IPN-100. Based on this. dosages of
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HPN-100 can be detennined as set forth herein. FIG. 13
illustrates that ammonia levels were better controlled in this

test by I-lI’N~l00 than with sodium PBA, e.g., the average
ammonia levels are lower. and tend to be below the upper
limit for normal.

Example 4

Relationship Between Ammonia Control and Uri-
nary PAGN Excretiolt

[0210] As part of the clinical study in UCI) 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 Pl-3A

which exhibited no consistent relationship to ammonia levels
(i.e. ammonia control ]. blood ammonia assessed as the tittie-
normalixcd area under the curve exhibited an inverse curvi-

linear relationship to urinary PAGN. That is, plasma ammonia
decreased as urinary PAGN increased. Moreover. the rela-
tionship betwecn ammonia and urinary PAGN excretion did
not dilier between sodium PBA and I--IPN-100 suggesting that
this method of dose determination is independent of product
formulation. FIG. 5 shows a plot of Plasma Anunonia (TN-
AUC) versus Urinary PAGN Excretion.

Fxatnplc 5

Experimentation with Dosing Schedule

[0211] The results of single dose PKIPD modeling
observed in the examples above suggested that I-IPN-100
exhibits delayed release characteristics as compared with
sodium PBA with a corresponding potential for increased
flexibility in closing. which was furtlier explored in additional
clinical studies described above. In one of these, IIPN-100
was administered twice daily as well as in the fasted and fed
state. in the other. HPN-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 ellective ammonia control.

[0212] ln Example 2, a number of secondary statistical
analyses comparing PK variables after fed versus fasted
llPN— l ()0 dosing and single versus multiple I lPN— l 00 dosing
were also done. 'I‘here were no PK or PD differences observed

when I-IPN- 100 was administered a tier fasting (day 1) or with
a meal (day 8). Accordingly. it is believed that I-IPN-100 can
be effectively administered without the need for it to accom-
pany a meal. while the label and package insert for sodium
l-‘BA (sodium P1111) indicate that it should be taken with
meals. In addition to the lack of diflerence for PA/\ PK

variables between the fasted and fed states (Days 8 vs 1). the
table below also illustrates plasma accumulation oi'PAA that
occurs with multiple dosing (Days 15 vs. 8).

P1331113 PK \r"a.ri:1l:i[cs For FAA

Child-Ptigh.*\
PK variable In = B:

AUC‘,_,_]2 [tt.tg;'mL) ' ll]

Day 1
Gen. mean {range} 37.33 ('!.29—?t-L41]
CV % 53.4}

Child-Puglt B
m: 8}

Child-Pugh C‘
tn = 8]

I-lealIh_v volunteers
in = 8)

"I220 t23.3t{-l?4.'i"3]
64.91

48.59 [4-.75-312.431
109.58

50.63 (14.2?-150,00}
79.59
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-continued

Plasma PK \"a.rEable.s For P.-’\.1\

Cl1iId—l-‘ugh A (_‘|n'ld—Pug!1 B CI1ilri—1’ug11 (: 1-lcslllny volunteers
PKva.n'ubie tn=8,I tn:-8} tn=8'1 tn=t$I

Day 3
Geo. mean trsmgel
(‘V %
Day 15
Geo. mean {range}
CV %
.-\|_lCD., [H13-"rttl-} « 1:]

Day]
Geo. Mean trunge]
CV %
Day 15‘
Geo. Mean tmngcjCV 9/o
C t 11 'mL

Day 1
(J-eo. mean 1 range!
CV “/9
Day 8
Geo. II1I2't].l1[r8.I1gCl
CV %

Day 15'-
Geo. mean {range}

39.64 (5.96--153. 14,1
718.13

117.89 (23.28—413.43l
T632

37,33 l7.29-713.421
53.41

121.5? (23.23-538.731
92.2?

9.65 l2.S8—26.93J
63.28

[(1.21 (1.6-4-25.66]
62.25

29.0? lT.B—53.4-81

?3.44 [2 6.83—2?9.48J
85.58

138.95 (40.2 14152.99!
99.48

’.l2.'.’0 (23.38-1?4.?3J
64.91

1 53.110 (411.31-938,353
118.54

13.52 16.94-22.92!
51.10

14.‘.-"8 £4.46-42.02}
?4.53

25.46 110.54 65.40!

86.36 (28.1 2-36-'.I'.'.n'0}
92.85

184.26 (14.9'l'—2 245.51 I
l?D.Sfi

48.59 (4.715 -3- I 2.431
109.58

|94.17 ll4.9‘l'-3415.51]
198.42

10.95 (2.68—4t'J.3IJ]
82.65

15.03 16.49-48.07]
'?.'.’.29

33.28 [5.03—208.801

34.0? [5.2?— I 34.99,]
80.59

99.16 [30.0tS—394.'i"9i
88.59

50.63 £14.27-I5{J.0t‘I]
719.59

99.94 [3EI_4'J6-4.30.32}
93.08

11.81 (4.14-29.29]
68.?2

10.03 t2.‘J0—28.43}
60.9?

21.92 t'l.?6—61.31l|
(IV % 44.31 64.26 121.51 62.88
rm [h]‘

Day 1
Mean {SD} I} 0 2.10 10.32) 0
Range 1.88-2.33
Day 15
ML-.z1r1fSD‘l 1.30 10.94: 2.76 (1.531 Uri 1.91 (o.3?}
Range 1.01-3.14 1.68-3.84 ?.'I0—"J'.'10 1.68-2.33
T [13]

Day 1
Me-dia.n tnntget 3.51‘; (2.0[I—6.tJ0} 5.111; :3.t)<}-8.01)] 5.00 12.ot'J—tt.t'i:'n 15.11111: :4.t1t)-6.00}
Day 8
Median [range] 4,00 (2.nt':-6.11:1} 5.0!: (3.00-8.0131 51.10 14.00-8.11:1] 4.00 :3.f.H1-6.0-III]
Day 15
Median tmnge} 4,00 l2.otI-6.01.1} -tun (3.00-8.0T.IJ 5,00 [(3.00-8.(|l'J] 4.00 (3.00-4.001

‘p at 0,64 for group effect:
ip = 11.12 for group effect
‘O11 day 1. n - 2 III Chiltl-Pugh group 13 and n - 0111 a||otJ1er groups: on d:ty15. n - 4 in group:\. 2 in group B. 1 in group C. and 3 in
group D
;\UCu. 1;, area under the pla.Sl'I1:I concentration curve from time 0 up to I 2 hours after dosing:
AUCM, area under die plasma cortcentmtiolt curve from time 1) to the last measurable coricentmtiou:
C,,w. rrtaxiniurn observed plasma. concerilration:
CV. coefficient of'v.ru'iat1on:
geo. Mean. geometric mean:
:1. number of subjects:
SD. sta.I'1cla.I'd dEvia.tio1J.'
Tum. time to rnaxinturn observed plasma concentmtion:
1,,-3,1131 f—lil'e

Example 6

PKIPD Modeling Results

[0213] In the case of most drugs. the fraction of an orally
adrninistcred dose which is removed and metabolized by the
liver prior to reaching the systemic circulation (Le. first pass
effect) is not considered bioavaiiable, since it does not enter
the systemic circulation and therefore is not able to reach its
target organ or receptor. I-Iowever, this is not the case for
an1n1o1u‘a scavenging drugs described in this invention. Since
ltepatocytes 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 splaneh-
njc as well as the systemic circuiation, it is likely that PBA can
be converted to PAGN prior to reaching the systemic circu-
lation (i.e. “pre-systemically”) and that this PBA is fully
eifective with respect to ammonia scavenging (FIG. 6]; i.e.
fully active. To verify this possibility, PKIPD modeling using
NONMEM VI (Icon. Ellicot City. Md.) was carried out on
plasma and urinary metabolite data {over 5000 data points)
from the clinical studies described above involving healthy
adults, subjects with cirrhosis and UCD subjects. The results
ofthis PKIPD modeling have validated the model depicted in
FIG. 3. Moreover, the modeling has verified that HPN-100
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exhibits slow release characteristics as compared with
sodium PBA and provided an explanation for the poor corre-
lation between blood levels of PBAIPAA and ammonia and

the importance of urinary PAUN is dose adjustment. Key
conclusions resulting from the l-’Ki"l-‘l) modeling were as fol-
lows

[0214] 1. PBA is more slowly absorbed (-40% as fast]
from the intestine after administration of HPN-100 ver-

sus sodium PBA (absorption rate constants and absorp-
tion half-lives for HPN~I 00 and sodium PBA are 0.544

h-1 vs. 1.34 hr‘ and 1.27 11 vs. 0.52 h, respectively).
[0215] 2. The lower plasma levels of PISA following

administration of HPN-100. as compared with sodium
PBA. reflect results indicating a fractionally greater
a111on11t of PBA (31% vs. l%) being converted pre-
systemically (to PAA and PAGN) following administra-
tion of HPN-100 than Na PBA.

[0216] 3. In a dataset containing healthy. cirrhotic, and
UCD individuals, diagnosis was introduced as a covari-
ate o11 tl1e estimated bioavailability of HPN-100 reveal-
ing a 32% lower estimated bioavailability of PBA in
healthy adults compared to adult UCD patients. Cir-
rhotic and UCD patients had similar PBA bioavailability
following HPN-100 treatment.

lixampie 7

ADME Study In Three Cynomolgous Monkeys

[0217] To assess the preclinical handling ofammonia scav-
enging drugs. 600 mg/kg of either radio labeled sodiutn PBA
or radio labeled HPN-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 PILA to PAGN and thus provide a useful model for
testing prodrugs of PAA. This study corroborated clinical
findings surrnnarized in Examples l-3. including the follow-
ing: (a) dosi ng with oral sodium PBA or oral HPN-100didnot
result in 100% conversion to urinary PAGN, (b) plasma PBA
and PAA blood levels did not correlate consistently with
ammonia scavenging activity as reflected by urinary PAGN
output. and (C) l'Il-’N- 100 exhibited slow release characteris-
tics as compared with sodium PBA.
[0218] Radio labeled PBA and PAA entered the systemic
circulation rather slowly following administration of radio
labeled HPN-100 [Cmax for PBA was achieved 1.5 hours
post-dosing (52.2 [.tgJn1L) and Cinax for PAA was achieved 8
hours post dosing (I14 [Lg/ml..)]. corroborating the Fmdings
observed in humans (including the PKJPI) modeling). and
essentially no HPN-100 appeared in systemic circulation or
in excretions. About 90% of radioactive material derived
from l-lPN-100 that was excreted in urine was PAGN.

accounting for 39% of the administered HPN-100. By con-
trast. when oral sodium PBA was administered. PAGN

accounted for only 23% of the radio labeled material, and
unchanged Pl}-A accounted for 48% of the adttlinistered dos-
age oforal sodium PBA. 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

[0219] Unlike most drugs which act on a target organtcclll
receptor (etc.) perfused by systemic blood, ammonia scav-
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enging drugs ofthe types covered by this invention do not act
on a target organ, rather they act through the combination of
PAA with glutamine to fonn PAGN (FIG. 6). Since glutamine
is present in the splanchnic as well as the systemic circulation
and since the liver is a metabolically active organ capable of
catalyzing all steps involved in the conversion of HPN- l 00 or
PBA to PAA and then to PAGN. the data accumulated to date.

including tl1e PKEPD modeling. as well as anatomical con-
sideration lead us to the conclusion that the formation of

PAGN from PBAIPAA occurs to a significant degree before
PB./UPAA reach the systemic circulation (e.g. within the
liver). This is especially true wlien IIPN-100 is adntittistered
as a PBA prodrug. This explains the poor correlation between
plasma levels and ammonia trapping effects and leads to the
conclusion that the dosing and dose adjustment oftltese PBA
prodrugs should be based on urinary excretion ofPAGN and
total urinary nitrogen. FIG. 6 illustrates how this occurs.
[0220] For certain clinical trials, particularly for comparing
llIr’N-100 to l-‘BA. l'lPN-l00 will be administered at a Close

that is equivalent (equimolar) to an amount of sodium Pl-3A
that would be considered suitable for the particular pat ient:
and the dosage can then be adjusted by the methods described
herein. For example. the HPN-100 dose range will match the
PBA molar equivalent of the approved soditun PBA (sodium
plicnylbutyrate) (NaPl3./\) dose range. llPN- I 00 will be
administered three times 3 day (TID) with meals. Note that
the conversion of the dose ofNaPl3A to the dose ofl ll’N-100

involves correction for their different chemical forms (Le.
HPN-100 consists of glycerol in ester linkage with 3 t11ol-
ecules of PBA and contains no sodium) (NaPBA | g] x0.
95==l-lPN- 100 [g]) as well as correction for the specific gravity
ofl'iIt’N-100. which is 1.1 g!'l't1I_.

HPN—1I'n’I Dose Ranges (‘on-esponding to
Rceotumended Daily‘ Doses of Sodium PBA

IIPN-100 PBA HPN-ILJt‘t PEA

T:qui\-silent liqtiiv.-dent
Sorliutn I"BJ\ Dost! {mg} Done Uni.)

450-600 ntgfkgiday
[patients E Eu kg]
9.9-13.0 g,"nt2:'d:ty
tpaticnts 2- St I kg]
Msxiinturt Drtily

Dose: 20 g

428-WU ing-'kg"da.y 0.39-0.52 :|t‘.tl.."kg."da)"

9.4- I14 g-"tn2:'da.y 8.6-] 1.2 ml.-'m:'day

Mnximmn Daily l'i".4 ml.
Dose: 19 g

'20 g of sodiuin PBA contains -116 g ofphenylbntyric acid: 19 g ofl-IPN—
lflll conlailts-l7.6 g ofphcnylhulydc acid

Example 9

Determination Ufa Starting Dosage and Dose
Adjustment of HPN-100

[0221] A patient having a nitrogen retention state (e.g. an
inherited urea cycle disorder or cirrhosis) who is currently not
being treated with an ammonia scavenging agent as described
in thi s invention is deten11it1ed clinically to be in need ofsuch
treatment. This clinical detennination would be based upon a
variety of factors (e.g. signs and symptoms of HE in patients
with cirrhosis. elevated blood ammonia levels).

[0222] The starting dosage is based on clinical consider-
ations, including the estimation of residual urea synthetic
capacity (an infant with UCD presenting with hyperammonia
in the first few days of life would be presumed to have no
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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 ll5LtEt.lly ineli-
fectivc or counterproductive. and the methodology outlined
in tl1is invention. For example. an adult with limited residual
urea synthetic capacity is treated with an initial dosage of
HPN-100 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-IPN-100 amounts to 19 g of} IPN-100, at a molecular weight
of-530. which is 0.0358 mol IIPN-100. [Each mole ofl Il-’N-

100 can theoretically be convened into three moles of PAA
and thus three moles ol'PACiN. so the 19 g daily dosage of
I-IPN-100 could produce 0.108 mol of PAGN in vivo. it
entirely converted into PAGN and all ofthe PAGN is excreted
in the urine. the theoretical quantity of PAGN would be 28.4
g per day. which would be snflicient to mediate the waste
nitrogen excretion resulting from ~41 grams of dietary pro-
tein. assuming t.hat 16% of dietary protein is nitrogen and
--47% of dietary nitrogen is excreted as waste nitrogen {see
Brusilow).

[0223] However, as demonstrated herein. HPN-l 00 is typi-
cally converted into ttrinary PAGN with an efliciency ofabottt
60% to 75% {typically about 60% conversion was found in
UCD patients: conversion i11 cirrhotic patients was about
75%), thus the physician would expect to observe about 17 g
of urinary PAGN output per day from this dosage of HPN-
l00. This corresponds to —-25 grams of dietary protein—
which is similar to the prescribed amount, but less than the
theoretical amount (41 grams) this dosage ofI-lPN~l 00 might
have been expected to account for theoretically. Thus the
adjttstrncnt for 60-75% elliciency significantly affects the
overall treatment program. and knowing what ellicieney to
expect enables the treating physician to avoid putting the
patient on a diet containing too much protein for the patient to
manage on this dosage ol'Hl’N-100.
[0224] When monitoring the patient_. if the doctor observes
a higher output ofurinary PAGN than expected. the dosage of
IIPN-100 is reduced proportionally; thus if 2] g of Urinary
PAGN per day is observed, the physician will reduce the
dosage oft-IPN-101) to (l?t'2l)* 19 g=l5 g. Similarly. i1'uri-
nary PAGN output is below that expected amount. such as 12
g per day. the amount ol‘HPN-100 would be increased: i1']2
g is observed and 17 is expected, the physician could adjust
the HPN—100 dosage to (1 7t'l2)* 19 g--'2'? g HPN—]00perday.
if that dosage is within a range considered safe to administer
to the patient. [Either the dosage of I IPN-100 or dietary pro-
tein intake could be adjusted to optimize tltc treatment plan
for this subject.

[0225] Optionally, the urinary PAGN output may be deter-
mined 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 pliysician can estimate total daily
urinary PAGN from testing a single urine sample.

[0226] The physician may also monitor the plasma ammo-
nia levels and dietary protein intake in the patient to ascertain
whether the patient‘s dietary protein intake and drug treat-
ment combined are producing the appropriate therapeutic
eifect. Dietary protein intake or drug dosage or both could be
adjusted to attain a norlnal or desired plastna an'n11onia level.
e.g._. a level below about 40 umolt'[.. However. as demon-
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strated by the observations described herein. the physician
would not use plasma levels of PAA or PBA to adjust the
dosage of l-IPN-100 or otherwise guide treatment. as those
levels do not correlate well with the ammonia scavenging
elfect of the administered IIPN-100.

[0227] 11‘ the 19 g dose of IIPN-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-
l00 dose would be increased sutliciently to cover the neces-
sary dietary protein and the same niclliodology of dose
adjustment based on urinary l-’A(iN excretion would be
applied to determine that dosage of I-IPN-100.

[0228] lit a subject having little or no urea synthesis capac-
ity where essentially all urinary nitrogen would be accounted
for by PAGN. the ammonia scavenging ell'ect may be moni-
tored by determination oftotal urinary nitrogen [TUN), rather
than directly measuring PAGN levels hi the urine.
[0229] Optionally. the TUN can be used as a measure of
urea synthesis capacity. by subtracting the amount o fnitrogen
present as PAGN.

Example 10

Determination of a Dosage of I-lPN— 100 for a Patient
Already on Sodium PIBA

[0230] A patient with a UCD already on sodium PBA who
is to be transitioned to HPN-100 would undergo assessment
ofdietary protein and measurement of ttrinary PAGN excre-
tiou.

[0231] lf the patient is judged to be adequately controlled
on sodium l-‘BA. Ll1et1 the starting dose of I Il-’N- l 00 would be
the amount necessary to deliver the same amount ofl’AA (e.g.
19 grants of I-lPN-100 would correspond to 20 grams of
sodimn PBA). Subsequent dose adjustment would be based
on repeated measurement ol'urinary PAGN as well as assess-
ment of dietary protein mid ammonia. However, as demon-
strated by the observations described herein. the physician
would not use plasma levels of PAA or PIBA either to deter-
mine the initial dosage of I IPN-100 or adjust the dosage of
l-IPN-100 or otherwise guidetrcatment. as those levels do not
correlate well with the ammonia scavenging effect of the
administered HPN-100.

[0232] ll‘ the patient is determined to he inadequately con-
trolled on sodium PBA, then the starting dose of HPN—l00
would be selected to deliver an amount ofPAA higher than the
dose of sodium PH/\ provided such I'lPN-100 dosage is oth-
erwise appropriate. Subsequent dose adjustment would be
based on repeated measurement of urinary PAGN as well as
assessment ofdietary protein and plasma ammonia. 1-lowever,
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 Hl’N—l00 or adjust the
dosage of I'll-‘N-100 or otherwise gttide treatment. as those
levels do not correlate well with the ammonia scavenging
efl'ect of the administered HPN-100.

[0233] Optionally. for example in a ‘fragile’ UCD patient
with a history of repeated episodes ofliyperamnionemia. the
conversion from sodium PBA to I-lPN—l00 might occur in
more than one step, whereby, at each step, the dose ofsodium
PBA would be reduced in an amount corresponding to the
amount of PAA delivered by l.l1e incremental dose of 1-] PN-
100.
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[0234] II‘ the dose of HPN-I00 is determined to be inad-
equate {e.g. patient requires an increase in dietary protein
whichwould result in production ofwaste nitrogen exceeding
his or l1er urea synthesis capacity and PAGN excretion), I lPN-
IOO dose would be increased sulliciently to cover tl1e neces-
sary dietary protein and tl1e same methodology of dose
adjustment based on urinary PAGN excretion would be
applied.
[0235] The examples set forth herein are illustrative only,
and should not be viewed as limiting the invention.

1. A method to detcnnine an elfective 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 ol'l-IPN-100.

wherein monitoring the effect consists essentially ofdeter-
mining the patient‘s urinary phenylacetyl glutamine
(PAGN} output:

and determining from the urinary PAGN output whether
and.-‘or how to adjust the initial dosage of 1-IPN-100 to
produce a desired ammonia scavenging effect.

2. The method ofclaim 1. wherein urinary PAGN output is
determined as a ratio oftlie concentration ofurinary PAGN to
urinary creatinine.

3. The method of claim 1. wherein the nitrogen retention
disorder is chronic hepatic eiicephalopatily or a urea cycle
disorder.

4. The method ofclaim 1 . wherein administering tl1e effec-
tive dosage o1'I-IPN-100 to the patient produces a normal
plasma amrnonia 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 ofl IPN-100,

wherein monitoring the eifect consists of determining the
patient '5 urinary phenylacetyl glutamine (PAGN) output
andfor total urinary nitrogen.

6. A method to detennine a dosage of I-lPN- 100 for a
patient having a nitrogen retention disorder. which comprises
calculating the dosage of HPN—l00 based on a utilization
efliciency for I-IPN—l 00 conversion into PAGN ofabout 60%
to about 75%.

7. The method ofclaim 6. wherein the dosage oil-IPN-100
is calculated from the patients dietary protein intake.

8. The method ofclaim 7. wherein the dosage ofHPN-I00
is reduced to account for the paticnfs residual urea synthesis
capacity.

9. A method to determine a dosage ofa PAA prodrug for a
patient having an ammonia retention disorder. comprising:

a) detennining the patient’s residual urea synthesis capac-
ity:

b) determining the patient‘s dietary protein intake;
c) estiniating 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.

11. The method of claim 9. wherein the PAA prodrug is
HPN-100.
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12. A method to treat a patient having an ammonia reten-
tion disorder with a suitable dosage ofa PAA prodrug. com-
prising:

a) determining the patient’s residual urea synthesis capac-
ny:

b) determining the patient‘s dietary protein intake:
c) estimating from a) and b) the patient‘s target urinary

PAGN output:
(1) detenuining an amount of the FAA prodrug needed to

mobilize the target amount of urinary PAGN based on
about 60% to about 75% conversion of the FAA prodrug
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
plienylbutyrate or a pliarniaceutically acceptable salt thereof.
or I-1PN—l00.

14. The method of claim 12, wherein the PAA prodrug is
lll-‘N-100. the patient is a patient with clinically significant
residual urea synthetic capacity. and the I-IPN-100 is admin-
istered in two or three doses per day.

15. A method to transition a patient receiving treatment
with an initial amount ofphenylaeetate or plienylbutyrate to a
final amount of HPN-100, comprising:

determining a replacement amount ofHPN—l00 to replace
at least a portion ofthe phenylacetate or phenyibutyratez

substituting the replacement amount of the I-IPN-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 HPN-100 can be reduced.

17. A method to transition a patient taking an initial daily
dosage of phenylbutyrate from phcnylbutyrate to I-IPN-100.
comprising

a) determining a suitable amount of I-lPN- 100 to replace at
least a portion of the initial daily dosage of pl1enylbu-
tyrate:

b} administering the suitable amount of HPN-I00 to the
subject along with an amount ofphenylbutyrate corre-
sponding to the initial daily dosage of phenylbntyrate
minus an amount corresponding to the portion replaced
by HPN-100:

c) determining t.l1e level ofcxcretcd urinary PAGN for the
subject; and

cl) repeating steps a-c until all of the phenylbutyrate is
replaced by I-IPN-100.

18. A method to initiate treatment with plienylacetate, phe-
nylbutyrate ora HPN-100 in a step-wise fashion. comprising:

a) estimating or measuring dietary nitrogen intake for the
patient: andfor

la) 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 ofthe necessary waste nitrogen clear-
ance as urinary PAGN taking into account an estimated
60% to 75% conversion of the administered drug into
l-’A('il\l: and

d) increasing the dose ofdrug as appropriate. and repeating
the steps above. to reach a maintenance dose ofthe drug.
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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 cxposttrc to l"l3A as judged by l.he AUC and Cmax
for PBA when the patient receives the PISA prodrug. when
compared to the AUC and Cmax observed when the patient
receives an equimolar atnount 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 PISA by at least
about 20%.

22. The method of claim 20. wherein the exposure to PBA
upon treatment with the prodntg 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 patienfs endogenous nitrogen elimination
capacity;

calculating from the endogenous nitrogen elimination
capacity an amount of dietary protein the patient can
process without the aid ofa nitrogen scavenging drug:

then adding an amount of protein that the patient should be
able to process with the assistance ofselected dosage of
a nitrogen scavenging drug to arrive at an amount of
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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 ofclaim 23. wherein the nitrogen scaveng-
ing drug is HPN-100.

25. The t11etl1od ofclaini 24. wherein the selected dosage of
HPN-100 is up to about 19 grams per day. and wherein the
amount ofdietary protein the patient should be able to process
with the assistance of this amount of HPN-100 is about 1 g of
protein per gram of I IPN- 100.

26. A method to treat a patient with a PBA pfbdrug. com-
prising administering HPN-100 at a daily dose in excess of 19
g per day to a subject having I-IE or UCD.

27. The method of claim 26. wherein the daily dose of
HPN-100 is between about 19 g and about 5'? g.

28. A method to treat a patient having a nitrogen retention
disorder with the PBA prodrug I-IPN- IOO. wherein the AU(_‘
[or I-‘BA is less than about 600 and the Cmax for l’l3.’\ is less

than about 100 when the PBA prodmg is administered.
29. The method of claim 28. wherein the subject’s plasma

ammonia levels are on average normal when treated with
HPN-100.
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