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a continuationofU.S. patentapplicafion Ser. No. 13fl'J'5,000.
filedFeb. 22, 2013mm issuedas US. Pat. No. 9,095,559.
which is a contimration of US. patent sppliwtion See. No.
13/417,137, filed Mar. 9, 2012, issued as US. Pat. No. 8,404,
21 5, which chimsdtebenefltofU.S.ProvisionalApplicafinn
No. 611564.668, filede 29, 2011, and U.S. Profisional
Application No. 61541100. filed Sep. 30, 2011, the disclo-
sures ofwhichsreimorporatsdbyrefemoe haeinindieir
emiray, including dmhrga.

BACKGROUND

Nitrogen retention disorders assom'ated with elevated
ammonialevelsinclurieures cycledisorders (UCDs)and
hepatic encephalopathy (HE).

UCDs include several inherited deficiencies ofenzymes or
tamporters necessary for-the synthesis ofurea from amnio-
nia, includiogenzymesim'olvedintbeureacycln'l'heures
cycle is depicted in FIG. 1, which also illustrates how certain
ammonia-souvenging drugs act to assist in elimination of
excessive ammonia. With reference to FIG. I, N-acetyl
glutamine synflretase MAGS-derived N—acetylglutamste
binds to carbamyl phosphate symhetsse (CPS), which acti-
vstesCPSandresultsindieconversionofammoniasnd
bicarbonate to csdismyl phosphate. lnturn, carhamyl phos-
phateieacts withomithinetoproduceeitmllineinareaefion
mediated by ornithine nansanbsmylase (OTC). A second
moleculeofwasteniuogmisincorpomtedintotheureacycle
inthanext monumediatedbystginosuccimsymhetase
(ASS),inwhich citrullineis oondensedwifiraspaiticacid to
form argininosnccinic acid. Argininosuocinic acid is cleaved
Iryaiginimsucciniclyase(ASL)topmdrrcearginineand
franarate.1nthefiualreactionoftheureacycle,arginase
(ARGJcleaves argininetoprodnceomhhineandurea. Ofthe
twoatomsofnitrogmincorpomtedintomea,oneoriginntes
fiom free ammonia (NI-If) aid the other from aspartate.
UCD individuals bomwithno mningfirl residual urea syn-
thetic impacity typically present in the first few days of life
(neonatal presentation). Individuals with residual fitnction
typicallypreaentlsterinchildhaod orminaduhhoodsnd
symptomsmayhe precipitatedby increased dietaryproteinnr
physiological stress (15.3., intercnn'ent illness).

Hepatic encephalopathy (HE) refers to a spectrum ofneu-
miogic signsandsymptomsbelievedtoresult fromhyperam—
mmenimwhichfiequenfly occurinsubjects widrcirrhosis or
certainothortypes ofliverdisease. Subjects withI-lE typically
showelmedmemalstatus mgingfiOm subflechangesto
coma, fissures similar In subjects with UCDa.

Subjects widtniuogenreteotiondisorders whose ammonia
levels andfor symptoms are not adequately controller! by
dietary restriction of protein nmilor dietary supplements are
generally treated with nitrogen scavenging agents such as
sodium phenylbutyrste (NaPBA, approved in the United
Stiles as EUPHENYW and in Europe as AMMONAPSO)
or sodiumbenmatefilhsseareofienrefimedtoasaime

pathway drugs because they provide the body with an alter-
nate pathway to area for excretion of waste iris-uses
(Emsilow1980;Bruailow199]). MBA is a phenylscetic
acid GM)pmmugAmmwmmgeoscaveugingdmsmr-
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rentlyindevelopmemi‘orrheueatmemofninogen Mention
disorders is glywryl u‘i-[4-phenylbutyrate] (HPN-lOO),
which is described in us. Pat. No. 5,968,979. KPH-100,
whichis commonly referredto as 61‘4ngle PEA, iss
prndrug ofPBA and a pre-prodrug ofPAA.

HPN-lOOandNaPBAsharethesamegenemi mechanism
ofstfiomPBAismmfledbPMvhbfiaoxidafiomsnd

PM is conjugated enzymaticslly with glutamine to form
phertylaoetylgltttamine (PAGN), which is accreted in the
urine. Theatrucunes ofPBA, FAA, and PAGNare set forth
below.

gmcozm‘l' W
hum-she Phessylseetic acid

ink/0°
HacfinicalbemfitostPBAandI-IPN-im withregardtio

nitrogen :etentiondisorders derives fl’orntbeahilityoi‘PAfiN
tnefi‘ectivelyieplaceureaassvehicleforwsteniuogen
accrefionandlorborerhreedteaeedforureasynflieais
(Brusilow 1991; Brusiiow 1993). Because each glutamine
coniainstwo moleclrlaofnitogqthehodyridaitselfoftwo
wastenittogenatomsi‘oreverymoleculeofPAGNexeretediu
thenflneJ'hereforefiwoequivslmbaofnitrogensremoved
forearm mole of PAA convertedto PAGN. PAGN represmts
thepredominsnttennina] metabolite,andonethatis stoichio-
nietricslly relatedtowsstenitrogenremval, ameasureof
eflicacyinthecaseofnitrogatretention states.'lhedifieswoe
betweenHPN-loo andNnPBAwitbrespect to metabolism is
that HPN-IOD is a triglyceride and requires digestion. pre-

srnngily by pancreatic lipases, to release PEA (McGuire201

Incontrsstto NaPBAorHPN-loo, sodium: barman: acts
whenbenmicaeidis combinedenzymaticallywi‘fliglycineio
form hippuric acid. For each molecule of hippo-is acid
eacretedinfliewinethehody ridsitselfodonowastenltrogen
atom.

Methods ofdetermininganefi'wtive dosage ofPAA pro-
dmgs such as NaPBA or HPN-loo bra subject in need of
treatment forsni‘trogenretemiondisordararedescribedin
woosmamo and wormsaos. Daily ammonia ms,
however,rnayvarygreatlyinsmbject.1hiseanleadto
overesthnstion by the physician of the average daily ammo-
nislevels, whiehmay tesultinovcrtreaunmt. This,thereisa
needintheartforimpmvedmedmdsforPAApmdmgdose
determination and adjustment based on ammonia levels in
subjects with nitrogen retention disorders such as UCDa or
HR.

SUMMARY

Providedhereiniaoeflainembodimentsaremahodsfix

determiningwhethertoinereaseadossge ofa nitrogen scav-

i copy provided by USPTO "0m “'9 PIES Image Database on 0510512016
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3
eogingdmginasubjcotwirhaniuogenretenfiondiaorderby
measuring a faafingblcod ammonia level andcomparing the
firsfingbloodammonialeveltotheupperlimitoi'normal
GILN)forbloodammonia,whaeafastingbhodammonia
lavelmatisgreaterthanhalfthalmfifcrhloodammonia
indicamathatthedosageneedsmbchmMIncmin
embodiments, the nitrogen Wu disordsa' is a UCD or
immoatainemhodimtaJhenitrogenscavcngingdmgis
HPN-JOO, PEA, NaPBA, sodium benznale,oranycombiua-
Lion thereof (is, any combination of two ormora ofI-IPN—
100, pm, NaPBA).Inccminembodimema,maULNis
amundBStrmoULorfiiipgmelnccflaincmbodimentsfihe
methods inciude an additional step of administering an
increaseddosageofflienitrogenacsvmgingdmgifthemd
exislamndmcefiaincfdmeemhodimentaammmstminnof
the nitrogen scavenging drug 910de a normal average
daily ammonialevelinmesnbjact. incmtainemhodiments
whereinadeterminafionismadetondministeranincaeased

doaageofnitrogenscavengingdmgandwhereinflrenilrogen
scavengingdrugisaPAAprcdmgnhemethodainchrdean
additional step ofmessuring urinary PAGN excretion and
denaminirganefi‘ecdvedosageofdiePAAprortughesedon
ameanconveraionofPAApmd’ugtoufinaryPAflNof
60-75%.

Provided handrr in certainemhodimenia are mellmds for
determining whether to administer a nitrogen scavenging
drugwasubjectwiflaaniuogenrctenfiondimrderbymea-
snringa i'aatingbloodammonialevcl andcompaiingthe
fasting blood ammonia level to the ULNforblood ammonia,
whereafastinghlocdammonialevelthalisgreaterthanhalf
theUINforhloodammoniaindicatcsthattheninogenscav-
enging drug needs to be administaod. In certain embodiv
monumenitrogenretentiondiaordcrisaUCDorI-Eh
certain embodiments, theniuosen scavmgingdntgis HPN-
100, PBA, NaPBA, sodium henmate, or any combination
thereoffie, any combination cftwo ormore ofHPN-loo,
PBA,NaPBA).Incertainembodinamts,theUlNisaround
35 umollLor'SQ uglmL. Inceflaincmbodimcntythcmeflmds
includcanaddiflonalrtepofadmhfisteringaniuogenacav-
engingdmgifthcneedcidats,andincettainoffllcseanbodi-
tsedfinimdoncftbenitmgmlcavengingdwgpm-
micesancrmalavaagedailysmmonialevcliuthe subject.]n
certainembodimems whereinadetenninationismadeto

administeranitrogcnacavengingdmgandwhereinmenino-
gmmgingdmgisaPAApmdmgthcmetlmdsfimher
includoastepofdetamfiningancfl’ccfiveinitialdosageofflte
PMpmdmgbydeMminingatargeturmaryPAGNoutput
hasedonatargetniuomoutputandcslculatinganefl‘ecfive
inifiaidoaagethatrewltsinthetargeturinaryl’dflfloutpnt
hasedonameanccmcmionofPAApmdrugmurinsryPAGN
of60-75%Incertainembodimenm,themcthodsincludea
stepcfadministedngthecalcnlstcdeffectiveinitialdosage.

Providedharein incertainunbodiments aremethods for
treatinga niiroganretenfiondiwrderinasuhject witches
previouslybeenadministaedanitrogenscavengingdrughy
memufingafasfinghloodamnmnialevdmomparingthe
fastingbloodamrnonialeveltodnfllflforhloodammouia,
andadministeringanincreaseddosageofthenirrogenacav-
engingdmgifthefasfingammonialwclisgreaterthanhalf
flthINforbloodmmoniaJncertainmnhodiM,admin-
istration ofan increased dosage ofihe nitrogen acavmgin
drugproduoesanormalmragedailyammonialwelinma
whjwthceminembodimmen‘rnogenmmnondisv
ordetiaaUCDorHE.Incertaincmbodiments.tbeniuogen
scavenging drug is HPN-lw, PEA, NaPBA, sodium ben-
mate,eranymmhinatinn tineoffie, anycomhinatiof
twoormcofHPN-lflO,PBA,NaPBA).Incertainemhodi—
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menisnheULNisarormd 35 umolfLor59 MmL. Incertain
embodimmNWbHeinfiienitrogenacavengingdrugisaPM
prodrug. dremcthcda includeanadditionalatep ofmeasuring
nrinaryPAGNerrcretionanddetcnnininganeMvedosage
ofthePAApmdrugbaaedonameanconversionofPAA
prodrug to urinary PAGN of 60-75%. In certain embodi-
mmmmludcasmpofmmmecfl-
culatedeflectivodcsagc.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1: The urea cycle andhcw certain nitrogen-scaveng-
ing drugs may assist in elimination of executive ammonia.

1316.2: Relationshipbetweenfastingammoniaandaver-
age ammonia UCD patients.

FIG. 3: Venous blood ammonia values over 24 hours in (A)
achrlt and (B) pediatric UCD patients.

DETAILED DESCRIPTION

nefoflcwmgdeacfipfionoftbeinmfionismerely
inteodcdto illustratevarious embodimentaoflhe invention,

Assmhthespcciflcmodiflcaficnsdiscussedarenottcha
construed as limitations on the soopeofthe invention It will
beapparmttoonealdllcdintheartlhatvariomcquivalmta,
changegmdmodificafinnsmsybemsdswirbmdqnfing
fiomthewopcofthcinmfionanditisundersmdthatmch
equivalentembodimenumtobeincludcdherein.

lusmijectswflhanitrogmretmfiondisordenlhedeshed
efl'mtoftrcatmeflvrdihanitmymacavcugingdrugiscoml
of blood ammonia law]. Control of blood ammonia level

gmerally refersnoammoniavalueswithinthennrmalrange
and avoidance ofhypuammonamic crises, which are oflen
dofinedinthcartastl‘ansimtanmoniavalmexceeding 100
pmdLml‘iBu‘g/mLaccompaniedbyclinicalsigusand
sympmms ofhypmmmcrrcmiaDosingofnitrogm WEIS-
ingdrugs isuaually haeclupcn clinical assessment andmea—
ara-emern of ammonia. However, assessment of treatment
efl'eotandinierpmtation ofammonialevelsisconfonndcdby
flrefacttbathfividualammnniawiueavaryml—foldover
tbecouraecfadayandareimpactedbytinfingoftheblood
draw inrelation to the lastmeal and dose ofdrug (see, e.g.,
Lee 2010; [ichtenkcnecki 2011; Diana 2011).

Arandomammonia value obtaineddnringanoutpaiieol
visit may fail to provide a reliable measure of a subject‘s
statusandlhodrugeffect. Forcxamplc, basingu'catmnnmna
blood sample taken afier eating a meal might overestimate
average daily unmonia level and result in overtreatnient.
Conversely. hasingtreaunentona blood satnplctaloenafier
drug administration might underestimate average daily
ammonialevelsndrsaoltinundertreannmAfasfingammo-
nialeveiatornaartthLNmighthemlnenasanindicationof
satisfactory contml witlnut appreciating the fact that the
ammoniabmdqtdwingthedaflavwageandiwhigheatpoe
siblevalue)mi5hthosigrrificanfly higher.’l‘hus,afaslinglevel
atorneartlreULNrnayactuallyreflcotundertreatmemina
subject already a receiving nitrogen scavenging drug or the
necdfortreanneminaaubjectnotcmrmflygmeriheda
nitrogenacevengingdrugAmmoaocmateview ofdaily
ammonia level cmfldbeobtainodby mtflfipleblood draws in
acontrolled setdngoveranextendedperiod oftime.A1thougl1

3158:: currently done in clinical trials, it is clinically imprac-ca .

Assetforthbalow, rherolafionahipbctwoenfasfingammo-
nialcvelsanddailyammrmiaarposumwasevaluatedinsub-
jecta with nitrogen retention disordus. Itwas Ionnd that fast-
ing ammonia correlates strongly with daily ammonia

t — Copy providod by USPTO from the Plfis Image Database on consume
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exposure,ssseasedasa24hotrnrenunderfl1acmvefor
ammonia, daily average, ormaximal daily concentration, and
thatatargetfastingvaluewhichdoesnotexeeedhelfofthe
UINisaclinicallyusefillandpraeticslpredictorofammME
values over 24 hour-5.153 mchprmdded herein are clinically 5
practical methods ofevalnating ammoniaW in sub-
jeetswifltnittogenretenfiondisordersbasedonfitsting
ammonialevelmsswellasmeflndsofwiugtberesultant
information to adjust the dosage of a nitrogen scavenging
mugdaaminewhethertoadministeranitrogeoscavenging 1°
drug, treat a nitrogen retention disorder, and predict daily
ammonisbrnden.‘Ihense offasting ammonia levels to pre-
dictunnmniaexposureprovidesasignifieantadvafiagem
previmrslydmelopedmethodshyrednoingthenumberof 15
requhedblooddrawsandeliminafingtheoonfilsionassoci-
amdwith conflicting ammmia levels overtheoourse ufthe
day.

Asmrmmrflwbsedhemimtherelationshiphetween
ammonlaeontrolandnetnooognitiveoutoome wasevaluated no
in UCD patients. Previous research has dannnstrnted that
UCD patients oflen exhibit lower [Q overall and deficient
motive function manifeaed by difficulty in ma] setting,
planning. monitoring progress and purposeful problem selv-
ingAaaetfoflhhfidnitwasfomdthatammmiaoomml 25
withGPBresultedinasigniflcantimpr-ovementinesmutive
fimctionsinpediatricpatients.Basedontheserewlta,meflr-
Odsaropmvidedhereinforimprwlngexecufivefimcfionina
pediatric subjectwithaUCDbyadministetingone ormore
nitrogenscavensingdnry.

As further disclosed herein, the relationship between
elevatedPAAlevelsnndnermlogicsl sdmseeventsQAEs)
wasanalyned.Manyoftheover-30reportsofadminimation
of mm and/or sodium PM to humans describe A85,
particularlywbenadministeredinn‘svenmslyJVsdnfinisu-a- 35
tionofPAAtoemcerpaticnlswasshownpreviouslytoresult
inABsfltatincludedfatigue,dizziness,dysgeuaia.headaohe,
somnnlehoe, lightheadedness, pedal edema, natures, semit-
ing, and rash ('I'hibsnlt 1994; Thibault [995). These AEs
emelatedwifltPAAlevelsfiom‘tWtolZBSpglmL.
AlthoughNal’BAhasbeenusedinUCDtreahnernforow
twodeoadesandAEs reputedly associatedwid: PM are
similar to dross associated with hyper-ammonan little was
known previcusly abouttherelationahip betweum levels
andneurolog'caIAEr inUCDpofimAasbownherein, 45
increasedPAAlevelsdidnotoorrelatewithincmasednenm-
logicalAEs insubjects withUCD. However, PMlevels were
MatedwhhanimmeinnemlogicalAEs inhealthy
subjects. Basedontheserwults.methodsarepruvidedhuein
for predicting ordingnnsingAEs in a subject by manning so
PAAlevels.Purtherprovidedhena'naremethodsofu-eating
MorpreventingAEsinasuhjeotwith elevated PAAlevels
byadministet‘ingoneormorenin'ogenseavengngdrugs.

Providedhereinarespeeifictargetvaluesforhloodammo-
niauponwhichanefi‘eefivedossgeofaoitrogensoavenging 55
drugcanbebasedlnoertainembodiments,aodl'ectivedos-
ageofanitrogenscavengingdrugmaybeaninitial dosage,
subsequenflmaintenanee dosage, improveddossge, or a des-
agedetexminedinoombinafionwithotherfiactors.lnoer1ain
embodimenia,flreeflecfivedosegemayhethecameasor so
difl‘orem than the initial dosage. In other bodiments, the
effective dosage may be higher or lower than the initial dos-
age. In certain embodiments, methods are provided for
scljusfingthedoseorregimenofanitromsmvmgingdmgto
achieve a urgetommonia level that is predictive of the aver- as
sgedsilymnmonialevelandforthehighestammoniuvahre
Mthembjeetisfikelymmpefienoedwinsfheda?

6

Usingthemethodshesein,asubjeet’sfastingbloodammo~
nialevelmaybeuaodalapredictoroi‘dailyammoninburden,
averagedailysmmonialevelmodforhighestdailyammonia
value. Whether a subject with a nitrogen retention discs'deris
receiving an optimum dosage of nitrogen scavenging drug
mayhedetuminedhuedonpredicteddsilyammoniaexpo-
sure. Byopfimizingthotherapemicetficacyofaninogm
scavengingdmgtbetherspmfiedosageod‘thenitmgenscav-
easing drug is adjusted so that the subject mpetienoes the
desirednitmgm scavengingeflect. lopsrticular,thedose is
adjustedeodmtflresubjeetmayexperimeanomlamge
daily ammonia level. In certain embodiments, the efleetive
dosage ofninogenseavengingdmgis detenninedhyadjust-
ing(e.g.,imreasing)adosagetoaelfieveafasfingblood
ammonialeveiforasubjectthatisleuthanorequslmhalfthe
ULNforbloodammoma'.

Providedbereininoertsinemhodimentsatemetbodsof

determiningwhethesfliedosageofaniuogonscavonging
drngneedstobeinmeasedinasubjectwithanin'ogenreten-
tion disorderoompfisingoompafingaihsfingbloodammonin
levelforthemhjectto sULN forhloodarnmonia.lfthe
fastingbloodammonislevelhnsavalmmatgresmrthanhalf
theULN, the dosage ofthenitrogen scavengingdrug needs to
be inueased. In certain embodiments, the medwcla further
compriseinoressingtbedosageofthenih'ogenscaveoging
dmg'tftheneedmtiMsndinoa'lainofthuesmbodimmts
memeflrodaflmhercompriaeadministeringfheincreesed
dosage. lncenainoftheaeembodiments. administration of
theinu'easeddossgemrltsinononnslaversgedailyammo—
ninlevelinthesubject.

Provideiheteinincertainembodimentsaremethodsof

deta-nnningwhetherthedosageofaninogenscavenging
dmgneedstoheincreasedinasubjectwithanitmgsnreten—
fioodisosdereomprisingmemtringafaatinghloodammonia
levelforthesubjectandcompaflngtltefistingbloodammo-
nialeveltoaUINforbloodammonianthefasthtgblood
ammonialevelhaaavalueflratisgreaterdmnhalfthem,
thedosageofmoninogmsmvengingdmgneedstnhe
increasedlnoertainembodimentsnhemethodsfirrdsereom-
prise hmeasingthedosageofflsenitrogenseavengingdmgif
moneedathmaodincertainoftbeseemhodimentsflte
methods further comprise the increased dos—
age.1ncertainoftheseemhodiments,administrationofthe
increaseddosageresultsinanormalavemgethilyammmna
lewlinrhesubjeer.

Provided herein in certain embodiments are methods of

adjustingthedosageofanih'ogensmvengingdmginasub—
jectwifltanitrogenretoofiondisordereomprisingcompafing
aliasfingbloedammonialmlfixtbesubjecttoaumfor
blood ammonia. If the fasting blood ammonia level has a
valuethatisgreutwthnuhalftheULN,thedosageofthe
niuogmamwngingdmgisinmedandifflsedosageis
lessthsnoreqnaltohalfthemflthedossgeofflreninogen
mveogingdmgis notincmaseilncertainemhodimcmthe
methodsfurfltercompflseadmhristefingtheincreaseddos-
age. Incatsinoftlraeembodimmtgadninisnafionofthe
increased dosage results inanormal average dailyl ammonia
levelinfltesubject.

Provided herein in certain embodiments are methods of

adjusfingfltedosageofanitrogenscavengingdruginamh-
ject With a nitrogen retention disorda' oomprisingmensunng
ai‘oatingblood ammonia levelforthesuhjectandoomparing
thefastingblood ammonia level to aULN ‘liorbloodammo-
nia. lfthe fastinghloodsmmonia level hasa valuethat is
greater thanhalfthe ULN, the dosage ofthe nitrogen scav-
errgingdrngisinmeasedandiflhedosageislessthanorequal
wholftheULNflJedosage ofthenitmgenscaveugingdngis
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7
not inueased. In certain embodiments, the methods further
comprise the increased dosage. In certain of
mass embodiments, adminisnafion oftbeincreaseddossge
mulls inanormnl avm'agednilyammnnialcvelinthe subject.

Providedheminincertninembodimemsmemethodsof

adjustingthe dosage ofanitmgen scavenfingdrugin a sub-
jeetwiflianinogenretenfiondiaordareomprisingmeas‘nrmg
afistingbloodammonialevelforthembjectandcomparing
theibstingbloodamnmninleveltoaULNforbbodammo-
nia.1fmefasfingbloodammoninlevelhasa valuethatis
greaterthanhalflthLN.thedosagaofd1eniuogen. scav-
engingdmgisinueaudandiflhedossgeissignifimflyless
menhalftheULN,medosageoftheninogenscwengingdrug
maybedcueasedlncertainembodimansfitemetbodsfur-
thercompfiseadministeringthendjusteddoeagedneettainof
these embodiments, ofthe adjusted dosage
units in enormal average daily ammonia level inthe subject.

Provided herein in certain embodiments are methods of

adjustingthedosngeofaninogmscavengingdruginasnb-
jeetwimanitrogenretemiondisordereomnriaingadminis-
tefinganhfifialdongeoftheninngenmvmgingdrugmea-
smiugfestingbloodammonialevel.andoomparingthe
fisfingbloodemmonialeveltoaULNforbloodammonis. If
methstingbloodammonislevelhasavalnethatisgreater
mmrmum, subsequent maintenance chsages of the
niuogenswvengingdrngnmadjnstedtobegrestermanthe
initial dosage. In certain embodiments. the methods further
comprise the increased maintenance dosage,
andincertainofthmeembodiments. administrationofthe
increased maintamnce dosage results in a normal ova-age
dailyammonielevelinlhesnbject.

Providedhaeinineemlnembodimemasremathodsof
adjnsfingfltedoasgeofanihogmscavengingdrngmamb-
jectwifltanin'oganretemiondisnrdertoaehieveafasting
bloodmmoninleVelfliatislessthanorequaltohsll‘theULN
for blood nia comprising measuring a fining blood
ammonialevelforthesubjectandcompsrmgmemsfing
bloodsmmonia IeveltoaULNfi'erloodammonia. Ifthe

lbstingbloodammonialevelhasavaluethatisgreaterthan
halftheULN,thembjeetisadministemdanincresseddosage
offlrenitrogenseavengingdngfiflaafimepuiodwfieient
formedmgtorenehateadystate(e.g..48hours,48tn72
hours,?2honrstolweek,lweekt02weeks,greatertbm2
weeks), fasting bloodammonia level is meson-ed againand
comparedtoaUINfiorbloodammonialfthefasfingblood
ammonialevelhasevaluethstisgreatertbanhnlftheULN,
medasageofthenin‘ogenscevengingdmgisincreased'l'his
processisrqleatedunfilafissttngbloodamonialevelofleu
thnnoreqnalmhsh'theUINisobtained.

in cumin mibodimems are methods for
assessingwhetherasubieetwidtanitroynretentiondisorder
ismoteorluslikelytoneedadosageadjnsnnentofanitm-
gen scavenging drug comprising measuringa l‘nstingblood
ammonia level for the subject and comparing the fasting
bhodnmmonialeveltoaULNforbloodammoniawhei-ein
a fiastingblood ammonia level that is gleatudranhalfthe
value ofULN indicates that the subject is more likely to need
adosageadjmnnentandafertingbloodammoninlevelless
manorequaltohalfthevaloeofULNindiwestbatthe
subject is less likely to neededosegeadjnstment.

Providedhaeinincertainmnbodimems are mounds of

determining whether to administer a nitrogen scavenging
drugto a subject withnitroyn retention disorder comprising
comparingafastingbloodsmmonialeve] forthesnbjectma
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certaiuetnhodiments,thesemefltods
istering the nitrogen scavenging drug. In certain embodi-
maesubjectmaynotbawbeenadministamdanyninn-
gen scavenging drugs prior to the detenninafion. In other
embodimenmmesnbject may have previouslybeenatknin-
Waninogensenvmgingdmgntherthanlheonebeing
evahmted. In these embodimmts, the methods provided
haeincanbeusedtodeterminewhetlutosdministeranew

ninogenscavengingdmgmasubject.
Provided herein in tau-tam embedimmts are methods of

determining whether to administer s nitrogen scavenging
drugto a subject with nitrogen retenfiondisorder comprising
measuringefastingblood ammonia level forthcsubjectand
oomparingthefiufingbloodmnmonialevelterLNfor
bloodammonianthefaatingbIoodammonialevelhasa
value that is greaterthsnlnlfthe ULN, sninoge: scavenging
drugneedstobesdministeredtodlesubjeetlneemin
embodiments, theeemelhods findsereomprise administering
firsninogenseaveogtngdmg,lneerminembodiments.dle
subjectmaymthavebeenadmizfiataredanynitmgenm-
engingdmgspfiorto the domination. homer-embodi-
memmesubjeetmaybavepteviouslybemadnnnistemda
ninogenseavengingdrng other than the one beingevainated.
Intheseembodimentsfitamethodspmvidedhmeincanbe
nsedtodeterminewhahatoadminisneranewnitmgmscav-
engingdrugmasubject.

Providedhelein in oertainembodiments are methods for

selecting adosageofanihogenscavenfiogdmgfortteadng
enitrogen :etentiondisorderin a subjeetbasedonblood
ammonialevelscomprisingselecfingadisagethstresultsin
afasfingbloodammonialevelthatislesstbsnoreqtmltohali‘
theUINmrbloodammoniaJnceminembodirnentsmeleu-
ingtheefi‘ecfivedosageisfnflherhasedondieheobgmons
waste nitrogen excretion capacity, or any combination
thereof. Incertainembodiments, themethodsfin‘thm'com-
prisendministeflngtheselecteddosage.

le'idedhercinin cuminembodimentsatemeflmdaof
neafingasubjectwithaninogenretenflondisorderwhohas
previously been administemd a nitrogen scavenging drug
comprisingmeasufingafasfingbloodmnmonialevelfiorme
subjectmdmnrpafingthefmfing '
ULN for blood ammonia. 1fthe fasting blood ammonia level
basavalue that is greatartlnnhalfthe IJLN,thesubject is
administeredanincreaseddosageoftbeninogenseavonging
drug.1fthefastingbloodammonislevelhssavslnethstisless
manor-equal tohalfthe U'LN, the subjectis administeredtbe
somedosageoradeemssedclosageofthenih'ogenscaveng-
ins drug. In certain embodiments, administration of an
increaseddosage results in normal average daily ammonia
leveliathesnbject.

Provided herein in certain ambodimmts are methods of

treating a subject with a nitrogen retentbn disorder who has
previously beenadminieteredaninitisl dosage ofanitrogm
scavenging drug compring measuring a testing blood
smmmialevelfortteeubjectendcomparingmefesting
blood ammonia. leveltonULNforblood ammonia. Ifthe

fastingbloodmnmonielevelhasavaluethat'egreaterthan
halftheU'LN, the subject isodminieteredamaintenence
dougetbmisgreaterthantheinitisldosageoftheninogen
scavengingdmg. Ifthefastingbloodammonis levelhasa
value that is less dianoreqtml to halfthe ULN, themij is
adufinistcredtheinitialdoeageorahwcrdnmgelncermin
embodiments, administration of an increased maintenance
dosage resultsin a normal averagedaily ammonia level inthe

ULN forblood ammonia. Ifthe fasting blood ammonia level as subject.
hasavaluethatisgreetermaohalftheULN.enitmgen Providedheteinincmtainunbofimentsaremethodsof

scavenging drug needs to be administered to the subject. In treatingasubjectwithaninogen retentiondisorderenmprls-
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ingsdministuinsaninogenscavengingdmgthenmeamr-
inga fastingbloodemmonis levelformesubjectstsome
pointafia'dmgedministrstionsnrleompwingthefssfing
bloodammcnia levelterLNforbloodnmmonia. lithe

fastingbloodammnnlalevelhasavnhnthatisgrmmxlhan
halftheULNJbesubjectisadminisseredaninmeaseddosage
ofthenilmgenscavenfingdrungthefasfingbloodnmmonia
levelhasaveluetbatislesethanorequaltohell‘theUIN,the
subjectieadmirfisteredflleofigiualornlowexdosageofflle

dml’srovlded herein in cumin. embodimmts are methods of
treating a subject with a nitrogen reunion disorderoompris-
in; a first dosage ofa nitrog scavenging
drugmeasuingsfisfingbloodammonialevelforthesub-
ject. and comparing the fasting blood ammonia level to a
ULNforbloodammofielfflrefasflngbloodammonialevel
hssavalueflratisgleaterthmhslftheULN,aseeonddosage
ofanitrogenscamgiugdmgthatisgreaterthsntheflrst
dosage is administered to the subject. A fasting ammonia
bloodlevelismmu'edagaininthesubjectandeompsredto
a ULN forbloodammonia. lfflaefastingbloodammonia level
hasavsluethstisgreatermanbalflheULN,sthirddosageof
anitmgenscavmgingdmgtbatisyesterflrsnthesemnd
dosageisadministeredtotbesubject.1‘hisproeessisrepeated
until the subject exhibits a mating blood ammonia low! with
avaluelesstilanorequsltohslfflteULN.

Provided herein in certain embodiments are methods of
monitoringflieefiicacyofniflogmscavenglngdrugadmin-
istrafinninasubjectwithanit‘cgenrelenfiondisorderwho
Inspmiouslybemadminis‘leledanilrogenecavmgingdmg
omnprisingmeemringafmtlnghloodammonislevelfordle
subjectsndcompaflngthefistingbloodammonialeveltoa
ULN forhlood ammonia. lfthefasling bloodammonia level
hassvaluetbstisgreaterflianhslfmeummnepreviously
sdmlnis’tereddosegeofthenitmgmswvensingdrugiseon-
sideredlnadequatemnestthenitrogenretenfiondbrordedl‘
molesting blood ammonia level hnsavamethnt is lessthrmor
equaltohalfmelllflnliepreviouslyadministereddosageis
considered adequatetou'eetthenittogen retention disorder.
Incerlainembodimmts whaethepreviously ahinismd
dosageisconsldered' toteatthenitmgeurelmfion
disordagthemethodspmvidedhereinfinmeroomprise
sdnhisteringanincreaseddmageofthenitrogenscevenging
dma

Providedhereininoertainembodlments aremethodsfor

monitoringt‘herapyfithamlmgen sceveugingdmgina
subjectheving a nitrogen resection tfisordercomprising mea-
mhtgafisfingbloodammonislevelfromfltesubjectsnd
oompalingflzefisfingbloodsmmonialeveltoaULNibr
bloodemmonia,whereinsfastingbloodsmmonislmlthat
isgreaterthanbalftheULNindicases thatthesuhjectismore
likelyto naedadosage adjustment oftheniuogmacavenging
drugmsiwhereinsfssfingbloodammonialevellessmanor
equsltohali‘dseULN indicates thstthesubjeetisless likely
toneedadosageedjustment.

Ania-agenrelemiondisordfiaeusedhereinreferstcnny
condition associatedWilh eletmted blood nitroganlammonia
levels. hemmbfimmsnmsmmtenfiondimrder
maybeaUCD. Inctberernbodimmanihogen retention
disordermaybeHE.

Anitmgenscavengingdrugasusedhereinreth’stoany
drug that decreases blood nitrogen and/orammonia levels. In
certain embodiments, a nitrogen scavenging drug may
rancvenitrogeninthefonnofPAGN,andinoeminofthsse
bodimentsthenitrogen scavengingdmsmaybeanm-afly
administrabledrugtiutoontsins orismetabolizedto PAA.
Formample,snitrogcn mmensdmsmaybea PM
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prodmg such as PEA or l-IPN-IOG, a pharmaceuticslly
sccqtteblesaltofPBA suchumwaphamsoeuflcafly
acceptable ester, acid, orderivativeofa FAA prodrug. [comer
embodimentsmnin'ogenscsvengingdrugmayrenmvemtro-
gen via hippurlc acid. In certain ofthese embodiments, a
ninegenmavengingdmgmsybebenmicacidaphamaceu-
ticsllyacoeptablesaltofbenznioaeidsuchassodiumben—
mate, or apharmaceuticslly acceptable ester, acid. or deriva'
tive ofbeumic acid.

Inuessingtbedosageofanitmgmscsvwgingdmgmay
zefertoincaeasingfltanmountofdrugpersdminimafion
(e.g., an increase from a 3 mL dosage to a 6 mL dosage).
increasingthenlmbctofadministrations ofthe drug (e.g., an
increase fi-om cocoa-day doaing to twice- or three-timers-
day). armoombination thereof.

Asubjeetthnthss previouslybeanadministereda nitrogen
scavengingdmgmayhevebeen ndministeredthedrug for any
durationoftirnesuflcient toreach steady state. For example,
thesubjectmayhavebeensdministeredthedmgovers period
of2to'ldays,lweekm2weeka,2weeksto4weeks,4wedta
loflwoekl, Bwoekxto lfiweehorlongerflrmlfiweeks.

In ogtain embodiments of the methods disclosed herein,
thefastingpeflodhrobmlaingafsningbloodsmmaialevel
isovemighlJncea-tainembodimentgthefisfingpefiodis4
hwrsmmmgfiboursormote, Ghoursormoreflhoursor
moremhoursormorefihonrs ormore, thoursormore, 11
homormore,or12hoursormore,anlinoerlainembodi-
metnsthafasfingperlodis4-8hours,6-8botn's,or8-12hours.
Duringthefastingperiodthewbjectprafersblydoesnot
ingestanyfood. Inca-tainembodi.ments,thesubjectmayalso
refrainftom ingestiugcertain non—food substancesduringthe
listingpaiodPorearmplgiaoeminbodimcmsthewb-
jectdomnotinwtanyeupplemnntsandlorninogenamv-
engingdmgsduringtbefhsfingperlod. lnoerlsinofthese
embodiments,thesubjectmaynonethelessingestoneormcre
dongs other thannitrogeu scavenging drugs during the fasting
palodlnemhmnhodimmembjectdoesnmingest
snyhighcalmieliquidsdrningflrefastingper‘iodlnoartslnof
these embodiments, the subject does not ingest any liquids
otiler’dianwatetdurlngthefastingperiod.lnoflmembodi-
meats, fliesubjectmayingestsmall amountsoflosvcalorie
beverages, such as me, codes, or dilutedjuices.

Incertnin embodimts oflhemeflmds tfisclosedlrerein,
blood samples used for measuring fasting blood ammonia
levels andlor ULN blood ammonias are venous blood

sarnpleaneertainembodimeats, ablood ssmpleisaplssma
bloodsamphAnymethodskncwninthemtmnybeusedm
obtain a plasma blood sample. For example, blood fi'om a
subjectmaybedmwniatoambecontaininghepsfinor eth-
ylenediamiueuetraacefic acid (EDIE). In certain embodi-
ments, mesample csnbeplaoedonieeandoennifiigedto
obtain plasma within 15 minutes ofeolleclioa, strx'edat 2-8“
C. (36-46“ F.) and analyzed within 3 hours ofcollection. In
omeremhodimemsnhebloodplnsma sampleis snap from,
stored at 548° C. (s0‘ F.) and analyzed at a later time. For
example, the sample maybe analyzed at 0-12 limos, 12-24
hours,24-48,48-96honrsafierfieming,orwithinanyothm
timeframe overwhichfliessmplehss demonsnatedstshility.
In certain embodiments, blood samples are take: in a labora—
mayorbospitslmttinglnoertsinembodintemmasingle
fantingblood mpleisusedtomeasurefsstingbloodammo-
nia level. However. in other embodiments. multiple fasting
blood samples maybeobtained. Incertsinembodiments, a
subject's bloodammonia level may be monitored throughout
theday. Further; inoertsinembodiments,themeflrodsdis-
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closed herein comprise an additional step ofobtaining one or
morebloodsamplesfi-omasubject pl-iortooraflesmeamring
fastingbiood ammonia level.

heertainmnbodiments, sblood sample is analynedimrne-
diately aha collection. In other bodimenta, the blood
sample is stored for some period between collection and
analyaia.ln1heeembodimem,flaeaamplemaybemredfix
leaninnlhour, lhourto6homs,lhwrm 12houra, lhour
130 24houm,or l hourmdflhmnlnoertainoftbeaeembodi-
mumbloodsamplism-edatatempemtmbetween
045° 0. ml: as 2-8“ C. In omen- embodiments, the blood
sanitztleisstot'edbelovb'fll"Ctorbelow-llio C.

Mmsuremant ofammonia levels in a fasting blood sample
iscarriedoutuaingtedmiquesknowninthemFormmplo,
ammnialevelamaybemeamedusingamiofimdficreac-
fionoranemmaficrmctiomlnoertainelnbodimenta,a
colorinteu'icreactionmayimolvetheuseofbmmophmol
blneas an ammonia indioamr. Inthese bodiments, ammo-
nia may react with homophenolbluato yieldabluedyelu
ceitain embodiments, an enzymatic reaction may involve
glutamatedehydrogmaaewhlyzingthoremuiveamination
on-oxoglumnmwifliNPP‘andNADPHto form glutamate
and NADP‘. The fomiation of NADP“ fanned is directly
propmfionalmtheamonntofammoniapreaentintheblood
sample. 'I'haefore, the concentration ofammonis is mes-
amedbasedonadecreasoinabsorbsnce.

heatainembodimmtaoftbemeflmdsdiscbsedhaeima
wbjectectlfibifingafastingbloodammonialevelleasflmnor
aqualtohali'theUINforbloodammoniahaaanavmge
Hindihoodwithinaconfldenceinta'valthatflieiravemge
daily ammonia level will remain within a normal average
dailyammoninlevel.1neertainembodiments,theaverage
likelihoodoflnvinganormaldaily ammoiavalue is mo
9M6.th onemypredictwiflt95%
confidencethatabloodammonialevelwillfallwifliina

Wrangfl. In certain embodiments, onecan predict with
95% confidence that a true probability ofpredicting normal
valuesbasedonfaetingbloodammoniaisbelweenfiflband
93%. bother embodiments, one canpredierwithamtpoon-
fidenee that a true probability of normal values
based on fasting blood ammonia is at least 70%. In certain
embodiments, the average likelihood of predicting nonnal
ammoniavalnebaaedonfasfingbloodammoniaisabomstl‘lfi
widi95%confidmcethatthon-nepmbebilityisbetwaen65%
and 93%.

Ineertainemhotrlimentaofthe melhodsdiscloaedhq'oima
whjectexhibitingafaatingbloodammonialevellessthanor
equalto halftheUIN for-blood ammoniahas maverage
likefihoodwi‘thinamnfidcnoeintml fluttbeirmaximum

dailybloodammonialevelwillnotexoeod l.51imeatheULN
for blood ammonia. In era-rain of these embodiments. the
mageflbfihoodisaboummMJnou-tainombodi-
menta,diemfldaiceiotervalisa95%oonfideoceintenal.ln
certain embodiments, the avenge likelihood is about 75%
“dth95%oonfida1cetliattheu'ttcprobabilityisbetween58%
andSG‘Ka.

mouteinembodimmtsofthememodadisclmedhueina
aubiectethbitingafastingbloodammonialevellessthanor
cqualtohalfflieULNforbloodammoniahasanaverage
likelihood within a oonfidnnoe interval that their-maximum

daily bloodammonialevelwillbelessthao lfloumolfL. 1n
ominoftlieseembodjmnnmmeavemgelikalihoodism
to 9895.11: min embodiments, the confidence interval in
95%.Incuminembodimmtheaverage likelihoodisabont
93%with95%oonfidence flinlfllemteprobabilityiabetween
77% and 100%.
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Themaximalammoniavaluereferstoihemaximum

ammofammnialhatmaybedetectedinambjoclfollow-
ingconsumption ofmeals. ifrepeatedmeasuremem ofblood
ammonia canbeinstimtedtodetectsuchrnmrinmmvalne

overanextended period of time. Baaedonwell-eomolled
clinicaln'ialswithrqaeatedbioodaamplingoverflhourmhe
mmdmmnbloodammoniahasbemobsenedtooccurfial-
londng‘flmefltirdmajormealofflaedayintheeaflymmid
eveninghouta (4-8 PM, aaatmingthat‘breakfaatisapproxi—
mater 8 AM; see, n.3,, Lee 2010; Lichter-Konecki 2011).

'IheUINforbloodammnnialypioallyrepresmtsthehigh—
estlevelinthemngeofnonnalvslues,whichrnaybeinflu-
encedbyawriotyoffactors snohastheassaymethodtypes
ofregents, standard reference samples used, and specifica-
tiousandcalibmfionofoquipmenlusedtoperfomthemea-
ornament. Incertainembodimaits ofthemethodadiscloaed
haeimtheULN forbloodammnniaisdeterminedfora
subject individually. In other embodiments, the DIN for
bloodammoniamaybebasedonmeasnrements obtained
mamgoofmbjeaafignwhjemwfihUCDorwitha
particular subtype of UCD, subjects with HR, healthy aub-
jeets, etc.). In certain embodiments. the ULN for blood
ammoniamayrepresentastandard refereneevaluedisclosed
inflieamsuchasameanULNdevelopedacmssaparticuhr
subset ofimbjecls. In other embodiments, theULN for blood
ammonia may repraear a standard 11mm that has
beendevelopedbyapartieularentitythatpetformablood
dramandlorbloodevaluations, mohasapmficularcihiieal
laboratory.1noertainembodiments, theULNisaatandard
:eiumoevaluoufilizedbythesmneenfitythatsuresthe
fasting blood ammonia level. In these embodiments, one
skilled intheafl will appreciate that interpretation ofaverage
dailyammoniainsubjectwithaoitmgmmnfion disorder
mnstbemaderelafivetofliereferenoerangeofnormalvalues
atllelaboratx‘yinwhichflrammnniawasmmmedfim
thennore. the units ofammoniameaaumemmay also vary
lion: lab to lab (e.g., Him or pmolfL), emphasizing the
importance ofimarpreting the subject’s ammonia levels rela—
tiwtotheULNatthelaboratoryhtwhichthemeesmement
wasperfonnodJncertainembodiments, flieUINforblood
ammoniamaybeinthemnaeonG-Gdumomincertainof
theceembodiments,theUINforbloodammoniamaybein
the range of32-38 timoIIL or34-36 umolfL,andincutain of
flieseembodimemuheULNforbloodammoniais35umoU
L.Incertainembodiments,theULNforbloodammoniamay
be in therangeof 50-65 pig/tnL. In certain ofthese embodi-
mmLILNforbloodammoniamayBeMthomnge of
55-63 palmLorYI-Gl MEL, audio certainofthese unbodi-
mentafllcUleorbloodmmoniais 59w.

lncertainembodimenta, the avmage dain ammonia is the
average amount of ammonia an may aquerience
duringthedaxifserialbloodsanplingwereperformodfor
ammmia measurements. Inwell-conholled clinical studies.
ithasbemestablishedtlmtammoniafiuctoateasevenlfiild
diningtlaodayfiqiendingondiotimingofblooddmwrela-
tiveto foodanddrugintake. Duetolhesefiucnntions,tbe
timingoforaerial blood sampling should be con-
nolledrelotivetotbetimiogoffoodanddmgintalne. Even
aerialsamplingmaynotbeenoughtocaphn’ethopeaksand
troughsoftheflucmatingammoniavalummnlesssamplesm
taken fiequenfly enough. Therefore, obtaining a simple aver-
ageofaaveralmeasuremanmmayprovideinadequateormis-
leadinginformationzegardingthototalammoniaburdena
subject may experienceduringflteday.

Providedhereinmrnethodstobetterestimateasubject‘s
averagedailyammoniaassessedastheareaunda-thecurve
for 24-h: ammonia (ammonia mam) obtained fiom
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adequate and well—spaced samples over 24 ham This
ammonia AUCmM can be fimhernormsliced iorthe entire
actual petiodoi'sampling. i.e., ammoniaAUCowgis divided
by the sampling period (e.g., 24 hours). For example, if an
AUC of 1440 nmol‘hrlL is deflated using the trapezoian
rulebased on 3-11 ammoniavahm obtained over24 hours,
thcntheaveregedaily ammoniaVslncorfime-nosmalimed
AUCnmwouldbeequel to 1440 umol'hrfml dividedbythe
sampling time 01‘24 hr, or 60 onion. lfthe nouns! referance
rsngestthe laboratory whichperformed the ammonia analy-
sis m1035¢nolthdimtbenversgedsilysmmonhvslnc
for-dais subject wouldbaapproximmely 1.71 times theULN
of35 umolIL.Similm-br,ifthcammoniamco,mwasdetm
mined tobe equal to 840 tonol’hrfL based ommlltiple, well-
spaced samples overfl hours andanalynedatthe same labo-
mtoqr,andthessmpfingpefiodwns24bours,thmthefime-
normelizedAIJCmmwotddbe 35 "mom... This corresponds
to an average ammonia or daily ammonia larrdenwitbin the
DIN. Finally. subjects withnitrogen retention disorders such
asUCDs mayexpa‘iences nanic oisis, which is
often defined clinically as a blood level exceeding 100
umth and clinical manifestations of hypersmmonemis,
whichmayrequire interventiontoprevent irreversibleth
andenable recovery.

Prm'idedbereinarometbodsofadjusfing rdtrogen scav-
engingdrugdossgeby measuringfastingbloodammonia to

the likelihood a subject may experience enammo-
nia value (Cmax) overM hours that exceeds 100 umolIL. It
hssbeenfoundthat lOOpmolchorrespondsto approxi-
mately 2-3 times theULN in most laboratories. Previously, if
ssubjectwithsnitrogenrstmtiondisorder sushssUCDhad
sbloodsmmn‘nlevelwdthinorslightlysbovefltenomtal
refaencerangefiortbelflboratorywhichperfiirmedtheamly-
sis,thesubjectwas consideredtobein good clones] control
regardless ofthetimingoftheblooddraw inrolationtomeals
sndlmtsdminishationoidrugdomliowcwr, ithssbeen
sbowndmssnbjectwithaUCthohasafssfingblood
smmonialevelbetweentheULNand l.5tirnestian[N(e.g.,
35m52umollL)hss anaversge likelihoodofonly 45% (with
a 9596confideuceinterval of21%1o 70%) thathis other
mgedailyammenisiswitbinthenormalmngeganmge
likelihoodofonly 35% (withs95% confidenrsa interval of
13%to 60%)drathis orhermaximal levslofsmnmniaduring
medsyislesstimn 1.5 times the'ULN(c.g., 52 mnollL); and
anamgelikelihood of25% diathisorhermsximsldsily
ammonia level exceeds lmpmoll'Ldmingthcdsy.'I'hus,
after measuring sUCD subject’s fastingbloodammonia, the

dosage ofeninogmscsvmgingchogmayheprogressively
increased andfor his or her protein mtalre progressively
decreaseduntildiefsstingsmmonia vsloeislessthnnoreqnsl
tohalfo‘l'theULNforthe local lsboratoryinwhichflie
ammonia analysis was perfumed.

In cumin embodiments of the methods disclosed herein.
oneormorefictorsotberthansmmonis levelmaybetsken
into consideration whenevalnsting nitrogen scavenging drug
dosage. For uremple, blood ammonia meamementsmsybe
combined withurinary PAGN measuremmts in determining
whetherto administer a nitrogen scavenging drug, adjusting
the dorsgeofsnitrogcn scavenging drug, ortreatinganitro-
yo reterrtion disorder. US Patent Publication No. 2010!
0008859 discloses that urinary PAGN levels correlate more
closely to PEA prodrug dosage than plasma FAA, PEAI or
PAGN levels, and furthe- discloses that PEA prodrugs ac
converted to urinary PAGN with a mean emciency of
60-75%. Therefore, certain embodiments oftliemedrods dis-
closedhereinoomprisesnedditional step whet-sinuan
PAGN levels are measured. Incertainofthese embodimcrm,
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calculation of an efl'ectiyo dosage of ni scavenging
drug is based in part on a mean 60-75% conversion ofPM
prodmg to urinary PAGN. For example, in car-rain cmbodi»
moms deemethodsdisclosedhereinfordeterminingwhemer
toadminioeranioogensceveogingdmgrossuhjea oom-
pfisesnadditicnsl slepofmeasm-ingurinaryPAGNsnd
calculating an elf-active initial dosagebssod one mean con-
version of PAA prodnrg to urinary PAGN of 60-75%. Simi-
larly, in certain embodiments the methods disclosed herein
for sdjustingthe dosage ofa nitrogen scstenging drug com-
pfisesnsdditlonalstepofmeasmingts‘innryPAGNsnd
calculatingsnelfective dossgebssedonameencnnvusionof
FAA prodrugto urinaryPAGN of60-15%. Incertsin oftbese
embodiments, the e'lfaztive dosage is calculated based on a
target nitrogen output. In certain embodiments, urinary
PAGN may be determined as a ratio ofthe concentration of
urinary PAGNto minary In certain bodiments,
urinary PAGNisefactorthat is tsisnninho considerationth
determiningwbedtertoadministerorincrusethsdosage ofa
nitrogen scavenging drug. i.e., urinary PAGN is evaluated in
cunbinstion withammonia level to determinewhetberto

administerorincressothedossgeofthcdngnodier
embodiments,ammonisleuelaloneisusedmdetermine

whethertoadministuorincressemedomgyeofanihogmsmwngtng' drugnndurinaryPAGNis ' wedtoeelco-
latethe initial cit-adjusted dosage. amp

Onedrifledindicartwillrecognizefliatsvarietyofodier

factorsma‘gbemkmiino mnsiderao'onwhglnu ' ' theeti'ective sage ofa nitrogen scavenging g. For «ample,
factors such as diet. (cg, protein intake) and endogenous
westenitrogencapacrty (cg, uressynthesis capacity)mey be
consida'ed.

Providedbereinincertnin embodiments are kits for early-
ingootthememodsdisclosedhereinlncerminembodi-
ments, kits areprovided fordetamining whotberto admin-
isteroradjust the dosage ofs nitrogen scavenging drug for a
subject witha nitrogen retention disorder. The kits disclosed
hereinmsyincludconeormorenilrogens '
andfor one or more reagents (cg, broompheml blue) or
enzymes (8.3-. glutamate e) to measure blood
ammonia levels in a sample. The ln'tmeyeddilionnlly include
otherpigments,binders, sm'factants, buli’ers, stebiliners. antllr
orchanicals to obtains blood loandto mes-

smmeammonialovelinthessmple. lncerteinembodi-
meMAthekihpmvidedhu'eincompriseinsflucfions ins
tangible medium.

Oneofordinary skillinrheartwillrecogniaetbatthe
various embodimentsdescribedhcreincanbocombined.

Thefollowing examples sreprovidedtobetterillusn'ate tire
claimedinventionarsiarenotiobe' aslimitingthe
soopeoftheimtmfionTbtheextentflmlspecificmstefislssre
mentioned, it ismerely for pm-po ofillustrstion and is not
inhudedtolimittheinvmfion—Onesldflediofllemmey
develop equivalentmeansorreectants withoutthe miscof
inventivecspscityandwithoutdepertingfromthescopeol’
fine invention. Itwillbeunderseoodthatmanywriafiom can
bemadeintheprocednreshereindcscribedwhilestill
remniningwithintheboundsof‘lhepreeeminvention. Itisthe
intention oftheinventorstbst sochvarisfionsmincluded
withintbe scope of the invention

EXAMPLES

Example 1

Analysis ofPredictability ofPharmacodynsmic
Ammonia Values from FastingAmmonis inUCDPatients

This example demonstrates the relationship between first-
ingarrnnonia and the phsnoscodynamic (PD)profi1e ofdsily
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ammonia in patients receiving PAA pmdrugs for UCDs.
Ammonia valuesvarymany-fiildovertheoourseoffihoms
inUCD patients‘Aa depicted inFIGS. 3o and3b,vemus
ammoniawasmessuredfiorznlhoursfollowingoneweekof
dosing witheitherNaPBA or glytxatol phenylbutyrate (GPB).
'I‘hegl'aphsdisplayammoniaValmsasmeaMSDm24
homwhaetimeaemconeapondsmjnstpfiortodosingand
breakfast (1.3., fastingstate). 111 View ofthisvariability in daily
smmonialevels.aainglemeannemantrnaynotbeveryinfor-
mativeindeterminingwheiheraUCD patient is optimally
dosed The ability to predict the highest potential ammoniaa
UCDpatientmay expexiemednringthedayandtbeaverage
24-hourammonia fromasinglemeasmememmnhasfasting
levels has important practical implications fornitrogen Scav-
engmg‘ drugdosing guidelines and patient' managemt.

Datafi'omtwoPhase2studiesandoneleae3smdy
comparing ammonia control assessed by 24-hour sampling
duriugsteady stateheatmentwithE-lPN-JOOVersus NaPBA in
GSUCDpatientsweroused fortheanalysis. ThemPhaan
studies include protocols UP 1204-006 and HEN-106005
(Lee 2010; Holster-Ronnie 21011). The Phase 3 study
includes pmtocols from HEN-[W (Dias. 2011).

Ammonia values chained from difi'etent hospital labora-
mrieswith difl‘ermtnormalmngeswerennrmaliaedtoa
standardlaboratory mow-35 mill... The patient popu-
Iation included a broad range of ages, UCD subtypes, and
doses ofdrug. and is smnmarized in Table 1 below.

 

 

 

TABLE 1

not) ' 1n minis-U? 12044103.
HrN-Ioo-oos. and ant-100406:

Gandw Male 111 (21.7)
n (91.) Female 41 1713)

Age at mils N 65
(yuan) Mean (an) 29.45 (15.764)

Median 24.00
Range 5.0.7511

uco diagnosis on: deficiency s? (111.7)
I (‘36) can new 1 (1.5)

ass defining! 5 (7.7)ASL dsfiolomy 1 (1.5)
Missing 1 (1.5)

fixation chaPRA N 63
1mm Mint (51)) 114.14 (911.147)
(mom) Median 101.00

Range 03—300.!)
Daily dnao Nana N at

Mean (SD) 14.10 (6.255)
Martian 13.50
Range 15-3511

Exploratory Analysts:

Several PD parameteis for steady-state ammonia were
explored: AUCM“, time-normalizequ logAUC. maxi-
mal ammonia saltwater-241101113 (Cmax), andavarage
ammoniaDatafi'omfiS subjectsfiomallthreesuidieswith
steady-stale ammonia and fasting annnonia wese used. Miss-
ingdatawere imputedpu'ptoccdnrea speeifiedintba prom.
cc] and statistical analysis plan, except that no imputations
were made for subjects who had no PK sampling conducted
while one given study drug.

Sample collection times of D—hr (before first daily dose)
and 24-hours post-dose (before flrstdsily dose ofthe follow-
ing day) were both evaluated as meniafiw of timing
ammonia. No noticeable difl’ermce in the shape or quality of
therelationship duetothechoiceoftime pointwaa observed.
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The relationship between fasting ammonia and pharmaco-
kinetic profile was evaluated separately for HEN-100 and
NaPBA, with no apparent difiereme in the sh’englh or mog-
nitudeoflhe telltionship.1'h.a‘efore. all data frombothHPN-
100 and NaPBA treaunents were used and conclusions

regardingfasfingammoniapertaintobothi—IPN-lflOand
NaPEA.

The relationships between (1) fasting ammonia and
“1%,.8111 (2) fastingammonia and maximum observed
ammonia (Cmmt) wean visually explored fiat-the whole popu-
lation. The efiects of the following covariates wete also
observed: age, weight, gender, and dietary protein intake. A
positive and stung relmionship was observed between fist-
ing ammonia antiAUCoMfl with increasing fasting ammo-
nia being associated with higher AUCCLM and maximum
obsesved ammonia (FIG. 2).

Prediction ofAUCmM'Ihmugh GEE Modeling:
The aim ofthis modeiing was to predict average dailyr or

highest achieved ammonia based on the subject‘s fasting
mnmnnialnordertotakeintoaccumtthedifl'erencesin
normal ranges at different laboratories, all ammonia values
weremrmalizedtoamfeseooenngeon—SS umoULendthe
predictions weielefexenoedtotheULN rathermana fixed
Value.

Equatioos(GEE)wezeuscdlao
model the predictive ability of fastingammonia against vari-
ous ammonia Pmeparliea. GEE methodologyeanbeused
manflyzempmtedmeasuwofcetegoficddnminwhichthe
repeatedmeasurcsa'eassumedtobeconelatedflLiang1986).
Themodel allows formespeciflcationoftha asnimedcouc-
lotion strncmre without the knowledge oftbe magnitude of
the correlation.

TheZ4—hourammnniapmfilewas dividedintoosdered
categoflesusingsvmietyofmdpoinismdcntpointsas fol-
lows-

1) AUG [0-1.0‘ULN, >1.0"ULN];

ZJAIJC [0-1.5-ULN,>1.s-ULN];

3) Clnax [0-1.0'UIN, >1.0'ULN];
4) Oman [0-1.5'ULN, >1.5"ULN]; and

5) 0mm [11-100] pmolfL.
'l‘lneeleveisoffastingammoniameonsideredinsepa-

rate models as input:

1) [0-0-5*ULN'Ii
2) [>0.5‘UI.N-»<I.OULN]; and
3) [>1.0*ULN—~1.5*ULN].

Using Statistical Analysis Sofiware (SAS) Proc Genmod,
generalized linearmodels were fit with a legit link function.
Pie-dose fasting ammonia was the only predictor variable in
lhemodel.'1'herepeatednature ofthedataEtwo studyperiods
pu- subject) was modelcdusing GEE with exchangeable cor-
relationman'ix.ULNforfastingammoniawasseta135 pom]!
L.ULNforAUC over24honrswastakenas 840(35 uracil
L'24 hours); i.e., theAUC which corresponds to an avers?
dailyammodalessthanmequaltoSSpmoVLWhichwasthe
nonnaiiaecl ULN among the participating study sites and is
derivedbydividingthe24—hourareaunderthecurvebythe
sampling time on4 hours. The GE model was bootstrap-
resunpled 1,0Wtimesacoordingno themethodontlimdin
DaVison, A. C. & Hinltley, D.V.. Bootstrap Methods and their
Application, Cambridge University Press, Iondon (1997),
pp. 358-362. The results ofthese models are shown in'l'able
2 below.
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TABLE 2

mormmogammmmmmot... iaPD . 'u.

 

   
- 5.,   

Fanning
Mm Amman

It 1mm! Rooms

1 [0-05
ULN] hams [0-1.0

ULN]2 ADC in 24
m [0-1.5
um]3 than 0.53
ohm-wad [0-1.0
um]4 Cm: Q76
m[0-1.5
ULN]5 Cum 0.93
ohm-wed [0-100]
ADC in 24 0.58
1101.“! [0-1.0
U134]

'.' ALI: in 24 0.88
11mm [0-1.5
ULNJ8 AUG In 24 0.97
km [0-2
ULN]

9 can 0.21
abmwd [0-1.0
U111]

10 Gnu 0.32
aha-Hod [0-1.5
011"]

11 Gun 0.74
ohnrved [0-2.0
'U'LN].

l2 Gnu 0.95
Mad [0-100]ADC in 24 0.45
ham {0-1.0
mm

14 ADC in 14
hm {0-1.5
ULN]

15 AUC in 24 0.00
houll [0-2
011"]16 max
chimed [0-1.0
um].

11' Gun 0.35
churned [0-1.5
[JUN]18 Cum:
OW [0-2.0
01-11119 Gun
0M [0-100]

thnbilhy Roma;
ofomnmw Bum Boom prod.mr
lam 956ml mu. m' (as) 

ADC 1124 0.84 0.67.0.9) 0.71.039 11.5

Dide

0.38. 0.05 0.42, 0.61. 45.5

051,036 0.66.0.0}. 23.1

0.18. 1.00 0.05, 0.97 5.7

0.42. 0.73 0.48. 0.68 42.8

0.73. 0.9? 0.02. 0.91- 11.1

0.90. 1.00 0.93. 1.00 2.2

0.11. 0.30 0.14.0.3! 23.0

0.35. 0.65 0.442. 0.61 400

0.62.0.” 0.91. 1.00 27.2

0.33, 1.00

031,031

0.66. 0.11 4.3

13 PLO-LS 0.30,0. 43

Dbdmm

0.49.099 0.63. 0.92 27

Didan

0.16.0.” 0.23, 051 33

[Nde

Didnoi comm-g:
 

From Table 2 showman]: conchadethatinthepopulafion a95%confidenoeinbervalof7fi%to100%)ufnmhaving
ofUCD patients described in'Ihble 1, we canbe 95% ooofi- 55 mammnia ofmomflnnlOflpmolJLJI'hetefomthispafiem
dentthangivenafisfingammonialoisfiunorequaltohalf
theULN.thetruopmbability oflnvinganAUCinmel-ango
[0-840]isonmage84%,atlmstfi?%andashighas93%.

Rm 1 ofTable 2 abowsuggesmhataUCDpafimtwitha
fastingammoniaofl?
wilhamormal referencemguon-SS umolJL (i.¢..afasting
ammoniainthomnyIO-OJULNDhasmM‘Dfichanaflwifll
aQfiGconfidenoeintewalufémm93$6hfhavingafime
normalized AUG”...r in {be normal range [161mm, of
0-8400ran average
chance (with a 95% confidence inlerval of61%to 86%] of
havingaCmaxoflwslhanl.5ULN.andsQ3%chmo(wflh

pmoHLudem-minedbyalaboratory 60

daily ammonia 0135 umolIL], a 76% as

would be optimally controlled and. unlikely to suffer from

This Example shows 11m Easting ammonia correlates
atoneg with daily ammonia exposura, assessed as a daily
amgeorumimaldafly wmuntrafionfindthalatarget
finingvaluewlfichdoesmtmedhalfoftheuppalml of
malfixthalooallabappemtobeacliniwllyusefiflas
wellaspmcfical predictorofammuniavalmwerz-thomau
well. Funhermore, this Example shows that a mbject with a
fasting ammonia in manage 0-0.5 ULNlm ans-1% chance
ofhavinganAUCoM infllcnormal range (0-840 oran
average daily ammonia of 35 pmolfL).

Copy moulded by UBPTO iron: the PIES Image Database on 0510512016 
Par Pharmaceutical, Inc. Ex. 1001

Par v. Horizon, IPR of Patent No. 9,326,966

Page 19 of 23



 

 

US 9,326,966 32
19

Example 2

Selecting and Adjusting HPN-lflo Dosage Based on
Fasting Blood Ammonia Levels in a Patient withUCD

PdiemAiaanadultwithCDbeingmanagedwithamino
acid anpplemenm and dietary protein lean-lotion only. Patient
A consumes neitherhia supplements nor food for approxi-
maulyfihomp-iortoafastmgmomingblooddraWJX
Whlooddrewispcflmmfaafingbloodammenia
levelia detemiinedtobe 52 pmolJL. This faafingblood
ammonialeveliaeompatedwtheULNforbloodammoniain
the laboratory petitioning Ihoblood draw, which is 35 panel!
L.Bacalond1eomelationoffasfiagammonia1eveltom-
ageammonialevdfitisdctuminedthatl’afiemh'a lasting
blood ammonia level of approximately 1.5 times the ULN
rapreeentaonlyantS‘lfichanceon average ofhevinganaver-
ageammoniadnringthedaywithinthenonnalmngefirhna,
metatiooi‘fastingblood ammonia leveltoULN forbleod
ammniaindicateaflanatientAwillbencfitfiomtreatmmt

wiflianitroynacavengiogdrug.
The physician elects to Heat Patient A will: [JPN-100.

lnitialdosageiadetetminodbaaedonbodysurficeamaoras
otherwise inatmctcd according to HPN-lm drug labeling.
Patient A's body unfice one is 1.4 m2, and lhetefiote the
inifialdogeisdcteminedlobegmLperdayor‘imL'IilD,
whichisapproximatelydfl‘l'iod‘lhemaximumalloweddoaage
pa I-IPN-IOO label. Patient A is toasted with 9 muday of
HPN-lOOlbratleast?days,andmma foranadditional
blooddrawflliefatlingbloodammonialevelatthistimoiafl
nmolfL,whichiaalightlybelowtheULNandfallaintoflie
mgeof95m1.0timeanormal.PatientA’sbloodamnwnia
levelismonitmedflimughomthedayafia-adminiatmtionof
a3deoseofHPN-lOOwitheaehmealJtiao‘oaei-vedthat
PofimtA‘lmaidmumammoniareachewSumolfLafierdin-
nerwithaneverage dailyatnmonia offifi untoJJL. which is
ahnoatmoflmfiflaetlppernomalmm,hfim
A's decay: ofHPN-lllo in increased by appmximately one-
thildto l2vaotal 0:4 mLTID.PatiemAlena-na afierat

lcaat7daysofu'eaunentwithl-IPN-100.PatientA'afasfing
ammonialevel is 15 pmoULwhichialeaathanhalfofflte
ULNratge.ltiadeterminedthatPatientAhasteachedsatja~
fictoryamnmniaoontrol.

ItiaexpectcdthatifPatientAadhemtobiapzeacfibeddiet,
hiamaximaldailyammonieismtexpcctedtoexceed
approximately 52 would” i.e., approximately 1.5 timu the
ULN, withanaveragelikelihoodof?5%wlth95%confi-
mnemgenmmonialweldufingmedayilexpocted
totemaniwithinnormaltangewithgteaterthanm‘iolikefi-
hood and 95% confidence. Moreover, Patient A‘s maximal
dailyammoniaiahiglflyunlikelytoreacthOpmoVLdufing
the-day.

Example 3

Adjusting HPN-IDO Dosage Basedon Fasting Blood
Ammonia [ovelaina Patient withCD

Patient B is an 11—year UCD patient receiving 24 pills of
BUPHEI‘IYLE per day, amino acid supplements, and
restricted dietary protein intake. Patient B does notconsumc
BUPPWYID, supplements, or food for approximately 6
hours priortc a fastingmorning blooddraw. Avcocus blood
drawisperlonnedmndfestingbloodammonialovelildeteo
minedto be mumUL.'I‘hiBfas’linsbIoodammonialevol in
comparedtn theme blood ammoma formelaboratory
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perfomfingtheblooddraw,whichis35 umoUL.Baeedonthe
oortelationofimtingamnnnialweltomagoammmfia
level, itis detennlnedflm‘tPatient B'sfaning blood ammonia
lovelfallingbetweenl and 1.5timeatheULNrepreamtsa
Sfimofmfingmmgeamnnniadminstbeday
tathgeflummemflmandaahighaaaoflb
clunoethatherammoniawillgoabove 52 pmolt‘Lo: 1.5
fimeelmNdul-ingtheday. -

Based on discussion with the patientandhermthcr,thc
physician mspects that Patient B is noncompliant with her
medication, and decides to cheap her to RPM-100. The
inilialdoaageildetenninedbaeedondieameuntofBUPHE-
NYWHfiembaamoMnganditiadcteminedthat
PatiattBneedatotakellJ.5mLofHPN-100parday.Pafient
Bisn'eawdwith35mLofHPN-lm3dmesadayforatleast
Tdaygandmma foraddifionalblooddraws.Herfaating
bloodammonialcvelatthistimois 17 MMWMChlIMbW
flanINandfallsintotheraogcothofljtimesmnnal.Itia
dotarminedthatPatient B Inexeachodaatisfachory ammonia
controL

Itisexpec‘ldthalifl’a‘lientBadherestoha'pmcn'bed
dieLhetmaximal daily ammonia will not so aboveapproxi-
mately 50mm... which is lesathan 1.5 times the ULN. Her
averageammonialevolduringthedayisocpecmedwifl:
greaterflmnm‘leaveragelikalitmdtomnainwiflfinnomal
range. Moreover, fita'eiaonlyaemallchancefm)fltat
Patient B‘s maximal daily ammonia willexceed 100 pmollL
duringtheday.

Bxample4

Selecting andAdjmting Sodium Benmete Dosage
Based on Fasting Blood Ammonia Levels in a

Patient with UCD

PatieetCiaanadultUCDpafiemwhoisalla-gictoPBA
and is thereforebeingmamged williaminoacid mpplementa
anddictarypmteinrasttictiononly.l’afient0complainaof
chooichcadaeheandfieqnemnamealafiechonsnmea
ueiflnhis aupplementanorfood for approximately 8 haunt
priortoafiafingmomingblooddmw.Avenousblooddrawia
perfonned, mdfizsting blood ammonia level is detennined Io
bemeoVL.‘l'hisfastingbloodammonialeveliseomparod
totthINforhloodammeniaforthelabomtmypa-l‘omfing
MbMdm,whkhiu35nmwmmmemhfim
offasfingammooiakveltomgpammonialewlitia
WodlhatPafimlC’afhafingbloodammoniaievelof
appmximatelyZfimeatheUtleresmtsahighlikelihood
ofammonialwelagoingover ImamoVLdiringflieday.
ThuthemtiooffastinghloodammonialewltoULNfor
bloodammoniaindicateodiatl’atiemaillbenofltfrom

treetmentwithanitmgmmmsinsdmg.
IhephyaiciandecidostotteatPatienthimngof

aodiumheneoateperdayainoethepatientisallergictom
PafientCiatreatodwith 15 g’day ofaodiumbateforat
least7daye,a:ndrctumaforadditionalblooddrawa.Faating
blood ammonialavelatthistimeia 35 pmoliL, which iscqual
lollJeUIN. PatientC’sdnsageofaodiumbmateis
mayapproximately 30% to 18 gramsper day. After at
leaat7daysofueatment,PafientC‘sfasfingammonialmlis
lSMwhichialeaathanhalfoftheULNJtisdeteo
minedthatPatientChaareached safisficooryammoniaeon-to].

ItiseacpeetedthatifPatientCadhcteatolfiapreawibeddiet
andmedicafiomhiamaidmaldailyammoniawillnotemeed
approximately 52 mill... which is approximately 1.5 times
flieULNJ-liaaverageammonialevelduringthcdayis
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ammmmmlmmmmmm
nonnalrangeMormves',PatiemC‘smaximaldailyammonia
ishighlyunJilrelytoreachmOpmoliLduringtheday.

Examplefi 5

Evaluation ofthe Effect ofAntmonia Control on
Neurocognifive Outcome

IthesheenshownthatUCDpatimtsareIikelytosufi'er to

functions (Kiwika 2009). These nonopsychoiogieal
impanmentshavebeenattributedsorepeatedepisodesof
acute hyperanunonemis interspersed on chronically elevated
ammonia. Abnormalities in neoropsychological flotation ts
andlorbrsinimeghsghaveheendetectedeveninUCD
patients with milddisorders who exhibit normal IQ andlor
appear clinical normal (Gropman 2008a; Gropman 200811).
Thereforejtwashypothesizedthstmainrainingaveragedsily
ammoniowithinnormallimitsandthereby rethtcingthelong so
termamrnoois btadencouldresultinimpsovedcognition.

The relationship between reducing ammonia larrden by
maintaining fasting ammonia at orclose to WW and
neuropsychological comm inpediatric UCD petientswas
exploredinclinicaltrialafilevenpsdistricpatientsngm 6-17 75
wereemolledinshorttesmswitchovercomparisonof
NaPBA and HP‘N-lm in cont-oiling ammonia. These
patients underwent 24-11: serial sample collection in a con-
fluedsetfingwherethelostsampleatfibrwasconsidered
fasflngandundersupav'wionoffllestndypersonnel.Atflle 30
endoftteahnemwithI-IPN-lootheavemgefitsfingammonia
at 24-h:- time point was 15.5 pmolIL or less than halfULN,
indicatinggoodclinical ounttoL'l‘hesell patientsslongwith
another 15 pediatric patientswareenrolledintwo longterm
studies aodreceivedI-IPN-loo for 12 months, duringwhich 35
monfltlyfastingammoniswaecollected.AIthetimeof
enrollmenrandattheendofthesmdy, sllpstienraunderWent
assessment for narropsychological outaumes including the
following: BRIEF (BehaviorRaflngInvartoryofExecufive
Function) to assess day-to-dny executive functioning, OBCL so
(Child Behavior Checklist) to minors internalizing (e5,
moodfamdety) and externalizing behaviors. and WAS!
(Weehslu' Abbreviated Scale of Intelligence) to estimate of

During the 12 month moment with HPN-lm, pediatric 4s
UCD patients expel-insect fewerepisodes ofacote hyperam-
monemia than in the 12 months preceding enrollment (S
episodcsdtningdlestudyversus 9beforeenrollment).with
peaksrnmonisdroppingfiomameonof233 pmoVLbefone
enrollmentto 166pmoULduringthestndy. Fastingsmmonia so
remained controllcdatdmonthly averages wet-eat orcloseto
halfULN,ransingfioml7to22 nmoUL.Althoughpatians
hadbeenins'h-uctedtoremainfastingbeforemonthlymdy
visits, some animals samples wme take: in a non-fasted
state, resultinsinavss‘age monthly ammonia ofslightly above 55
halfULN.

In pediatric potions, WASI and CBCL scores were stable
incomperisontobaselineThemejofityoftheBRIEFsub-
rcsles etbeseline wetestorcloseto65,consistcnt with
borderline andlor clinically significant dysfimction. Among so
22 pediatric subjects who completed the neuropsychological
madngatlZmonthaallBRIEFdomsiwwereimproved
(lower-Tacoma) widtmeans (SD)atend of study eomparedto
baseline for Behavioral Regulation Index 53.7 (9.79)vs. 60.4
(14.03) (p-d).05); Metacognition Index 57.5 (9.84) vs. 67.5 as
(13.72) M.001),andGlobalExecutiveScale56.5(9.TI)vs.
66.204.02)(p<1].001).

22

Ihesignificsmimprovsmentinexeutfivefimotionsinmis
groupofpediatricUCDpatientsindicatestheimpormnceof
long term ammonia control and achieving target levels of

Example 6

Correlation ofElevated PAA Levels to Neurological
ABE in UCD and Healthy Subjects

Elevated plasma levels ofPAA may cause symptoms that
mimic those associated with hyperammonemia, including
headache, nausea, somnolcnce, etc. Since such symptoms are
common and nonspecific. an ammonia level below halfthe
upper limit ofnramal in a subject with a nitrogenretenfion
disorderwhoetthibits mohsymptomsandisreceivingaPAA
prodrug would prompt a physician to check plasma FAA
levels.

'I'herelationahip between elevated PAAlevels andneoro-
lcgicsl ARI was evaluated in titres populations: (1) 130
healthyadultsdosedwlth‘ito 12mLTlDofGPBina
thorough Q’I‘c study, (2) 54 adult and 11 pediatric UCD
patimls (ages 6-17) enrolbd in one of3 protocols involving
ahorttarn(2—4wesir) swimhova-oompafisonsofflal’m vs.
GPB,end(3)77patieotsemolledintwoneatlyidentical
12-month GPB treatment protocols. In populations 1 and 2.
maximale (Le.,Cmax)levelswere analyzodinrelatlonto
neurologicolAEsas definedhyMEDDRAusingenExact
non-pammetricMann—WhimeymmefiudEstimat-
ingEqutions (GEE) Withalogitlinkfmction andefi‘eets for
doseandPAA level'Iherelatiooship betwemPAAlevols and
theoocmenoeoftheAEsreportedby'Ihiebsultwasalso
explored in population 3.

No statistically significant relationship was observed
betwecnneurologicalABs andPAAIevels foreitherGPB or
NaPBA. The odds ratio ofa neurological AB occurring for
each20uglmLincrenseinPAA levels forthotwodnlgs
combined was 0.95, very close to]. This, among UCD
patients dosedwithHPN—lDOorNoPBonermerangesueed
indiesesmdieaincreasinglevels ofPAA(rsngingupto 244
pymL)tverenotaesooiatedwithan increaseinnmrological
AEs. Similarly, inpopulation 3,PAA levelsdidnotincrease
over time and exhibited no apparent relationship to neuro-
hgicalABs,whichslsodidnotincreaoeinfi’cquoncyover
time. The pediatric patient with the highut PM level (410
pymL)didnotreportncurologicalAEsclosetothotimingof
the blood draw.

Unlike UCD subjects, healthy adult volunteers who
reported a nervous system AB had statistically significantly
higher FAA C“, levels than those who did not. While this
analysisirthoalthysdults iscompromisedbyfltefitctthat
PMlevels watenotal‘ways availableaxthetimeofoccnr-
mceoftheAEaasvvellashythesmellsamplesineinthe
higherdose groups, theodds ratio of1.75 (p=0.006) suggests
that increasing levels of PM are associated with increased
probability ofexperiencingsnemussystanAEamong
healthyadults.AEsr-eportedbyhesldrysdults gust-ally
beganwithin 3611mm ofdosingand. amngthose adults who
remained on study, most resolved with. continued dosing.

A significant relationship betw PAA levels and occur~
reuse of neurological AEs, which generally resolved with
contimreddosing, was detectedin healthy volunteers. Unlike
in healthy adults, PM Cm, did not correlate with nervous
systemABs in UCDpatients overa similar range ofdoses and
FAA levels. These findings may reflect metabolic difi‘erenoes
m the populations (cg, UCD patients esthihit high
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glutamine levels compared with health: humans) andfor
metabolic adaptation with continued dosing.

POpulation PKmodellmildingwasperfonnedonfiUCD
patients who participated intbe short-tennswitchoverfiype-
rion studies using NONMBM (version 7.2) based on 2981
(lPBAl. [PM], [PAGN]. and urine PAGN [UPAGND] data
points from 53 adult and 11 pediatric UCD patients (ages
6-17) who participated in3 switchoverstudiesofNaPBA and
GPB.ThemedisnGPB dose, expmssedas grams oi'PBAper
m2,wa58.85 snd7.01 forpediatric andadult subjects, respec-
tively. Diagnostic plots and statistical comparisons were used
toselectamongcandidatemodels,andootariateswere
assessed by graphical analyses and ocvariate modeling.
Usitrgtltefinalpopl’KmotielandeeterestimategMome
Carlo simulations were perfumed in ~1000 virtual patients
forarangeofNaPBAsndGPB dosesto predict systemic
metabolite expemm and UPAGN output.

Thefinalmodelthatbestfitthedatawascharactefiaedby
(a) partial conversion ofPBA to PAGN prior to reaching the
systemic circulation, (l!) Balm-able conversion of PM to
PAGN (Km ~16] Ila/ml), and (c) moss slower PBA absorp—
tion when delivered as GPB vs. NaPEA. Body surface area
(BSAJWHaaignificant covariatesuohthatmetaboliteclear-
anoe was proportionally related to BSA. Fractional presys-
temic metabolism of PEA was higher for adults than for
pediatricpatientsreceivingGPB(43%vs.14%), whereas the
reversewtrueforNaPBA (23% vs. 43%). Predictedmedian
PAA expostn'e based on simulated GPB dosing at the PEA
equivalent of 13 glmz of NsPBA was ~13%-22% lower in
achlts than NaPBA (Cmax=82 vs. 106 nymL; AUCD_24_M,
vs. 329 pig-him) and ~13% higher in pediatric subjects ages
6-17 than NaPBA (Cmax=] 54 its. 138 pglmL; AUCMH,“
vs. 1154 pg-ht‘ml); predictedupper95thpercesfilcPAAexpo-
surewasbeJowSOOuglmLandZS‘lfi-dmlowerforadm
subjectsonGPBversusNaPBAandsimilarfm-pediatric
subjects. Simulated dosing at the PEA equivalent of~5 glm2
chaPBAyielded similar andleas variable PAAexposurefor
both drug and for pediatric and adult patients. Recovery of
PBAasUPAGNwasvery similarwhetherdeliveredorallyas
GPB or NaPBA.

‘Ihese findings based on Popr modeling and dosing
simulationssuggestthatwhilemostpafientstreatedwithPAA
prodrugsinoluding NaPBAorl-IPN—lflOwillhavoPAAlevels
belowthoserepofledlyassociatedwitbtordcityandwhileno
relationship between PAA levels and neurological AEs was
found on a population basis, individual patients exhibiting
symptoms such as headache or nausea might be sufi'ering
from therhyperammonemiaorhighPAAlevelsandthata
firsfingamnmnialeveleqmltoorhelowhalftheupperlimitof
normolwouldpromptthephysiciantocheckplasmaPAA 50
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What is claimed is:

l.Amethodofueatingasubjectwithaureacycle disorder
whohaspreviouslybeenadministeredaninifisldosageof
glyceryl n'i-[4-phemrllntyrate] and who has a fasting plasma
ammonialevellessthantheupperlimitofnormal forplasma
ammonia level, the method comprising:

(a) measuring a fasting plasma ammonia level for the sub-
jest;

(b) comparing the fasting plasma ammonia level to the
upper limit ofnormal for plasma ammonia level; and

(c) an adjusted dosage of glyceryl til-{4-
phenylbutyrste]matisgreatertbmmeinitialtbsageif
thefsstingplasmaammonia levelis greaterthan halfthe
upper limit ofnormal for plasma ammonia level,

whereintheupperlimitofnormal forplamna ammonia
level is in the range of 26—64 [small]...

2.1'hemethodofclaim1,whereintheupperlimitof
normal for plasma ammonia level is in the range of32-38
pmoHL.

3.11m: method of claim 2, wherein the upper limit of
normalforplasmsammonialevelisinthorangeol'34-36
unsollL.

4.1‘hemethodofclaim 1, firrthercomprisingrepeating
steps [a)m(c)untilthesubjectexhibitsafistingplasma
ammonialevelatorbelowbalfmemperlimitofnormal for
plasma ammonia level.

5. The method ofcleim 1, wherein the adjusted dosage of
glyceryl tri-[d-phmylbutyrate] is administered orally.

6.Amefl:odoftzeafiugapediauicsubjectwithaureacycle
disorder who has previously been administered an
dosage ofglyceryl u‘i-[4-phenylbutyrate] and who has a fast-
ingplasmaammcninlevellessmanthe limitofnormal

forplasmaammtzmialevelI memethodcomprlsiog:
(a)measuringafastingplasma mumonia lovelforthepodi-

attic subject;
(b)comparmgmefastiugplasmaammonialevol tothe

upper limit ofnormal for plasma ammonia level; and
(c) an adjusted dosage of glyceryl tri-[4-

phenylbutyrate] that is greater than the dosage if
the fastingplasma ammonia level is greaterthanhall‘the
upperlimitofnormal forplasma ammonialewl.

levels. 7. The method of claim 6, further comprising repeating
As statedabove, the foregoing is merely intendedto illus- steps (a) to (c) until the pediatric subject exhibits a fasting

uatevariousanbodimentsofmepreseminvenfion'lhespe- pissmaammonialevelatorbelowhalfthoupperlimit of
cificmodificationsdiscnssedabovearenottobeconsuuedas

limitationsonthescopeoftheinveution.ltwillbeapparentto
oneskilledintheartthatvarious equivalents, changeaand
modifications maybemadewithoutdqtarting fromthescope
of the invention, and it is understood that such equivalent
embodimentsareto beincludedherein.Allrefereuces cited

55 normal for plasma ammonia level.
8.1hemethodofclaimti, whereintheadjusted dosage of

glycetyl tri-[4-phenylbutyrate] is administered orally.
9.A metlmdoftreating anadlflt subject with a urea cycle

dismder who has previouslyr been administered an initial
dosage ofglycequ Iii-[Il-phenylhutyrate] and who has a last-

herein are incorporated by reference as if fully set forth 60 inzplasmaammonialevellessmantheupperlimitofnonnal
herein.
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65

for pianos ammonia level, the method comprising:
(a) measuring a fasting plasma ammonia level for-the adult

subject;
(b)comparlngthe fastingplasma ammonialevaltothe

upper limit ofnormal for plasma ammonia level; and
(c) administering an adjusted dosage of glycer'yl ‘trl-[4—

phenylbutyrate] that is greater than the dosage if
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the plasma ammonialevel is greater thanhalfthe (c)a subsequmteflecfivedosage ofglyceryl
upper lumt ofnormal for plasma ammmiie level. . tri-[d—phenylbutynte] (HIPN-IOO) to tho patient that is

10.Thenrthodofchlm9ifilrflmrwmmm3repmfls eitherthesmeasflxeinifialefi‘ectivedosageorisan
steps(a)m(c)unfiltheadtflmbjecmhibitsafavfinspm meddumggwhemmuidimmseddomggifmy,

gmmalwdgmbw halftheupperhmtofmrma] for 5 hmmmmmmwflmvsmPAGNwork “m” mm: ' . . . fastingplmma ammonia level.
1!.‘Ihemethodofcla1m 9, firmthe adfiJsted dosage of - - - -

glyceryl tri-[d-phenylbutyraie] is administered orally. 9 13' gt???mgdmme 1"? fifmfimm. “P9123:
12.Amethodofheafingapafiemhavingauteacycle “’1‘ . “b1” ‘.".fi°‘“"“

i. 1 comprising: 10 moms level at or below halfthe upper 11m": Dfmrmal for
. . . . will - do” of l plasmaammonialml.

(°)m?_m[4_thyt“m3m:m'§ memfluoo"e) to file “my 14. The meflmd of claim 12, whuein the initial effective
wherein the efiecfive dosage is calculated beeed “053° 01' W1 “i'l4'thi'lbmm‘el is “WW
onbodysurfaceareaoffliepafient; o y‘ . .

(b) manning the patient's Brim PAfiN audio: fleeting 15 . ls'mme‘hDddda'fn 12' Wm“5W“?!m"
plasma ammonia level to determine whethu' t) change we dosage ofglym] “[Wlbuwe] ‘9 “mm
thedosageofflieglycuylui-[4-phenyibu1yIaMG-IPN- m“?-
IW)‘, and t I: I I- I
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