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Recommendation for the approval of NDA 22-119; Ammonia N13 Injection

From preclinical pharmacology and toxicology (P/T) perspective, NDA 22-119 can be
approved. The sponsor did not submit any preclinical pharmacology and toxicology data.
However, the sponsor referenced the March 2000 FR notice for P/T. The March 2000 FR
- notice stated in part, "FDA reviewed the literature to document the safety and
effectiveness of these PET drugs on the basis of clinical pharmacology and bio
pharmaceutics, pharmacology and toxicology, and clinical and statistical information.
The agency sought evidence that the reviewed drugs can provide useful clinical
information related to their intended indications for use. The appendix to this document
contains a list of published articles reviewed by FDA establishing that FDG F 18
injection and ammonia N 13 injection can be found to be safe and effective for specific
indications when produced under conditions specified in approved applications."

The agency did not require additional P/T studies for Ammonia N 13 Injection
applications. Dr. Laniyonu's 1999 review of the available preclinical studies that formed
the basis of the preclinical determination of safety and efficacy is appended to this memo
as appendix A. Potential sponsors were expected to cite the P/T review in their
application package, which the sponsor has done.

From preclinical Pharmacology and Toxicology perspective NDA 22-119 can be
approved.

Recommendation on labeling:

The changes in the following sections of the non-clinical portions of the proposed label
with edits are shown below the underlined italics represent addition to the original
version by the reviewer while the strike outs represent deletions.

8. USE IN SPECIFIC POPULATIONS

8.1 Pregnancy:

Teratogenie Effeets: Pregnancy Category C

Animal reproduction studies have not been perfermed conducted with Ammonia N 13
Injection. It is also not known whether Ammonia N 13 Injection can cause fetal harm
when administered to a pregnant woman or can affect reproduction capacity. Ammonia N
13 Injection should be given to a pregnant woman used-in-pregnaney only if clearly

needed. the-petential-benefitjustifies-the-potential risk to-the fetus




8.3 Nursing Mothers

1t is not known whether this drug is excreted in human milk. Because many drugs are

excreted in human milk and because of the potential for radiation exposure to nursing

infants from Ammonia N 13 Injection a decision should be made, prior to administration

of the drug, whether to discontinue nursing or to use alternative infant nutrition sources
(e.g. stored breast milk or infant formula)for 2 hours (> 10 half-lives of radioactive

decay for N 13 isotope) after administration of the drug or to avoid use of the drug,

taking into account the importance of the drug to the mother. The-effects-of AmmeniaN

13.1

Carcinogenicity, Mutagenesis, Impairment of fertility
Long term animal studies have not been performed to evaluate the carcinogenic potential
of Ammonia N 13 Injection. Genotoxicity assays and impairment of male and female
fertility studies with Ammonia N 13 Injection have not been performed. Studies—with
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Division of Medical Imagiag and Radiopharmacention] Drag Products
BEDR-1&)
Reviewar: Adebaya, A. Latiyoms, PRIk

cal Magie:  N-13 Ammonia

CAS Number: A4%19-76-8

Drag Class: - Fositron Esissive Tomography (PET) Radippburmeseisical

Indbeatingi:  Assessment of myocardial Maod flow

N-£3 sruments will bo formalated asa “n corrier a:dded” preparation by vasious PET cesters,
thie revicw thevelire is nat coasidering = knoan fezmdstion, Begaried des ranyge 35 2-35 ol
with specific activity mnge af 200-400 mCl per mileramale. The warst case soenmrin wold

predict arnsia coscentration of 0,125 nsicrarmole for the 25 wii doss. Diifferent production
Pathmays way ittspact o6 e parity and toxionlogicad peofile of N-13 anunands, The accepiabie
level of impaifies and atbwr companenss is 1o be determined at the tinss of individust applicstion

- eeview. The smfciy of spoh formmlntion with segards fo ik components and irpuriies will be
determinad o the time of cach applfeation.

Tasere: are many published artscles coasenting the clindes e of Ne13 apmmanis in corjurstion
with Positron Emlsslon Tomography (PET) it meusare syposardizl boed flow non-bnvastvely
12,34} PET radiophusmacueticals are usnally mumsfietmed cloes to the it of uss in Bospitsls
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sl climicn dur 1o the velatively short holf-fife of thess products, Bifferent PET centers will
ibepefore b responsible for e rodizction, Thus unkike 8 converstional applicatiog, this review &
a0t pongdetng  kroven Tormalation A major purgose of this revbew iz to review the avadlable
seientific Hierstiee & dn aliemplto examing ibe soeiilie b of use, and to determéne wheiker
PrermsealogyToxicobapy studies typivally conduscted amd sonzidered critical fo support the

safstyr ol an MDA spplicstfon bave been reported. & the Yssmisme, This ts nod o typical MDA
review, becanse the eaperiments upes which ke sctentifie evidene e bassd were mat
sanilucted with an NI farmat in mind. Nevertheless, all the exticles were published in prec

Tenvigsend joomals and e madority of the findings wers neported fram nsulktiple loboanbaries. snd
cenders, The review will (B idendify the concepts that sre scientifically vabid and that appear to
have genersl suppoet within e scientific commuanity and (2 sdentify die aress where more
indiemeiion is required.

5 5 aupervisory medicsl officer review,

The use: of ¥-13 aremogia @n mhﬂwmm with Positron Emission meh}r foe cansitvasive:
meusurement of myourdisl Slood How is well docmented in both chinkeal and pan-clinics]
shedies {5,607 Atavery basic bevel, N-13 ammogis i ﬁmmﬁamg e an exractibls diffusion
tndicator, 1t ditfuses Freely acrass sipriliany il cellilar exenbearion s i the svocardin, i
metubolically incorpneated into glutemine by the exryme glumM syatbrdane. The M-§3
amneaniz esseniially becomes trapped as 113 ghamine in view of the fact fhat ghaamme is
slowly relensed fivan the oell. Trsplicdt fn this schemn are the axsumptions thet the level of the
eryme ghitamite synthetnse is no thie pacte Bimadting: step, s that the ingraceliubar and
extrzeallufar N-173 ammonis pocls equdlfests rapidly (8.9
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Fig 1: Inbeade] S thie vpptake ond neleriion of K13 avanenla i e mgocsdiurs Sl = ghtarin kobd; CRu =
LHuzsenives, - K = iz~ bemghiticns (Froon Schelheriet sl 1081, Clrmlation, 43, FES-T3T3E Bor e of
medherrerieed tardiing axd moadviing 3 gines comparimentsl moded is ;sm;m:m Vaszalar “tprearreing | rv«n
Arwrineid o e cavaessy supilkeied, etriressc b sepresenting N-13 svenonia ds the exlrasiscibe eomedrtoweil , tie
restohodic coapament represerds M3 aramnis metabalisaily trpped as gleinmins inirciibaly. The glusmic
slihghiramini: & the sujoet Spping racniaen warl s e comir i B tie ketaglomrnie-ghienee sold rsiztion.
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Thee uptikoe of N-13 amnienonde de gevesned by two main faetoes: the capiliary blood flow and the
exbiclion effisicncy, i.6., the avidity with wdiich the N-13 apmeaia & ciicisted froen the bload
inte dhe extravasoulas specs, N-13 smmonis exists in the blood pomsrily in its inoic spacies, the
R, . [t ds extnseted froen the Blopd vin mechenisms inching smmonium fan
ptestivating for podsashin toa i e &uaﬁixm -pmmm pesitp v througl passive difflsion scanss
the capillany and sscraleminal sk 3 ded 3813 annonds i% retained by this
mryneariiam theaugh ircoeporatinn into the gqr,%i né' amiw agidy, Tle: tapping by the

- mrvosardiom resubts In good coutrast eyecardie] mages, Yarious studiss have depronstrsted shat
0 Thoow eabes bateage §to 300 anbresin Y e, theee i & linear relationship berween N-13
mayocardial tissun concentration and few. Ad bigher flow sabes, o noe-inear relationship esues,
and smyceardial oot Sow will be emdevestimated by the Na13 ammpaiy nsethod. The
undlerestimating has been attribaed to the fet tat uader conditions of very high flow, motubolic
itappig of -3 afeomionia besowses the sate-Hsithng step [5,10).
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A kinetic spproach, separsting extraitbon foem reteution bes been Sevedopeid i ovensoove Hhia
limitation {9, 1], B was suggested ihst 1N-13 anmonis may fof sceurabely relleet myocariisl
ot Hove during conditias of bow 8, reduped Bevels of intracellular adenogine iphasphats,
chunpes in the cirdias iresmembeane gradient of smaenia or inhibition of the solfvity of
glutaiate synthetase sines N-13 melabolic trappéng depends oo the activity of die ghibimic-neid-
glutaining pafbmay. Other Ficfors that muy impast an e scourssy of the s aszement ame the
mbsgrity of the myoeesdial col membeane snd elieretion in cardizz lipid meisbofiom [8,13].
Whils tbese poaxibilities can wof be ipnared, Sdielbert and solizaguss (1] demonstoated that
selabalic irapping i relatively constant ever & widis raage of hemsdynanis and meibalic
conditiona in dogs.
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R-13 ammonis rapidly clears Sam fhe cireudation folbowing intravessns fjection. The resalts of
the studv by Loclkewod ot al, (19795 {13], midente Gist ansmionds cleasance is & Grek order prosess
at sioeeiial, il rnoderately elevaled areimomia conseritrations. W-13 ammonis is e principal
coenpanent in ibe Blood dissng Be first two minstes, decrensing in # species dependent waemer

10 betwazen 25 44 (dogd and 30% (husnams} within Bve miuics. The simbnasion Jallf life of B-13
ananeonds I o bdood e about 3 fnnutes whide du mpocadial Bast il has been cstimiated 3o
e Jogs than 2 oninntes. Fhe pincipal seiabolifes in the Moo of huwans md dogs sre 113 anen
and N-13 glatumine, sconunting for oves 50% of the metabalites by 10 minwies, N-13 labeled
acidic mEin »rids auch as glmtx: ar as;mrmf scount for less dian 196 The p&wm balf il
of N-13 aenrwonds ig .96 manuise,
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QuaritiGissition of bload flow using N<13 ammanis kinetics vequires acourste detesmination of
B M-13 snmopia sctivity i the blood, In view of the fact fhat these nestabolites sne mpddly
Termed, myocerdinl Blood few unsomected foe 1he contzfbutio of theee mictabalfcs s the
saierind impus M-13 smesends Tevel woubd i © ovesestimate the setivity dial ie aotanliy doe fo
N-13 matemonia (13,148,151 Tn view of ectrs casdias fiesmaiion of both glolzmine and glolarms
and Ehes fact that ghainmale is avidly ssken up by human svyocacdivom 4], the question arises &
- 1o whether the carding PET image refcctp dhe mun total of extrasied N-1% smmonia plas H-13-
Iabeted glutaming snd glussmate. However, N-13 glutsmate is 8 very minar naeiabolite
sreoiting for Yess that 1% of the intal whils Rosenspive et ol {1959) [14] indicated tbat the

uptake of gltamine by the heart is neghigible.

13 sneiceda epitake 16 waidy by e heart, beain, iver, erinaey Wladder, kidueys and sheletsl
sritasate In both the myocerdium and the bain, ¥-13 ommenmin i removed by single pess
eximetion bopomisg metabodioally tapped within the tsenns by inowpoation ks the cellube
poct of srdus sedde.

The kidpey through plomerular fltration excvetes wea (FH
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: difressi ﬁmmxh.uhgy BF N=13 ansmcmia was dentified. Howeser, the
pﬁ@ﬂ%t@lw of exeess amreanis is deseribed in medical dexibooks. Blevation of bood.
arenntda lovet seoondary to serfously bnpaine] Hyer finetion oo in seversl clindes] sitasions.
gitice the Hver & the major site of ammosis detoniiicatlen fn the bedy, The skeletal mussie
hencumss an iopariant sits for metdbalic irapping of ammociz in vases of advanceil fiver diseases
wrl poertal-gesteande shunging [13]: Iy such cages, cxperimental data in rats o dn oo exteat i
Tuenane, sl ipeceases & the taies of nnvanis uptaie from e plasma and of ghuinmize
relesor by the sheleial muscls i cascs of sheonic Hver dissse and hyperammonemia. [12]
Morenver, i vitrg expeciments. using mi sheleist musscle indicats ik s coeveniration of
smeneeds U 1B mwschs iz ate lamiEing in xusche gheizmine production.

- 'The Blond smenneis cuncenbratios 18 Jess than 35pmed. The Jow lovel lg lopovinnt, as
ammnia is toxie at high concontration and causes neuredagical problems FET] The probden of
defining texic keveds & compoumded by techaioal Gifficulties in Toramtring ememonia bevel.
Anitonfs bevels miose then tedice the mammd range for 8 particoler aborsiony i coouidered
signaficant, ard o sects lewed grostir thas five daiss comnal {on medicnl emergeney FEE], dcute
ammosia toxicity in Emmacs rpidly prodoces coms, mafuse sweauﬂg, grinting respdrativn,
wieniting, digmhes, and deserchate rigidity with oc without seinme [18]. The LDgg of
intravennualy sdiivistered wnmonium chlogide in rets i 30mgoe (V5] As For fhe 313
amngsioala-PET procedare, fodal smscunt of smnssnis wunily adenindstered is s thar

0B emal/L. This aemeuen of s will ot eaess s slgnifionnt diterntion b the circufating
lewed of amamemia. in the body.

B sty addrssstng Hhie sascinogasieily of X-13 ansmeeln was identifisd.

o sty addreastng the inmrmunodonicolomy of W-13 ammmeoniy. waz identified,

M atedy sddoensing fhe reproductive toxioolapy of W-13 gmmonia wes idontified.
g . . ! E ! ! 3 E . ) ‘
M stucdy addreasing the geoetoxiciiy of N-13 smmaniz was identified.

M 1 I’ o

The: purpese of this sarvey of publidhed articles om N-13 assonis 1 foro folds, 1) Buamdine tee
seieetific bosis of it ves to mennme mypoerdinl Hlood fow noadnvasivehy. {2) Deteridne
whether pharmasalopyfionicelogy svadies typically conducied and considered critical o supgart
e qubety of a WA spplication Bave been repoeted i The Hisrabare.
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‘The pharmacclogical basis of nothars seims tobe welk undecsocd. Thet is seffivienl ssienGlic
evidence in the fiterzfure to-mempogt the use of N-13 anmenia & eorjunction with Pasiioe
Emizsioe Tomagraphy (FET) to messge myocandial blood fow. s stuied i the pharmaealogy
siction of this review. N-13 smenoeia B Tuectioning 23 an extractable diffislon indicator. The
mathiznatzl, pharmasekinetics and blochemrice! pemviples involved appear to be satkanal, &l
generadly acespied willdn the seicutific commamity. Tapast of coatounding Buetats such as exta
sarifiae formution of glutemine sl gluiomats, sxirestion efficieney of -1 apwzani 2¢ high
siiyoardisl fow rave asd clanges In meigbolle conditions an the socursey of data gorematsd were
addressed in the lisecatrre sisveyed. Thig tevdewer sxmicurs thal fhite is zufficiest evidence o
suppart the coneept thes. the trapping of N-13 ammonia in the myposandiue 2 N-13 glulaming i
{he “pharmascedogieal basts of svtion™ ofH-13 smimonis 23 weed in PET stadies 1o measre
rayocardial idaod flow.

The issue of whether pharmacolegyforicolagy stiedies fypécally candiscted and considerad
critical & support ihe safity of an MDA application Tave boon reporisd in the litesmture was

cxasmingd. No sledy specklically sddresslng the toxicology, carcinogenicity, genotonieity,
mpmiumw toaisalegy o ismsansteaicology of M-17 ammenia wax idetified i the Heerature.
Hawever, tea factars amelionte the lnck of dats; Extensive clinical expeaionie withioit fEpity
af snfely related comperms (ee mperddsory medics] officer reviea’ and e fact that MW-13
arnieEmis 4e ans sodugenons constitamnt sdministersd at o very low dose. Relative to Blood
congenipation, the st of ansueris coentaimed tn PEL sppllestbons {s snmil and mo cgmu:{t
ki pase imy prablem, M-13 ansnons will be foerrulased s 8 “nio sartler sddad™ prepseation by
various PET centers. Rufiziion dose rangs is 825 mCi with specific aciivity rangs of 200-440
miii per micreaols. The worst case scenario woubd predict sn smmoaia concentration of 0,175
micranal: for the 25 wCi dose, The physical half-léfe of N-13 amimsomia s 596 minutes, . The
aceeptable level of ispieiiies and offes compenenta {2 to be detesmined ug e time of individual
application feview, The safely of sach formailation wilh regards to-#s companents and fmpueitics
will be: determired a¥ the time of coch spplicstion,

Cveradl, K-13 emmonis i vand 1o weaaure svocundial blood e fo hessnos, Por sl use, waly
B dases are veduived which weisld hot be expected 1o abier the goerasl Iosd soncentraiiog of
thiz endogenmes constituent, The pharmsedloginal bagis of aetioa 5 well aiderstood and edineal

- evidenee eagpests thad W-13 pmaoonis s used in she Hierture by espenifafly nonefowic o humeas:
Altboughnet sl dats Typisally required by pharmacolopwisnicology in support of an NI
applicaiion wus be identified & the literatize survey, it 2 te consldeesd. opinion of this reviewss
that the need: foe alditicas] mom-clinical data con ber waived at ihis time.

It iz recommended that 315 ammwonis ke votsidsred for approeal far fsigateimi of
sryocardial Woed flow
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