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Studies reviewed by Dr. Wendelyn Schmidt (appended below)

I. Pharmacodynamics:
1. 506U87 Inhibited the growth of CEM cells in beige nude Xid mice.
2. Clarification of data on the Xid nude mouse CEM tumor experiments
Il. Pharmacokinetics
1. Pharmacokinetics of Nelarabine in the dog.
2. Pharmacokinetics of araG and Nelarabine in the monkey.
3. Pharmacokinetic parameters for Nelarabine and ara-G in monkeys after i.v. administration
of 60 mgrkg Nelarabine.
Toxicology
. Acute murine toxicity study.
. A report for AUC 512--an acute single dose i.v. study in beagle dogs with Nelarabine.
. Monkey toxicity study
An acute single dose i.v. toxicity study in the mouse with Nelarabine.
An acute 5 day i.v. toxicity study in the mouse with Nelarabine.
An i.v. dose range finding study with Nelarabine in cynomolgus monkeys.
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7. An acute 5 day i.v. toxmlty study in cynomolgus monkeys with Nelarabine including

unaudited draft copied of pathology.

8. A 30 day intravenous toxicity study in Cynomolgus monkeys with Nelarabine (with

recovery period). Serial # 036.

9. Nelarabine: An acute single dose intravenous study in Beagle dogs with Nelarabine.

Serial # 049.
These studies were contained in five reviews.

#1 Original review of IND 42,788 completed June 24, 1993

#2 Completed March 16, 1994

#3 Review of submission serial number 002, completed April 7, 1994

#4 Review of submission serial numbers 036, 045 and 049, completed April 28, 1998
#5 Review of submission serial numbers 110 and 113, completed March 7, 2001

Studies not reviewed

1) METHOD VALIDATION: Analysis of Nelarabine, Fludarabine des-Phosphate, and Ara-G in
Cynomolgus Monkey, New Zealand White Rabbit, and HanWistar Rat Plasma, using HPLC

— Study RD1997/02506/00
2) The Validation of a Method for the Determination of GI262250 (Nelarabine) and G1186598
(ara-G) in Stabilized Rabbit Plasma (ranges — ng/mLand — 1g/mL) using

HPLC  — Study RD2004/00764/00

3) Comparison of ara— G and Nelarabine Plasma Levels in Rats Dosed Orally with ara— G,
Nelarabine or 1493U89. Study TEZZ/95/0004/00

4) Nelarabine is a more potent anti-VZV agent than 96u68. Study TEZA/90/0010

Executive Summary

" Recommendations

See Labeling below

Recommendation on approvability

I find no pharmacological or toxicological issues that would prevent the approval of Nelarabine
for the proposed medical indication.

Recommendation for Non-clinical studies
None for the current indication

Recommendations on labeling
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Summary of Non-clinical findings

Brief overview of Non-clinical findings

Early research determined that rats, mice and dogs were not good models for Nelarabine
toxicology studies because they eliminated ara-G, the clinically active metabolite, much more
quickly than humans. Thus, the sponsor did most of the non-clinical development of Nelarabine
in the monkey.

Nelarabine is a potent toxin. It is cytotoxic in vitro at micromolar concentrations in
human bone marrow progenitor cell lines. Experiments in vitro suggest it is more toxic to human
malignant T-cell lines than it is to malignant B-cells.

Solutions of Nelarabine were not hemolytic and did not cause protein flocculation at
clinically relevant concentrations. Only 7 to 20% of a dose of Nelarabine is bound to human
plasma and binding did not increase with concentration over a range of 6 to 600 uM. Binding of
ara-G increased from 7 to 24% over this same concentration range.

Nelarabine did not inhibit any major human cytochrome P450 isoenzyme. Nelarabine
did not inhibit the P-glycoprotein transporter nor was it a substrate.

Based on limited information, single doses of 300 mg/kg or less in the monkey cause
little toxicity but higher doses appear to cause some saturation of metabolism. The increase in
AUC becomes greater than dose normal. Single doses of 400 or 500 mg/kg result in irreversible
neurotoxicity, manifested as a deepening loss of consciousness within hours after dosing. This
neurotoxicity is distinct from the Guillain-Barre like syndrome seen in patients receiving
Nelarabine chronically.

Nelarabine distributes widely and rapidly to all major tissues. Concentrations in
metabolic and excretory organs were usually higher than the concentrations in blood.
Concentrations in the brain and CNS were lower than the concentrations in blood. The
concentrations in other major organs were approximately equal to those in blood. Monkeys
eliminate most of an IV dose of Nelarabine in the vrine (>62%) within 24 hours. The monkeys
excreted less than one percent of total radioactivity in the bile and less than 2% in the feces. Less
than 80% of the radiolabel was recovered after 10 days from the intact animals suggesting
biological incorporation.

In humans, the half-life of ara-G is between 2 and 4 hours, Trmax occurred after about two
hours, CI/F was about 0.3 L/h/kg, V/F was about 1. At the recommended clinical dose for
adults, the AUC was 23 pM*h, Cp.x was 14 pM, clearance was about 8 L/h/kg, half-life was
about 16 minutes and the volume at steady state was about 9 L/kg. AUC and clearance increased
roughly linearly with dose but there was considerable variability.

With the exception of the neurotoxicity, Nelarabine causes a spectrum of toxicities that
one would expect with a purine antimetabolite. Monkeys tolerated single IV doses of 3600
mg/m’ with few signs of toxicity, but higher doses caused fatal neurotoxicity. Monkeys that died
showed loss of palpebral reflex, shallow respiration, flaccid limbs, and minimal jaw tone resulting
in death within hours. Monkeys tolerated five daily doses of 1800 mg/m? showing dose
dependent decreases in WBC and platelets and a decrease in thymus weight. At this schedule, a
dose of 3600 mg/m” killed 3 of 4 monkeys by day 13. All monkeys at this dose had tremors and
convulsions, neurotoxicity distinct from that seen after a single dose. Body weight decreased as
did WBC and platelets. AST and ALT increased 2 to 12 fold. BUN, triglycerides and glucose
rose. Microscopic damage was found in proliferative tissues, G, spleen, marrow, thymus. There
was congestion in the lungs.



In an IV study with dailyX30 dosing, monkeys tolerated doses of only 120 mg/m* with
decreased red and white cell parameters. 240 mg/m’ killed one of six monkeys on day 28. A
dose of 480 mg/m” killed three of 10 monkeys despite the secession of dosing on day 23. Red
and white cell parameters decreased significantly. Significant damage was seen in the brain
(cerebellar degeneration, perivascular cuffing in the cerebrum and cerebellum) and the spine
(vacuolization and myelopathy, not reversible in surviving monkeys). Changes in clinical
chemistry parameters were suggestive of liver damage. There was lymphoid infiltration in the
bladder, kidney, trachea, salivary gland, lacrimal gland and heart. In females, there was
myocardial degeneration and liver damage (cholangitis, edema and vacuolization).

An IV dose of 3600 mg/m?*/d or about twice the adult recommended dose given to
pregnant rabbits during organogenesis was toxic to the does, causing mortality, abortion,
decreased body weight gain, and labored breathing. The high dose was not embryolethal but it
did cause toxicity, which manifest as low fetal weight. All dose levels including 1200 mg/m*d or
360 mg/m?/d were associated with fetal abnormalities including cleft pallet, absent polices, absent
gall bladders, accessory lung lobes and fused or extra sternebrae. Lower doses were not tested.

Nelarabine was mutagenic (>10X controls) in the mouse lymphoma TK test.

Pharmacological activity

Nelarabine is a pro-drug of deoxyguanosine analogue 9-f-D-arabinofuranosylguanine
(ara-G). Adenosine deaminase demethylates Nelarabine to form the active compound.
Intracellular deoxyguanosine kinase and deoxycytidine kinase phosphorylate ara-G sequentially
for form ara-GTP. ara-GTP substitutes for GTP in numerous biological processes including the
replication of DNA. This substitution leads to inhibition of DNA synthesis and cell death.
Malignant T-cells are killed by this process because they are rapidly replicating. Nevertheless,
ara-G has the potential to kill any replicating cell. This mechanism appears so well accepted that
little research has been done to determine other mechanisms. The acute lethal neurotoxicity seen
in monkeys is probably caused by a different mechanism.

Non-clinical safety issues relevant to clinical use

Nelarabine is a potent toxin. It is cytotoxic in vitro at micromolar concentrations. It
causes dose dependent myelosuppression in humans and animals and toxicities that suggest acute
liver damage. The unusual neurotoxicity seen clinically and non-clinically is possibly due to a
secondary pharmacology and not the intracellular formation of ara-GTP. The toxic dose response
curve for lethal neurotoxicity in the monkey is relatively steep, 300 mg/kg is non-lethal but 400
mg/kg (4800 mg/m®) killed one monkey within 4 hours. Nelarabine is a mutagen. It is also toxic
to the developing fetus.



PHARMACOLOGY AND TOXICOLOGY REVIEW

Introduction and Drug History

Dr. Joanne Kurtzberg submitted IND 42,778 in June of 1993 specifying “Compound 506,
ara-G pro-drug” for —_— . Dr. Wendelyn Schmidt reviewed the initial
submission. GlaxoWellcome acquired the drug some time after 1994 and continued development

During early clinical studies, nelarabine demonstrated some activity in patients with
multiple types of hematological malignancies. Investigators observed the greatest activity in
patients with T-cell disease. Results of the first Phase I trial, Study PGAA1001 [RM2002/
00406/00], showed an overall response rate of 35% (33/93), including complete responses in four
adults and six children with relapsed or refractory T-cell acute lymphoblastic leukemia or
lymphoblastic lymphoma (sponsor’s estimates). Complete and partial responses were observed in
patients with other T-cell malignancies, and PRs were observed in subjects with various B-cell
malignancies.

Phase II studies included patients with a variety of hematological malignancies and
included both children and adults. GlaxoSmithKline collaborated with the Cancer Therapy
Evaluation Program, Division of Cancer Treatment and Diagnosis at the National Cancer Institute
during the nelarabine clinical trial program. Both GSK and NCI hold INDs for this compound.
Between 1994 and February 2005, over 900 patients received nelarabine on clinical trials or
special exception protocols under these two INDs. There are five phase I studies, nine phase II
studies and a compassionate use program either completed or ongoing. GSK included full study
reports on four Phase I and three Phase II studies with this submission. They have partial
information on the other studies. The following tables (sponsor’s) summarize these clinical
studies. '

Table 1 Listing of Clinical Studies
Protocal . JType of Study| Study Study Key Inclusion Criteia of No. of Subjects: Gender]  Trésatroant Detalis Study Location of
No, Objective(s) Design Subjects MF: {Drug/DoselFornvRouteifStatus: Type]  Study
Meéan Age (Range) Frequency/Duration) § of Report Report
PGAA1001 |Dose Détermine MED  {Open- Reltactory hematologi {34 fewk palients 5,10,20,40,60 mgikg, Completed; [mS$.3:3.23
1eéscatating, PK.|and toxicities, fabel, {malignancy in refapse In aduit 32 malel7 temale and 1000, 1200 g/
safety define PK, jects. (18 y at fime &t 44.7 y (18-75 ) inelarabine by intravenous : Final
’ |establish Dose-fising jenolimenty ‘ infusion dver ong hour
preliminary elficacy daily for fivg
26 lymphoma petients i ive days,
Y6 mae/t0 femaly
453y {1974 5}
Ref Y Jogi 26 lsukermia patients §,10.20, 46,60, 75
imsalighiancy in relapse in pediatric *18 male/d female mgfkg, snd 1200 nxy/mé
subjecis <18 ai fme of enroliment) {93 y {3-17 v} iriglarsbing by intravenatis
oo infusion ovar one ficur
2 tymphoma patients ance dally for five
2femaie 13,5y (13-4 y} jconsaculive days,
RGAAT0NZ Dose Detefmine MTD  :0pen- Refracioery hematologic- 17 patieats 900, 1200, or 1500 mgim?iCompleled;  im5.2.3.2.1
esgalaling, PK,jasd (oxicities. {abel. niaiignancies in adulf subjects 13 maie famate 424y inelarabine by intravenous
safefy define PK {218 v at time of first those) (18-71y) " iinlusion overa tao-howr  Final
Oase-nsing perivg once dady for three
' consecufive days
Réfraciory hemaiologic 10 pagients 00, 1209, or 1600 teggrm?
i ies in pediatic subjects 17 male/3 female [arahine by intravenous
(<18 y at timse of first dose) 127 y{6-18 % infusion over a 2-hour
. period pace daily for
eithes 3 ot § consecutive
days




‘Protocal [Type of Study] Study Study Key tachision Criteria of frio. o:Sub,ea: Gorder]  Treatment Deteils Study  JLocation of
Neo. -Ohjectivels) Deskn Stibjécts (DrngDoualFomVRoutei Status: Typed  Study
Mosn A (Range) . Frequency(Duration] § of Repart | Report

PEAAYNT |Dose Deferntine MYD,  {Open- Refractory hematglogic 46 patients 1200, 1500, 1800, 2200; Completetl, (M53322
: edcaialing, PK.iikilies, P profile} abel, misgnancies i adul patients 28 maie/18 female: 2500, or 2500 foglin?
ety and preliminary (%18 y attime of enrallnvnt) 53291977y rietarabine by Intravenous (Finat
anitiimes efficacy | Dose-rising infusion over a 2:hour
am 4n1racetluar ’ pericd.on Day 1, 3 and %
ol
am-GIP
Rekaf.tory homaibloglc 2 patients. 3360 0r 1500 mginv
maggnancies in padistric subjedls 12 male nolarabing by inliavenous.
(<18 y al time of srvollment) 25y {12y} iRusion cver @ 2-var
period.on Day 3, 3, and 5
PGAATI0S |PK/PD, salety {Evaluate effect of. |Opendabel IChronic tymphocytic jeukemia 13 patients 1200 mg/im? nelarabline  (Completed;. 1m53.324
ffudarabine on relractory lo prior regifens with 9 maleid fomale by intravenous infusion
rntraceliufar pusing anaiogs or alkjlaing agents 87y (183 Y] overa2bourpedodon  [Fing
concentratians of or boti {age 215 §) ylet&y Days 1, 3, and S and 35
ara-G1P, g fludatablne by
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conrses,
Protocol [Type of Stidy Study Study Key Inclusion Criterlaof  JNo. of Subjects: Gender]  Treatment Details Study | Location of:
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Mean Age. (Range) FrequencylDuration) | of Report Regort
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relapse and <25% blasts in Stratym 04: 34 palients,
martow, first o gréaes 26 mate/8 lomale
relagseehacton. 133y (24~ 713y),
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Protscal |Type of Study| Stidy  Bligdy ey Inclusion Criteria o | No, of Subjects: Gender]  TreatmentDstails | Study  f Locationof
No. ' Objéctive(s) Design Subjects MF: - (Prug/DoseiFormVRoutelf Status: Type]  Study
’ ) Mean Age'(Range) | Frequency/Doration} |’ of Report Report
CALGE Efficety, Dalerming rates of :Opondabel |Relajised of mffactory T-ALL or T- 139 patients 1500 mgim?.a6-a two- Compieted;: |m5.3522
19609 . isafely complefe and " |LBL,positive for 2 of 7 spectiied 132 male/7 female fiut infusion
PGAA200Z paitial response, cell surface aotigens, with CLer 1350y (16-66v), adminslered ondays 1. iFinal
'fime 1o response, 250 nimin a0d bifubin 2 % 350t a-23-day cytle.
Huration 8 ULN, vithout CNS disease Three subjects received a
respofise, overdl auining infcathecal or starding dose of 2200
sirvivaland one- craniospirial radiation therspy o figiny?,
year survival, history.of seiziie disonteror 2.
evaluale safaty of gradde' 3 neurolpgic toikity dufing
Wreatrmerit, prior ireatrment of ALLALBL and a0
determing impact pre-existing ewopaihy 2 grade 2
of realment on at time of regisiration (age 216 y),
Syryival,
PGAA2003 {Efiicacy Evalualé rates o Opendabit |Chednic ymphiocytic leukemiz 187 pationts af 2dosage {2200 mgim? Compigted;  |m§3.523
safely, PK  icomplete ad refractory fo fiodarabine and & flevels (2200 mgint?, 1580 |(3ubsequently modified by '
pastial raspcnse, et ane alkylator oc alkylator-  mg/mv). amendrnent lo 1500 Firta!
fine'to maximal ining regimen {age 218.y). | mgim?) adminfstered.as a
response, duratiare ’ 2200 mgim? two-bou? infusion on Diy
free resonse, 20 patienis 1,3, and 5,
progréssion-ftee 15 male/5 tenvdle
survival and averall 5B.9y (44 F74}.
survival, define )
safely. and 1500 mgim?;
evaluaté PK of B patienis
nelatabing and 45 miades21 female
metabolitds in 609 y (43 80y).
muliigle freatment
CQUIRES,
Protocol. JType of Sty Study Sludy Kay Inclusion Criterid of No, of Subjécts: Gendar]  Treatment Details Study Location of
Ne. '} .Objective(s) Design Suibjects Wr: {Drug/DoselFormiRoutel] Status: Type] ~ Study
 Mean Age (Range) FrequencylDuration) { of Report Report
CALGB Dose- Oelermine MTD, | Open tabel. [Henvtdlogic malignanciss that 10 patients {controlam |1 cohort al 1500 Closed; m5.354.3
69803 escalaling.  [safely, bave falled Standant therapy of for bwith norma hepaticand  |mglmPiday 1V infusion
safety. PK pharmacokinglies | Dosexising jwhich no standard fherapy exists  {renal funckan) over 2 hours on days 1. 3, {Study Section 3.4
of nefaratiog in {age =18 y). and 5. repeated every 21 {Summary
subfects wilh renal days. 4 cohors starting
or hepatic a1 1000 mgimiday IV
impairment oter 2 Fours endays 1,3,
and §, repeated every 21
days,
SWOG iSafety. Investigale safety {Open label ;Adult subjecls with relapsedor 120 patients 1500 mgiméfday IV Ciosed: m5.354.4
S0010 elficacy and eflicasy of relractory non T-cei ALL vith administered as a two-
nelaratine morphological characteristics of hour infugion on days 1,  [Siudy Seciion 3.2
ALL as determined by FAB ciass 3, and 5, repealed every  {Summary
Lt 12, having falled standand 21 days.
indugtion thesapy or hisiing
relapsedd foliwing a succesishul
irduction theapy (age 216 y).
CALGS  (Safety, Investigate safety | Open label {Previously systemically unlreated 119 patients 1500 mg/m¥day Closed! m5.354.3
59301 afficacy and eflicacy of cutaneous T-cell ymphama inistered by 2-houe [V
nelarabing (CTCL) o refractory of relapsed inlision on days 1, 3, and {Study Section 3.3
non-citaneous peapheral T-celi S sepeated every 21 days, |S b
Iymplosia (PTCL). Age<?0y.
MDACC 86 1Safaly, investigate salety, |Qpertlabel [Subjects willh previcusly weatéd T- |2 patients 1500 mpfmiday by 2. {Closed: 15.3.54.1
elficacy, PK  :efficacy and celf ymphoma, Age 218y, hour infusion on days 4,
o G 3. Srepeated every 28 [Study Section 34
of nefarabine days. Sumgmary
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Prolocol - fTypeof Study ‘Study Study Key Inclusion Criteriaof | No. of Subjécts: Gender]- Treatmént Defaily " Study Logation of
No.” } Objectivefs) Design’ Subjects MIF: (Drisg/Dose/FormiRoutelfStatus: Type] - Study
. ) Mean Age (Range) FrequeicyiDuration) ] ofRegort | "Report
COoG Salety Exdiing the Opsn iabal [Newly diagnnder pedialric 30 palisols 1406 myfniday (max Origaing;  im535.41
AALL00P2 iowicily of subsects with T-ceif AL dnd pooy dogeof 800 mg) by -
aclwabing when response {6 pradnisons {age >1Y, hout [V infuslon e days | Status Repont]Section 4.1
incorporaled into <22 y). 29~ 33 as partol &
an infeaslye Bedin- modilied BFW standard
Frankiut- RG-régimety it induction,
Muenster- (BFM)- réindction,
based therapy malienance, Jor
) prednisone-pooe
response. Subjects with
MRD receive riefarabing
{dosa not specilied) os
pert of modfied BFM
regimen & re-induction
and mainlenance.
MDACC  iSalsty, Establish response {Open abel |Subjects with relapsed o 23 patients Reduced to 1500 mg/m?  [Ongoing;  im5.3.54.1
430 efficacy, PK  irate. follure-free refractory indolont. B-eff o 1Y {from 2200 moim2)
’ ahd progression- pedphera! T-cell nanlle days 1, 3, Srepeated Siatus ReportiSection 4.2
free stivival, lymphoma, Age z16Y. ety 28 days.
toxicity sl '
pharmacokinelics
of nétaratine
TRC 9701 {Safely, investigate lhe Openfabe! |Subjecls wiih relapsed or 28 patienis 2200 mgini as atwe Cagoing: m5:.3.54.1
efficacy ~  {safely and eficacy refractory T-celf AL or T-cell LBL. hour-inkasion days 1, 3, 5,
of nelatatine fage =18 y). ) feduwd {0 1Siatus ReportiSaclion 4.3
1500 mglm‘ rep&aléd
evary 21 daysfor g
maximutri of 12 cycles.
Prolotol [Tyje afStudy| Study Kay kiclugion Criteria of  INo, of Subjects: Gender]  Treatmeint Detaits Study | Lozation of
No. Objective(s) Subjects MIF: (Drug/Oose/FormiRoute/}Status: Type]  Study
Mean Age {Range} Frequency/Duration} § of Report Report
Spactial Spacia) kiake nesarabing Relapsed or relraciory T-ALL oc T- 1392 patients Pedialric subjects: 650 :Ongoing: m5.3.54.1
Exceptions Excepli ifzhle o LBL whip are not candidates far maini Y over § hour
Protacols palients who are oiher lrials and are not Jikety o days 1~ 5 every 21 days.  Stalus Repor | Seclicn 4.4
0oi candidates for beneflt ram avaifable ireatment
other Iels snd are optlons, Adults: 1500 mgine? I/
nol fixely to beaedt over 2 houss days 1.3.5
{rom avafable every 21 days.
{reatment oplions,

The primary toxicities seen in adult patients are hemoglobinemia, neutropenia,
thrombocytopenia, constipation, nausea, diarrhea, vomiting, fatigue, pyrexia, dizziness,
somnolence, cough, and dypsnea (all grade incidence > 20%, sponsor’s estimates). Neurotoxicity
is dose limiting. The neurotoxicity is somewhat unusual. In some cases, it resembles Guillain-
Barre syndrome characterized by the loss of some peripheral reflexes. Neurological adverse
events were reported for 58% (264/459, sponsor’s determination). The majority of the
neurological events were grade 2 or lower.

For pediatric patients who were treated with the recommended pediatric dose (650 mg/

m®), toxicities included neurologlcal events (32%), CNS events (19%), PNS events (17%) and
MSC events (10%, sponsor’s determinations). Children probably have a lower incidence of
neurological toxicity than adults do because the recommended pediatric dose is lower than the
adult dose. The incidence of neurological adverse events did not vary with race or gender but
appeared to increase in frequency as a function of the patient’s age.

NDA number 21877
Review number 1
Submission: N 002, September 3, 2004 EDR
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Information to sponsor
Sponsor

Reviewer name
Division name
Review completion date

Drug
Trade name:
Generic name:
Code Name
Chemical Name
FW  297.27 g/mole

Structure

HCo | Chiral

508UTS

Relevant INDs
Drug class

Intended clinical population

Clinical formulation

Route of administration
Dose (adult)

Schedule

Course

Dose (pediatric)

Disclaimer:

No
GlaxoSmithKline
King of Prussia, PA

W. David McGuinn, Jr., M.S., Ph. D., D.AB.T.

Division of Oncology Drug Products, HFD-150
October 3, 2005

ARRANON®

Nelarabine

506U78
2-amino-9-B-D-arabinofuranosyl-6-methyoxy-9H-purine
CAS not given C1 1H15N505

42,778 (GSK) and 52611 (NCI)

cytotoxin

patients with T-cell acute lymphoblastic leukemia and T-cell
lymphoblastic lymphoma whose disease has not responded to or
has relapsed following treatment with at least two chemotherapy
regimens

sterile solution in glass vials

Each vial contains 250 mg of Nelarabine (5 mg/mL)
Sodium chloride 4.5 mg/mL

50 mL Water for injection, USP

IV, 2 hour infusion ’

1500 mg/m*

days 1, 3, and 5 every 21 days

21 days

650 mg/m’ IV over 1 hour for 5 consecutive days repeated every
21 days

I have copied and inserted all tabular and graphical information directly from the

sponsor’s electronic submission unless otherwise specified. In most of the tables
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and graphs I have constructed, I converted the sponsor’s mass units from grams
to moles. I calculated the percentage differences in tables as (value in exposed
animal — value in control)+(value in control). I have excerpted some of the
information from Dr. Wendylen Schmidts reviews of IND 42,778.

Pharmacology

1) Human in vitro marrow progenitor cell toxicity of 155U70UL (ara-G) and
Nelarabine

In this study investigators determined the cytotoxicity of 155U70UL (ara-G), AZT and
Nelarabine in vitro in two human bone marrow progenitor cell lines, CFU-GM and BFU-E. The
cells were from three different donors. The following table (sponsor’s) shows that Nelarabine, a
prodrug of ara-G, was toxic at concentrations about twice those that were toxic with ara-G.

Tablel Isg:pM # 8E (standard error)
CRULGM BFLLE # sipt

15517001 (a!a-G]_ 41 07+£02 3

506UTBUQ. BE1 2 03 3

AZT (309UBIUB]) 6%5 0.4 +0.1 3
Study number ' TEZZ/95/0017
Laboratory Burroughs Wellcome, Co., RTP, NC
Date February 1995
GLP No
Audited No
Drug Nelarabine, purity and lot not specified

2) T-cell versus B-cell selectivity of Nelarabine

In this experiment, investigators tested the ability of Nelarabine to inhibit the growth of a
human T-cell line (Molt 4) relative to its ability to inhibit a human B-cell line (IM9) in vitro.
They also compared the toxicity of Nelarabine with that of other purine arabinosides. The
following table (sponsor’s) shows that Nelarabine was considerably more toxic to T-cells than to
B-Cells, as were the other arabinosides. It was more toxic to T-cells than was ara-G.
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Coripound
506078

araG

araH

araA

araA+ EHNA
5061J78 + EMNA

Study number
Laboratory
Date

GLP

Audited

Drug

3) Comparison of ara-G and 506U in T-cell and B-cell lines

50, uM (% of Control growth} ..

Mokt ¢ _cells. M9 celly
0.9+ 0.1 >10 {85%}
14 % 0.08 >10 (84%)
»10 (72%) >10 (90%)
20%6 >10 (76%)
0.8 & .06 11215

>10 (72%) >10 (87%)

TEXR/ 90/ 0006

Burroughs Wellcome, Co., RTP, NC

February 1990
No
No

Nelarabine, purity and lot not specified

Investigators again tested the relative toxicity of ara-G and Nelarabine against various
human T-Cell and B-Cell lines in vitro. They also tested the ability of two inhibitors of adenosine
deaminase, coformycin and EHNA (erythro-9-(2-hydroxy-3-nonyl) adenine) to diminish
Nelarabine toxicity by blocking its conversion to ara-G. The following table (sponsor’s) shows
that in most T-cell lines the two compounds are approximately equipotent and in the pM range.
Neither compound was toxic to B-Cells (IM-9). The presence of either inhibitor of adenosine .
deaminase diminished the toxicity of Nelarabine as a function of concentration as one would

expect.
Table 1. I8 vitro toxiery (I€s0 Yof ana-G ond SOOU wiih several ceil lines
The ICsp for 2ra-G and 506U in hwon T-cell (CEM, CEM CD4+, MOLT4), B
ocll AM-9) and. e 1)037) ocll lines
COFORMYCHN (i)

Compound Cell Ling 0 0.1, 1 10
060 GEM V9402 15403 24102 1543
ra-G CEM 0.7020,08 0.6020.05 0.4320.06 0.60x0.05
5061 CEMCD4s 3440.8 127309 7527 54£313
sre-G  CEM Cids 50402 31402 3502  26:0.2
506U M »>200pM > 2004M > 200pM > 2004M
G 9 >200pM >200iM > 200:M > 2004M
506U MOLT4 L6:0.2 1602002 1.720.2 1343
G MOLT4 18402 17201 16203  L7x0.1
s0eu U937 13103 39805 1 s745
w2l U937 0.46£0.43 0.6240.11 _0.6120.16__0.6010.03

R EHNA (M)

Compound __ Gl Lie [ 0. [ 19
] 16803 24404 81 2748
e ' CEM 0.6010.01 0.50£0.06 0.5020.02 0.6020.02
5060  CEMODA+ ¢ 44203 12410 4454 5135
w0 G CEMCD4+ @ 32402 20602 2100 11200
506y 9 220008 >200uM > 2004M > 200iM
G M9 >1004M > 100pM > 100pM > 100 M
S0&Y MOLT4 1.40£0.02 19204  7.8:iL2 143321
-t MOLT4 23102 2304003 19101 L720.0
st6y U537 1.0x0.1 9,230.2 2524 -

37 4420, 540,10 _0.4620.07 -
2 Cgp: Concentration that inhibited grosvt S0% conpared to untreated control cells.
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Study number TEZA/94/0071/00

Laboratory GlaxoSmithKline., RTP, NC

Date August 1994

GLP No

Audited No

Drug Nelarabine, purity and lot not specified

4) Anabolism of Guanosine Arabinoside [155U70, ara-G] and 2-Amino-6-
Methoxypurine Arabinoside [Nelarabine] in CEM Cells

In this experiment, the investigators incubated CEM cells with either radiolabeled
Nelarabine or radiolabeled ara-G in the presence or absence of deoxycoformicin, an inhibitor of
«adenosine deaminase. They then measured the intracellular concentration of radiolabeled ara-
GTP by HPLC. The table below (sponsor’s) shows that the cells took up both compounds and
phosphorylated them to about the same concentrations in the absence of deoxycoformicin.
Deoxycoformicin blocked the formation of ara-GTP by blocking the conversion of Nelarabine to
ara~Q.

Table 1. Intrecsilular Concentration of [*Hlara-G 5'~Triphosphate in CEM Calls
incubated tor 4 hr with 100 .M PH]ara-G or [PHJ506U78 with and without
1 uM Deoxycoformycin

ara-GTP
Compound Deoxywoformycin - (pmol/10% cells)
100 1M arn-G . B3L164
108 uM ara-G 1M 65.1+22.1
100 g Sp6UZ —— H7:N3
100 M S06U78 1 pM 69070
1 Mean # standard deviation, N=3,
¥ Statistically signifi ant ditf T-test, p<0.05.
Study number TEZZ/94/0037/00
Laboratory Burroughs Wellcome Co, RTP, NC
Date May 1994
GLP No
Audited No »
Drug [8-’H] Nelarabine (Lot #100-287-022, radiochemical purity > =

[8-’H] ara-G (Lot #67035, radiochemical purity > =

i

5) Growth inhibition of human leukemic cell lines by Nelarabine and 155U70

This study is similar to those above. The investigators treated human T-cell leukemia
cell lines (Molt4, CEM and CEM-CD4), three cell lines expressing monocyte markers (U937,
-—— -and THP-1) and a B-cell line (IM9) to determine the relative toxicity of Nelarabine
and ara-G. The following table (sponsor’s) shows that the drugs were more toxic to the T-cells
than the B-cells.
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Tatile 1. Inhibition:of Five Hiiman Leukem|c Gell-Lines by §08U78:0r 156U 70 In
-mq-l'.r_&en_comﬂ'Ablancdotﬂwomyanu? EHNA :
-Data-ana presented as te inedn 50% inhibitiry. conosnteation (uM) *

2 ot determined beeausd of inibition of U937 ¢sll growth by 16uM EHNA

APPEARS THIS WAY
ON ORIGINAL

17

standard daviation (w4,
n [COFORMYCINY M
Compound | Cellline NoPrug 01 I 16
SRUJEUD | CBM | 19302 180§ 24302 5127
L IsSUMUH L - CEMS 07£008 06005 04A3£006 063005
BO6UTOUD | Mold 16402 162002 1702 1334
BSUBUH | Moltd  16:02 19801 L6203 17005
S0sU7BUD| U937 1274005 B39%05 1n#1 5745
IBURUH| U®B7 05404 - 06%01 0602 062003
506U7BUD |[CEMCD4r 34%08 137:09 7517 50 10
155UUH. |CEMCD4+  50+02 3102 3502 26102
SGUAUD | IMS »2000M >2005M  >200pM  >200uM
IBUTOUR | M-8 >200uM  >200pM  >200uM  >200 gM
[EHNAL M
Compound: Cell Lme - Mo Drug 0.1 i 10
SRUTBUD|  CEM 162014 24404  Bx1Z 29476
15U7UH ] CEM 063001 058006 05002 061002
596U7B.UD1 Molt4 142002 1904 8£1 14.£1
155UUH | Molts  23£02 23208 19£01 172005
506U7BUD | U937 1501 92302 2514 N:p2
155U700H] U987 044seod 05101 0481007  ND.
506U78UD |CEMCD4+ 44303 12£14 444 515
1SUAUH JCEM COg+  32£02  20£02  21+01 1071009
SeUZBUD. ] M9 >200pM  >200uM  >2004M  >200uM
1S5U70UR L. IM-9 >100uM  >i00pM  >T00uM > 100uM



Tabin 2 !nmmuon of Thraa Human Leukemic Coll lves y 508178 or 165070 in
th. jeiica and Absence of ‘Dapxycotormytl.or EHNA

g’ proseditod as the maan 50% mhﬂurycomémmﬂon fum} 2

umdard ‘doviation (nud).

[EOXYCOFORMYCIN, uM

Compound Celiline  ‘NoDrug 01 1 10
SOGU‘?HJD CEM 0362005 0481008 1421006 84103
1B5UZUE CEM 039£.07 0374003 040002 0.56:005

SEUZELD | Molts 0713006 071006 21£02 197305
ISSU70UH | Mol 0653007 0741009 OTIE00B 096

ROEUTEUD | U9SY 13202 1242 »50 550
ISSUDUH | Usr 0674004 0601002 Q498005 DE3:001

EHNAL M
Conipound | CellLine  NoDmg 0 1 10

“506U78U CEM 030730006 0624005 1231  30x04
IBS0700H | CBM 031%006 0321005 0.32£002 01140001

S6U7EUD | Moltd 0202009 12401  28£03 7808
BSUFOUH | Molid  0/63:£005 0551002 O048X0M 0342002

selzeUD | Usar 39+03 1341 B+7. N2
ASSL7OUH Ue37 0641006 075001 0641004 ND
“ratd oot | of US37 ull growth by 10uM EHNA

Yablo 3. Susceptibility of Thrse Human 'Monocytlc Leukemic Cell Lites to S06U78
and 188070
Datn are pressnted as the mean 50% inhibitorv congentration
{tM) £ standard deviation (n = 6 forUS87 and  ~~ ¥ 4 for THP-1)

Compound Cell !@ne 150 (uM)
BoaU78UD Ug37 15404
155U70UH usa? 10404
S6UTBUD / 08105
1550700UH R 0.8+04
S06U7BUD THP-1 >50

155U70UH THP-1 »50

Again, this experiment demonstrates that inhibition of adenosine deaminase decreases the toxicity
of Nelarabine.

Study number TEZZ/95/0001

Laboratory Burroughs Wellcome Co, RTP, NC

Date January 1995

GLP No

Audited No

Drug Nelarabine and ara-G, lot and purity not specified

6) Efficacy of 506V78 and Ara-G Purging on Malignant T-, R-, or Stem Cells

Investigators in Dr. Kutzberg’s laboratory evaluated the ability of Ara-G and Nelarabine
to purge malignant T-lymphoid cells in culture. Both compounds killed comparable numbers of
cells at concentrations between 100 and 500 pM against wild-type T-lymphoidblastoid cells.
Nelarabine was less toxic to malignant B-and stem cells consistent with other results above.
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Study number RR1998/00119/00

Laboratory : —

Date August 1998

GLP No

Audited - No

Drug Nelarabine and ara-G, lot and purity not specified

Pharmacology summary

Nelarabine is cytotoxic in vitro at micromolar concentrations in human bone marrow
progenitor cell lines. Experiments in vitro suggest it is more toxic to human malignant T-cell
lines than it is to malignant B-cells, in some cases by at least a factor of 10. In some cell lines it
is more toxic than ara-G. This is probably due to greater uptake of the pro-drug and not a
separate toxicity. Nevertheless, a separate mechanism of toxicity is certainly a possibility and
one that has not been investigated.

Safety Pharmacology

1) Nelarabine: Skin sensitization (Magnusson and Kligman Maximization)
study in the albino Dunkin-Hartley guinea pig.

Major findings

Nelarabine caused some irritation during the induction phase of this experiment but it did not
cause skin sensitization upon re-challenge in the guinea pig.

Study number G22214
Laboratory Glaxo Wellcome Research and Development, Derby, UK
Study date April 1998
GLP Yes
Audited Report Yes
Drug Nelarabine, Batch MBR 027/02/01A
Method
Animal albino Dunkin-Hartley guinea pigs
N 10 control, 20 treated
Formulations

Intradermal Induction
a-1:1 Freund > s Complete Adjuvant (FCA) and distilled water -
b - 5% w/ v Nelarabine (higher concentrations caused local necrosis — sighting tests)
¢ - 5% w/ v Nelarabine in 1: 1 FCA and distilled water
d - 50% w/ v Arachis oil BP in 1: 1 FCA and distilled water
Topical Induction
¢ - 50% w/ w Nelarabine
Topical Challenge
f-25% w/ w Nelarabine
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g - 50% w/ w Nelarabine
Vehicle - Arachis oil BP

Study Design

Intradermal Induction: Day 0

Test Animals - 3 intradermal injections (0.1 mL each of formulation a, b or ¢ on each side of mid
line shoulder region.

Controls — treated as for test animal except injections were a, vehicle, or d.

Topical Induction: Day 7

Application on same site as intradermal injections.

Test Animals - formulation e applied under occlusive dressing for 48 hours.
Controls — treated as for test animals except used vehicle alone.

Topical Challenge: Day 21.
Test and control animals — application on flanks. Formulation f and g applied to left and right
flanks respectively under an occlusive dressing for 24 hours.

Observations

Body weights: Day 0 and 24

Skin reactions after injection or patch removal ( hours):
Intradermal Induction: 24 and 48

Topical Induction: 1 and 24

.Topical Challenge: 24 and 48

Results

Intradermal Induction: Well-defined or moderate to severe erythema was noted at the induction
sites of all test group animals at the 24 and 48-hour observations. Very slight erythema was noted
at the induction sites of all control group animals at the 24-hour observation and in 6 control
group animals at the 48 hour observation.

Topical Induction: Very slight or well-defined erythema was noted at the induction sites of all test
group animals at the 1 hour observation. Very slight edema was also noted at the induction sites
of five test group animals. Very slight erythema was noted at the induction sites of 9 test group
animals with very slight edema at the induction sites of 6 test group animals at the 24 hour
observation.

Topical Challenge: No skin reactions were noted at the challenge sites of any test and control
group animals at the 24 and 48-hour observations.

2) Nelarabine: acute eye irritation study in the New Zealand White Rabbit

Major findings
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A single application of 61 mg of Nelarabine in 0.1 mL of solution (about 0.67 M)
resulted in a maximum overall mean score of 6.7 on the Draize scale. Thus, Nelarabine caused
negligible eye damage and is classified as a Grade 1 ocular toxin.

Study number 122213
Laboratory Glaxo Wellcome Research and Development, Derby, UK
Study date March 1998
GLP Yes:
Audited Yes
Drug Nelarabine, Batch MBR 027/02/01 A
Methods
Animal Male New Zealand White rabbits
Doses 10 mg powder — 1 rabbit
Formulation 0.1 ml containing 61 mg — 3 rabbits
Measurement Draize scale
‘Results

10 mg application

The investigators noted a slight initial local pain reaction along with a very slight
conjunctival reaction 1 and 3 hour after dosing. The treated eye appeared normal at the 6-hour
observation.

0.1 ml (61 mg, or about 0.67 M) application
This high concentration caused a slight initial local pain reaction immediately after
application. It caused a slight conjunctival reaction up to the 3-hour observations, with a very

slight conjunctival reaction up to 6 hours. The treated eyes appeared normal at the 24-hour
observation.

3) An in vitro hemolysis and protein flocculation study with Nelarabine

Major findings

Solutions of Nelarabine were not hemolytic and did not cause protein flocculation or
increased turbidity at ratios that simulated total doses ranging from 35 to 140 mg/kg.

Study Number Tox 509

Laboratory Burroughs Wellcome Co., RTP, NC

Study date June 1992

GLP Yes

Audited Yes

Drug Nelarabine, reference number 91/0927-124-W
Methods

The investigators diluted Nelarabine with either 5% dextrose in water or in normal saline
to a final concentration of 10 mg/ml. They then added various amounts of this to type O positive
human blood mixtures (plasma and 50% suspension of washed human erythrocytes in normal
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saline). The following table (sponsor’s) shows that Nelarabine did not cause protein flocculation
or hemolysis at any of the concentrations.

Table 2
I Vise Hemolysis and Proteis Flooculation Study with 305078
o Yityo Protein Flocculation Results

Ratio Solution: Immediate Turbidity
Flasme Visual Flpespation NTU % 37C
LR (10 i By in Wat,
L4 nose 4
14 ’ nawo 7
110 a0ng kL3
1:10 none 76
SQ6UT8, (10 )i 0.9% sal
L4 none 68
14 "ONS 62
110 aone T
110 none s
Flasma Blank/Plasmn Blank 80780

* NTU ~ Nephelontettic Turbidity Units

Safety Pharmacology Summary

As one would expect Nelarabine is a mild topical irritant but it did not cause skin
sensitization on re-challenge. It caused only negligible irritation in the Draize test. Solutions of
Nelarabine were not hemolytic and did not cause protein flocculation or increased turbidity at
ratios that simulated total doses ranging from 35 to 140 mg/kg.

APPEARS THIS WAY
N ARIGINAL
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Pharmacokinetics and Toxicokinetics

1) An In Vitro Investigation into the Inhibition of Human Cytochrome P450
Enzymes by Nelarabine (GI1262250X) and GI186898X

“Major finding

Nelarabine did not inhibit any of the major human cytochrome P450 isoenzymes tested.
Cytochromes P450 are probably not involved in the metabolism of Nelarabine.

Study number CD2004/ 01142/ 00, 04DMMO14

Laboratory GlaxoSmithKline, King of Prussia, PA

Date March 31, 2004

GLP No

Audited No

Drug _ ' Nelarabine, batch #2, chemical purity —
GI186898X, batch 1,

Test tissue pooled human liver microsomes

Concentration range 0,0.1,0.33,1, 3.3, 10, 33, 100 uM

Incubation NADPH regenerating system, 37 C

Probe substrates appropriate to the cytochrome P450

Positive control inhibitors appropriate to the cytochrome P450

Detection LC/MS/MS

The following tables (sponsor’s) summarize the results of this experiment:

) inhibition of cytochrome P450 enzymes by 50BU78
450 Direct inkibrtion Metabolism-dependent inhibiticn: 1C30 (M)
G50 (i) Control pre-incubation ! ©  NADPH pre-incubation 2
1A2 > {00 > 100 > 100
28 > 100 > 100 > 100
286 > 100 200 20
7C8 >100 >100 100
269 >100 > 100 > 100
2618 > 160 >100 ] > 100
206" ] i > 100 > 100
3A4 {atorvastatin} >0 > 100 ] >100
" 3A4 (midazolam) > 100 »100 > 100
3Ad (nifediping) > {00 > 100 > 100
Inhibition of cytothrome P450 enzymes by Gi186808X
P45 Direct Inhibition Metabolism-dependent inhibition: 1Gso (1M}
1Css (M) Control pre-incubation * | NADPH pre-incubation 2
a2 > 100 > 100 > 100
248 > 100 > 100 > 100
286 > 100 >100 > 100
2C8 > 100 > 100 > 100
2CY > 100 >100 . > 100
219 >100 S0 0"
e e o -
34 {alorvastaiing 3100 S0 =100
3Ad {midazclamj > 100 > 100 > 100
3A4 (nifedipine} > 100 >100 > 100

1. Microsomes buiferand 5061778 or GI186898X pre-incubaled for 20 minules with probe substrate: priot o
inifiation of réaction with NADEH,

2. Micmsomes, butfsr and 508178 or GH86598X, pre-incubiated for 20 minutes with NADPR prior to initiation of
reattion with probe subsirate.
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APPEARS THIS WAY
ON ORIGINAL

2) Nelarabine: Pilot developmental toxicity study in non-pregnant rabbits
Summary
Plasma AUC (uMm:h) Plasma Crax (u)
506U78 ara-G 506U78 ara-G
‘Grp’ | ‘Dayt | Day12 | Day16 | Dayl | Dayi2 | Dayl6 | Dayl | Day12 | Dayi6 | Dayl | Day1z | Dayi6

2 117471 1.84 15.7 | 140 10.8 | 104 152 | 14.0

3 | 4.15] 433 | 25.3 | 253 19.8 | 19.9 26.8 | 26.0

4 (796 781 | 31.7 | 634 | 633 | 278 | 543 | 446 | 138 [ 573 ] 529 | 202

The values above show that most of the drug was rapidly converted to ara-G. On day 1,
Cuax and AUC increased linearly with dose. On day 12, C,x and AUC also increased
proportional to the increase in dose. The decrease in both Nelarabine and ara-G concentrations
was biphasic. None of these doses caused observable toxicity.

Study Number L40321, RD1998/00903/00
Laboratory . -
Date December 1998
GLP Yes
Audited Yes
Drug Nelarabine, Batch A97L.317
Methods
Animal female New Zealand White rabbits
Doses 0, 4, 8, or 16 mg/kg (0, 48, 96, or 192 mg/m?)

The doses were too low so the dose in the high dose group was
increased to 64 mg/kg (768 mg/m®) days 13-16

N 5

Schedule Daily days for 16 days

v 10 or 20 minute infusion

Formulation 0.45% saline

Pharmacokinetics days 1 and 12 (and 16 in high dose group)

Sample times 0, 5, 15, 30 min, 1, 2, 6 hours
See toxicology study of same study number below.
The following graph (sponsor’s) shows that the concentration of ara-G was considerably

higher than that of the parent drug Nelarabine. The decrease in plasma concentration was
biphasic for both compounds.
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Figure2  Day 12 & 16: Average 5U6U78 and Ars-G Piasma Concontrations

Day 12 & 16: 506U78 and Ara-G Plasma
Concentrations

uM Piasma Concentration

i—e—1emg/ay/day
H AraG

gr-semghiday
. A
I

0,01 + g
0 1

3

Tira After End of Infusion (h) J

a s 6

.-mwgﬁyamﬁn:wmmwmmmml.s and 16mpagrday swnples wece coliscted ¢ Doy 12

3) Pharmacokinetics of Nelarabine and Ara-G in New Zealand White Rabbits
Following a 1 Hour Intravenous Infusion of Nelarabine at 20mg/kg.

Major findings
AUCq Crmax CL tir
pM*hr UM Lihr hr
Nelarabine 6.3 7.7 10.8 0.29
sd 1 1.5 1.9 0.03
ara-G 77 46 0.88 0.87
sd 3.6 2.6 0.4 0.16
Study Number RD1997 03410/00; 97/APK/0009
Laboratory GlaxoWellcome, RTP, NC
Date November 1997
GLP No
Audited No
Drug Nelarabine, Batch not stated
Methods
Animal male New Zealand white rabbits
Doses 20 mg/kg (240 mg/m?)
N 3
Schedule single dose
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Route IV, one hour, ear vein

Formulation 0.45% saline

Pharmacokinetics Sample times pre-infusion, 0, 15, 30,45 min, 1, 2, 4, 6, 8, 12
hours, after the end of the infusion

Analysis HPLC, —

I found a problem with this study. In the listings for the individual animal data, the first
value, that one labeled 0 time-point and supposedly the first sample after the end of the infusion,
is in all cases listed as below the limit of quantitation (bql). The next value at the 15-minute time-
point is in each case a reasonable value and a maximum in the curve. I do not understand why
the value taken at the end of a one-hour infusion would be bql and that 15 minutes later would be
a maximum. The investigators do not address this problem. Including this point would make it
very difficult for WinNonLin to regress to a solution.

4) Pharmacokinetics of Nelarabine and Ara-G in Female Rat Following
Intravenous Administration of Nelarabine at 62.5 mg/kg

Major findings
AUC(... Crnax CL tp
. UM*hr M L/br hr
506U78 97.9 605 2.2 0.18
sd 12.3 78.7 0.3 0.2
ara-G 24 39 9 0.25
sd 3 4 1.3 0.02
Study Number RD 1997/03414/00, 97/APK/0144
Laboratory GlaxoWellcome, RTP, NC
Date ' November 1997
GLP No
‘Audited No
Drug Nelarabine
Method
Animal Hann Wistar female rats
N .5
Dose 62.5 mg/kg
Route IV cannula, femoral vein
Collection Jugular vein
0,0,25,.5,0.75,1,2,3,4, 6, 8, 12, 24 hours
Analysis HPLC —
analysis
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5) Pharmacokinetics of 2-amino-6-methoxypurine arabinoside (Nelarabine)
given intravenously to Cynomolgus monkeys

Major findings

The half-life of Nelarabine is somewhat greater on day 3 than on day 1 but the difference -
is insignificant, 12.5 and 10.5 minutes, respectively. The plasma half-life for ara-G is short but
considerably longer than that of Nelarabine, 1.8 hours and 1.6 hours on days 3 and 1 respectively.
Despite the fact that the predose measurement of [ara-G] is more than nine half-lives after the
previous dose, the concentration remains more than 1% of Cy,,. This suggests a longer-term
elimination rate constant not detectable by the non-compartmental analysis. Tpayx for ara-G is
rapid, 30 to 45 minutes, and the C,, values for ara-G and Nelarabine are comparable. But, the
AUC values for Nelarabine are 7 to 10 times less than those of ara-G, again reflecting the much
slower elimination of the latter compound. Nelarabine is a true pro-drug. The average C,,, for
ara-G was higher on day 3 than on day 1, 68 vs 57 uM, but the difference did not reach
significance. Nevertheless, this schedule was short; concentrations did not have time to reach
steady-state. I think the study provides a suggestion for some accumulation of ara-G.

The investigators say that “(t)here was no toxicity seen in this study.”

Study Number TEZA/93/0096-1; P221 92/0192-175
Laboratory Burroughs Wellcome Co, RTP, NC
Date May 1992
GLP Yes
Audited Yes
Drug Nelarabine, Batch A971.317
Methods ,
Animal male Cynomolgus monkeys
Doses 25 mg/kg BID (300 mg/m*/dose, 600 mg/m? total)
N 4 :
Schedule BID for three days, 6 hours between doses
Route IV bolus saphenous vein
Formulation 0.45% saline
Pharmacokinetics Sample times 0, 5, 15, 30, 45 min, 1, 2, 4 hours, immediately

before the second dose (6 hr), 5 and 15 minutes after the second
dose. This schedule was repeated on day three
Analysis HPLC, -—

The following table (sponsor’s) shows the results of this experiment.
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Table 2. Plasma pharmacokinetics of S06U78 given i.v. (o eyniomolgus monkeys. Day §.

Monikey

Cmax ar2-0 [ Tyax ara-G | Coyax ara-G AUC {506U78 ara-G 506U
{ h 506U78 | M) AUC Tin® [T
' (UM} {(uM-hy (min)

IMOT

TMO3

M5 /

Avglf) 57.0+7.9 [0.5%0.2 7 {G7.9I85 [155.5£22.4(24.3%7.2 |1.8%0.2 [10.3506

+8.1.

‘Table 3. 'Plasma pharmacokinetics of SO6U78 given i.v.to cynomolgus monkeys. Day 3

Monkey | pM ara- | Crmax Tmax | Croax am-G AUC [506U78 [ ara-Gy | 306078 ]
G*at  |areG  |ara-G  [SO6U78 | (uM-h) AUC T1r2 (h) | T1/2 (min)
predose | (UM) (h) (M) (UM

IMOI

TMOZ

T

1M04

:t\ggb 0.8+0.2 [67.0¥8 5T0.620.1 | 82.528.5| 199.1521.9({20.413.8 [ 1.6+0.9 [ 125571

Samples taken predose, at 5, 15, 30, 45 min and 1, 2, 4 h after the first dose. Samples
also 1aken immediately prior to the second dose (approximately 6 h after first dose).

*18 h after lasl dose on day 2

The following figure (sponsor’s) demonstrates the elimination profiles for Nelarabine and
ara-G in two of the monkeys on day 3. Elimination was biphasic for both compounds. '

Figure 2 shows the piasma pharmasoking £ 306U ara-G i \
after i.v, doses of 215) mg/kgSUGU'IS ties of SO6U7S and ara-G in monkeys or: day 3

6) In Vitro Investigation of the Potential for Nelarabine (G1262250) and ara-G
~ (GI186898) to Inhibit Human P-glycoprotein Heterologously Expressed in
MDCKII Cells
Major findings
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At all tested concentrations, the investigators measured no inhibition of *H-digoxin transport by
P-glycoprotein by either Nelarabine or ara~-G. The data demonstrate that Nelarabine and ara-G, at
concentrations up to 100 uM, are not inhibitors of digoxin transport via P-glycoprotein under
these assay conditions.

Study number 04DMRO020

Laboratory GlaxoSmithKline, RTP, NC

Date April 2004

GLP No

Drug Nelarabine, Batch R11341/14/1, purity > —

7) In Vitro Investigation of Both the Transport via Heterologously Expressed
Human P-glycoprotein and the Passive Membrane Permeability of
Nelarabine (GI262250) and ara-G (GI1S6898) in MDCKII-MDR1 Cells

Under the conditions of this experiment, neither '*C-Nelarabine nor '*C-ara-G were substrates for
human p-glycoprotein. Both compounds have a low passive permeability.

Study number R2004/00140/00, 04DMRO13

Laboratory GlaxoSmithKline, RTP, NC

Date April 2004

GLP Not required

Drug Nelarabine, Batch R10940/178/8, purity _

8) In Vitro Protein Binding of Nelarabine and GI186898 (ara-G) to Human
Plasma Proteins

Major findings

The following table shows that neither Nelarabine nor ara-G bound appreciably to human
plasma. Ireconstructed this table from the sponsor’s data.

Conc. pM % bound in pooled human plasma (mean + SD)
506U78 506U78 + dcF ara-G
6 10£5 1445 7+7
60 20+£15 10+9 12+38
600 7+4 6+5 24 +17

The investigators also measured the extent of protein binding of Nelarabine in the presence of
deoxycoformycin (dcF, 2.5 pM). dcF is an adenosine deaminase inhibitor used to prevent
Nelarabine from converting to ara-G in plasma. dcF did not have an effect on the binding of
Nelarabine. The variability in this experiment is unusually large due to small sample size and
possibly technique. Nevertheless, the experiment does establish that Nelarabine is not
significantly bound to human plasma and that there is no dose relationship associated with its
binding.
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Study number RD1998/02142/01, 98/AVT/0013

Laboratory GlaxoSmithKline, RTP, NC
Date April 1999
GLP No
Audited No
Drug Nelarabine, lot 92/0950-063-A, — ., pure
Methods
Tissue Pooled human blood plasma (two men and two women)
Concentrations 6, 60 and 600 pM
Time 30 minutes incubation
Separation ultrafiltration
Detection HPLC/ _
8) Studies of the guanine arabinoside (ara-G) prodrug, 2-amino- 6-

methoxypurhae arabinoside (Nelarabine), in monkey; pharmacokinetics
following 300 mg/kg i.v. dose, and effect of Ketamine anesthetic

Major finding

Ketamine anesthesia may slow the conversion of Nelarabine to ara-G in monkeys.

Study TEZA/93/0115, DRF600, SER579
Laboratory Burroughs Wellcome Co., RTP, NC
Date November 1993
GLP No
Audited No
Drug Nelarabine, lot and purity not specified
Animal Cynomolgus monkey :
N 1 with ketamine (10 mg/kg IM prior to dosing), 2 without
Dose 500 mg/kg/d for two days
Route IV, bolus
Analysis HPLC, -

In previous studies, monkeys given IV doses of Nelarabine appeared to descend into a -
deeper state of unconsciousness when they received Nelarabine after ketamine anesthesia. In
this study, the investigators attempted to establish whether ketamine anesthesia exacerbated the
toxicity of Nelarabine. The following table (mine) shows the major results of this study. The
monkey that was given ketamine died after the second of five planned daily doses of Nelarabine.
One of the two monkeys not given ketamine anesthesia also died after the second dose but the
other survived.
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Nelarabine ara-G
Route Dose AUCq. ti2 AUCq. ti2
mg/kg  mg/m? uM*hr hr uM*hr . hr
1V Bolus no Ketamine Lethal 500 6000 2030 0.5 7490 3.1
1V Bolus no Ketamine 500 6000 1570 0.3 10000 4.4
IV Bolus with Ketamine Lethal 500 6000 6290 05| @ 5220 2.3

The study failed to determine whether Ketamine affected Nelarabine toxicity because of
the small number of monkeys used. Nevertheless, the investigators say “[k]etamine anesthesia
did not appear to affect the metabolism of Nelarabine.” I cannot agree with this conclusion. The
numbers above and the following graph of [Nelarabine] with time suggest that the Nelarabine
may be converted to ara-G more slowly in the presence of ketamine. The concentration of ara-G
is lower in the presence of ketamine.

. Monkey PK with or without Ketamine

/

Time, hours

Humans and other species metabolize ketamine HCI by N-dealkylation (metabolite I).
The enzymes that accomplish this metabolism are cytochromes P450 3A4 and 2B6 and to a lesser
extent 2C9 (Y Hijazy and R Boulieu, Drug Metab Dispos. 2002 Jul;30(7):853-8.). Other
metabolic modifications include hydroxylation of the cyclohexone ring (metabolites IIT and I'V),
conjugation with glucuronic acid and dehydration of the hydroxylated metabolites to form the
cyclohexene derivative (metabolite II) (Mosby's Drug Consult™ - 15th Ed. (2005). None of
these mechanisms would appear to influence with Nelarabine metabolism.

» If one considers ara-G the ultimate toxin, one might expect Nelarabine to be less toxic in
the presence of ketamine, but monkeys died with or without ketamine anesthesia after the second
dose. But, this assumes that the mechanism of toxicity is that postulated for the pharmacological
application of ara-G, the substitution into DNA. This toxicity would be slow and would affect
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multiple organs causing death several days after the toxic insult. Here the monkeys died hours
after the second dose. They descended into a deeper level of unconsciousness, had no palpebral
reflex, respiration grew shallow, limbs were flaccid, and jaw tone was minimal (below). The
description suggests they died due to CNS depression and respiratory arrest. This is evidently an
uncharacterized neurotoxicity distinct from the dose limiting neurotoxicity seen clinically. The
rapid progression to death after the second dose is curious. The Nelarabine from the first dose
should have been eliminated from the plasma, thus some residual effect must remain at some site
high up in the CNS. Some of the symptoms are similar to those seen in Guillain-Barre syndrome,
but recovery from Guillain-Barre syndrome usually takes weeks or months. Monkeys that
survive the second dose fully recover within a day.

The parent compound, Nelarabine, or ara-G may be phosphorylated and then interfere
with some neurotransmitter site that involves ketamine, GTP or both, but I found no direct
evidence for this in the literature.

9) Pharmacokinetics of 2-amino-6-methoxypurine arabinoside (Nelarabine)
given intravenously to dog

Major finding

The average half-life of ara-G was 13.6 + 0.4 minutes after an IV dose of 25 mg/kg of
Nelarabine to beagle dogs. The average half-life of Nelarabine was 2.8 + 1 minutes. Urinary
recovery of ara-G plus Nelarabine was 14% of the original dose of Nelarabine. Dogs eliminate .
both drugs more quickly than rats, monkeys or humans.

Study TEZA/92/0073/00
Laboratory Burroughs Wellcome Co., RTP, NC
Date June 1992
GLP No
Audited No
Drug Nelarabine, lot and purity not specified
Method /
Animal female beagle dogs
N 4
Dose 25 mg/kg, 10 mg/ml
Route IV, cannula in the saphenous vein, bolus
Analysis HPLC. —
Results

The following table (sponsor’s) shows the results of this experiment.
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Table 1. Plasma pharmacokinetics of S)6UTE given i.v. to dogs.

) P Ca Y o ARG | % dosein
e el b I(u_l\_g_h) [ASC Gt (oam | e

[TXI6028 (#1) .

[AveragerS D, |

* data from dog #4 has been omitted from
i dogeennaﬁmofboﬁ:am—GandSOﬁ S were obtained at the first time

Maximum plasme
;mmpoat—dose(Smin)axoopthldogﬂ Dog # 4 wus anomalous in having an initial low

This study demonstrated that dogs eliminate both Nelarabine and ara-G very quickly. With these
results and others, the sponsor decided that dogs were not an appropriate species for the
development of Nelarabine.

10) Pharmacokinetic of guanine arabinoside (ara-G) and 1493U89 (5'-O-acetyl-
- 2-amino-6-methoxypurine arabinoside) given orally to B¢D, Mice.

Major findings

Bg¢D, mice dosed orally with 100 mg/kg/day of ara-G had peak plasma concentrations of
ara-G of about 36-uM and a t;, of 26 minutes. An equivalent dose of Nelarabine gave a peak ara-
G plasma concentration about 19 uM with a half-life of about 50 minutes. The peak plasma
concentration of Nelarabine was about 16 pM.

Study TEZA/91/0092

Laboratory Burroughs Wellcome Co., RTP, NC
Date July 1991 '
GLP No
Audited No
Drug Nelarabine, lot and purity not specified
Method

Animal B¢D, Mice

N 3 per time point

Dose 100 mg/kg of ara-G PO or

123 mg/kg Nelarabine (molar equivalent of 100 mg/kg ara-G) PO

Route IP, PO or SC

Analysis HPLC, —
Results

Tahle 1. Comparison of pharmacokinetic parameters in mice dosed with 100 my/kg/day of

ara-G or a molar equivalent dose of 1493089,

Mice Compound *AUCT Ti1/2p (B) Cmax  Tmax (h)

M-k {uM)

Ara-G

Average . aa-G 47.1 0.441 36.3 0.5

averags am-l 38.2 U.54 19.0 0.5

avemge  SO6UNE 164 0.6 14.8 0.25

* AUC's calculated over 4 hours.
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11)  Pharmacokinetics of Pro-drugs of Guanine Arabinoside (AraG) in
Cynomolgus Monkeys '

Major findings

In this exploratory study, monkeys given a low oral dose of Nelarabine of about 28
mg/kg had peak ara-G concentrations of about 3 pM, T, of about two hours, and an elimination
half-life of about 2.7 hours. The investigators did not quantify the parent compound.

Study TEZA/89/0213/00
Laboratory Burroughs Wellcome Co., RTP, NC
Date January 1990
GLP No
Audited No
Drug Nelarabine, lot and purity not specified
Method
Animal Cynomolgus monkeys
N 2
Dose 94 pmol/kg (about 28 mg/kg or 336 mg/m?)
Route Single dose PO
Analysis HPLC,  —
Results

The following table (sponsor’s) shows the results of this study.

APPEARS THIS WAY
ON ORIGINAL
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PHARMACOKINETICS OF GUANINE ARABINOSIIE I CYNOMOLOUS MONKEYS AFTER ORAL ADMSSTRATION OF ARA-G PROTIRUGS

Pimavia Uiy
Bolubflily (mM) Ars0 Pask  Pesk A % rcoversd  Avg%k
) hi::“:«.w:’ LeveliuM) Ttme T V2 9w7h as AnG Pt

= ”
AteG 150 , 1

170
AfaG 189 25,8
Intravenous 170
s06UTE 181 8.6
2-amino-8-matholy 168
puilne  ardbinoside
. 0.9
1493488 245 2
5*-acutyl-506U76 246
7
iNaauss 169
‘6 -proplonyl-506U78 170
2040068 168 17.4
5-butyryl-506U78 172
13.3
1492089 " 310
§:vaieryl-506U78 311
1711988 (5
§-butyryl-2,6-diamine- 302
purine arabisoside 303

CYNOMOIHN MOTKaYS wor \ i ars an of drug by oral

Tver smoummm.«wmmb.mmmamumwmm-mmw )
gavage al.a ‘dosé of 94 pmolk, Blod sampies were taken over te laltowing 24 hours and wrine was collecied over the same 24 hous.
Concontraticnt o a12G In plasma exiracts of urine ‘were, dalermingd by HPLC.

Tox shudy # SER 391 and 424
Maclile: Cyno. araG AUG table

12)  Plasma Levels of Nelarabine and ara-G Cynomolgus monkeys on Days 3 and
28 of a 30-day Toxicity Study

Major findings

The following table (mine) shows that there is little change in the pharmacokinetics of

Nelarabine and ara-C change little with repeat dosing in the monkey. AUC increases linearly
with dose.

Day Dose AUC, . Crnax CL tesz Tomax
mglkg mg/m’ uM*hr uM Likg/hr hr
506U78
3 10 120 22
3 20 240 57
3 40 - 480 130
28 10 120 22
28 20 240 52
28 40 480 dosing stopped on day 23
ara-G
3 10 120 85 25 0.4 0.5
3’ 20 240 177 51 04 0.5
3 40 480 307 93 0.4 0.5
28 10 120 69 24 0.47 05
28 20 240 161 51 0.41 0.5
28 40 480 dosing stopped on day 23
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Study
Laboratory
Date
GLP
Audited
Drug
Method
Animal
N

Dose
Formulation
Dose volume
Route
Schedule
Samples

Analysis

TEIN/95/0010/01, TOX740
GlaxoWellcome Co., RTP, NC
September 1996

No

No

Nelarabine, lot and purity not specified

Cynomolgus monkeys

Control and high-dose groups — 5 male and 5 female

Low and mid dose groups — 3 male and 3 female

0, 10, 20, or 40 mg/kg/day (0, 120, 240, 480 mg/mz; 2.5,5, or 10 mg/ml)
normal saline

4 ml/kg

IV bolus

daily for 30 days

days 3 and 28, toxicology study reviewed by Dr. Schmidt (see below,
study number RD1996/00319/00)

Immediately after infusion, 0.5, 1, 3, 8 and 24 hours

Dosing was stopped on day 23 on day in the high dose monkeys due to
toxicity so there are no day 28 PK results -

HPLC. —

13)  Plasma levels of Nelarabine and ara-G in Cynomolgus Monkeys on days 1
and 5 of a five day toxicity study (ACU 515)

Major findings

The following table (mine) shows that the AUC of neither Nelarabine nor ara-G changed
appreciably between day one and five after five days of IV dosing in the monkey. The AUC at
the high dose was somewhat higher than a linear model would predict suggesting some saturation
of metabolism (see my graph below). The AUC of ara-G was about twice that of Nelarabine.

Day Dose AUC,.. Crnax Tmax
mglkg mg/m? uM*hr uM
506U78
1 60 720 248
1 150 1800 407
1 300 3600 1223
5 60 720 330
5 150 1800 545
5 300 3600 1608
ara-G
1 60 720 513 130 0.5
1 150 1800 1203 288 0.8
1 300 3600 2721 . 534 1
5 60 720 582 124 0.5
5 150 1800 1042 262 0.9
5 300 3600 3320 495 1.5
Study TEIN/94/0043/01, ACU 515
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Laboratory GlaxoWellcome Co., RTP, NC
Date November, 1994
GLP No
Audited No
Drug Nelarabine, Lot and purity not specified
Method
Animal Cynomolgus monkeys
N 2/sex/dose group .
Dose 0, 60, 150, or 300 mg/kg/day (0, 720, 1800, 3600 mg/m?)
Formulation Normal saline, 10 mg/mL
Route IV bolus
Schedule daily for five days
Samples days 1 and 5, toxicology study reviewed by Dr. Schmidt (see below,
study number TTEP/94/0087)
Immediately after infusion, 0.5, 1, 3, 8 and 24 hours
Analysis HPLC —
Dose vs AUC in monkeys day 1 or 5
3500
3000 —e—506U78 day 1
~—@--506U78 day 5
2500 —A— ara-G day 1
= —l—ara-G day 5
& 2000
=5
§ 1500
1000
500
0 . . R R s . R
0 500 1000 1500 2000 2500 3000 3500 4000
dose mg/m’

14)  An invitro Study to Investigate the Metabolism of [14C]-N elarabine
(Nelarabine/ GI1262250) and [14C]-ara—G (GI186898) in Mouse, Rabbit,
Monkey and Human Hepatocytes

Major findings

Human hepatocytes demethylate Nelarabine to ara-G more rapidly than monkey
hepatocytes. The conversion to ara-G is only slightly slower in rabbit and mouse hepatocytes

than with human, but total conversion is comparable if one includes the formation of allantoin by
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these species. Humans do not form appreciable allantoin, but convert ara-G to uric acid more
rapidly than any of the species tested.

Study RD2004/00449/00, 04DMRO037

Laboratory GlaxoSmithKline, RTP, NC

Date April, 2004

GLP No '

Audited No

Drug Nelarabine, lot and purity not stated

Method '
Tissue human, monkey, mouse, and rabbit hepatocytes
N duplicate
Formulation 0.1 NHC1

Incubation conc. 150 uM
Incubation time 4 and 24 hours
Analysis HPLC.

_ The following table (sponsor’s) shows the percentages of the various metabolites formed
by the different hepatocytes in virro.

APPEARS THIS WAY
ON ORIGINAL

Table 2 Percentage of each Metabolite of [*C]-506U78 in
Radiochromatograms-of Mouse, Rabbif; Monkey and Human
Hepatocyte Samples

Paak P  RT{miin)! Percent of Total “C (%) in Chromatogram
Fresh Gryo Ciyo Cryo Cryo

Human? Human?® Monkay* Rabbi  Mouse *

Algntoin 34 <05 NDH Q5 122 178
Uric acid 58 124 220 ND ND ND
Xanthine 88 05 077 ND 098 ND'
ara-G 10.7 444 437 118 372 2.1
506U78 19.3 415 523 87.2 58.5 64.7
Total 980 99.0 99.0 918 988

1. Relention tine is 4 1 minute,
2. Mouse and rabbit melabolites assignments wese inferred by comparison to human and monkey metaholite
referition times.
© 3, Sample fraciionated and submitted for structural identification.
4. Notdetedlsd,

The following table (sponsor’s) shows that human fresh hepatocytes oxidize ara-G to uric acid.
Monkeys metabolize ara-G only slowly.
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Table 3 Percentage of each metabolite of {14G]-ara~6 in
‘Ra hromatograms of Mouse, Rabblt Monkey and Human
Hepatocyte Samples

Peak |0 RT Percent of Totai “C: (%}in Chromatogram
{min)t
Fresh Cryo Crye Ctyo Ctyo
Human? Human? Monkey? Rabbit2 Mouse?
Allantoin- 33 <5 HD* 143 937 875
Uric:acid 58 274 7 583 057 <05 ND
Xanthine 88 <05 0.61 ND 1.80 ND
ara-G 10.7 764 935 96.1 85.2 108
Totel 97.8 992 981 %4 98.3

Retgntion time Is £-1:miaite,

2. Humas, mokey, and rabbil metabolites assignments were Inferred by comparison 1o mouse metabolile
telention times (0F ard-G {where applicable), and o human and monkey metabolite tetention times for 505U78
(where Bppimble]

3. Sample !racluonaled i submiltad for structural identication.

4 Notdelacled,

The sponsor proposes the following scheme for the metabolism of ara-G metabolism by
humans and monkeys. The scheme does not show pathways but only products. One must

suppose the conversion of Nelarabine to uric acid involves three steps, O-demethylation, N-
oxidation and hydrolysis of the arabanose.

Figure 1 Pr d Metaholic Scheme for the identification of Matabolites in Human and Monkey Hepatocytas
Admlnislered [“cl.susuvs

xanthing
{human)

I LCH,

Q o]

N~ .~
< :LI)J;T\ IL )l\
\/& N NH, e __(N L, O"—'“'—\ :L ,&
HO. S OH HO\/\\ /“o).q N NT 0

2 utic acid
OR OH (human)
am-G 506078
(hueadan, monkey) {human, monkey)

15) (14C)-Nelarabine' Quantitative Tissue Distribution of Test Substance-Related
Material Using Whole -Body Autoradiography Following Single intravenous
Administration of ( C)-Nelarabme (100 mg/kg) to Male and Female B6C3F1
(Pigmented) Mice

Major findings
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After a single dose of radiolabeled Nelarabine (100 mg/kg) pigmented mice showed no
clinical signs of toxicity. The drug distributed rapidly to all major tissues. Immediately after the
injection and for the first six hours the highest concentrations occurred in the urinary bladder.
Concentrations in metabolic and excretory organs were higher than the concentrations in blood at
most time points throughout the experiment (35 days). Significant detectable concentrations of
radioactivity remained in these organs throughout the experiment suggesting that some of the
radioactivity was incorporated into structural biomolecules. Concentrations in the CNS were
lower than the concentrations in blood throughout the experiment. The concentration in brain
was less that three percent that of blood at the first time point (immediately after the end of the
infusion). The concentration in brown fat, gonads, secretory organs, endocrine organs, muscle,
gastric mucosa marrow, pancreas, spleen and the contents of the GI tract were approximately
equal to those in blood throughout the experiment. The concentrations in white fat were
somewhat higher than those found in blood at time points past 1 hour. There were no differences
between the sexes.

Study RD2004/00135/00, 1990/436
Laboratory —

Date February, 2004

GLP Yes

Audited Yes

Drug "“C-Nelarabine, Batch number R10940/178/8

6.96 MBqg/mg (188.1 pCi/mg), 2082 MBg/mmol (56.28 mCi/ mmol)
radiochemical purity ~—,
Nelarabine, Batch BU44733 purity not stated

Method
Animal male and female G6C3F1/ — pigmented mice
N 10 per sex, one per sex per time point
Dose 100 mg/kg (300 mg/m?)
Formulation 0.45% w/v saline, 10 mg/mL
Route IV 10 minutes
Schedule daily for five days
Samples 0,1,3,6and 12 hours and 1, 7, 14, 28 and 35 days
Analysis whole body autoradiography

The following tables (sponsor’s) show the results of this experiment.

APPEARS THIS way
ON ORIGINAL
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Table 1: Congentrations of Test Substance-related Radioactivity-in Tissues
of Male Pigmented Mice at Various Tiinegs After a Single Intravenous
Adniinistration. of {*‘C)-808U78 at 100 mg/kg (group A}

jig equivalents.of 506L78/g of issue
Animat:Number and Sex_345M 344M 338M 337M 335M. 339M 340M 3418 -342M - 343M

Tissustype  Tissue SamplingTime 0h  1h_ 3h _6h 12h 1d 7d 14d 26d 35d
Vascula!  Blood
“lymphatic- Acita

tandibular lymph nodes
Metabiolic/ Gall bladder
excratory Kidney torlex

Kidney meduiia

Kidney pyramic

Liver

Urinary bladder {contents)

Urinaty bladder (wal)
GNS Brain

Choroid plexus

Meninges

Pineal body

Spinat cord
Endocring Adrenal corlex

Adrerial medulla

Pituitary

Thymus.

Thyroid
‘Secretory ‘Exorbitat lachrymal gland

Harderian gland K

Intra-arbital fachrymal gland

Salivary giand
Falty Brown fat
Gonads " Buibo-urethrai gland '

Epididymis

Prepuli‘at gland

Prostate

Sertiinal vésitles

Testis

Uppsr Limit'of Quantification = —= .1g-equivig

Lower Limit of Quantification = — pg squivig:

BLG- Tisste: concentration below the'lower limit of quantification

NI - Tissue concentration not measurable due to contamination from urinary bladder

NS- Tissuendl-sectioned
v~ "Measurement affected by urine contamination

APPEARS THIS WAY
ON ORIGINAL
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Table 1; continued. Concerntrations of Test-Substance-Related Radioactivity
in Tissues of Male Pigmented Mice at Various Times After
a Single Intravenous Administration of (*1C)-806U78 at

100 mytkg (group A)

Tissue lype

{1g squivalents of S06UT8/g of tissus-

Arimal Nuinbér and Sex 345M 344M 33BM 337M 336M 330M 340M 341M 342M 343M

Tissue Sampling Time  Oh

3h _§h 12h 1d 7d 14d 28d a5d

Muscular

Muscle
Myocardium
Tongue

Qcttar

Lens
Uveal fract

Unclassified

Bone mamow
Lung

 Pancreas
' Pigmentedskin

Spleen
Tooth pulp-
Nasal mucosa

Gaslrointestinal

Oesophag_us
Stomach mucosa-
Small ntestine muctsa

Cagcum mucosa

Largs intastine mucosa
Rectum mucosa

Stomach contents
Small intestine contents
Caecum contenls
Large inlestine contents

‘Recium coritents

Upper Limit-of Quantification : — g equivig
Lower Limit of Quantification= _-  Jg equivig

BLQ - Tissue radioactivity concentration befow tha lower fimit of quantification
NS - Tissug not seclioned

APPEARS THIS WAY
ON ORIGINAL
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Table 2. Concentrations of Test Substance-Related Radioactivity in Tissues
of Female Pigmented Mice at-Various Tiines After a Single '
Intravenous Administration of {*C)-506U78 at 100 mg/kyg (group-B)

g equivalents of B06U78/g of lissue

Animal Numberand.Sex 357F 366F 349F- 348F “347F $50F 352F 353F .354F -355F
Tissue. type Tissue Sampling Time- Oh  +h 3h 6h 12h 1d 7d 14d 28d 354
Vascylag/ Blood
lymiphatic Aorla:
Mandibular lymiph nodes
Melaboli/  Gall bladder
-excretory Kidney cortex
Kidney medulia
Kidney. pyramid
Liver
Utingry bladder {conients)
Urinary bladder (wall)
CNS Brain
Choroid plexus
Me‘ninges'
Pineal body
Spinalcord
Endocine  Adrenal cortex
Adrenal meduila
Pitujtaty
Thymus
Thyroid
Secretory Harderian gland
Intra-orbitat iachrymai gland
Salivary gland
Fatty Brown fat
o Wmem
Gonads dvary—
Uterus
Clitoris

Upper Limit of Quantification = — ug equivig
Lower Limit of Quantification =™ . g equivfg

BLQ - Tissué concentration below lower limit of quantification
NS - Tissue not sectioned

APPEARS THIS WAY
Of ORIGINAL
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"Table:2; contintied. Concentrations of Test Substance-Reiated Radioactivity
‘in Tissues of Female Pigmerited Mice at Various Times After
a Single Intravenous Adniinistration of ('C}-506U78 at
100 mglkg (group B)

: Hg equivalents of S06UTB/y of tissue
ApimalNumber-and-Sex 357F 356F 349F 34BF 347F 350F 352F 303F 354F 355F
Tissuetype ‘Tissue Sampfing Time: Oh  1h 3h 6h 12h 1d 7d 14d 284 35d
Muscular Misgle
Myocardium
) Tongue
Ocular. Lens
Uueal tract
Unclassified - Bong mémow
Lung
Pancreas
Pigmepted skin
Spleen’
Tooth-pulp
Nasal mucosa
Gastrointestinal Oesophagus
Stomach mucosa
Small infesline mucosa
Caecum niucosa
targe intestine mucosa
Rectum rucosa
Stomiach confents
Small intestine contents
Caecur contents
Large intesline contents
Rectum contents

Upper Liniit of Quantification = — ug equivig
Lower Limit of Quantification= " g equivig

BLQ - Tissue radiocactivity concentration befow the lower limit of quantification
NS - Tissue not sectioned

16)  Elimination of Radioactivity Following a Single Intravenous (100 mg/kg)
Administration of [*“C] Nelarabine (GI262250) to Male and Female Intact
and Male Bile Duct-Cannulated Cynomolgus Monkeys

Major findings

Cynomolgus monkeys eliminate most of an IV dose of Nelarabine in the urine (>62%).
Most of the dose was eliminated within 24 hours. The monkeys excreted less than one percent of
total radioactivity in the bile (96 hours) and less than 2% in the feces (240 hours). Less than 80
% of the radiolabel was recovered after 10 days from the intact animals suggesting biological
incorporation. The investigators did not collect samples of expired air.

Study RD2004/00267/00, 7274- 512
Laboratory —

Date April 2004

GLP Yes
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Audited Yes

Drug “C-Nelarabine, Batch No. R10940/178/8, 188 pCi/mg,
~ = . radiochemical purity

Nelarabine, Batch No. BU4473RB, purity —

Method

Animal Cynomolgus monkeys :

N Group 1 =3 intact females and three intact males, Group 2 = 3 bile duct
cannulated (BDC) males

Dose 100 mg/kg (1200 mg/m®), 50 uCi/kg

Formulation 0.9% w/v saline, 10 mg/mL

Route IV 2 minutes

Schedule single dose

Samples From Group 1, urine was collected pre-dose, 0-6 h, 6-12 h, 12-24 h and
at 24 h intervals up to 240 h post-dose. Feces and cage rinse was
collected pre-dose at 24 hours intervals.
Blood was collected pre- dose and at 0.5 h, 2 h, 6 h, 24 h, 168 h and 240
h post-dose o
From Group 2, bile and urine were collected pre-dose and at 0-6 h, 6- 12
h, 12- 24 h and at 24 h intervals up to 96 h post-dose. Feces and cage
wash was collected daily. Blood was collected at 96 h.

Analysis Liquid scintillation counting

Additional samples of blood, plasma, urine, feces, and bile were frozen and stored for
further analysis (metabolic profiling). See the following study, RD2004/00784/00.

Results

" Dosing caused no mortality. Two group one females had low food consumption at 48
hours. One of these animals suffered emesis 24 hours post dosing and abnormal feces at 72 and
168 hours. All other animals appeared normal and healthy throughout the experiment.

The following table (sponsor’s) shows that monkeys excrete most of a radioactive dose in
the urine (>62%) over the course of this experiment. They excreted less than two percent in the
feces or feces and bile combined. The small amount of compound in the feces of cannulated
animals is probably due to sloughing in the GI tract. The intact animals eliminated only about
80% of the compound 10 days after dosing, suggesting biological incorporation of the drug or its
metabolites. Nevertheless, the experiment did not test for respiratory elimination.

APPEARS THIS way
ON ORIGINAL
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Table2 Total Mesn Recovery of Radioactivity Following an Tutravenous.
Adhninistiation of (J4CIS060:78 (100 mg/ky) to-Male aird Feniale Intact and Male
Bile Duct-Cannulited Monkeys

Percent of Administered Dose

Group

Matrix _ Iitact Malés Intact Feriales BIC Males
Urine 669 + 116 623 + 136 714 + 124
Feces 1.0_] + 0.73 154 + 087 077 + 020
Bile. - . 0.84 * 0.04
CagePavScreen Rinse 851 + L4l 133 #+ 617 555 * 3.04
Cage Debris L19 % 044 0.54 + 029 105 + 099
Cage Wash 031 =016 052 £ 027 119 £ 068
Cage Wipe' 166 * 192 098 + 0.94 201 = LI

Bile Cannuala - - 0.028
Jacket Rinse - - 020 #+ 0.12
Tetal - 795 + 313 794 1 662 830 * 666

Notes:  Values are the mean + standard deviation (n=3).
- Not determined
BDC  Bile duct-cannutated
a: Atleast one value was below-the limit of quantitation, therefore, the
standard deviation was not caleulated,

The following table (sponsor’s) shows the time course of elimination from urine and
feces by the intact animals. Most of the compound was eliminated within 24 hours.

Tabie 3 Mean Recovery of Radioactivity in Urine and Frdes During Each Calléction
Interval Following an Intravenious Administration of (19C]5061178 {L06.mgke) fo
Maleund Fomale Tntact Monkeys

Percent of Administered Dose

Collegtion Male Femule
Ameevalth)  Uiine Feven _ Uring Veces:
06 435 & 140 - A4 2 U5
6-12 %10 x 346 - 128 & 328
1224 865 ¥ 20 - 505 & 2465 -
024 . 039 & D3 0.74%
A48 397 & 181 (ORI VR S N 030 5 009
872 Li4 & 645 014 £ 005 543 016 % 0.08
2456 031 % G18 006 % OB 207
962120 423 % 0.05 005 & 0 US55
[ROSEE] 022 % 00 02 £ 001 945
34168 DR 2 008 002 1 002 03%
168-192 005 % 009 a0 % 062 OB & UK S I
192-216 0 % 003 ofl % 00 0.3t 004 5 0.04
216240 012 & 008 o 016 002 %-0.02

Total 669 3 116 Lo % 033 625 & 136 I8 % 047

Note: Vabwes are the meai & standarsd deviation ¢33,
- Notderermined
ac A leust one vistue was Below she limit of grontitation. therefore, this
stundard duviation was ot vaksulared,
b N2 one mrimal did not have a sunple at this Gmepoint.

The following table (sponsor’s) shows that bile cannulated animals also eliminated most of the
radioactivity within 24 hours.
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Table 4. Meun Reécovery of Radioadtivity i Urle, Feces sud Bile Duriug Each
Collection. tnteirval Following an Intravenions Administiation of i 4(?1 5060178-(100
lng/kg) to Male Bile Duct-Cannulated Monkeys:

Collection Peicent of Adinistered Dose

Interval (h) Urinie Feces Bile
06 447 £ 178 - 081 + 0.04
6-12 1.8 & 2.57 - 002 + 0.0
12-24 606 * 3.59 - 0.8
0-24 - 045 £ 0.20 -
2448 5.46 % 258 019 £ 006 0.008
4872 256 & 260 008 x 0.02 0.00%
72-96 LI3 % 066 004 = 0.2 0.003
Total 714 £ 124 077 £ 020 084 % 004

Notes;  Values srecthe mean £ standard devigtion {u=3).
Values of zero reptesent <0.0035% of the administered dose.
- Not'determined
ar Atleastone value was below the limit of guantitation,
therefore, the standard doviation was not aletlated.

17)  Quantitative Metabolic Profiling and Metabolite Identification of 506U7S
(GI262250/Nelarabine) in Male and Female Intact and Male Bile Duct-
Cannulated Cynomolgus Monkeys after a Single Intravenous Administration
of ["*C]-Nelarabine at 100 mg/kg

Major findings

Monkeys rapidly hydrolyze Nelarabine to ara-G; the parent compound was undetectable
in plasma within two hours. They further metabolize ara-G to xanthine and then allantoin, and
much of this metabolism is probably extrahepatic. Significant amounts of the radiolabel are
incorporated into biological molecules within 24 hours. Respiration is probably not a major route
of elimination.

Study R1D2004/00784/00, 04DMRO052
Laboratory GlaxoSmithKline, RTP, NC

Date July 2004

GLP No

Audited No

All the samples in this experiment came from the previous experiment,
RD2004/00267/00, reviewed above. ==  sent the samples to the sponsor for further analysis
after the end of the experiment. See above for the experimental parameters.

Methods Liquid scintillation counting and HPLC

Results
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The following tables (sponsor’s) show that monkeys rapidly convert most of the given
dose to ara-G, the parent compound is not detectable after 2 hours. The monkeys further convert
some of the dose to allantoin. Xanthine is a minor metabolite in the urine (<2%) and feces
(<0.07%).

Tabie 1 Concentration (ug eq/d) of 506178 and Metabolites in Plasma
Collected from Male and Female Cynomolgus Monkeys after
Intravenious Administration of {'*C].506U78 at 100 my/kg

% Radivactivity 1
PeakiD | RY (min) g eqig)
Male: Female
05h 2h 6h 05h 2h 6h
Allantoin 33 1.56 824 258 217 9.08 255

19 Q82 (8 189 | OI8 | o5
AaG | 106 | 668 . 767 . &3 | 473 | 7101 | 708
@5 - ory | owon Loy | opes | e

506078 | 193 28 ND ND 4386 201 ND
(25.1) (80 | (084
Total 953 84.9 94.1 831 02 | 9.1

728 | @O | @64 | @1 | @18 | (778

i iasma was posied fom 3 smals per tnie poini:
O = Not detecled

Table 2 Mean Percent-of Dose Excreted as 506U78 and Metabolites in Utine,
Feces and Bile fram Intact Male and Female, and BOC Male
Cyno‘mqlgys Monkeys after Intravenous Administration of
[4C1-508U78 at 180 mglkg

Mean % of Dose t

Peakid . RT tale Femals BDC Male
[L0))

Uriog? | Feces? | Tolal | Urne? | Feces® | Tolal | Uring? | Faces® | Bt | Toml

Mantoln © 34§ 287 | 061 {268 | 370 1 ND D 370 ! ¥ NB i o002 | 333

Xanthine ;| 88 135 | 007 | 147 ; 199 | 00§ 204 | 226 | QM KD | 230

Mg 107 1 494 | 020 1 496 | 449 | 0B84 | 455 | 58 [ 013 § 049 | 60.2

SBUPE S 193 | 05 | 002 1 16 | Te? | 00w | 776 | 376 | ND | 040 | 4m

Tiat B8 | 030 ! BS2 ! 883 | 078 1 300 | 682 | G017 1 061 ] 09

1. Meaitol:3 cmamolgus monkeys eaoh fof intdck males and females, and BOC males.

2. \ine samples for each eyromaigus monkey Were poaled from wing collectid fom O o 96 houes poskdose.
3. Fecat'samples wete from 0 fo 24 hours, or 241048 hours

4, Sife samples were fom 040 § howrs

NE = Peak niot detected

The following table (sponsor’s) shows that through the first six hours of the experiment,
most of the radiolabel found in the plasma remained extractable. At 24 hours and later, much of
the dose was not extractable, strongly suggesting that some of the radiolabel is incorporated into
biological molecules.

48



‘Tables ' skt Bifity of Radioactivity from Pooled Malé and Femate Plasta feom Cy gl
: Intravénous Adminlstration of [¥CJ:S08U78 3t 100 vnglkg *

ok equvalentiy (6]
Mae : Femalp

: 05h 2R 6h 24h 163K Sh 24 &h 24h 1681
Extsoiatle %7 11 A2 130 BGL 24 140 82§ 12 B0

. 6% | (©38%) | @55% | {528%) B2%%) | @ | ©225%) | @R
NoExbractable ) ND 0.42 sk 040 ND Ny 187 25 13
(180%) | {BT% | Q02 5905) | 519%) | (675%
Totdl 257 18 ;218 176 040 29 140 314 338 138
SOOI | (OBUID OTTW L (OLE%) | (U2 | (S28%) | @12%) | (9BA%) | BLEW) | @1EW)

sexpeetime poinl
itvid Wi gl ox 1% faric ackd gl

1 P =0 Cyl ¥
N i Qomoined, Greuter i S o
BOL = Below curansiaton fimt,

The sponsor suggested the following metabolic pathway for Nelarabine in the monkey.
The radiolabeled carbon is not removed in this sequence suggesting that respiratory elimination is
probably minimal.

o o)
NN
ey W 1
- N N
M NH, e N7 \'NPL </N~T§/ l:l
o E A
o 7o NN
HO \/\“i HO. 7~
OH GH
506078 araG ) guanineg
(plasma urine bile.feces) (plasma,uring,bite feces)

|

o 9
Neo ot j
o] N
el . -
o A Ay
M7 K, N g
aitantdin ) .
{plasma,iirine bile feces) uric acld (uﬁfil;léfézs)

18) Collection of Plasma and Excreta Samples for the Determination of the
Metabolite Profiles of [14C] Nelarabine ( G1262250) Following a Single
Intravenous Administration to a Male Cynomolgus Monkey

Major findings

This dose was not toxic. = . did the dosing and sampling in this study then sent the samples
to GlaxoSmithKline for analysis. These are only the experimental parameters of the study.
GlaxoSmithKline reported the results in study RD2004/00370/00, the review of which follows
immediately.

Study RD2004/00244/00, 7274- 540
Laboratory —
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Date March 2004

GLP No
Audited No
Drug '*C-Nelarabine, Batch No. R10940/178/8, 188 uCi/mg,

_ > = radiochemical purity
Nelarabine, Batch No. BU4473RB, purity —

Method

Animal Cynomolgus monkey

N 1 male

Dose 2 mg/kg (24 mg/m?), 86 pCi/kg

Formulation 0.9% w/v saline

Route IV 1.5 minutes

Schedule single dose

Samples Blood, predose, 1, 30 minutes, 2, 24, and 48 hours
Urine, 0-6, 6-12, 12-24, and 24-48 hours
Feces, 0-24, 24-48

Analysis HPLC. S

19) Quantitative Metabeolic Profiling and Metabolite Identification of 506U7S
(Nelarabine GI1262250) in a Male Cynomolgus Monkey after a Single Intravenous
Administration of ['*C]-Nelarabine at 2 mg/kg

Major findings

Here again the monkey rapidly metabolizes Nelarabine to ara-G and thence to guanine,
xanthine, and allantoin. These latter three compeunds are rapidly excreted and are found in
appreciable concentrations only in the urine.

Study RD2004/00370/00, 04DMRO030
Laboratory GlaxoSmithKline, RTP, NC
Date April 2004
GLP No
Audited No
’ —_— dosed one male monkey and took urine, feces, and blood samples.

| They sent these samples for analysis to GlaxoSmithKline. For the parameters of this experiment
see previous study report, RD2004-00244-00, reviewed above.

Results

The monkey suffered no ill effects from this small dose. The following table (sponsor’s) shows
that this monkey had excreted 42.7% of the radiolabel in the urine after 48 hours.
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CTapiE Pércent'of Dose Récovered iny Uiing of a Male Cynomoigus Monkey
after Intraverous- Administration of [C1-606U78 at- 2mgrkg

Caflsction Period {#) % of Dose Recovered
06 ‘
512 /
P R
2448 / '
Tatal T

The following table (sponsor’s) shows that the radiolabel was eliminated rapidly from the
plasma.

Table2 Total Concantrition {iig eq/L} of 566U78 and Metaboiltes in Plasma
- of a Male Cynomolgus Monkey after intravanous Administration of
M61-506078 at 2 mglkg

Tie ) Flasma. Cone (g egimlL}

1 wiine /

28h /

2n

%n
Y

The following table (sponsor’s) shows that the monkey rapidly converted Nelarabine to
ara-G in the plasma.

Tabie 3 Summary of the HPLC Analysis of 506U78 and its Metabolites in
Plasma Coliected from a Male Cynomolgus Monkey after
intravenous Administration of [¥C]-506U78 at 2 mg/kg

% Radioactivity
PeaklD | RT (miin) {ngeg/mk}
1 min 05h 2h
Are-G 82 "
506U78 16.4
Total . ;
O+ NetOstected ’

The following table (sponsor’s) shows the metabolic profile in the urine. As in the
previous experiment ara-G is the major metabolite and it is further converted to xanthine, guanine
and allantoin,
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“Takile 4 Pe«cmiam ot Dose Excreted as 508018 :nd Manholllns ln Unne
. Cy

of rb]mvs at2 mgll(gmm“y e
Peakr ) RY {miny : % of Dase
- dlantoin '

guaning
Xantink

aaG

506U78
Tl

20)  Elimination of Radioactivity Following a Single Intravenous ( 100 mg/ kg)
Administration of [ 14C] Nelarabine ( GI1262250) to Male and Female Intact
and Male Bile Duct- Cannulated Mice

Major findings

Like monkeys, mice eliminate most of a dose of Nelarabine in the urine (>60%). Less
than 6% of a radiolabeled dose is found in the feces and less than 2% is recovered in the bile.
Most of the radiolabel is cleared from the plasma within 24 hours. :

Study
Laboratory
Date

GLP
Audited
Drug

Method
Animal

Dose
Formulation
Route
Schedule
Samples

Analysis

Results

RD2004/00241/00, 7274-478

ap—
March 2004
No
No

['“C]Nelarabine (GI262250A; Batch No. R10940/178/8), radiochemical
purity -— , 188 uCi/mg

CD-1 intact females and intact males (Groups 1 and 3), 5 bile duct
cannulated (BDC) males (Group 2)

100 mg/kg (300 mg/m?)

0.9% w/v saline, 10 mg/mL

v

single dose

Urine and feces — 24 hour intervals, four per sex (Group 1)
Urine, feces and blood - see tables below (Group 2 BCD mice
Blood - 0.5, 3 and 24 hours post dosing, 3 per sex per time point
Liver and blood all groups at termination

Liquid scintillation counting

The following table (sponsor’s) shows that mice eliminate over 60% of the radiolabel in
the urine. They eliminate 3 to 6% in the feces and less than 2% in the bile. Unlike the monkey
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most of the radiolabel was eventually recovered. Tables 3 and 4 (sponsor’s, below) show that
most of the dose was eliminated within 24 hours in both intact and bile duct cannulated mice.

~ Table2 Total Mean Recovery of Radioactivity Following ax Intravenous:
Administeation-of [FCI506U78 {100 nig/kg) to Malé and Female Intact and Male
Bite Duct-Cannulated Mice

Percent of Administered Dose

. Group

Matrix Intact Males Intact Fémales  BDC Males

Uiing 778 * 102 623 + 229 720 + 194

Feces 351 % 0.87 415 + 1.9 547 £ 729

Bile - - 172 % 1.27
Cage Rinse 425 * 217 17, + 193 208 + 178
Cage Wash 083 + 047 160 £ LI7 4] * 644
Cage Wipe 305 £ 259 708 %333 324 % 247

Carcass 440 * 096 408 + 027 675 + 0.35
Bile Cannula - - (0.002
Jacket Rinse . - 0.000

Total 939 £ 9.19 964 £ 598 954 £ 8.69

Notes: Values are the mean & standard deviation (n=4 for intact and n+3
for BRC).
Values of z¢ro represent <0.005% of the dose.
_ = Notdetermiried
BDC  Bile duct-cannulated
a:  All values were below the limit of quantitation; therefore, the
standard deviation was not reported.

Table 3 Mean Recovery of Radioactivity in Urine and Feces During Each Coflection
Intervat Pollowing an Intravenous Administration of {14 C}$06078 (100 mg/ky) to
Male and Female Intact Mice

Percentof Administered Dose

Colléetion. Male Female

Interval (h) Urine Feves Urine Feces
0}2’2} 730 £ 113 261 X 076 3.5 4 252 31 £ 1S
2448 295 + LOL 649 + 013 385 & 217 050 £ 0.09
48-72 1.07 % 0.24 0.26 + 0.04 121 £ 648 038 + 010
72-96 079 X 039 013 X 005 072 £ 017 016 £ 002
Total 77.8 + 102 351 *+ 087 623 £ 229 415 + 193

Notes: Values are the mean +standard deviation (n=4).
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‘Tahle 4 }M,g:'nn Recovery of Radioactivity th Urine, Féces and Bile Diring Each
‘Collection Interval Following an Tntraverons Adminfstration of (14CT506U78
(160-mg/kg) to Male Bile Duct-Cannulated Mice

Percent of Administered Dose

Collection Male

Taterval () Uring Feues Bile
0-12 - - 170 & 127
0-24 04 £ 193 496 % 691 .
12:24 - - 0.0f 1 0.00
24-48 1.56 % 0.30 051 % 041 G £ 0.00
Total 720 + 194 SAT + 7,29 172 + 137

Notes:  Vilueg-are the mean * standard deviation (n=5).
- Not determined

The following table (sponsor’s) shows that concentrations decline rapidly in blood and
plasma but significantly more slowly in the liver.

Fable 8 Pooled Blood, Plasma and Livei Concentiations of Radioactivity and Blood

to Plasma ind Liver to Blood Concentration Ratios at Selected Times Following an

Initravenous Administration of {14CJ506U78 (100 mg/kg) to Male and Female Intact
and Male Bile Duct-Csnnulated Mice

Sampling Group
Time Intact Males Intact Fepales BDC Males
Mairix (1) Concentration of Radioactivity (pg equiv 506078/g)

Blood 0.5 47.1 55.4 -
3 752 17.9 -
24 119 1.03 -

4% - . 0.714
96 0.612 0.478 -
Plasma 0.5 559 64.1 -
3 12 20.1 -
2 0.987 0.937 -

48 - - (1L1%9
96 0.103 0.097 -
Liver 0.5 810 92.1 -
3 27.% ' 406 -
24 30.7 42.7 .

Rativ

Blood:Plasmia 0.5 1.844 (.863 -
3 0.928 (.890 -
24 1.20 1.10 -

48 - - 378
26 395 491 -
Liver:Blood 0.3 1.76 1.66 -
3 3.62 227 -
24 259 414 -

Noter Values are forpooled samples for each sex at the given lime point (n=10 for
intact animals a0 6.5 h. 3 h and 24 h post-dose; n=4 for intact animals at 96
h post-dose: and n=3 for BDC animals).
- Not determined
BDC  Bile duct-carnulared
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21)  Quantitative Metabolic Profiling and Metabolite Identification of Nelarabine
(GI1262250/Nelarabine) in Male and Female Intact and Male Bile Duct- :
Cannulated Mice after a Single Intravenous Administration of [14C]—
Nelarabine at 100 mg/kg

Major finding

As with the monkey. ~ did the in-life portion of this study and sent the samples to
GlaxoSmithKline for analysis. See the previous study for the experimental parameters of this
study. :
As with the monkey, mice rapidly convert the parent compound to ara-G. Unlike
monkeys they convert most of the dose to uric acid and allantoin within 3 hours (>88%). This is
probably why mice are not a good experimental model for this drug.

Study RD2004/00450/01, 04DMRO38
Laboratory GlaxoSmithKline

Date April

GLP No

Audited No

The following tables (sponsor’s) show the results of this experiment.

Table 1 Summary of the HPLC Analysis of 506U78 and its Metabolites in
Plasma Collected from Male and Femiale Mice after Intravenous
Adnmiintstration of [YC]-508U78 at 100 mglkg

% Radioactivity !
Peak!D | RT{min} (ug et'y)
Male Female

3h 2h

)
o
=

05h 3h 244

Mlantoin ¢ 3.3 45 1 8gs 763 | 48 | 919 ¢ 810
@36y | 68% | 054 | @78 | 073 | 08

Usic-acid 6D G40 385 810 992 247 104
5.14) (©.29) (<.} {6,10) {0.48) (0.1}

AaG 106 314 544 9.54 IRl 531 4.12
(178} (6 48) (0.1} {18.1) (100} {<0.1)
508078 193 163 N ND 138 ND ND
{8.28} 853
Total 897 988 918 998 987 97.5

{54.0} 740 062 {614 (18.8; {¢.74)

1, 10 nvey par-sex par teie posl.
HD = Notdeleted,
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Takile 2 Mean Percentof Dose Excreted as 506078 and Metabolites in Urine,
Fecesand Bite from Intact Male and Female, and BG Male Mice
afterintravenous Adninistration of [G]-506U78 at 100 maikg

‘Mear % of Dose |
PeaklD- | RT iiigie? Female BOC Male ¥

(.mm) Uring | Feces | Tofal | Urine | Fecss | Tolal | Urine | Fecex | Bils | Total
Allantgin |34 1241 [ 008 (242 1198 i 046 [20.1 [ 198 100 006 | 209
Uicacid | 52 [ 143 [ 005 [148 [ 127 {000 | 130 1215 IND4 | NOY 215
Guaning - | 8.1 | 0.20 | 0.8 | 038 [003 7030 {0457 028 1643 NDT 642
Xanthing |85 1096 [063 [1.50 1028 1032 [ 060 059 [0p6 [N 115
Aa-G 106 (217 {030 [220.1192 ;053 | 197 1220 1142 {006 | 240
Methyl: 1142 INDV 028 (028 [ND4 [ 024 | 024 NDA{ND4 096 1046
quanine.
506U78 (193 2267 1006 1268 (215 1035 1219 1278 1181 [ 132 {310
Total - 781|188 | 767 {618 {200 639 1732 1490|160 78T

1. Meanifd mmeadtfmnmctmeband!emaes. and § ics for BOC meles,

2. Unng; samp'esiofaad\ rinuse were pooled frar: uting coledtad from 0t 72 hour post-dose Feral samples

0024 boiir,

3. Uiing ‘samples for gach mouse were pooled fram wrine collected from 01 48 hour pest-dase, Fecal samplas
were fom 0 1o:24 hour, Bile was from 0 to 12 hour.

4, Pegkuotdotected.

Table 3 Nanextractablity of Radioactivity from-Pooled Male ant Fesnale
HMouse Plasma Following Intravensus Administration of [*G)-506U78
at 100 mg/kyg

nmale equivalents [“CJ-506U78/g {%)
Male Female

0.5h 3h 2h 05h 3h 24h

Exractable | 182 2.2 2.80 207 634 2.68
(96.9%) | (92.3%) ; (83.3%) | (950%) | (836%) i (88.3%)

Non-Extractable ND ND 0.42 ND ND on
(12.6%) {7.0%)

Total 182 252 38 207 634 2.89
{66.9%) | (923%) | (959%) : (95.9%) | (836%) I (95.3%)

i =10 mie per'sax per ime poat.
ND = Not determined whane >20% extractabiliy was ohisined.

Table 4 N 1 llty of Radi vity from Pooled Male aid Female
Mouse Liver Followinig ration of [1*C]-50BU78 at
100 ng/kg'
nmele equivatents {HCIS08UTRG (%)
Male Frmale
05h 36 24h 05h 3h U
Exiactoble it 148 569 289 P
BOA%) T T35%) | (194%) | (2% | pe2m | (2D.5%)
MonEdractable | 426 | 536 | 226 s | 588 | 241
[460%) | (0%) i (P45%) | (440% | (210% | (B7.9%)
Totat 458 201 285 a7 265 376
(104%) © 90.9%) | (S39%) | LI00%) [ {190%) | (884%}

= 1 niige ped sux pay Wb pel.
i

The sponsor proposed the following metabolic pathway for the elimination of Nelarabine in the
mouse.
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Figurés. Projiosed Matabolic Pathways for [1C)-508U78 in Mice
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APPEARS THIS WAY
ON ORIGINAL
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Pharmacokinetic and Toxicokinetics Summary

Nelarabine
[Study Species Route Toxicity Dose AUCp- Cpa CL 1
mglkg MY/M” uM*hr UM Lr hr
[RDT997 03470700
97/APK/0009 Rabbit 1 hour infusion 20 . 240 6.3 77 108 0.29
L40321,
RD1998/00903/00 Rabbit  10-20 min infusion day 1 none 4 48 1.74 109
day 1 none 8 96 415 19.8
day 1 none 16 192 7.96 543
day 12 none 4 48 184 104
day 12 none 8 96 433 19.9
day 12 none 16 192 7.81 4486
KD 1987/03414/0U
97/APK/0144 Rat iV bolus 625 375 979 605 22 0.18
TEZATST70092 mouse PO 123 360 164 148 0.66
TEZAT DT WU 3T UU Dog IV bolus 25 500 1.5 88 0.05
[DRT500, SERGTS Monkey IV Bolus no Ketamine Lethal 500 6000 2030 05
IV Bolus no Ketamine 500 6000 1570 0.3
IV Bolus with Ketamine Lethal 500 6000 6290 0.5
[TEZAT5370096-1; P221
92/0192-175 Monkey IV BID for 3 days - day 1 none 25 300 24 67 0.18
. IV BID for 3 days - day 3 none 25 300 29 82 0.21
TEZA/89/0213/00 Monkey single dose PO none 28 336 ND ND ND
TEIN/94/0043/01, ACU .
515 Monkey. IV daily for five days day 1 60 720 248
day 1 150 1800 407
day 1 300 3600 1223
day 5 60 720 330
day 5 150 1800 545
day 5 300 3600 1608
TEIN/95/0010/01 Monkey |V daily for 30 days 10 120 22
Day 3 parameters 20 240 57
40 480 130
TEIN/95/0010/01 Monkey IV daily for 30 days 10 120 22
Day 28 parameters 20 240 52
dosing stopped day 23 Toxic, dosing stopped d23 40 480

APPEARS THIS WAY
ON ORIGINAL
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ara-C

Toxic, dosing stopped d23 40 480

[Study . Species Route Toxicity Dose AUCy. Cpnax CL ti Tinax
malkg M/M* uM*hr uM  Uhr  hr hr
[RDT997 03410/00
97/APK/0009 Rabbit 1 hour infusion 20 240 77 46 0.88 087
L40321,
RD1998/00903/00 Rabbit  10-20 min infusion day 1 none 4 48 167 152
day 1 none 8 96 253 268
day 1 none 16 192 634 573
day 12 none 4 48 14 14
day 12 none 8 96 253 26
day 12 none 16 192 633 &3
RD 18997/03474/00
97/APK/0144 Rat IV bolus 625 ,375 24 33 9 025
TEZATS 170002 mouse PO 123 369 38 19 0.84 0.5
TEZAT 92T 00737 00 Dog IV bolus ] 25 500 313 934 0.23
TEZA/89/0213/00 Monkey sihgle dose PO none 28 336 12 3 2.7 2
[DRFG00, SERG79 Monkey IV Bolus no Ketamine Lethal 500 6000 7490 3.1
IV Bolus no Ketamine 500 6000 10000 44
IV Bolus with Ketamine Lethal 500 6000 5220 23
TEZA/93/0096-1; P221 .
92/0192-175 Monkey [V BID for 3 days - day 1 none 25 300 155 57 1.8 0.5
IV BID for 3 days - day 3 none 25 300 198 679 16 0.6
TEIN/94/0043/01, ACU
515 Monkey IV daily for five days day 1 60 720 513 130 0.5
day 1 150 1800 1203 288 0.8
day 1 300 3600 2721 534 1
day 5 60 720 582 124 0.5
day 5 150 1800 1042 262 0.9
day 5 300 3600 3320 495 1.5
TEIN/95/0010/01 Monkey [V daily for 30 days 10 120 85 25 04* 0.5
Day 3 parameters 20 240 177 51 04°* 0.5
40 480 307 93 04* 0.5
TEIN/95/0010/01 Monkey IV daily for 30 days 10 120 69 24 047* 0.5
Day 28 parameters 20 240 161 51 041" 0.5

* Units in L/kg/h

Only 7 to 20% of a dose of Nelarabine is bound to human plasma and binding did not
increase with concentration over a range of 6 to 600 uM. Binding of ara-G increased from 7 to
24% over this same concentration range.

Nelarabine did not inhibit any major human cytochrome P450 isoenzyme. Cytochromes
P450 are probably not involved in the metabolism of Nelarabine. Human hepatocytes
demethylate Nelarabine to ara-G more rapidly than monkey hepatocytes. The conversion to ara-
G is only slightly slower in rabbit and mouse hepatocytes than with human, but total conversion
is comparable if one includes the formation of allantoin by these species. Humans do not form
appreciable allantoin, but convert ara-G to uric acid more rapidly than any of the other species
tested. Nelarabine did not inhibit the P-glycoprotein transporter nor was it a substrate.

All species rapidly convert Nelarabine to ara-G after IV dosing. Plasma ara-G
concentrations were consistently greater than Nelarabine concentrations. In the rabbit, the ara-G
AUC was 7 to 10 fold higher than that of Nelarabine; AUC and C,,y for both compounds
increased linearly with dose and did not change significantly with repeated dosing. The decrease
in plasma concentration of both compounds was biphasic. In the rat, the AUC of ara-G was
about 6 times greater than that of Nelarabine. The half-life of Nelarabine was only about 12
minutes while that of ara-G was only about 15 minutes, so the rat is not a good species for
predicting human toxicity. Likewise, the average half-life of ara-G was 14 minutes after an IV
dose of 25 mg/kg of Nelarabine to beagle dogs. The average half-life of Nelarabine was 3
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minutes. Dogs eliminate both drugs more quickly than rats, monkeys or humans. Mice dosed
orally with 100 mg/kg/day of ara-G had peak plasma concentrations of ara-G of about 36-uM and
a ti; 0of 26 minutes. An equivalent dose of Nelarabine gave a peak ara-G plasma concentration
about 19 pM with a half-life of about 50 minutes. Since all these species eliminate ara-G much
more quickly than humans do, the sponsor chose to do the major toxicology studies for the
development of Nelarabine in the monkey. Unfortunately, they did not do a comprehensive study
of pharmacokinetics in the monkey. Based on limited information, single doses of 300 mg/kg or
less in the monkey cause little toxicity but higher doses appear to cause some saturation of
metabolism. The increase in AUC becomes greater than dose normal.

After a single dose of radiolabeled Nelarabine (100 mg/kg) the drug distributed to all
major tissues in pigmented mice. Immediately after the injection and for the first six hours the
highest concentrations occurred in the urinary bladder. Concentrations in metabolic and
excretory organs were usually higher than the concentrations in blood. Significant detectable
concentrations of radioactivity remained in these organs throughout the experiment (240 hrs)
suggesting that some of the radioactivity was incorporated into structural biomolecules.
Concentrations in the brain and CNS were lower than the concentrations in blood. The
concentrations in brown fat, gonads, secretory organs, endocrine organs, muscle, gastric mucosa
marrow, pancreas, spleen and the contents of the GI tract were approximately equal to those in
blood. There were no differences between the sexes.

Cynomolgus monkeys, the most tested species, eliminate most of an IV dose of
Nelarabine in the urine (>62%). The urine contained little radioactivity after 24 hours. The
monkeys excreted less than one percent of total radioactivity in the bile and less than 2% in the
feces. Less than 80% of the radiolabel was recovered after 10 days from the intact animals
suggesting biological incorporation. Monkeys rapidly hydrolyze Nelarabine to ara-G; the parent
compound was undetectable in plasma within two hours. They further metabolize ara-G to
xanthine and then allantoin, and much of this metabolism is probably extrahepatic. Significant
amounts of the radiolabel are incorporated into biological molecules within 24 hours. Respiration
is probably not a major route of elimination.

As with the monkey, mice rapidly convert the parent compound to ara-G. Unlike
monkeys they convert most of the dose to uric acid and allantoin within 3 hours (>88%). This is
probably why mice are not a good experimental model for this drug.

APPEARS THIS WAY
ON ORIGINAL
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Toxicology
Single dose

1) An Intravenous Dose Range Finding Study with Nelarabine in Cynomolgus
monkeys

Major finding

Investigators at GlaxoWellcome gave a single dose of 100, 200, 300, 400 or 500 mg/kg
(1200, 2400, 3600, 4800 or 6000 mg/mz) of nelarabine to one female monkey at each dose level.
They anesthetized the monkeys with ketamine before dosing. Doses of 300 mg/kg or less caused
no observable effects. The two higher doses caused significantly deeper anesthesia but the
monkeys recovered and were clinically normal within 24 hours.

Study number RD1997-1903-00, 474A-402-020-92

Research facility -

Study Date October 26, 1992

GLP . No '

Audited No

Drug Nelarabine, lot and purity not specified

Multiple dose

1 ' An Acute Five Day Intravenous Toxicity and Pharmacokinetic Study in a

Cynomolgus monkey with Nelarabine

Major finding

Investigators gave one female Cynomolgus monkey an IV (15 min) dose of 500 mg/kg
(6000 mg/m®) of Nelarabine for two consecutive days. They anesthetized the monkey before
dosing with ketamine. The first dose caused no treatment related clinically detectable symptoms,
but after the second dose the monkey’s state of anesthesia deepened. The monkey died within
four hours after the second dose.

Study number RD1997/02378/00, DRF 600

Research facility —_—

Study Date November 2, 1992

GLP No

Audited No

Drug Nelarabine, lot and purity not specified
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2) Anintravenous toxicity study in a Cynomblgus monkey with Nelarabine

Major finding

Investigators gave one female Cynomolgus monkey a single IV (11 min) dose of 400
mg/kg (4800 mg/m”) of Nelarabine. They anesthetized the monkey before dosing with ketamine.
Very near the end of dosing, the monkey had no palpebral reflex, respiration grew shallow, limbs
were flaccid, and jaw tone was minimal. The monkey died within five hours after this single
dose. The investigdtors had intended this to be a daily for five days dosing study.

The investigators modified the protocol to dose another single monkey daily for four
days. This monkey received 300 mg/kg IV (10 min). This monkey suffered some emesis and
deepening of anesthesia but recovered within four to five hours after each dose.

Study number TTDR-92-0042, 474E-405-501-92

Research facility —

Study Date - November 13, 1992

GLP ' No

Audited No

Drug Nelarabine, lot and purity not specified

3) Nelarabine: Pilot developmental toxicity study in non-pregnant rabbits
Summary

The doses (48, 96, or 192 mg/m?) in this ranging experiment were too low to cause
toxicity in the rabbit. There were no signs of weight loss, hematological changes, clinical
observations or gross pathology.

Study Number L40321, RD1998/00903/00
Laboratory
Date December 1998
GLP Yes
Audited Yes
Drug Nelarabine, Batch A97L.317
Methods
Animal female New Zealand White rabbits
Doses 0, 4, 8, or 16 mg/kg (0, 48, 96, or 192 mg/m?)

The doses were too low so the dose in the high dose group was
. increased to 64 mg/kg (768 mg/m?) days 13—16
Schedule Daily days for 16 days

Route IV, marginal ear vein, 10 or 20 minute infusion

Formulation 0.45% saline

Pharmacokinetics days 1 and 12 (and 16 in high dose group) see above

Parameters clinical signs, body weight, food consumption, hematology,
gross pathology
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4) Nelarabine: An intravenous dose toxicity study in non-pregnant New
Zealand white rabbits.

Major findings

Doses of 64 or 128 mg/kg/d for 13 days caused no significant toxicity in female rabbits.

Study Number

Laboratory

Date

GLP

Audited

Drug

Methods
Animal
Doses
N
Schedule
Route
Formulation
Pharmacokinetics
Observations

CD2004/00040/00, D03323, Project 900252
GlaxoSmithKline, Ontario, Canada
November, 2003

No

No

Nelarabine, lot C049439, purity not specified

female New Zealand White rabbits

64 and 128 mg/kg (768 and 1536 mg/m,/d)

4

Daily days for 13 days

IV marginal ear vein, 20 to 40 minute infusion, 38.4 mL/kg/hr
0.45% saline

not done

clinical signs, body weight, food consumption, gross pathology
(d14) ‘

The following table (sponsor’s) shows the results of this experiment.

Daily Dose (mgrkg) 64 (Group 1) 128 (Ciroup 2)
Noteworthy findings Slight tremors.were seen during du\;\gm There were no treatment-related elinical signs and no
¥ Group | animals. effects on body weights or foud consumpiion.
There were ao ellects on by weights or
Tood-consumiplion.
5) Nelarabine: Intravenous dose toxicity and toxicokinetic study in non-

pregnant New Zealand white rabbits.

Major findings

~ Doses of 300 mg/kg/d (8-hour infusion) or 360 mg/kg/d (24 hours infusion) given to
rabbits daily for 14 days caused no mortality, but the rabbits lost a significant amount of body
weight (6% and 11% respectively). There were dose dependent decreases in WBC, lymphocytes,
neutrophils, RBCs, Hbg, Het and reticulocytes.

Study Number
Laboratory
Date

GLP

Audited

CD2004/00497/00, D04089

April 7 2004
No
No
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Drug Nelarabine, lot C049441, purity not specified
Methods

Animal .. fernale New Zealand White rabbits, 27 wks old, 3.3 to 3.9 kg
Doses 300 mg/kg/d (3600 mg/m*/d) 8 hour infusion = group 1
360 mg/kg/d (4320 mg/m*/d) 24 hour infusion = group 2
N 4
Schedule Daily days for 13 days
Route IV marginal ear vein, 7.5 mL/kg/h group 1, 3 mL/kg/h group 2
Formulation 0.45% saline, 5 mg/mL
Pharmacokinetics not done
Observations clinical signs, body weight, food consumption, gross pathology
(d14)

The previous study showed no toxicity at any of the tested doses so this study is really a
continuation of that study at higher doses. Both studies were designed to determine appropriate
doses for the reproductive toxicology study below.

The following table (sponsor’s) shows that at the C,, in the rabbits of group 1 was 2.3
times higher than that seen in humans at the recommended dose (14 uM) and that the AUC was
7.5 times higher than that seen in humans (23 pM*h). But, the Cy,x and AUC for ara-G were
only 1.1 and 1.5 times higher than those seen in humans at the recommended dose (111 pM and
579 puM*h),

506178 ara-G
AUC g Cinnx AUCun Conas
(h.pa) (M) (h.pM) (5iM)
300 mgke/S hr/day 174 39 89 | 126
360 mafke/24 hr., 309 16.3 1608 727
fay
Observation Time Group 1 Group 2
Mortality None : None
Clinical Signs |twice daily Decreased appetite, decreased feces|Decreased appetite, decreased
feces
Body weight  |daily -6.3% -11.4%
Food daily significantly decreased severely decreased particularly
consumption toward the end of the study
Hematology Pre-dose and end of
study
WB(| - -29% -57%
Lymphocyte 42% -53%
Neutrophil -68%
RB(] - -21% -17%
b ~19% -20%
Hcf -19% -20%
Reticulocyte -42% -99%
Gross None None
Pathology

The following graph (sponsor’s) demonstrates the weight loss in these animals. Note that
there was significant weight loss between randomization and the start of dosing. In the table
above I have compared the weight loss to day -1.
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Toxicology Summary

With the exception of the neurotoxicity, Nelarabine causes a spectrum of toxicities that
one would expect with a purine antimetabolite. In mice the LD, for dailyX5 dosing is about
1500 mg/m’; this dose is associated with shallow breathing, decreased activity and tremor.
Consistent with their rapid elimination of the drug dogs tolerated single doses of 7200 mg/m
with no toxicity. In rabbits given daily doses for 13 days (CIV) the MTD was 4320 mg/m>. This
dose was associated with reduced appetite and decreased fecal output, decreased total body
weight (~11%), decreased white and red cell parameters.

Monkeys tolerated single IV doses of 3600 mg/m’ with few signs of toxicity. As
mentioned above higher doses caused fatal neurotoxicity in some individuals. Monkeys that died
from this toxicity showed loss of palpebral reflex, shallow respiration, flaccid limbs, and minimal
jaw tone. The monkeys that did not recover died hours after the first or second dose. Monkeys
tolerated five daily doses of 1800 mg/m’ showing dose dependent decreases in WBC and platelets
and a decrease in thymus weight. At this schedule, a dose of 3600 mg/m” killed 3 of 4 monkeys
by day 13. Moribund monkeys had tremors and convulsions. Ketamine anesthesia time
increased on day 5. All monkeys at this dose had tremors and convulsions. Body weight
decreased as did WBC and platelets decreased. AST and ALT increased 2 to 12 fold. BUN,
triglycerides and glucose increased. Microscopic damage was found in proliferative tissues, GI,
spleen, marrow, thymus. There was congestion in the lungs.

In an IV study with dailyX30 dosing, monkeys tolerated doses of only 120 mg/m* with
decreased red and white cell parameters. 240 mg/m” killed one of six monkeys on day 28. A
dose of 480 mg/m” killed 3 of 10 monkeys despite the cessation of dosing on day 23. Red and
white cell parameters decrease significantly. Significant damage was seen in the brain (cerebellar
degeneration, perivascular cuffing in the cerebrum and cerebellum) and the spine (vacuolization
and myelopathy, not reversible in surviving monkeys). Changes in clinical chemistry parameters
were suggestive of liver damage. There was lymphoid infiltration in the bladder, kidney, trachea,
salivary gland, lacrimal gland and heart. In females, there was myocardial degeneration and liver
damage (cholangitis, edema and vacuolization).
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mouse single dose IV Blsex 0 0 none
ACU 507 300 800 none
400 1200 none
500 1500 none
600 1800 none Decreased activily for the first hour following dosing. Ptosis observed in males
0 mouse TV 3ar y75 Blsex [ [
[ACU 508 200 600
300 9200
400 1200 NOEL
500 1500 -LD10 1Fd13
" shaftow ing, aclivity, 1 to touch, body lremors and ptosis and persisled
600 1800 2F, d9d12 following dosing for up to 5 hours. Decreased body weight gain.
2 Dog ingle dose [V 1 a0 1800 none non-toxic
ACU 512 1 180 3600 none non-toxic
1 360 7200 none non-loxic
RD1006/00903/00 Rabbit V. dal y Tor 16 aays 4 0 0 one
4 4 48 None
4 8 96 None
4 16 192 NOEL None None
[CDZ00470003 0700 Rabbil TV GayX13 days 4 64 768 Shight lremor dunng dasing 1h 374 ammals
4 128 1536 None None
Reduced appelite in 3/4 animals, decreased facal outpul in 2/4 females. Decreased food
dailyX13 days, 8 hour consumption (< 70 g/d) starting Day 12. Females lost about 6% bady weight. Decreased WBC,
(CD2004/00497/00 Rabbit v 300 3600 none Lymphocytes, Reticulocyles, RBC, Hbg, and Hel.
Reduced appetite and decreased fecal output in all females slarling Day 2 and 6, respeclively.
Reduced food consumption starting Day 3. Animals lost about 11% tolal body weight.
dailyX13 days, CIV 360 4320 MTD nona Decreased WBC, absolute neutrophil count, absolule lymphocyte, absolule neut
[None Monkey v aan yXE 2lsex 0 1] none none
Under Ketamine Muscle twilching, alaxia in females, decreased bady weight, visual dislerbance, decreased red
aneslhesia 80 720 none cell parameters, dacreased WBC and platelets, increased AST, ALT, BUN, Bili
RDT597-1303-00 Monkey Single IV dose T 100 1200 Nona No effect
Under Ketamine -
anesthesia 1 200 2400 None No effect
1 300 3600 None No effect
1 400 4800 None deepening aneslhesia, recovered
1 500 6000 MTD None deepening anasthesia, recovered
Lethal after first The slale of ketamine anesthesia deepened afer the Tirst dose bul the monkey recovered. The
RD1997/02378/00 Monkey IV 15 minute, dailyX5 1 500 6000 Lethal dose monkey died within four hours after the second dose.
Under Kelamine
anesthesia
This mankey suffered some emesis and deapening of anesihesia bul recoverad wilhin Tour (o
TTOR-92-0042 Monkey IV 15 minule, daityX5, 1 300 3600 fiva hours after each dose
Very near the end of dosing, the monkey had no palpebral reflex, respiralion grew shallow,
Under Ketamine Lethal after first limbs were flaccid, and jaw tone was minimal. The monkey died within five hours afler this
i 1 400 4800 Lethal dose single dose.
TTEP/94/0087 Monkey IV 15 minute, dailyX5 2/sex 0 0
ACU 515 2/sex 150 1800 Dose dependent decrease in WBC and Plt. Decreased thymus wt.
Moribund monkeys had tremors and ions. Ketami ia time i onday 5.
Under Ketamine Surviving monkey also had tremors and convulsions. Decreased body weighl. Dose dependent]
anesihesia 2fsex 300 3600 Lethal 3/4 days 61013  decrease in WBC and PIL. Increased AST and ALT (2 to 12 fold). Increas
7 00 Monkey TV dalyX30 'sex [ 0
Decreased red cell paramslers, WBC, increased Plt. One female had an axillary mass
3lsex 10 120 (lymphoid hyperplasia and inflammation).
. delerioraling condition, lremor, seizure. D body wt gain. D red cell
3sex 20 240 Lethal 1Md28 parameters, WBC, increased Pit.
Deterioraling condilion, remor, seizure. Decreased food consumption. Weight loss.
Under Ketamine dosing slopped day red cell WBC, i Pll, C ion, Peri
aneslhesia 23 S/sex 40 480 Lethal 2M,1Fd231028 cuffingin the and . In the spine izalion and p:
RD1997/0303/00 monkey TV dalyX30 Blsex 0 0
severe convulsions, hunched posture, tremors, hypoaclivily, emesis alter dosing, and alaxia.
dose fludara mg/m2 0 200 2400 Increased AST and ALT.
Fludara given days 1,
3,57, 9,13 60 0 [
60 50 600
severe convulsions, hunched posture, lremors, hypoactivily, emesis after dosing, and ataxia.
60 100 1200 1M 1F d15-d19 Increased AST and ALT.
savere convulsions, hunched poslure, tremors, hypoaclivily, emesis afler dosing, and ataxia,
60 200 2400 1M 1F d15-d19 increased AST and ALT.
Genotoxicity

1) Mouse Lymphoma mutagenicity report (non-GLP)

Major finding

In this preliminary study, Nelarabine was mutagenic in the mouse lymphoma assay in the
absence of metabolic activation. The investigators did not do the test with metabolic activation.
The effect was dose dependent with a maximum increase in mutations of 10 fold at a
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concentration of 5000 pug/ml. The highest concentration tested caused a decrease in relative total
growth of between 80 and 90%. The highest concentration tested did not precipitate.

Study number V40346, report RD1998/01791/00
Laboratory . Glaxo Wellcome Inc.
. Study date February 1998

GLP No

Audited No

Drug Nelarabine, MBR027/01/0ZA, Purity unknown

Methods '
Test system L5178Ytk+/- mouse lymphoma cells
Concentrations 0, 25, 50, 100, 250, 500, 1000, 2500, 5000 pg/mL
Schedule 3-hour exposure
Formulation DMSO

Positive controls None

2) Nelarabine: L5178Ytk+/- mouse lymphoma mutagenesis study

Major finding

In the absence of metabolic activation, Nelarabine caused a clear dose dependent increase
in mutation frequency in mouse lymphoma cells in vitro. The highest concentration tested, 5000
mg/mL, caused a 10-fold increase in mutations while causing an 86% decrease in relative growth.
In the presence of metabolic activation, Nelarabine caused a four-fold increase in mutation
frequency with an 89% decrease relative growth. This suggests that the S9 preparation does not
activate the compound but instead metabolizes it to less mutagenic compounds. The highest
concentration tested did not precipitate.

Nelarabine is highly mutagenic but this effect is measurable in this assay only at non-
physiological concentrations.

Study number RD1998/02484/00, V40408
Research facility GlaxoWellcome Inc. RTP, NC
‘Study Date September 28, 1998

GLP Yes

Audited Yes

Drug Nelarabine, lot MBR027/02/01 A, purity not specified

Methods
Test system ' L5178Ytk+/- mouse lymphoma cells
Concentrations 0, 50, 100, 250, 500, 1000, 2500, 5000 pg/mL
Schedule 3-hour exposure
Basis of dose selection results of study RD1988/01791/00
Formulation DMSO
Positive controls Methyl methanesulfonate (MMS) without activation

3-methylcholanthrene (3MCA) with activation

Metabolic activation Aroclor 1254 induced male rat liver
Results
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The following table shows that in the absence of metabolic activation, Nelarabine caused
a clear dose dependent increase in mutation frequency in mouse lymphoma cells ir vitro.
The highest concentration tested, 5000 mg/mL, caused a 10-fold increase in mutations while
causing an 86% decrease in relative growth. The effect was greater than the positive
control. In the presence of metabolic activation, Nelarabine caused a four-fold increase in
mutation frequency with an 89% decrease relative growth. This suggests that the S9
preparation does not activate the compound but instead metabolizes it to less mutagenic
compounds.

Table 1: Summary Data of Mouse Lymphoma Mutagenicity Assays for 506U78

: Without 89 7 With 59
506078 Concentration Mutant Fre_gu’snc'y Relative Total Mutant Frgg‘uancy X Relative Total
(igimi) X 10 Growth (%) 10 Growth (%)
:3:hour exposure
Solvent Control > 125 100 95 100
100 134 88 76 68
250 77 116 83 81
800 ) 314 ; 62 205 45
1000 541 39 - 18
2500 ) 1072 12 242 19
5000 1241 14 477 1
MMs.* 882 33 ND ND
3-MCA © ND j ND 1866 1
~Study i Cbmpliénce vith GLP: Yes l Experimental work dates: 29 September 1998 - 13 Octaber 1998
hsaymf” - e —————————— -
506U78, MBR0O27/02/07A, was mutagenic n the absence.and presence of S9 metabolic activation, 506U78 did not tom
a visible precipitate at any dose level. The highest dose leve! examined for mutagenicity was based on refative total
growth (cyloloxicity). The 50mg/mL. and S00mgimL dosing solutions. used in the mulagengsis assays were 79 and 85% of
the nominal concentration.- Dose levels are expressed interms of 506U78. Positive controls gave the appropriate
response, In.terms of the increase in mutant freguency and generation of small colonies.

Key:for Table .

*The values reporfed are'the mean of two replicate cuftures,

“The solvent was dimethyl sulfoxide (DMSQ) which was af & final concentration in lissue culture media of 1% (volfvol), -

 The positive controls veere methyt methanesuifonate (MMS) at 20.0pg/mL in the absence of S9 nielabolic activation and 3-
methylcholanthrene (3-MCA} at 5.00g/mL in the presence of §9,

NI indicates not done.
Values showing a po,s}i:tive response are boxed in heavy lines. One of the criteria for a positive résponse is a dose levet
which shovis an increase In mutant frequency of 2 100°x 10°* over that of the solvent control,

The following graph (mine) demonstrates that this increase in mutation frequency in the
absence of S9 is hyperbolic, approaching an asymptote at doses that are decidedly toxic.

APPEARS THIS WAY
ON ORIGINAL
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The sponsor did not report the full ICH battery of genotoxicity tests. There are no studies
of mutagenicity with the Ames test or the rodent micronucleus test. I gather the sponsor assumed °
that this single resoundingly positive GLP test was sufficient to establish the genotoxicity of
Nelarabine. I concur with this judgment.

Reproductive toxicology

1) Nelarabine: Intravenous Infusion Embryo-Fetal Development Dose- Range
Study in Rabbits
Major findings

Nelarabine was given to mated female New Zealand White rabbits by intravenous
infusion from Days 7 to 19 of gestation, at dose levels of 1, 5, 25 and 125 mg/kg/day. There was
no evidence of maternal toxicity, fetotoxicity, embryo-lethality or teratogenicity at any dose level.

Study number CD2004/ 00514/ 00 D03408
Research facility GlaxoSmithKline, Ontario, Canada
Study Date February 7, 2004
GLP No
Audited No
Drug Nelarabine, Batch number C049440, purity “on file”
Methods ’
Animal New Zealand white rabbits
Age and Wt 24 weeks, 2.8 to 3.3 kg
Doses 0,1, 5,25, 125 mg/kg (0, 12, 60, 300 or 1500 mg/m?)
N 5/dose group (one vehicle control)
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Route IV marginal ear vein, 20 or 40 minutes

Schedule daily from day 7-19 post artificial insemination
Formulation 0.45% sodium chloride, USP
Day of C-section - 29
2) Nelarabine: Intravenous Infusion Embrye- Fetal Development Study in
Rabbits
Major findings

An TV dose of 300 mg/kg/d (3600 mg/m?/d or about twice the adult recommended dose
on a mg/m” basis) given to pregnant rabbits during organogenesis was toxic to the does, causing
mortality, abortion, decreased body weight gain, decreased food consumption and labored
breathing in various animals. The high dose was not embryolethal but it did cause toxicity, which
manifested as low fetal weight. All dose levels including 100 mg/kg/d and 30 mg/kg/d were
associated with delayed ossification. Increased incidences of fetal abnormalities were seen in all
treated groups, these abnormalities included cleft pallet at the high dose, absent polices at the mid
and high dose and absent gall bladders, accessory lung lobes and fused or extra sternebrae at all
doses. The low dose was not a NOAEL. Thus, Nelarabine is fetotoxic at clinically relevant
doses. :

Study number CD2004/01225/00, G03324
Research facility GlaxoSmithKline, Ontario, Canada
Study Date July 1, 2004
GLP ' Yes
Audited Yes
Drug Nelarabine, Batch number C049440, purity “on file”
Methods
Animal New Zealand white rabbits
Age and Wt 20-21 weeks, 2.3 to 3.5 kg
Doses 0, 30, 100, 300 mg/kg (0, 360, 1200, 3600 mg/mz)
N .22/dose group
Route IV via indwelling catheter; 8 hour
Infusion 7.5,0.75,2.5 or 7.5 ml/kg/hr, groups 1, 2, 3, and 4 respectively
Schedule daily from day 7-19 post artificial insemination
Formulation 0.45% sodium chloride, USP
Day of C-section 29

The following table (sponsor’s) shows the pharmacokinetics of Nelarabine and ara-G on
day 11 post insemination. The increase in concentration with dose was first order. The
exposure to ara-G was about four-fold greater than the exposure to Nelarabine. The
experiment establishes that the exposures in these rabbits were significantly higher than those
achieved clinically.
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Dose-level! | AUCpq? | AUC@p Crnax Crind® tmax

Analyiel o oikgiday) | mghiml) | (aMb) | (ngiml) | b | ) |AUCRatic
30 5950 234 | 1090 | aer | 10 NA
506478 100 2620 | 785 | 323 | 108 | 40 NA

300 66236 223 9662 325 10 NA

30 25687 908 3683 130 49 388 .

ara-G 100 91628 324 12771 451 40 407

300 274411 970 32755 ¢ 118 40 435

1. Dosos of 30, 100, and 300 my S06U78kg were given once daily vis intravenous Infusion over 8 hours
2. AUC from the start of dosing fo the ast quantifiable §me-point

3. Maleculor weight of 506U78 and am-G are 297 and 283, respectivaly

£ . Ratio calculated by dividing AUC value of ara<G by AUC value of 505U78

N =2or3rabbits par ime point

NA= nolapplicable

The following tables (sponsor’s) present the results of this study.

Dally Dose {mgfhg) 0 (Control) 30 100 360
sams: 6950 2387 sa424
72 22 7 F7)
b7 Fi] 20 17
2 21 20 17
1, 0 N P e
\ ¢ \} ]
labored beathing
(Ho. 45143,
redoced appetite
Clinica) Obsorvations - - . thinnass
{Nes. 453 2nd
4514) and
decreased fecal
oulput
No. 4514}
Dally Dose (k) Oontio) | % 0 | 3w

No treatment-related changes were seen during the gress examination of

Necropsy Observations rabbits foliowing the administration of 506U78 by infravenous infusion, _ |
Body Welght Galn (Days 7 1o 29 pc)! 4009 0% 2.5% 47,5%"
Corrected Body Weight: Gain {Days 7-to 29 pc), kg 0.22 0.008 0035 £.110*

Food Consumption {Days 0 to 28 pc)’ 125 giday 0% 0% 3.2%

Mean No. Corpora Lutea 90 98 3.1 4.5

Mean No. implantations 639 75 72 83
n Loss 23.7% 23.2% 18.8% i 14.4%
¢ laterate a4 Baked  po g 2 “prall DG [Statisticat sigaiti {paU5) 8 hiased oo raw data {n2 on ihe percent

- No nulewndhy Endings.
Hifierencesi}.

. Forzoniyo$, gioup mears e o, For iwatolf grougs, percent ditfotences frans eontrols are shoam.

2. lckeled are smma (4518) thal was not pragaan, nd alse suilmized an Day 41 pe i poer condition,

Daily Dose {myglkg) 0 {Control) 3¢ 100 300
Litters: No, Litters Evaluated® e 2 29 18 15
Mean No. Live Fetuses 87 6.7 34 6.9
Mean Ne. Resorplions {early, middle and late) 0.2 0.8" 08 1.1*
Mean No, Dead Fetuses ] 8 a o] Y
Mean Total Postimplantation Loss - No. 43 121 14 14.0
e Y20 Fetal Body Weight (g) - Males 0.2 3930 019 304g"
Mean Fotal Body Weight {g} - Females 03¢ 38 37.59 30.29"
% Male Fetuses e 47 5% 53.8% .48k 474%
(- No hafewitrihy finckags
-]

1. Method of fedaf evakiation extermal, wiscers, shewtal
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Dalfy Dase (glhg)

0 (Control)

30
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0{0.0%)

01p.0%)

0(00%)
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Ho. Litars (%)

010.0%}

2(00%)

010.0%)

(o3

Galtbladder: Atisént

o Fetuses ratio, %)

107%)

2(1.9%)

§15.3%)

10{94%)

Hio. Liitors (rtio}

1

2

3

8

Acé,ewoly’ﬁpg lobe: Absent

v No: Fetuses {rafie; %}

948.1%)

2 {204%;}

¥ @

65 (85185
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12°

15"

Spken: Reduced

Hio, Fetunes (atia, %)

0 (%)

11%)

a(0%)

[B2BY

" ‘No. Litars (riatio)

1t

Pollox;: Absent:

Ho, Fetuses (ratig; %)

0%}

o(0%)

10.9%

35 [40.2%)

No, Litters-{ratio)

1

2

Daily Dose {gfig)

0{Controy)

100

300

CliftPatite:

No. Feluges {%)

£(0.6%)

Ho; Litters 3%)

¢ 10.0%)

QL%

©0.0%;

£{00%)

Q(0.0%

S56.3%5"

149335y

Gallbladder; Absent

HNo. Fetuves {ratio, %)

1 {0I%)

20185

No. Lifters (ratls)

1

2

Accessory lung lobe: Absent

16 (24%)

Ho. Fetusas {rstio, %)

3B %}

2% i204%)

B (56.1%1" |

fo. Litters (ratio)

4

W

Spleen: Reduced.

No. Felgisss 7o, %)

o %)

141%)

23 (28.2%1

Ho, Likers (ratio)

"

Polfex: Absent

No. Fetates {ratio; %)

0 {0%)

1{0.5%)

No. Liftees {ratio)

1

35 (40.24)"

1z

APPEARS THIS WAY
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Dty Dose (mofkg) 0 {Contral) 30 108 360

14" Rib{s); Extra
. No.Fetuses (rativ, %} 210%) 1 (0.8%) 7 {45 53 (538%)
No. Litters {ratio) G 1 4 14
“Pubic Bongs: incomplete Ossification
No. Fetises-{ralio, %} 1 {0.5%) 0%} 8(47%) 55 (54.8%)"
N Litte (esic) 1 0 4 1
Pubic Bones: Unossified
No: Fetuses fratlo, %} 0 (8% 0% 0 (0% 7 B.9%)¢
Mo, Lfters (rativ) 5 0 0 &

Forepaws: - Reduced Number of Phalanges

Ho. Fetuses (ratig, %) (0%} 0{0%) 3(2.5%} 56 (57.6%)"

No. Littérs {ratio) & 3 2 14

Pallex: Reduced Numbert of Phalanges:

No. Fetuses (ratio, %) 0 (0%} O{0%) 1(09%) 48 (50.3%)°

No: Litters (ratio} ¢ 0 1 13
Daly Dose {ogiz) ¢ (Gontrol) 30 100 30

Hindpaws: ‘Reduced Number.of Phalang

No: Fetuses (ratio, %} 0 (0% 0{0%) 0{6%) 1zp39%)

N Litters {tatio) 0 [ 0 T
Bilstoral 135 b B

No. Afected Fetuses/Litter (Mean %} . 273 26.1° ) 97.8* 981
Ribs - fotal 13

No, Alfected FetusesiLitter (Mean %} 41.8 8.7 %65 §0.47

R

Overall Summery

Nelarabine is a pro-drug of the deoxyguanosine analogue 9-B-D-arabinofuranosylguanine
(ara-G). Adenosine deaminase rapidly demethylates Nelarabine to form the active compound.
Intracellular debxyguanosine kinase and deoxycytidine kinase phosphorylate ara-G sequentially
to form ara-GTP. ara-GTP then substitutes for GTP in numerous biological processes including
the replication of DNA. This substitution leads to inhibition of DNA synthesis resulting in cell
death. Malignant T-cells are killed by this process because they are rapidly replicating.
Nevertheless, ara-G has the potential to kill any replicating cell. This mechanism appears so well
accepted that little research has been done to determine other potential mechanisms. The acute
lethal neurotoxicity seen in monkeys is probably caused by a very different mechanism.

Nelarabine is a potent toxin. It is cytotoxic in vifro at micromolar concentrations in
human bone marrow progenitor cell lines. Experiments in vitro suggest it is more toxic to human
malignant T-cell lines than it is to malignant B-cells, in some cases by at least a factor of 10.

Nelarabine is a topical irritant but it did not cause skin sensitization on re-challenge. It
caused only negligible irritation in the Draize test. Solutions of Nelarabine were not hemolytic
and did not cause protein flocculation at clinically relevant concentrations.
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Only 7 to 20% of a dose of Nelarabine bound to human plasma and binding did not
increase with concentration over a range of 6 to 600 pM. Binding of ara-G increased from 7 to
24% over this same concentration range and binding increased with dose.

Nelarabine did not inhibit any major human cytochrome P450 isoenzyme. Cytochromes
P450 are probably not involved in the metabolism of Nelarabine. Human hepatocytes
demethylate Nelarabine to ara-G more rapidly than monkey hepatocytes. The conversion to ara-
G is only slightly slower in rabbit and mouse hepatocytes than with human but total conversion is
comparable if one includes the formation of allantoin by these species. Humans do not form
appreciable allantoin, but convert ara-G to uric acid more rapidly than any of the species tested.
Nelarabine did not inhibit the P-glycoprotein transporter nor was it a substrate.

All species rapidly convert Nelarabine to ara-G after IV dosing. Plasma ara-G
concentrations were consistently greater than Nelarabine concentrations across species. In the
rabbit, the ara-G AUC was 7 to 10 fold higher than that of Nelarabine; AUC and C,,,, for both
compounds increased linearly with dose and did not change with repeated dosing. The decrease
in concentration of both compounds was biphasic. In the rat, the AUC of ara-G was about 6
times greater than that of Nelarabine. The half-life of Nelarabine was only about 12 minutes
while that of ara-G was only about 15 minutes, so the sponsor did not consider the rat a good
species for predicting human toxicity. Likewise, the average half-life of ara-G was 14 minutes
after an IV dose of 25 mg/kg of Nelarabine to beagle dogs. The average half-life of Nelarabine
was 3 minutes. Dogs eliminate both drugs more quickly than rats, monkeys or humans. Mice
dosed orally with 100 mg/kg/day of ara-G had peak plasma concentrations of ara-G of about 36-
pM and a t;, of 26 minutes. An equivalent dose of Nelarabine gave a peak ara-G plasma
concentration about 19 uM with a half-life of about 50 minutes. Since all these species eliminate
ara-G much more quickly than humans do, the sponsor chose to do the major toxicology studies
for the development of Nelarabine in the monkey; but, they did not do a comprehensive study of
pharmacokinetics in the monkey. Based on limited information, single doses of 300 mg/kg or
less in the monkey cause little toxicity but higher doses appear to cause some saturation of
metabolism. The increase in AUC becomes greater than dose normal. Single doses of 400 or 500
mg/kg result in irreversible neurotoxicity, manifested as a deepening loss of consciousness. 1
believe that an overdose of Nelarabine would probably result in a similar saturation of
metabolism and similar neurotoxicity in humans. This neurotoxicity is distinct from the Guillain-
Barre like syndrome seen in patients receiving Nelarabine clinically. The ketamine anesthesia
used in most of the monkey studies may slow the conversion of Nelarabine to ara-G in monkeys
and exacerbate the neurotoxicity.

In humans the, half-life of ara-G is between 2 and 4 hours, Tp.x Occurred after about two
hours, CI/F was about 0.3 L/h/kg, V/F was about 1. At the recommended clinical dose for
humans the AUC was 23 pM*h, Cp.x was 14 pM, clearance was about 8 L/h/kg, half-life was
about 16 minutes and the volume at steady state was about 9 L/kg. AUC and clearance increased
roughly linearly with dose but there was considerable variability.

After a single dose of radiolabeled Nelarabine (100 mg/kg) the drug distributed to all
major tissues in pigmented mice. Immediately after the injection and for the first six hours the
highest concentrations occurred in the urinary bladder. Concentrations in metabolic and
excretory organs were usually higher than the concentrations in blood. Significant detectable
concentrations of radioactivity remained in these organs throughout the experiment suggesting
that some of the radioactivity was incorporated into structural biomolecules. Concentrations in
the brain and CNS were lower than the concentrations in blood. The concentrations in brown fat,
gonads, secretory organs, endocrine organs, muscle, gastric mucosa marrow, pancreas, spleen and
the contents of the GI tract were approximately equal to those in blood. There were no
dlfferences between the sexes.
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Cynomolgus monkeys, the most tested species, eliminate most of an IV dose of
Nelarabine in the urine (>62%). The urine contained little radioactivity after 24 hours. The
monkeys excreted less than one percent of total radioactivity in the bile and less than 2% in the
feces. Less than 80% of the radiolabel was recovered after 10 days from the intact animals
suggesting biological incorporation. Monkeys rapidly hydrolyze Nelarabine to ara-G; the parent
compound was undetectable in plasma within two hours. They further metabolize ara-G to
xanthine and then allantoin, and much of this metabolism is probably extrahepatic. Significant
amounts of the radiolabel are incorporated into biological molecules within 24 hours. Respiration
is probably not a major route of elimination.

As with the monkey, mice rapidly convert the parent compound to ara-G. Unlike
monkeys they convert most of the dose to uric acid and allantoin within 3 hours (>88%). This is
probably why the sponsor did not consider mice a good experimental model for this drug.

With the exception of the neurotoxicity, Nelarabine causes a spectrum of toxicities that
one would expect with a purine antimetabolite. In mice the LD, for dailyX5 dosing is about
1500 mg/m?; this dose is associated with shallow breathing, decreased activity and tremor.
Consistent with their rapid elimination of the drug dogs tolerated single doses of 7200 mg/m>
with no toxicity. In rabbits given daily doses for 13 days (CIV) the MTD was 4320 mg/m®. This
dose was associated with reduced appetite and decreased fecal output, decreased total body
weight (~11%), decreased white and red cell parameters.

Monkeys tolerated single IV doses of 3600 mg/m’ with few signs of toxicity. As
mentioned above higher doses caused fatal neurotoxicity in some individuals. Monkeys that died
from this toxicity showed loss of palpebral reflex, shallow respiration, flaccid limbs, and minimal
jaw tone. The monkeys that did not recover died hours after the first or second dose Monkeys
tolerated five daily doses of 1800 mg/m* showing dose dependent decreases in WBC and platelets
and a decrease in thymus weight. At this schedule, a dose of 3600 mg/m” killed 3 of 4 monkeys
by day 13. Moribund monkeys had tremors and convulsions. Ketamine anesthesia time
increased on day 5. All monkeys at this dose had tremors and convulsions. Body weight
decreased as did WBC and platelets decreased. AST and ALT increased 2 to 12 fold. BUN,
triglycerides and glucose increased. Microscopic damage was found in proliferative tissues, GI,
spleen, marrow, thymus. There was congestion in the lungs.

In an IV study with dailyX30 dosing, monkeys tolerated doses of only 120 mg/m? with
decreased red and white cell parameters. 240 mg/m’” killed one of six monkeys on day 28. A
dose of 480 mg/m” killed 3 of 10 monkeys despite the cessation of dosing on day 23. Red and
white cell parameters decrease significantly. Significant damage was seen in the brain (cerebellar
degeneration, perivascular cuffing in the cerebrum and cerebellum) and the spine (vacuolization
and myelopathy, not reversible in surviving monkeys). Changes in clinical chemistry parameters
were suggestive of liver damage. There was lymphoid infiltration in the bladder, kidney, trachea,
salivary gland, lacrimal gland and heart. In females, there was myocardial degeneration and liver
damage (cholangitis, edema and vacuolization).

An IV dose of 300 mg/kg/d (3600 mg/m*d or about twice the adult recommended dose
on a mg/m? basis) given to pregnant rabbits durlng organogenesis was toxic to the does, causing
mortality, abortion, decreased body weight gain, decreased food consumption and labored
breathing in various animals. The high dose was not embryolethal but it did cause toxicity, which
manifest as low fetal weight. All dose levels including 1200 mg/m®d or 360 mg/m?/d were
associated with delayed ossification. Increased incidences of fetal abnormalities were seen in all
treated groups, these abnormalities included cleft pallet at the high dose, absent polices at the mid
and high dose and absent gall bladders, accessory lung lobes and fused or extra sternebrae at all
doses. Thus, Nelarabine is fetotoxic at clinically relevant doses.

Thus, Nelarabine causes dose dependent myelosuppression in humans and animals and
toxicities that suggest acute liver damage, neurotoxicity that is possibly irreversible in some cases
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and possibly cardiac damage. The unusual neurotoxicity seen clinically and non-clinically is
possibly due to a secondary pharmacology and not the intracellular formation of ara-GTP. The
toxic dose response curve for lethal neurotoxicity in the monkey is relatively steep, 300 mg/kg is
non-lethal but 400 mg/kg (4800 mg/m®) killed one monkey within 4 hours. Nelarabine is
profoundly genotoxic. It is also toxic to the developing fetus.

Recommendation

I find no pharmacological or toxicological problems that would prevent the approval of
ARRANON for the proposed indication. '

Information requests to the sponsor

None

Labeling Issues

See Page 5

W. David McGuinn, Jr., Ph.D., D.A.B.T.

APPEARS THIS WAY
ON ORIGINAL
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Appendix 1: Review 1

REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
ORIGINAL

IND 42,778 Reviewer: Wendelyn J. Schmidt, Ph.D.
Received by reviewer: 6/17/93
Completed: 6/24/93

Sponsor: Joanne Kurtzberg, M.D.

Drug Name: Compound 506, ara-G pro-drug

Chemical Name: 2-amino-9-B-D-arabinofuranosyl-6-methyoxy-9H-purine

Indication: ——

Related Drugs and IND/NDA's: none

Information to be relayed to Sponsor: Y/N

Proposed Clinical Study: Objectives include determination of MTD as i.v. bolus infusion 1-2X daily for 5 days in
children and adults, definition of toxicity profile of the drug, preliminary efficacy assessment, determination of
deoxycytidine kinase immunoreactive protein in sensitive and resistant blasts cells and correlate with clinical
response. Patients will be administered an i.v. infusion of Cmpd 506 over 1 hour daily for 5 days starting at 5
mg/kg (185 mg/m2) every 4 weeks. PK determinations will also be performed.

Dosage Forms and Route of Administration: i.v.; sterile lyophilized powder

Studies Received:
None; summaries of toxicologic and pharmacologic studies were submitted.

Note - Portions of this review were excerpted directly from the sponsor's submission.

Overall Summary and Evaluation

The toxicologic information submitted was inadequate. From the summaries provided, it was
impossible to determine the drug vehicle, drug lot, volume injected, length of observation, peak and total
exposure to drug (dog), parameters examined and timing of examination (body weight, hematology, serum
chemistry, organs examined grossly and histopathologically), PK values measured and method of measurement,
as well as whether the studies were conducted according to GLP. The pharmacodynamic studies did not
contribute to the toxicologic profile as none were performed in an in vivo model with Compound 506.

With a series of assumptions, it is possible to draw several conclusions. Compound 506 does have
activity, mostly in the 1-10 uM range, in a series of T-cell cultured cell lines. Compound 506 and Ara-G are
detectable in dog, monkey and human following i.v. administration in dog and monkey, oral administration in
human. The half-life was shortest in the dog (2.8 minutes), longer in monkey (10 minutes with 25 mg/kg, 30
minutes with 500 mg/kg), and still longer in human (2.8 hours by oral route). Ara-G half lives in dog and
monkey were 13.5 and 2%4-3 hours respectively. Toxicity was minimal in the mouse and dog with lethality seen
only in 3 female mice (1 at 1500 mg/m2, 2 at 1800 mg/m2) which the sponsor attributed to volume effects.
Monkeys given a single dose of 400 mg/kg or greater showed deep anesthesia in combination with ketamine;
when administered multiple doses of 400 or 500 mg/kg, monkeys never regained consciousness. Three hundred
mg/kg for 4 consecutive days in the monkey resulted in anorexia (degree unknown from data provided) and
convulsions/ataxias, incoordination etc.; deaths also occurred at this dose at days 5-7. CNS effects were also
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noted at doses as low as 150 mg/kg in the monkey, though recovery did occur by day 17. WBC counts in these
groups were reduced as low as 1400 (no units given) but rebounded by day 14-21; thrombocyte number was also
decreased. No serum chemistry parameters were discussed, nor were necropsy/histopathology results. Several
papers discussing the effects of Ara-G in marrow purging were also included, but did not offer additional data on
the safety of Compound 506 in the human, other than Ara-G did purge leukemic marrow, allowed marrow
engraftment, and increased survival of the engrafted mice.

Recommendations
1. As the toxicity data presented did not allow for a complete assessment of the types and extent of
toxicity of Compound 506, the study may not proceed.

2. The sponsor should provide complete data for each toxicity study performed including 1) the batch of
drug used, 2) the vehicle and concentration of drug used, 3) the volume of drug injected, 4) the observations and
measurements performed and the timing of these measurement, 5) the duration of the observation/measurement
period, and 6) the measurement/data obtained from the animals. The type of measurements made should include
body weight, clinical signs and gross necropsy for the acute lethality study in mice; body weight, clinical signs,
and plasma levels of drug (including Cmax and AUC levels of Compound 506 and Ara-g) in the dog, and if
available, hematology and serum chemistry values; and body weight, clinical signs, ECG, hematology, serum
chemistry, necropsy reports, histopathology reports, and plasma drug and Ara-G levels in the monkey. Complete
tables of the data, both mean values and individual animal values should be included, as well as a description of
the technique used to measure plasma levels of the compound and Ara-G. For example, because no serum
ALT/AST levels or histopathologic reports were submitted, it cannot be determined if there were toxicities to the
liver or if the sponsor even examined the possibility. Since none of the pharmacology data was gathered in the
whole animal, complete pharmacokinetic data would allow extrapolation of effective levels of drug in culture to
actual plasma levels achieved. From the summaries, it seems that most of the data exists, but was not submitted.

3. From the data submitted, it is not clear that 150 mg/kg (1800 mg/m2) in the monkey is a non-lethal
dose (1/4 150 mg/kg monkeys showed convulsions on days 5 and 6 and was sacrificed according to schedule on
day 7; thus, the lethality of that dose is in doubt). A lower dose in the mmonkey should be tested to establish a
minimally foxic dose. A dose (daily X 5) of 60-75 mg/kg in the monkey (720-900 mg/m2) with a recovery
period of several weeks should give an adequate profile of non-lethal toxicity, and allow an acceptable safety
margin in humans given the longer half-life of compound 506 in the human. '

Wendelyn J. Schmidt, Ph.D.
cc:

IND ORIG.

HFD-150

/W Schmidt

/CSO

/MO

/JDeGeorge
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Appendix 2: Review 2

REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
Review #2 -

IND 42,778 Reviewer: Wendelyn J. Schmidt, Ph.D.
CDR Stamp Date: 2/17/94
Received by reviewer: 2/22/94
Completed: 3/16/94

Sponsor: Joanne Kurtzberg, MD

Drug Name: Compound 506, ara-G pro-drug

Chemical Name: 2-amino-9-B-D-arabinoﬁlranosyl-G-methyoxy-9H‘-purine

Indication: —_— o

Related IND/NDA's or DMF's: none

Proposed Clinical Study: Objectives include determination of MTD as i.v. bolus infusion 1-2X
daily for 5 days in children and adults, definition of toxicity profile of the drug, preliminary
efficacy assessment, determination of deoxycytidine kinase immunoreactive protein in sensitive
and resistant blasts cells and correlate with clinical response. Patients will be administered an i.v.
infusion of Cmpd 506 over 1 hour daily for 5 days starting at 5 mg/kg (185 mg/m2) every 4 '
weeks. Escalation to 75 mg/kg will be performed. PK determinations will also be performed.
Allopurinol at 300 mg/m2/day will be administered q 8 hours starting 24 hours prior to
Compound 506.

Information to be relayed to Sponsor: Y/N

Dosage Forms and Route of Administration: 1.v.

Studies Received:

1. Pharmacodynamics:

1. 506U87 Inhibited the growth of CEM cells in beige nude Xid mice.

II. Pharmacokinetics

1. Pharmacokinetics of Nelarabine in the dog.

2. Pharmacokinetics of araG and Nelarabine in the monkey.

Toxicology

1. Acute murine toxicity study.

2. A report for AUC 512--an acute single dose i.v. study in beagle dogs with Nelarabine.
3. Monkey toxicity study

Note - Portions of this review were excerpted directly from the sponsor's submission.
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L._Pharmacodynamics:
1. 506U87 Inhibited the growth of CEM cells in beige nude Xid mice.

CEM human t-cell (solid tumor) were transplanted into Xid mice, and the mice treated
for 25 consecutive days beginning the day after transplanted either by i.p. or p.o. routes with 50
or 100 mg/kg 506U87. There was a dose dependent decrease in tumor weight with no significant
difference in efficacy between p.o. and i.p. dosing. As data on lethality, body weight, or necropsy
results was not included, no information on the toxicity of multiple doses in the mouse may be
inferred.

Figure not available

II. Pharmacokinetics
1. Pharmacokinetics of Nelarabine in the dog.

The pharmacokinetics of a single i.v. dose of 25 mg/kg were investigated in 4 female
dogs. Samples were collected at predose, 5, 15, 30, 45 minutes and 1, 2, 4, 6, §, and 12 hours
post-dose. Samples were analyzed by HPLC for both Nelarabine and araG content.

The half-life or araG in the dog was 13.6 minutes with a terminal half-life in the range of
1 hour. The half-life of Nelarabine was less than 5 minutes, with a terminal elimination on the
order of 10 minutes. No other metabolites were detected with this HPLC method. Almost 14%
of the dose was recovered in urine as parent compound or araG. '

2. Pharmacokinetics of araG and Nelarabine in the monkey.

Plasma samples from monkeys treated with either 150 or 300 mg/kg/day for 5 days (both
doses resulting in lethality) were analyzed for Nelarabine and araG. Both Cmax and AUC were
linear with dose. The approximate half-life for Nelarabine was under 30 minutes, 6-7 hours for
araG (reviewer's eyeball method of calculation). No raw data or information on analysis method
was provided.

APPEARS THIS WAY
ON ORIGINAL
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I11. Toxicology
1. Acute murine toxicity study.

The study was performed at Burroughs Welcome Co., Research Triangle Park, NC in
1992. Six mice/sex/dose were administered 0, 300, 400, 500, or 600 mg/kg NelarabineUD in
0.9% saline (10 mg/ml). Body weight and food consumption were monitored weekly, clinical
signs were monitored daily. Gross necropsies were performed at sacrifice on day 14.

All mice survived to scheduled sacrifice. In the 600 mg/kg males and females, decreased
activity for the first hour following dosing. Ptosis was also noted in the HD males. No
significant changes in body weight or food consumption were noted with treatment. No
significant changes were noted at necropsy.

2. A report for AUC 512--an acute single dose i.v. study in beagle dogs with Nelarabine.

The study was not performed according to GLP. A single dog (1 male and 2 females)
were administered either 90, 180 or 360 mg/kg Nelarabine in saline and observed for 3-11 days.
No clinical signs were observed and no other data was collected.

3. Monkey toxicity study

The study was performed according to GLP at Burroughs Wellcome, Research Triangle
Park, NC, in 1993. Two Cynomologous (Macaca fascicularis) monkeys/ sex/dose were
administered either saline or 60 mg/kg/day NelarabineUH under ketamine anesthesia daily for 5
consecutive days. Monkeys were then observed for 59 days.

Measurements and Observations:

Twice daily: clinical observations

Weekly (including 2 weeks prior to dosing): body weight

Pretest, day 6 and 30: ophthalmoscopy

Days 1,2, 5, 6: PK samples

Pretest, post-dose days 1,9, 15, 22, 28, 36, 43, 50, 57: hematology, serum chemistry,
urinalysis (last day for urinalysis, day 28).

Day 5, 11, and 35: ECG
Clinical Observations:

All monkeys survived until scheduled sacrifice. Muscle twitching was noted in 1 treated
male from postdose day 9 through 57 (noted particularly when monkey was stimulated or
handled). Two treated females were ataxic from postdose day 10 through day 21 or 36. The
sponsor noted that ataxia was "attributable to depth perception deficits, and neither animal was
blind". Muscle twitching was also observed in one treated female during ketamine anesthesia for
obtaining ECG on post-dose day 30. There were no significant differences between treated and
control animals in time to recovery from ketamine anesthesia.

APPEARS THIS WAY
ON ORIGINAL
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Body weight:
Body weight gain was decreased in the treated monkeys as compared to the saline
controls (see.following table).

Weight change (g) from pretest week 1 to week 9

Males Females
Individual Mean Individual Mean
Control ] -112 +79
Treated -364 -81

ECG: There were no significant changes in ECG parameters with treatment.
Ophthalmoscopy: There were no changes in ophthalmic observations with drug.

Urinalysis:

Ketones were present in the urine of both male and female treated monkeys from post-
dose day 9 through day 22. Urine phosphorus was also elevated by >100 fold from postdose day
1-28 in at Jeast 2 treated monkeys at all timepoints.

Hematology:

The RBC # (hematocrit and hemoglobin levels) in the treated males were decreased
. between 15 and 24% as compared to controls by postdose day 28, recovery was complete by
postdose day 36. No effects on RBC's were noted in females. The WBC # was decreased in both
males and females: males had a nadir at postdose day 9 of 52% as compared to controls, females
had a nadir between postdose days 1 and 15 of 61% as compared to controls. WBC decreases
were primarily in the lymphocytes. Platelets showed a decrease in males at day 1 of 55% of
controls. Both males and females had platelet number above those in controls by 157% by day 22
with complete recovery by day 36.

Serum Chemistry:

Due to the small number of monkeys involved, interpretation of data, particularly enzyme
levels, was difficult to interpret. However, AST and/or ALT were increased in the males 2-3 fold
on postdose days 1, 9, 22. Lipase levels were decreased up to 50% as compared to controls
through day 22 in both sexes. BUN was increased by 25% on post-dose day 22 in males, post-
dose days 9-28 in females. Bilirubin was increased in males by 2 fold on day 1-9. Both males
and females had a borderline (approximately 10%) decrease in albumin and increase in globulin
after post-dose day 15. Finally, glucose was decreased by 25% on post-dose day 1 with recovery
by day 28 in both sexes; although males showed an increase of 55% over controls on postdose
day 15.

Summary and Evaluation of toxicology:

The sponsor has provided minimal data on the preclinical toxicology of Nelarabine, a
prodrug for araG. The current submission included more-or-less complete data on a single dose
study in the mouse and a daily X 5 administration of 60 mg/kg/day drug in the monkey, as well as
minimal data on a single dose study in the dog. From the previous submission, where only
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Summaries were presented, data on a daily X 5 administration of drug in the mouse, as well as
single dose, and daily X 5 at 150 and 300 mg/kg/day Nelarabine in the monkey was included.
However, no histopathology data in any species has been submitted to date.

There were essentially no effects that could not be attributed to large dosage volume in
the single dose mouse. From the previous submission, daily X 5 dosing resulted in the deaths of
3 females: 1/6 @ 500 mg/kg, 2/6 @ 600 mg/kg, suggesting a starting dose on the daily X 5
schedule of 150 mg/m2.

In the monkey, lethality was noted at 150 mg/kg/day for 5 days. Neurotoxicity was
present in all monkeys; somnolence, lack of recovery from anesthesia (i.e. died sleeping
following the ketamine), and muscle tremor/convulsions were observed. But, recovery was noted
within 2 weeks. At 60 mg/kg/day for 5 days, muscle twitching or ataxia was noted in 3/4
monkeys. WBC decreases and slight alterations in liver enzymes were also noted. Questionable
effects on the kidney were observed as well (BUN, increased urine phosphorus). Alterations in
glucose metabolism were also noted (altered glucose levels and ketones in the urine). The
monkey was the most sensitive species to the effects of Nelarabine, which may be associated with
the significantly longer residence time of the drug as compared to that in the dog.

Overall Summary and Evaluation

The most sensitive species to the effects of the ara-G prodrug, Nelarabine, was the
monkey. In comparison with the dog, the half-life of distribution and elimination were an order
of magnitude larger for both Nelarabine and ara-G. Murine efficacy studies demonstrated that
oral and ip doses were similar, suggesting that bioavailability approaches 100%. A linear dose
dependent decrease in tumor volume was noted in these mouse studies with a 94% decrease in
tumor at 100 mg/kg (300 mg/m?2). In the dog, approximately 14% of the dose was detected in the
urine.

Toxicities in the monkey were primarily CNS (ataxia and muscle tremors noted through
day 57 with daily X 5 administration of 60 mg/kg/day (720 mg/m2). The sponsor noted that the
ataxia present in the 2 treated females was associated with alterations in depth perception and
resolved by post-dose day 36 (first noted post-dose day 10). Higher doses (150 and 300 mg/m2)
produced convulsions and death without awakening from anesthesia. It is not possible from the
data provided to rule out that CNS effects are a product of the combination of ketamine and
Nelarabine; however, high doses of ara-C have been demonstrated to produce coma, personality
changes, and paralysis in children (PDR labeling). The other primary target of toxicity was the
marrow (WBC depression in both males and females, RBC depression in males only). There
were some alterations in glucose levels, liver enzymes and BUN, but in the absence of larger
numbers of monkeys and histopathology, the interpretation of these results remains fuzzy.

The requesting starting dose (. ——  in adults, approximately
in children) leaves at least a 3 fold margin in adults, 7 fold in children when compared with the
monkey dose at which mild ataxia was observed. Based on the murine data, this is approximately
1/10 the LD10, however, the lethality in that study was probably due to the large volume injected.
In a telephone conversation, the sponsor stated that she believed histopathology had been
performed in the monkey and there were no drug related findings.

Recommendations

Information requested:

1) complete data on the daily X 5 mouse experiment.

2) complete data on the previous monkey experiments (single dose and daily X 5 @ 150 and 300
mg/kg.

3) Any histopathologic data on the monkeys (or any other species).
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4) More complete text on the efficacy study in CEM. -

The study remains on hold until the sponsor submits histopathologic data on the drug, which must
then be reviewed for untoward findings.

Wendelyn J. Schmidt, Ph.D.
cC:

IND ORIG.

HFD-150

/WSchmidt

/CSO

/MO

/IDeGeorge
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Appendix 3: Review 3

REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
Review #3 :

IND 42,778, serial #002 Reviewer: Wendelyn J. Schmidt, Ph.D.
Letter Date: 3/18/94
Received by reviewer: 3/22/94
Completed: 4/7/94

Sponsor: Joanne Kurtzberg, M.D.

Drug Name: Compound 506, ara-G pro-drug

Chemical Name: 2-amino-9-B-D-arabinofuranosyl-6-methyoxy-9H-purine

Indication: —

Related IND/NDA's or DMF's: none

Proposed Clinical Study: Objectives include determination of MTD as i.v. bolus infusion 1-2X
daily for 5 days in children and adults, definition of toxicity profile of the drug, preliminary
efficacy assessment, determination of deoxycytidine kinase immunoreactive protein in sensitive
and resistant blasts cells and correlate with clinical response. Patients will be administered an i.v.
infusion of Cmpd 506 over 1 hour daily for 5 days starting at 5 mg/kg (185 mg/m2) every 4
weeks. Escalation to 75 mg/kg will be performed. PK determinations will also be performed.
Allopurinol at 300 mg/m2/day will be administered q 8 hours starting 24 hours prior to
Compound 506.

Information to be relayed to Sponsor: Y/N

Dosage Forms and Route of Administration: i.v.

Studies Received:

Pharmacodynamics:

1. Clarification of data on the Xid nude mouse CEM tumor experiments.

Pharmacokinetics:

1. Pharmacokinetic parameters for Nelarabine and ara-G in monkeys after i.v. administration of
60 mg/kg Nelarabine.

Toxicology :

1. An acute single dose i.v. toxicity study in the mouse with Nelarabine.

2. Anacute 5 day i.v. toxicity study in the mouse with Nelarabine.

3. Aniv. dose range finding study with 506 U78 in cynomolgus monkeys.

4. An acute 5 day i.v. toxicity study in cynomolgus monkeys with Nelarabine including
unaudited draft copied of pathology.

Previously Reviewed:
1. An acute single dose i.v. toxicity study in the mouse with Nelarabine. (The study was

performed according to GLP.)

2. Antiv. dose range finding study with 506 U78 in cynomolgus monkeys.
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Note - Portions of this review were excerpted directly from the sponsor's submission.

I. Pharmacodynamics:

1. Clarification of data on the Xid nude mouse CEM tumor experiments.

The sponsor clarified that the number of mice/group implanted with tumor was 6/group
in the males, 8/group in the females. In the experiment with CEM in females, 2 mice at 50 mg/kg
were euthanized/found dead on days 21 and 23 (one with paralyzed hindquarters) while a total of
4 mice treated at 100 mg/kg were euthanized/found dead (deaths on days 4 and 19, moribund
sacrifice with paralyzed hindquarters on days 18 and 24. None of the 100 mg/kg mice had
evidence of tumor. At least 1 control mouse had hindquarter paralysis which the sponsor
suggested was due to either invasion of tumor or implantation technique.

I1. Pharmacokinetics:
1. Pharmacokinetic parameters for Nelarabine and ara-G in monkeys after i.v.

administration of 60 mg/kg Nelarabine.
The pharmacokinetic parameters in the monkeys are summarized in the following tables.

BRI i o8 Por $OMITH #ivd miweg I senren S

Afer I Admintesotion of 60 kg SISUTE " '

ey 3

OB T g

S, _ i o AU 8 j

1] Tw‘ Eree T i

s 202 | seae rar ip
Avsruge EACRT iin;dz

] = 12,48 e 1]

3 , T PR 3et.ed

« I %70 463,98
[Avecage 378.9% Y GroR
ia . S8y 28 gy
Fotel vve, 34754 § 13048 340 §13.07
u|oo L BE.3a& 17.9% .08 113,54

Puv-§
] (BOSUTS
’;&c, §m DN Coeihly | tSrmer ity
4 x; ETTXY 728,88 EX .
. ANAY L 1erge 2.80
! 3
g.vw BLEE | YT 4.34
| i _d1.78 91 s
B it PETE) 97 A8 .80
14 . 2 % A 13884 380
Avecsge 34394 ERE K S ey
f gL e | syr L
Tothl wwi. TRYE A0 i BEE TR [ET)
{_ o) ke 1 1rss | oam 193,14

III. Toxicology

1. An acute 5 day i.v. toxicity study in the mouse with Nelarabine.

The study was performed according to GLP at Burroughs Wellcome, RTP, NC in 1992.
Six CD-1 mice/sex/dose were administered either 0, 200, 300, 400, 500 or 600 mg/kg/day (0,
600, 900, 1200, 1500 or 1800 mg/m2/day) of Nelarabine i.v. at 10 mg/ml in sterile saline daily for
5 days. Animals were observed for 14 days after dosing (total 19 days).

. Measurements and Observations:

Daily: clinical signs
Weekly: body weight and food consumption
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Termination (day 19): gross necropsy

Mortality and clinical signs:

A total of 3 female mice died during the experiment: 1 500 mg/kg/day female on day 13,
and 2 600 mg/kg/day females on days 9 and 12. No clinical signs were noted in mice treated at
less than 600 mg/kg/day. In the HD males and females, signs included shallow breathing,
decreased activity, coolness to touch, body tremors and ptosis and persisted following dosing for
up to 5 hours. Closed eyes, dehydration and alopecia were present in 1-3 mice/sex at HD between
days 8 and day 19. Two HD females also showed "high carriage" from day 8 through day 17.
The LD10's for males and females were >600 and 493 mg/kg respectively.

Body weight and food consumption:

There was a dose dependent decrease in body weight gain to a maximum of 90% in
males, 60% in females at the highest dose as compared to controls. The food consumption was
decreased in the HD groups during the dosing period and the first week of observation.

Gross necropsy:
No differences were found between treated and control mice with the exception of 1 HD
female which died on day 9 which had red lungs and tarry material in the g.i. tract.

2. An acute 5 day i.v. toxicity study in cynomolgus monkeys with Nelarabine.

The study was performed according to GLP af _ but was not
signed (study # 474C-403-520-92, ACU 515). Two cynomolgus monkeys/sex/dose were
administered Nelarabine in saline at 0, 150 or 300 mg/kg/day (0, 1800, or 3600 mg/m2/day) i.v.
for 5 consecutive days while under ketamine anesthesia. Animals were observed for either 7 or
62 days post-dose. '

Measurements and Observations:

Daily: clinical signs

Days -15, -7, 1, 5, weekly: body weight

Pretest, day 6, 58 post-dosing: ophthalmoscopy

Days 1, 2, 5 and 6: Samples for PK’ (multiple time points)

Day -15, post-dose days 1, 6; weekly: hematology, serum chemistry, urinalysis -

Day -17, day 5, post-dose day 6 and 58: ECG

Termination: gross necropsy, organ weight, histopathology
Clinical observations: ‘

Three of the 4 monkeys in the 300 mg/kg group died or were sacrificed moribund during
the study: 1 male was found dead on post-dose day 8; 1 male and female were sacrificed
moribund on post-dose days 1 and 3. The 2 monkeys sacrificed moribund showed tremors and
convulsions. During dosing, the time to recovery from ketamine anesthesia was increased at day
5 in the 300 mg/kg monkeys. Other clinical signs in the surviving monkeys included emesis
during dosing, periodic tremors/convulsions--particularly after ketamine anesthesia, and red
crusty material around the nose/ respiratory difficulty. All signs had resolved (with the exception
of ketamine response) by study day 22.

Body weight and food consumption:

The 300 mg/kg/day monkeys lost approximately 10% of their body weight during the
dosing period. All monkeys lost weight by the end of 14 days post-dose, with no statistically
significant difference between treated and controls; the body weight remained depressed in the
300 mg/kg female at post-dose day 56. Food consumption did not differ dose dependently.
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ECG: There were no significant changes with treatment.
Ophthalmoscopy: There were no changes with treatment.

Urinalysis:

During the dosing period, the treated monkeys showed increased WBC and RBC's in the
blood; ketones were also present in the urine. Through week 7, amorphous urates and phosphates
were increased in the 150 and 300 mg/kg monkeys.

Hematology:

The RBCH# and associated parameters were decreased by 12-35% in both the controls and
treated monkeys (both sexes) with no apparent dose-dependence; recovery was complete in all
surviving animals by day 33. WBC # was decreased dose-dependently to a nadir at days 8-11 of
88% of control; WBC's recovered within 4 weeks of treatment. Platelets were decreased by 37-
50% as compared to controls at 300 mg/kg.

Serum Chemistry:

The following serum chemistry parameters were altered in the dogs that died at 300
mg/kg during the week following dosing: increased AST/ALT (2-12 fold in 1 male and female),
increased glucose (61% in 1 male, 100% in 1 female), increased bile acids (10 fold in 1 male) and
increased BUN (115% in 1 male, 380% in 1 female). In the surviving 300 mg/kg female,
triglycerides were increased to a maximum of 10 fold above pretest at post-dose day 14, then
returned to pretest levels by postdose day 21. An increase of >50% was noted in serum potassium
levels at postdose day 6 in 1 150 mg/kg female and 1 300 mg/kg male.

Gross pathology and organ weights: ,

The only notable findings at necropsy were enlarged and reddened adrenals and gi
reddening in 1 male at 300 mg/kg, and mottled lungs in the 2 males at 300 mg/kg.

The absolute and relative weight of the thymus was decreased by approximately 60% in
both the male and female at 150 mg/kg at interim sacrifice. At terminal sacrifice, the absolute
weigh of the thymus had recovered in the 150 mg/kg male, decreased by 26% and 65% as
compared to control in the 150 and 300 mg/kg females. While there were apparent decreases in
reproductive organ weight at interim sacrifice (increases at terminal), the control weights at both
intervals were significantly different preventing interpretation. The absolute and relative weight
of the lungs in the females was decreased at terminal sacrifice by approximately 50% at 300
mg/kg.

Histopathology:

‘ There were no significant histopathologic findings in any monkeys except the 3 @ 300
mg/kg which died on study (the remaining 300 mg/kg female recovered completely). Findings in
these three monkeys included lung congestion/edema/hemorrhage, lymphoid depletion, thymic
atrophy (mild to severe), marrow hypocellularity, and injection site edema/hemorrhage. One
male also had splenic congestion/involution, minimal gi hemorrhage, and adrenal congestion.

Overall Summary and Evaluation
The sponsor has finally provided sufficient preclinical data to evaluate the safety of the

proposed starting dose. Using the proposed daily X 5 schedule, the LD10 in the mouse was >600
mg/kg (1800 mg/m?2 in the male and 493 mg/kg (1479 mg/m2) in the female. Deaths occurred
during the first week following dosing; and could conceivably be due to marrow depletion
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(although there is no evidence for this assumption). In the monkey, daily X 5 administration to
monkeys in combination with ketamine anesthesia resulted in the deaths of 3/4 monkeys at 300
mg/kg (3600 mg/m2); minimal toxicity was noted at 150 mg/kg (1800 mg/m2), suggesting that
mice were more sensitive than monkeys. Hematologic, serum chemistry and histopathologic
“observations suggest that the major toxicity in the monkey is to hematopoietic cells, particularly
WBC's. Although liver and kidney parameters were altered, no histopathologic damage was
noted. Neurologic changes (slow recovery from ketamine anesthesia, convulsions, tremors) were
noted at 150 and 300 mg/kg as well as at 60 mg/kg in a separate set of experiments. This could
correlate with the hindquarter paralysis noted in the CEM nude mouse efficacy study. Finally,
glucose levels were increased in two moribund monkeys as well. There was no significant
damage at the end of the recovery period in the remaining 300 mg/kg female, suggesting
reversibility of drug damage.
The pharmacokinetics in the 60 mg/kg monkeys suggest no accumulation of either the
Nelarabine or ara-g with multiple administration. Males may have a slightly higher exposure to
drug which correlated with the greater number of deaths in males at 300 mg/kg in the monkey.

Recommendations

1. The study may proceed.

2. The sponsor should be aware that in the future, evaluation of an IND submission will proceed
more rapidly if the following data is submitted in the original package: a study justifying the
drug's use in an oncology setting, one toxicology study in rodents (usually establishing the mouse
LD10), and a non-rodent toxicity study. Both rodent and non-rodent studies should be performed
using the route, schedule and duration of administration proposed for human use; an observation
period following dosing is helpful to track the recovery from drug toxicity. At least one study
should include information on the hematologic, serum chemistry and histopathologic effects of
the drug (usually the non-rodent study). Other parameters to monitor should include body
weight, organ weight, clinical signs; urinalysis, ophthalmoscopy, and ECG may be useful.
Pharmacokinetic determinations are not required, but are helpful in determining dose escalations
and dosing intervals.

Wendelyn J. Schmidt, Ph.D.
cc:

IND ORIG.

HFD-150

/WSchmidt

/CSO

/MO

/TDeGeorge
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Appendix 4: Review 4
IND 42778 review 4

Division of Oncology Drug Products, HFD-150
REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
Review No. 4
IND No. 42778

Seriaf No(s).: 036 Type: IT Date{s) of Submission: 4/21/97
045 T /997
049 iT ﬁ 8/7/87

2

information to be Conveyed to Sponsor: Yes (X), N'é'f(-)
Raviewsr: Wendelyn J. Schmidt, Ph.D.

Date Review Completed: 4/28/98

Spensor: Glaxo Welicome Manufacturer (if different):
Drug Name: Primary: 506U78 Other Names: pro-ara-G3
Chemical Name: 8-f-arabinofuranosyl-6-mathoxy-9H-purine
CAS Number 121032-29-9

Structure: .

Molecuiar Weight (and Formula optionat); C, H,;N.Os, mws 297.27

Related INDs/NODASDMFs: none
Class: antineoplastic (nucleotide anélog)
{ndication: —
Clinical Formulation: 250 mg 506U78 in 50 mL of 0.45% NaCl (5 mg/mL).
Route of Administeation: intravencus
Proposed Clinical Protocol:
Objectives. Phase U studies to determine efficacy (toxicify) in CLL patients
Starting dose: 1.2 g/m2 on days 1, 3, 5, daily X& as 1- 2 hour infusion
Frequency: every 28 days
Total duration of drug exposure or gycles: max 8 cycles
Escalation doses: no
Age of patient population: >18 years in mest studies, at least 1 padiatric study

Previous Review(s), Date(s) and Reviewer(s): W. Schmidt, #1; 6/24/93, #2: 3/16/94, #3: 4/7/94
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IND:42778 review 4 2

Studies Reviewed:in this submission:

1. A 30 day intravenous toxicity study in Cynomolgus monkeys with 506U78 (with recovery period).
Serial # 036.

2.. B06UT8: An acute single dose intravenous study in Beagle dogs with 506U78. Serial # 049.

Studies Not Reviewed in these submissions: none

Studies Previously Reviewed from these submissions: v

1. An intravenous dose range finding study with 506U78 in Cynomolgus monkeys. Serial # 044.
(Previously included in initial submission). = 7 '

2. Anacute five day intravenous toxicity and pharmacokinetic study in a cynomolgus monkey with
506U78. Serial # 049 (conducted in 1992, single ® monkey @ 500 mglkg/day, died on D2,
included in initial subrission). '

Qther Studies Previously Reviewed: _
[, Pharmacoedynarnics: -
1. 506UB7 Inhibited the growth of CEM cells in beige nude Xid mice.
2. Clarification of data on the Xid nude mouse CEM tumor experiments
Il Pharmacokinetics .
1. Pharmacokinetics of 506U78 in the dog.
2. Pharmacokinetics of araG and 50878 in the monkey.
3. Pharmacokinetic parameters for 506UU78 and ara-G in monkeys after i.v. administration
of 60 mytkg 506U78.
Toxicology :
1. Acute murine toxicity study. .
2. A report for AUC 512--an acute single dose i.v. study in beagle dogs with 506U78.
3. Monkey toxicity study .
4. An acute single dose i.v. toxicity study in the mouse with 506U78.
5. An acule 5 day Lv. toxicily study in the mouse with 506U78.
6. An Lv. dose range finding study with 506U78 in cynomolgus monkeys.
7. 'An acute 5 day iv. toxicity study in cynomolgus monkeys with 506U78 including
unaudited draft copied of pathology.

Note: Portions of this review were excerpted dirsctly from the sponsor’s submission.

INTRODUCTION/ DRUG HISTORY and PREVIOUS CLINICAL EXPERIENCE
The IND for pro-ara-G (506U78) has been at the FDA since 1994. The phase | dose is not
yet determined. CNS toxicities are most prevalent and include changes in mental status,
somnolence, photophobia, seizures, neuropathy, paralysis, myoclonic jerks, and a Guillian
Barre-like syndrome. Other reported toxicities  include myelosuppressive effects {fungal
infection, fever), and increased heart rate. The purpose of this review is 1o examine animal
toxicities at longer durations than previous.
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IND 42778 review 4 3

V. TOXiCOLOGY
1. A 30 day intravenous toxicity study in Cynomoigus monkeys with 506U78 {with recovery
period). Serial # 036. ,

The study was conducled according to GLP at” -_— in
1965, Cynomolgus monkeys (Macaca fascilcularis) were dosed intravenously with either 0 (5/sex),
10 (3/sex), 20 (3/sex) or 40-(5/sex) mgrkg SOBUTE (lot # S06U78UH in 0.9% saline) (0, 120, 240
or 480 mg/m2) once daily for 30 consecutive days. The 40 my/kg dose was discontinued on day
23 due to excess toxicily. Three monkeys/sex/dose monkeys were killed on day 31, the remaining
2/sex control and HD monkeys were observed through the day 63-70 recovery period.
Measurements and Observations:

Twice daily: clinical signs

Weekly: body weight

Pretest, “near the end of the dosing phase™: ophthalmoscopy

Day 3, 28: blocd for PK @ 0.5, 1, 3, 8 and 24 hrs. post-infusion (reported as summary only)

Pretest, day 30-31: urnalysis of fasted monkeys

Pretest, day 15/16 and 30/31; pest dose days 7/8, 13, 22, 37 and 64: hematology, serum

chemistry
Pretest, day 7/8 and 28/28: ECG
Termination: gross pathology, organ weights, histopathology ¥

Mortality and clinical signs:

One HD male .was sacrificed moribund on day 23, another on day 25 and 28. One HD
female was sacrifice moribund on day 28.  Beginning on day 19, monkeys treated at-20 and 40
mg/kg showed coarse muscle tremors and convulsive activity. By day 44, muscle tramors were
less severe and classed as fine muscle tremors. Additionally, one 10 mg/kg female had an axillary
mass 1-3 cm on days 29-30, Ketamine administration triggered seizure-like activity.

Ophihalmoscopy and ECG:
No significant changes were noted with treaiment

PK:
Only a summary table-was submitted and is reproduced below. No significant differences
in AUC or Cmax were noted with ime. AUC and Cmax wers also linear with dose.

e S ——
10 >0 20 T0 | 20 | 40
1751350 | 5001135 | 250 1 300 |

Day 3 25 51 93 nc. n.c. o,
Dravy 28 24 51 e n.c. roc. e

T (UMCTREY ’
Day 3 85 177 307 22 57 13¢
Dray 28 69 | 161 e 22 | 52 —

Body weight and food consumption:

Although there were no statistically significant differences in mean body weight during the
course of the experiment, changes in body weight gain were evident and highly variable. (See
following table). Statistically significant decreases in body weight gain were noted at day 28 in the
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HD females.

4

Food consumption was decreased inconsistently on a day-to-day basis with dose.

- Abisolite change (g).in body weight (varsus day -1)

Maides Females
D28 091 D28 DYl
 Control 106 £ 124 366 + 163 70 £ 87 2743131
10 mgrkg 47 £ 124 — = | o8 2128
20 mglkg 181 4 336 s 30115 ey
40 mytkg -148 £ 18 187 + 416 -248 £ 235 79 £ 243
Urinalysis:
" Urinary values were widely variable, but the sponsor claimed they were within expecied
values,.
Hematology:

Changes in hematologic. values are shown in the following table.

Hematoerit and

hemoglobin values parallelad RBC # reficulocyte # increased at day 30 to reflect marrow
Most parameters resolved by either day 45 or 60. WBC subsets wihich were
decreased included eosinophils, neutrophils, meonophils and Iymphﬁcytes {(fess severely than other
types), Platelet numbers increased at day 30.

‘tepepulation.

%% change as compared to control

Parameter Day # I'Males It Females
. L — L) HD LD MD W
RBC # 15 — 113% s (21% | 122% 1 122%
30 120% 124% 127% 128% 131% 125%
Platelet # 15 — — | 133% T 125%
30 134% 162% 1119% 123% 124% 152%
reticulocyte | 30 — 13X I
WBC # 15 155% | 129% 143% | 145% 149%
30 132% i45% 178% 135% [ 45% 119%

Serum Chemistry:

Significant changes were noted only at day 30 (with the exception of K+ levels at day 15in
females, which were simiflar {6 those seen on day 30). Changes are summarized in the following
table. Most of the damage, with the excephon of glucose and cholesterol in the males, resolved

by day 45,
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% chan§e as compared to contols at day 30
Parameter Males Females
LD MD HD WD . HD
ghicose i 10% 118% 126% — —
cholesterot 115% 115% ] 128% — o 126%
Iy 116% zéﬁ% 110% 110% t14%
Organ weights: o

Organ weights are summarized in the following table. A single HD male monkey was
sacrificed at week 4. The most significant changes were noted in the thymic weights in both sexes.
Although only the control and HD animals were carried through the recovery period, most changes
resolved by the end of the recovery period.

Y% change as compared to gonirols
Organ | Dose | Mates | Females
Treatment © i Recovery Treatraent Recovery
Ahs: ) Rei.‘ abs ' Rel. ) Abs Fel Abs. Rel.

Adrenal” | LD $18% — —_ — 128% -— —_ - ‘

MO 10% - - - — — — o -

HO 2% — 114% o 126% 135% — e
dver HO 1389 119% 116% . 124% — — -
Kidney HD 165% {36% — — 112% 118% o 18%
Heart HD | 136% T 18% - — £ 18% 114% - L19%
Spleen LD 137% 122% — o — ' — — —— —

N MD e s s 125% Mé';f; -

HO {58% 1289% -~ 1 23% 148% 154%
Testes in 153% 148% - -

MD 157% i51% — —

HO 1284 128% 54Xe 142X
Thymos |LO |~ |0m% e |- an | e - -

MD i 54% (B80% - —— 175% ] 5?6% 7 w . —=

HD $1B% 138% 140% i41% 1 56% 183% M11% 120%
Thyroid | HDY 168% — - — 183% o ;92% . -

% one of fwo dogs testes waight did nat differ fom controls, while the othar had these reported values,
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Gross Pathology:

In the monkeys sacrificed moribund, the MDD male had rio appreciable alterations. [n the HD
moribund animals, enlarged spleen and enlarged thyroid were found in 1/3 monkeys. In the
scheduled sacrifice group there were ovarian cysts af the end of treatment in 1 LD and MD females
and at the end of recovery in 2 HD females,

Histopathology:

The maost worrisome toxicities were to the CNS {(cerebellar degeneration, perivascular
cuffing in the cerebrum and cerebellum, and vacuolation/myelopathy in-the spinal cord ) were seen
in the HD group of both sexes (1-2/2 monkeys/sex}, and persisted through the recovery period.
No pathology was noted in the lymph nodes or marrow, with the exception of a minimal degree of
lymphoid inflitration. One female at HD-had thymic lymphoid depletion. Other organs at HD with
lymphoid infiltration included urinary bladder, kidney, trachea, salivary gland, lacrimal glard and
heart, Twe toxicities were peculiar to the HD females: myocardial degeneration in % treatment and
recovery females, and liver/gall bladder damage (gall bladder edema, liver cholangitis, and
hepatocyte vacuolation) at the end of the recovery period. One LD female had an axillary mass at
the end of the dosing period which was lymphoeid hyperplasia and inflammation.

2. 506U78: An acute single dose intravenous study in Beagle dogs with 506U78. Serial #

049,
The non-GLP study was conducted at Glaxo Wellcome, Research Triangle Park, NC in
1997. One beagle dog/dose was administered either 90, 180 or 360 mg/kg intravenous 506U78.
Clinical signs were observed daily. After initiatior of the study, the beagle was determinad to be
an inappropriate madel. No signs were observed on day 1; no mortality was noted. [t was not
clear how long the dogs were actually observed,
Hlsmpatholg_gy Inventory for IND #42778

Study

«50331&5 monkey »
Adrenals
Aona

Hone Marrow smear
Bowe {fevour)
Brain

Catiun
Cervix

Colon
Dugdenum,
Epididymis
Esophiagus
Eye

Eallopian tube
Fat

Gali bladder
Cross lesions
Hardérian gland
Heant
Hypophysis
Heum

AR P E R I B £ R P N

wil

A

Injection site
Jejunum
Kidneys

Lachrymal gland

RRImpwe]=
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Larynx
Liver
. Lungs
Lyanph nisdes, cervical
Lymph aodis mandibular
Lywinph nodes, mesinteric
Manmary Gland -
MNasal cavity
Opliv nerves
Ovaries
~ Pancress
Parathyroid
Peripheral nerve
Pharynx
Pituitary
Prostate
Récium
Salivary glad
Sciatic nerve
Senupal viésicles
Skeletal euscla
~ Skin
Spinal cord
Spleen
Sternom
Swomach
Testes
Thymns
Thyraid
Tongue
Trachiea
Urinary Hadder
(enzs
Vagina
Libat pland L

Data on tssues observed was not collected at the time of the first 3 reviews.

A=
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b ki e

]
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OVERALL SUMMARY AND EVALUATION

As with both previous non-clinical studies and human trials, CNS toxicily was the major
finding in the 1 month monkey studies. The most noteworthy abservation in the one month study
is the microscopic evidence of damage in the spinal cord and brain in the HD group which persisted
throughout the recovery period which correlated with observations of seizure, neuropathy, elc. in
both the. clinic and laboratory. An apparent threshold of toxicity exists for the permanent
microscopic damage, as although tremors/convulsions were observed in the LD and MD groups,
no microscopic damage was observed in these monkeys. Minimal changses in other organs ware
noted, but did include relatively mild reversible myelotoxicity, slight increases in potassium lavels;
possible testicular damage (no histopathologic evidence), and possible changes in thyroid in
females only (based on organ weight).

In the daily X & mouse studies, minimal CNS toxicities (shallow breathing, *high carriage”,
trémors, decreased activily) were seen for up 10 5 hours after dosing. No hematology or clinical
chemistry values were collected in this species. [n the daily X 5 monkey, 3/4 monkeys at the HD
{300 mg/kg) died during the study, CNS toxicity (excessive respanse to ketamine anssthesia,
tremors, -convulsions) were noted. Myelosuppression was also noted for both RBC's and WBC's,
Higher doses also resulted in some derangements of liver parameters which were nol apparent with
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lower doses over longer time periods. No new toxicities emerged with longer exposure to drug.
From a 1996 absfract, AUC and half-life levels in humans and monkeys appear similar. A simifar
toxicily profile is also seen between humans and monkeys, suggesting that monkeys are an
appropriate species to study for this drug.

The sponsor has requesied an End-of-Phase-1 meeting with the FDA and would like to
know if their proposal for precifnicat data is sufficient for approval. In addition to the mouse, dog
and monkey toxicity (reviewed in prior submissions or here), the sponsor has proposed 1) a
hernolysis study, 2) a Segment Ii reprotox study in rabbit, and 3) a genotoxicity mouse lymphoma
assay. The gcute/subchronic toxicity program is sufficient for the spensor's purposes. A second
segment Hi toxicily study may be necessary if the rabbit proves negative. Finally, although not
required, a morg-extensive genctoxicity assessment (including Ames test, chromosomal aberrations
and mouse micronucleus) would be useful in defineating the genotoxic potential of 308U78.

RECOMMENDATION ({will be communicated at sponsor's EOP1 meeting)

The acute/subchronic toxicity program is sufficient for the sponsors purposes. A second segment
1 toxicity study maty be necessary if the rabbit proves riegative. Although not required, a more
extensive genotexicity assessment (including Ames test, chromosomal aberrations and mouse
micronuclaus) would be useful in delineating the genoloxic potential of 506178,

. S .
e ) el o4 s{19/55
Wendelyn J. Scamidt, Ph.D. Date

Pharmacologistﬁoxice!ogist
A}

Puw\/ @ v Jx\ olf Sdry” 5 /1 i ) ¢ ‘JI

i

Paul A. Andrews, Ph.D. Dale
Pharm/Tox Team Leader

Original IND/NDA/DMF

e.C [Division File
PNSchmidt
IPAndrews
iG8chechter
MPelosi
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Appendix 5: Review 5

Division of Oncology Drug Products, HFD-150
REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
Review No. 5 ' ,
Keywords: impurity study

IND No.: 42,778

Serial No(s).: 110 Type: IND Letter dated: 10/18/00 Received by CDR: 10/19/00
113 12/14/00 12/15/00

Information to be Conveyed to Sponsor: Yes ( ), No (X)
Reviewer: Wendelyn J. Schmidt, Ph.D.

Review Completion Date: 3/7/01, revised 10/22/01
Sponsor: GlaxoWellcome

Drug:
Code Name: Nelarabine
Generic Name: pro-araG
Secondary therapy(s): none
Chemical Name: 9-f-arabinofuranosyl-6-methoxy-9H-purine
CAS Registry Number: 121032-29-9
Molecular formula/weight: C41H5N505; mw = 297.27
Structure:

Related INDs/NDAs/DMFs: none

Drug Class.: antineoplastic (nucleotide analog)

Indication: —_—

Clinical Formulation: 250 mg Nelarabine in 50 mL of 0.45% NaCl
Route of Administration and dosage form: iv

Proposed Clinical Protocols: see prior human use

Previous Review(s), Date(s) and Reviewer(s): W Schmidt: review #1: 6/93, #2: 3/94, #3: 4/94,
#4: 4/98

Studies Reviewed within this submission:
Toxicology

1. RD1997/0403/00. Nelarabine: an intravenous toxicity study in cynomolgus monkeys given 506 U78
and fludarabine. Serial # 113

Studies Not Reviewed within this submission: no other studies submitted

Studies Previously Reviewed:
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|. Pharmacodynamics:
1. 506U87 Inhibited the growth of — cells in beige nude Xid mice.
2. Clarification of data on the Xid nude mouse — .umor experiments
il. Pharmacokinetics
1. Pharmacokinetics of Nelarabine in the dog.
2. Pharmacokinetics of araG and Nelarabine in the monkey.
3. Pharmacokinetic parameters for Nelarabine and ara-G in monkeys after i.v.
administration of 60 mg/kg Nelarabine.
Toxicology
1. Acute murine toxicity study.
A report for AUC 512--an acute single dose i.v. study in beagle dogs with Nelarabine.
Monkey toxicity study
An acute single dose i.v. toxicity study in the mouse with Nelarabine.
An acute 5 day i.v. toxicity study in the mouse with Nelarabine.
. Ani.v. dose range finding study with Nelarabine in cynomolgus monkeys.
7. An acute 5 day i.v. toxicity study in cynomolgus monkeys with Nelarabine including
unaudited draft copied of pathology.
8. A 30 day intravenous toxicity study in Cynomolgus monkeys with Nelarabine (with
recovery period). Serial # 036.
9. 2. Nelarabine: An acute single dose intravenous study in Beagle dogs with Nelarabine.
Serial # 049.

POrLN

Note: Portions of this review were excerpted directly from the sponsor's submission.

INTRODUCTION and DRUG HISTORY:
The IND for pro ara-G (Nelarabine) has been at the FDA since 1994. —_—

—_ Nelarabine is a pro-drug for araG, an antimetabolite
primarily for the treatment of leukemias and lymphomas. Toxicity has been investigated in mice,
monkeys, and dogs, although dogs are not considered to be good models due to short half-life
compared to humans. The major toxicities are hematologic and neurologic.

The sponsor would like to increase the impurities levels of ~—~
—_— 2) from = . The percentages of the impurity in drug substance
batches ranged from -« — , while the impurity in the drug product ranged from =~ ——

in stability testing.

PREVIOUS CLINICAL EXPERIENCE:

Nelarabine has been studies -clinically in both adults and children for leukemias and
lymphomas. Doses of greater than 1.2 g/m2/day on a daily X 5 schedule or 1.5 g/m2 on day 1, 3,
5 schedule every 21 or 28 days have proven too toxic. The pediatric dose in at least 1 trial was
set at 0.9 g/m2 DX5. CNS toxicities are the most prevalent and include changes in mental status,
somnolence, photophobia, seizures, neuropathy, paralysis, myoclonic jerks, and a Guillian Barre-
like syndrome. These toxicities were observed as early as after a single course. Other reported
toxicities include' myelosuppressive effects (fungal infection, fever), and increased heart rate.

TOXICOLOGY:
1. RD1997/0403/00. Nelarabine: an intravenous toxicity study in cynomolgus monkeys given 506 U78
and fludarabine. Serial # 113
Conducting laboratory and location: —_—
Date of study initiation: 3/14/97
GLP compliance: YES QA status: YES
Methods (if unusual): Fludara was administered iv 4 hours prior to Nelarabine on days 1, 3, 5, 7,
9, 11, and 13 (7 doses on alternate days). Monkeys were from a pool of prewously treated
animals that had not received another drug within the past 3 weeks.
Species and strain: Cynomolgus monkeys
#/sex/group: 2/sex/dose
age: approximately 4-9 years
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weight: M: 3.1-5.1 kg; F:2.0-3.7 kg
drug, lot#, radiolabel, % purity: Nelarabine: batch # 7A2793/PD13297; Fludara: lots
W60153, W60178, W60201, W60155
formulation/vehicle: 0.9% NaCl for Nelarabine, sterile water for fludara, control = saline

dosage groups in actually administered units:

Nelarabine ondays 1, 3, 5,7, 9, 11, 13.

fludara administered 4 hours prior to

Group # Fludara doses Nelarabine doses

Mg’kg Mg/m2 Mg/kg Mg/m2
1 0 0 0 0
2 0 0 200 2400
3 5 60 0 0
4 5 60 50 600
5 5 60 100 1200
6 5 60 200 2400

route, form, volume, infusion rate: intravenous; 0.2 mL/kg bolus for fludara, 40 mlL/kg as
a slow injection (10 mL/min) for Nelarabine

Observations:

Clinical signs (twice daily): One male and one female monkey in G5 and G6 died
between days 15 and 19. Clinical signs at doses of 100 to 200 mg/kg 506 U78 (with or without
fludara) included severe convulsions, hunched posture, tremors, hypoactivity, emesis after
dosing, and ataxia. These signs were seen primarily at/after day 13. Ataxia persisted through
the end of the observation period.

Body weights (on dosing days and weekly thereafter): There were no noteworthy
changes in body weight in the females. One G6 male lost 0.4 kg during the course of the
recovery period (all other monkeys gained some weight). ‘ -

Food consumption (daily): No significant differences were noted.

Ophthalmoscopy (prior to treatment, days 14, 27). There were no remarkable changes.

Hematology (pretest, day 13, 24, 36, 58): With only 1 or 2 animals/sex/dose, changes
were difficult to interpret (and are represented by approximations). Changes in group 2
(Nelarabine only) and groups 5 and 6 (506 U78 + fludara) were usually similar. The fi fndlngs are
summarized in the following table. Values resolved by day 58.

APPEARS THIS WAY
ON ORIGINAL
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Parameter Males Females

Day of nadir % change Day of nadir % decrease
RBC # 24 140% 24 125% (G6 63%)
Platelet # 24 12-3X - -
WBC # 13 175% 13 160%

Serum chemlstry (pretest, day 13, 24, 36, 58): AST and ALT were increased by 6-8 fold
at day 13 in G2, G5 and G6 monkeys of both sexes.

Gross pathology (only on animals found dead or sac’d moribund): There were no
observations that were common to all 4 early death monkeys. In 3/4 (exception G5 female), dark
areas of the colon and cecum were observed. The liver had pale areas or prominent reticular
patterns in the G5 male and G6 female. The G6 male had a soft, dark grey area in the brain.
The adrenals were enlarged in the G6 male and the G5 female.

Histopathology (only on animals found dead or sac'd moribund, saved but not analyzed).

Toxicokinetics (days 1, 13, prior to fludara, 1, 2, 4, hours post fludara, immediately
following Nelarabine, and 0.5, 1, 3, 5 hours post-dose). The report was not included in this
submission.

OVERALL SUMMARY AND EVALUATION

Nelarabine was tested in monkeys on an alternate day schedule for 7 doses (over 14
days) alone and in combination with fludara. Myelosuppression and neurotoxicity was observed
both with Nelarabine by itself and with fludara; however, the myelosuppressive effects were more
severe in the drug combination, resulting in some deaths. Neurotoxicity has also been observed
in the DX5 an DX30 monkey studies. In the alternate day study in monkeys, CNS effects were
seen at 100 mg/kg/day (1200 mg/m?2) at the end of the cycle. Human neurotoxicity has been
observed after a single cycle at 1500 mg/m2/day.

The sponsor would like to increase the impurities levels of -

- irom - The percentages of the impurity in drug substance
batches ranged from el ‘while the impurity in the drug product ranged from  —
— in stability testing. —_— according to the RTECS database, is a
mutagen.

The concentrations (actual and proposed) of — _.are shown in the following table.
The recommended human dose for the studies used was —— on alternate days for 3
doses/cycle in adults anr - daily for 5 consecutive days/cycle for children. The
differences between the sponsor's calculation of cumulative dose of the impurity and the
reviewer's dose are due to use of different conversion factors between body surface area and
body weight. Note that the amount/dose is based on the assumption that — of the doseis —

—_— . No data was provided on actual levels in the study.

APPEARS THIS WAY
ON ORIGINAL
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Actual and proposed levels of —

Species Schedule Dose Nelarabine Amount/dose
Mg/kg Mg/m2 Maka | Ma/m2

Monkey | Altday X7 | 200 2400 —_—

Human DX5

child | | |

Human Altday X 3 e

adult | | [

Cumulative dose Sponsor's
| cumulative
dose
Maka | Mg/m2 Mg/kg

From the table above

—

Number in () represents sponsor’s calculation of daily dose of Nelarabine.

has been tested in animals at levels

approximately equivalent to those used in the clinical trials at the proposed impurity limits.
Judging from the structure, the compound is ~—
. Given that impurities of up to ~— . have already been found in the stability batches,
one might assume that the clinical batches would have similar levels, and thus the purity might be

qualified under ICH Q3A.

specifications.

RECOMMENDATION

specifications.

There are no pharm/tox objections to increasing the current

There are no pharm/tox objections to increasing the current

a) Comments for further studies: none

Draft Letter to the Sponsor: none

Wendelyn J. Schmidt, Ph.D.
Pharmacologist/Toxicologist

Concurrence:

Date

David Morse, Ph.D.
Pharmacology Supervisor

Original IND/NDA/DMF

c.C.

[Division File
/MWSchmidt
/DMorse

/XHChen, chemist
/Mpelsoi, project manager
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APPEARS THIS WAy
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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William McGuinn
10/27/2005 05:45:04 PM
PHARMACOLOGIST )

David Morse
10/28/2005 09:05:57 AM
PHARMACOLOGIST



