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EXECUTIVE SUMMARY
I Recommendations
A. Recommendation on approvability
Approval is recommended.
B. Recommendation for nonclinical studies
No additional pharmacology studies are needed.
C. Recommendations on labeling.
Additional information to be added to the sponsor’s proposed label:
1) Nine-fold increase in the T-cell dependent antibody (KLLH) response in
the Fy generation of rat pups when Fy dams are given ~20 times the

human dose on day 6 of gestation through day 21 of lactation [see
reproductive toxicity study number DN01060]

ii) Inflammation of the thyroid gland of one rat in the same (high dose)
group as (i)
1L Summary of nonclinical findings

A. Brief overview of nonclinical findings

The pharmacokinetics of abatacept was studied in mice, rats, rabbits and
monkeys. The drug exhibits linear pharmacokinetics in these species. Absorption
(AUC) and Cmax are generally proportional to dose and clearance is independent
of dose. The half-life of abatacept is shorter in the preclinical model compared to
humans. In monkeys, the most relevant animal model, the half-life is 5-8 days
versus 13 days (average) in humans. Some accumulation occurred upon repeated
dosing in animals. In monkeys given 10-50 mg/kg abatacept weekly for 12
months the accumulation ratio ranged from 1.3 to 3.1. Antibody formation to the
drug increased clearance in some species. In a rat model, abatacept is passed via
the placenta from the dam to the fetus and from the dam into the milk of a
lactating rat. The drug was present in lactating pups (post natal day 21) of dams
given abatacept daily. There were no gender differences in the pharmacokinetics
of any species.

B. Phafmacologic activity
Abatacept binds to CD80/86 with higher affinity that CD28. It inhibits the

binding of CD 80/86 on an antigen presenting cell (APC) to CD28 and reduces T
cell proliferation and cytokine production.
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Figure 2.1.1: Effect of Abatacept on T-Cell Costimulation
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C. Nonclinical safety issues relevant to clinical use

The pharmacokinetic issues relevant to clinical use are:
- Presence of drug product in maternal and fetal sera via placental transfer
(rat and rabbit models), ,
- Presence of drug product in milk of lactating dams (rat model);
- Presence of drug product in (post natal) sera of pups;
- Enhanced humoral immune response to KLH challenge in rat pups of
dams repeatedly administered drug (~20 times human dose) during
gestation and lactation.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

BLA number: 125118

Review number: 1

Sequence number/date/type of submission: 0/Nov.16, 2004/BLA
Information to sponsor: Yes ( ) No (X)

Sponsor and/or agent: Bristol-Myers Squibb

Manufacturer for drug substance: Bristol-Myers Squibb

Reviewer name: Anita M. O’Connor, Ph.D.

Division name: Division of Therapeutic Biologic Internal Medicine Products
HFD #:108

Review completion date: May 16, 2005

Drug:
Trade name: ORENCIA®
Generic name: Abatacept
Code name: BMS-188667, CTLA4lIg
Chemical name: [-25-oncostatin M (human precursor) fusion protein with
CTLA-4 (antigen) (human) fusion protein with immunoglobulin G1 (human heavy
chain fragment) '
CAS registry number: 332348-12-6
Molecular formula/molecular weight: ~100 kD
Structure:
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Figure 3.2.5.1.2.2.F01: Abatacept cDNA-Derived Amino Acid Sequence
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Relevant INDs/NDAs/DMFs: IND 9391

Drug class: Fully humanized, recombinant, anti-inflammatory fusion protein that
mediates CD28 initiated inflammatory responses to include T-cell dependent antibody
production and cytokine release. The molecule is a homodimer of CTLA-4 connected to
an IgG1 heavy chain (Fc).

Intended clinical population: Rheumatoid arthritis; the proposed dose is 500 mg
intravenously once monthly for patients <60 kg (increasing to 750 mg for patients
between 60 and 100 kg, and 1000 mg for those >100 kg in body weight). These doses
produce trough levels of 20-30 ug/ml; average half-life is 13 days.
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Clinical formulation:

Table 3.2.P.1.T01: Composition of Drug Product

Quality

a
i g . Function rr Vi
Component Standard v mg per Vial
BMS : iy

AAce - L Active Ingredient
Abatacept Specilication chive Ingredien

1 e BMS
Maltose Specification
Sodium Phosphate. Manobasic, )

B LSNP

.- T op
Sodium Chlonde LS

Route of administration: Intravenous

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise. -

[For (b)(2) applications:

Data reliance : Except as specifically identified below, all data and information
discussed below and necessary for approval of BLA 125118 are owned by Bristol Myers
Squibb or are data for which Bristol Myers Squibb has obtained a written right of
reference. Any information or data necessary for approval of BLA 125118 that Bristol
Myers Squibb does not own or have a written right to reference constitutes one of the
following: (1) published literature, or (2) a prior FDA finding of safety or effectiveness
for a listed drug, as described in the drug’s approved labeling. Any data or information

~ described or referenced below from a previously approved application that Bristol Myers
Squibb does not own (or from FDA reviews or summaries of a previously approved

application) is for descriptive purposes only and is not relied upon for approval of BLA
125118.

Studies reviewed within this submission:
Pharmacology: all primary pharmacodynamic studies (n=10), safety pharmacology (n=2),

pharmacokinetic absorption {n=3), pharmacokinetic distribution (n=1), pharmacokinetic
excretion (n=1) and other pharmacokinetic reports (n=19).

Ado? ejqissod 1sed
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Studies not reviewed within this submission:
Toxicology

2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary
See page 4, (II.A and 11.B)

2.6.2.2 Primary pharmacodynamics

In in vitro experiments with human lymphocytes, abatacept inhibits the proliferation of
human T-cells and the production of cytokines II-2, IFN-y, and TNF-a. The drug does not
induce complement mediated cellular cytotoxicity. Abatacept reduces the clinical
inflammation scores in a rat model of arthritis.

Mechanism of action:

The binding of abatacept to cell surface receptors CD 80 and CD86 on APC blocks the
costimulatory signal thought to stimulate T-cell proliferation in response to an antigen.

T cells are believed to need two signals to proliferate: the primary signal of the
antigen/MHC complex and the costimulatory signal (i.e., CD80/86 binding to CD28 on a
T-cell). In vitro and in vivo experiments in the submission suggest that abatacept is most
efficacious at inhibiting CD4+ T cells in generating T-cell dependent humoral immune
responses in humans and multiple animal species. In primates, for example, abatacept
inhibited primary and secondary antibody responses to keyhole limpet hemocyania
(KLH) and bacteriophage $X174.

Drug activity related to proposed indication:

Although the human antigen for RA is unknown, abatacept is efficacious against animal
models of arthritis and human RA.

2.6.2.3 Secondary pharmacodynamics
2.6.2.4 Safety pharmacology

Neurological effects: no effects

Cardiovascular effects: no effects

Pulmonary effects: no effects

Renal effects: no effects

Gastrointestinal effects: no effects

10
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Abuse liability:
Other:

2.6.2.5 Pharmacodynamic drug interactions

2.6.3 PHARMACOLOGY TABULATED SUMMARY

[pivotal studies pertinent to the primary indication and core pharmacology studies
relevant to the primary pharmacodynamic effect, as available and as provided by
the sponsor]

Appears This Way
On Origing;
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Abatacept
BMS- 188067 2.6.2 Pharmacelogy Tabulated Summary
Table 2.6.3.2: Primary Pharmacodynamies Test Articte: Abatacept
. . . Study No./
Organ Systems Species/ Method of Doses Gender and a A GLP Seudy N
= . .. . . Noteworthy Findings N Document
Evaluated Strain Administration (mg'kg) No. per Group : 8 Compliance
- ) Control No.
In viteo fvmphocwtes Human In witro i nia In vitro. abatacept No Q30006438
I vitro fvmahocvtes Human In vire 3100 w/'mi néa In vifro, abatacept No 30006461
. inhibits a tetarus
memaory recafl
response with a
maximal inhihition of
405405
Inviteo Human vt G100l n'a In vitro. abatacent No 830007790
inhibits the production
of the cvtokines 11.-2,
IFN.v. and TNF-ttina
mixed lvmphocyte
RSSAY.
In vitro menogytes Human tn witre 0-1000 gfml nfa In vitre, abatacept had No 930007832

o effect on LPS
endotoxin induced
TNF-t« production
from purified
menocytes

12
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Abatacept
BMS- 188667 2.6.3 Pharmacology Tabulated Summary
Table 2.6.3.2: Primary Pharmacodvnamics rticle: Abatacept
Organ Systems Species/ Method of Daoses Gender and - GLP Study No./
Evaluated Strain Administration (mg'kg) No. per Group Noteworthy Findings Compliance —uan.:s..ui
il , . Control No.
Whofe animal Rat 13 Img'kg Female8 per Abatacept reduced No 930008117
davs <1002, 4, group clinrcal inflammation
4.8 Hvor scores in the rat model
davsl0Li2.14,] of arthritis. Anti-
65.18,20,22 24 collagen antibody
or day 4 only preduction, evtokine
levels and bone erosion
were tnhibited when
animals were treated
prophylactically with
#hatacept,
Whale animal Mouse v P8 for MCMY  Abatacept trestment No 51478
study time of infection or at 10044343
10 for PO study 100 days prior to
Femaie infection with MU MV )
or PC had ne
stumficant observable
effects on host immune
responses
o Bocells Human na n‘a Abatacept did not Na X021004 CDC/
inchice complement 30006519

medizted celtular
cyiotoxicity

13



Reviewer: Anita M. O’Connor, Ph.D.

Abatacenpt
BMS- 188067

BLA 125118

2.6.3 Pharmacology Tabulated Summary

Table 2.6.3.4 Safety Pharmacology

Test Article:  spatacept or BMS-224818"

Gender and . Study Ne./
. , Method of Doses ™. Noteworthy GLP Smay
Organ Systems Evaluated Administration (mg/ke) No. per Findines Compliance Document
' Y EHE Group & " Control Ne.
Parameters of cardiovascalar and respiratory  Cynemoleus  Intravenous Abatacept M3 Mo findings Yes 94704/
Function and clinical observations and menkey inection .10, 22,4 or 30 refated to Q10044347
physical exams evaluated within the |-month every other day treatment
. , - he - 1% i
internuttent-dese monkey toxicity study. - . 5 doses with
abatacep
Parameters on cardiovascular and respiratory omelgus  Intravenous BMS.224818 MEFR No findings Yes 99655/
finction and clinical obsercations and monk ey infection 010, 22, or 50 related to 920007203
physical exams evahuated within the 6-month once weekly for treatment
. . . bd d ;
intermstzent-dose monkey toxicity stady. 26 doses with
BMS.224818
Parameters of cardiovascular and respitatory  Cvaomolous  Intravencus Abatacent MSFA No findings Yes DSO2008/
—« ‘ : = P . . =
Btnction, histansine, complement, TNF -1, menkey 1mection G022 ar 30 related to 30002781
- B SR e
and L5 levels in serum or plasma: and once weekly for treatimernt :
clinical ohservations and physical exams 52 aommmm with
evaluated within the l.vear intermiitent-dose abatacept

be

monkey toxicity study.

M= males; F = females; 1L = interleukin: TNF =

il

tumaor necrosis {actar

BMS-22481% is a second generation motecuie that differs from abatacept by two amino acid residues within the CDS0/86 binding domains; this confers a
n_:_::BE increase in bindine avidity to CDS5 relative 1o that of ahatacent in humans

14
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Ahatacept
BAIS- 188067

b

2.6.3 Pharmacology Tabulated Summary

Criteria for cvaluation included measurement of heart sounds by thoracic auscultation, hean rate, femoral pulse rate, behavior, coordination/balance, muscle
tore. spinal abnormalities, Tung sounds by thoracic auscultation, and respiratory rate. In addition, 10-lead electrocardiograms (ECGs) were obtained from
conscions monkeys and evaluated for drup-related changes in ECG wave-forms, amplitudes, or interval durations.

In 1-month study with abatacept, safety and EC(7 assessments were conducted prioe to the first dose, at the completion of dosing during time of high ahatacept
serum levels. and after approximately 6. and’or 1 1-week dose-free abservation periods. Clinical observations were recorded daily.

In the t-month study with BMS-224818, wcal ohservations were recorded daily, physical exams were conducted prior to study start and prior to
necropsies: electrocardiogram assessments were conducted prior to the first dose, 3 hr after dosing during months 3 and prior to scheduled necropsies, and
histannine. complement {C3a), TNE-t7, and [L-o levels were evaluated on Days | and on day of dosing during weeks 4. 8 and 25, 1o assess for the potential

relense of mediators associated with hemody aamic changes and anaphvlactoid responses. Clinical observations were recorded daily.

tn i-vear study with abatacept. safety and electizocardiogram assessments were conducted prior 1o the first dose, 3 hr afier dosing on weeks 1, 4, 16, 24, 39,
and 52. and following a 13-week dose-free nhservation period  Histamine, complement {C3a), TNF-r. and IL-6 levels in serum or plasma were also evaluated
prior to dosing and immediately following dosing on Day | and on the day of dosing during weeks 14, 32, and 52, to assess for the potential release of

S,

mediators associated with hemodynamic changzes and anaphvlactoid responses. Clintcal observations were recorded daily.

After week 8 in the high-dose proup. number of menkevs examined was 4 males and 5 femates due 1o animal sacrificed for humane reasons throken femur)

15



91

Appears This Way
On Original

8IISZI VId ‘A'Yd Iouno) O A BHUY IOMAIAY



Reviewer: Anita M. O’Connor, PhD. BLA 125118

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary
2.6.4.2 Methods of Analysis
2.6.4.3 Absorption

Study title: Study 910049020 - Pharmacokinetics of BMS-188667 (CTLA4Ig)
Following Intravenous and Subcutaneous Administration to Mice
Study no. 817-BMS-188667-01 )
Facility: Bristol-Myers Squibb, Princeton, NJ
Date: January 16, 1995
GLP: No
Dose & Formulation: 0.29 mg abatacept (BMS-188667, Lot # ACMIV-3
(Research Grade); PBS buffer (10 mM sodium phosphate, 50 mM sodium
chloride, pH 8.0)
Animals: TV: F/8; SC: F/8;
Protocol: Two groups of female mice were given a single dose of product by
either the SC or IV route (see Table 2.6.53A)

RESULTS: see table 2.6.5.3A
CONCLUSIONS: Subcutaneous absorption was 85% of IV absorption (F=85%) in
female mice.

Study title: ~ Pharmacokinetics and Pharmacodynamics of BMS-188667 (CTLA4Ig)
in Mice Following a Single Intravenous and Subcutaneous Dose Administration
Study no. 910053989
Facility: Bristol-Myers Squibb, Princeton, NJ
Date: August 30, 1996
GLP: No
Dose & Formulation: 033 (16.5 mg/kg) 1V, 0.5 mg (25 mg/kg) SC, 1.6 mg (80
mg/kg) SC, 3.3 mg (165 mg/kg) SC; abatacept (BMS-188667) Lot# C95157
(Process A), lyophile (5% maltose)
Animals: TV: F/6; SC:- F/ig (6 mice per dose level)
Protocol: See Table 2.6.5 3R
RESULTS: See Table 2.6.5.3B
CONCLUSIONS: Cmax values were dose proportional in the SC groups; AUC (INF)
was not dose proportional. Bioavailability by the SC route ranged from 78-110% and
half-life was 4-5 days.

Study title: Toxicokinetics of BMS-188667 in Rats Following Repeated Intravenous
and Subcutaneous Administration of BMS-188667

Study ne. 95676

Facility: Bristol-Myers Squibb, Princeton, NJ

Date: January 5, 1996
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GLP: Yes

Dose & Formulation: abatacept (BMS-188667) Lot# C95201 (Process A)

SC: Lyophile (20% maltose, 100 mM sodium phosphate, 200 mM sodium
chloride)

IV: Lyophile (5% maltose, 25 mM sodium phosphate, 50 mM sodium

chloride)

Animals: Single Dose -SC: M/9, F/9 (3 per gender per dose group); IV: M/9, F/9
(3 per gender per dose group); Repeat Dose: M/6, F/6 (3 rats per gender per dose
level)

Protocol: See Tables 2.6.5.4E and2.6.5.3C. For the repeat dose part of the study
animals were given 10 mg/kg once every other day for 7 doses over 13 days.

RESULTS: See Tables 2.6.5.4E and2.6.5.3C
CONCLUSIONS:

Single Dose: Clearance of the drug by the IV route was dose independent (CLT
was not determined for the SC group). Half-life ranged from 3 to 7 days for both routes
of administration. Absorption was dose proportional for the IV groups (AUC). Cmax was
dose dependent for the IV group. The SC data for Cmax and AUC had a trend towards
dose dependency.

Repeat Dose: Accumulation occurred with both SC and IV dosing (3-5 fold).
Half-life was 4-4.8 days for both routes of administration.

2.6.4.4 Distribution

Study title: Study of Embryo-Fetal Development in Rats
Study no. 95024
Facility: Bristol-Myers Squibb, Princeton, NJ
Date: December 15, 1995
GLP: Yes
Dose & Formulation: abatacept (BMS-188667), Lot #C95201 (Process A);
Iyophile
Animals: F/75 (25 pregnant rats per dose group)
Protocol: The drug was given intravenously once daily to pregnant rats on days 6
through 15 of gestation at doses of 10, 45, or 200 mg/kg. On day 20 of gestation,
the dams and fetuses were sacrificed and evaluated. At cesarean sectioning,
material and fetal blood samples were collected from 10 dams and 10 litters in
each group for serum product concentration.
RESULTS: See Table 2.6.5.8
CONCLUSIONS: Abatacept concentrations in maternal and fetal sera were
approximately dose related. Fetal sera contained 40-60% of the amount of abatacept in
maternal sera. The concentration in fetal sera relative to maternal sera slightly decreased
with dose (see table on page 19, top).

18
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Exposure on Day 20
, Maternal sera | Fetal sera Ratio Fetal:
Dose (mg/kg) Route (ug/mL) (ug/mL) Maternal
10 v 8.4 5.0 .60
45 v 26.7 14.7 .55
200 v 81.0 33.1 .40
2.6.4.5 Metabolism
2.6.4.6 Excretion

Study title: Intravenous Study of Pre-and Post-Natal Development in Rats
Study no. DN01060
Facility:C 3
Date: October 30, 2002
GLP: Yes :
Dose & Formulation: abatacept (BMS-188667) Lot #: C00196 (Process D)
Animals: F/30 (10 pregnant rats per dose group)
Protocol: See Table 2.6.5.13. This study is part of the larger pre and post natal
development study in rats. Pregnant rats were dosed intravenously once every 3
days from day 6 of gestation through day 21 of lactation with 10, 45, or 200
mg/kg of drug. Milk and serum were sampled on day 12 of lactation. '

RESULTS: See Table 2.6.5.13

CONCLUSIONS: The maternal sera data in this study are much higher than the values
in the previous study because animals are still being administered drug in this study at
time of sampling. In the preceding study (DN01060) drug had not been administered for
5 days (i.e., serum levels dropped due to clearance for 5 days). There were no gender
differences in pup sera concentrations of abatacept. The maternal and fetal sera, and milk
concentration data are dependent on dose. The ratio of maternal abatacept sera

concentration to milk abatacept concentration is constant regardless of dose (see table
below).

Exposure on Day 12
Maternal sera | Milk Ratio
Dose (mg/kg) Route (ug/mL) (ug/mL) Maternal sera: Milk
10 v 69.6 6.2 11.2
| 45 v 299 28.1 10.6
200 1\Y 1726 135 12.8

2.6.4.7 Pharmacokinetic drug interactions

19
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2.6.4.8 Other Pharmacokinetic Studies

BLA 125118

Study 910048944 - Single dose-dose proportionality and
multiple dose pharmacokinetics of BMS-188667 (CTLA41g)
following intravenous administration to skin intact and skin

grafted mice

No significant differences were found in the
pharmacokinetics of abatacept in mice with
intact skin compared to mice with skin grafts.
Cmax and AUC increased in a dose proportional
manner. Clearance was dose independent. Half-
life was ~20-70 hours.

Study 910049073 - Pharmacokinetics of BMS-
188667 (CTLA4lg) in mice following a 2 mg
single intravenous bolus dose

Cmax and AUC increased in a dose dependent
manner when combined with data from the
previous study (910048944).

Study 96615 - Two-week intermittent-dose
subcutaneous irritation and comparative
toxicokinetic study in rats

Two formulations were compared; the
pharmacokinetics of the two formulations
differed by Cmax (115-21%) and AUC (143-
49%). '

Study 910061964 - A comparative pharmaco-
kinetic study of BMS-188667 in rats using malterials made
from current and scale-up processes

Ten rats per group were used to compare the
current versus the scale-up processes. Three of
the pK parameters were significantly different
between the two processes (AUC, CLT, VSS)
and three were not different (Cmax, MRT, T1/2)

Study DS01166 - Single-dose intravenous
exploratory efficacy and pharmacokinetic
study in rabbits

Abatacept has pharmacological activity in
rabbits as shown by decreased KILH specific IgG
and IgM responses in treated animals.

Study 94703 - Verification of exposure and
toxicokinetics of BMS-188667 (CTLA4Ig) in
a single dose intravenous toxicity study in
monkeys

In a single IV dose study where monkeys were
given either 10 or 33 mg/kg, AUC and Cmax
were dose dependent. There were no gender
differences. Clearance was not affected by dose.

Study 95654 - Single-dose intravenous

comparative pharmacokinetic study of BMS-

188667 (CTLA4Ig) in monkeys after administration of a ready-
to-use solution and lyophilized formulations

Pharmacokinetics were comparable between the
two formulations.

Study DS02051 - A single-dose intravenous
exploratory comparative pharmacokinetic
study in monkeys

Formulation comparison study: the
pharmacokinetics of BMS-188667 from the
L -} processes was not
comparable to BMS-188667 obtained from the
2 process; however they were comparable if
galactose was added to the medium of the < 7
¢ ?process.

Study DS02003 - Single-dose intravenous
comparability study in monkeys

Formulation comparability study: BMS-188667
derived from the ' T J process is
comparable to that obtained from the < {
process

Study 96633 - Six-month intermittent-dose
(QWx26) subcutanecous toxicity study in mice

There were no gender differences in the TK.
Overall, mice given product for 26 weeks
showed minimal accumulation (range: 1.5 to
2.0). The absorption was not dose proportional
between the 1™ and week 26" dose.

Study 910048945 - Preliminary
pharmacokinetics of BMS-188667 (CTL41g)
in a mouse skin transplant study: "Effects of
Dose and Schedule of BMS-188667 on
Efficacy"

This was a pharmacokinetic study done for a
separate department of BMS
(Autoimmunity/Transplantation). Sparse
sampling diminished the validity of the results.

Study 97610 - Toxicokinetic analysis of BMS-

This is the TK satellite study for the two year

20
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BLA 125118

188667 in a subcutaneous carcinogenicity
study in mice

bioassay. There were no gender differences in
the toxicokinetics. The pharmacology was
roughly dose dependent over a lifetime
administration, however, the small animal
numbers left after the 53 and 79" dose
administration diminish the study conclusions.

Study DS04016 - Seven-Week intermittent dose
(QWX7) subcutaneous exploratory
pharmacokinetic/pharmacodynamic study in
mice

Pharmacokinetics in the mice was dose linear
overall, but less so at the lower doses due to
antibody development

Study 910049007 - Dose proportionality and
multiple dose pharmacokinetics of BMS-
188667 (CTL.A4lg) after intravenous
administration to cynomolgus monkeys

In monkeys given 1, 2.9 or 8.7 mg/kg abatacept
byIVondays 1,4, 8,11, 15 and 18
pharmacokinetics were linear.

Study 94704 - Toxicokinetics of BMS-188667
(CTLAA4Ig) in a one-month intermittent-dose
intravenous toxicity study in monkeys

Monkeys were dosed IV with 10, 22, or 50
mg/kg once every other day for 29 days. AUC
(24), half-life and Cmax were proportional to
dose over the range tested. Amtibodies
developed at 6-9 weeks.

Study DS02008 - One year intermittent-dose
intravenous toxicity and toxicokinetic study in
monkeys

Monkeys were dosed with 10, 22, or 50 mg/kg
once weekly for 52 weeks. Compared to humans
dosed monthly at 10 mg/kg the exposure was
~2, 4, or 9-fold respectively.

Study DN03068 - Intravenous toxicokinetics study in pregnant
and lactating rats .

AUC in rats dosed every day at 45 or 200 mg/kg
during gestation had an exposure multiple of
8.99 or 29.51, respectively, compared to the
exposure in humans with theumatoid arthritis
dosed monthly at the proposed dose of 10
mg/kg. Inlactating rats, given the same doses of
Abatacept, AUC had an exposure multiple of
2.99 or 10.91, compared to AUC in RA patients
dosed monthly with 10 mg/kg.

Study DN02003 -Intravenous study of embryo-fetal
development in rabbits

This study show that BMS-188667 was
transferred from the doe to the fetus over a dose
range of 10-200 mg/kg given to the doses
intravenously on days 7, 10, 13, 16 and 19 of
gestation.

Study DN03069 - Thirteen-day intravenous toxicokinetics
study in pregnant rabbits

Pregnant rabbits dosed with 200 mg/kg every 3
days from day 7 to 19 of gestation had a mean
exposure (AUC) of ~30 times the exposure in
humans doses monthly with 10 mg/kg

2.6.4.9 Discussion and Conclusions

2.6.4.10
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2.6.5 PHARMACOKINETICS TABULATED SUMMARY
[pivotal studies pertinent to the primary indication and core pharmacology studies relevant to the primary pharmacodynamic

effect, as available and as provided by the sponsor]
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@,_.sr_c 1.6.5308: Pharmacokinetics: Afler A Single Dose (Study 910053989)

Test Article: | Abatacept (BMS-188667)
Lot#: | C95157 (Process A)
Campliance: | Non-GLP
Sty Number: | Not applicable
Document Control Numbey: | 910053989
Location in Dossier: | Section 4.2.2.2

Species Mouse
Sex (MF} S Number of Animals IV Fé. SC: FUILE {6 mice per dose [eveh
Feeding Cenditions Non-fasted
Vehele/Formulation Lvophite (% malicse)
Mathod of Administraton Sraple 1V, singie SC
Dose {mg} . IV Q.33 {coresponding 0 145 meka)
SC. 0.5, £.6, and 3.3 {corresponding to 25, B0, and 165 me'ka, respectively)
Sampiefs) Serum
Aaabyte(sy Abatacept
Assavis) ELISA
Mean Pharmacokinetic Parameter Values
Dose Route CUmax AUCUINTY T-HALF CLT Vss F
(mg) {pg/ml.) {ghiml.) (days) {mlhke) {L/kg) (%)
0.33 v 323 GA0D 28 1.5 Q17 NA
) SC 86 15800 36 Zﬁsv NC 110
.6 sC 115 43200 52 NC NC a8
113 sC T26 TIROD 4.0 hid NC 78

1
NC = Not calculated

Additional Information:

Absorption after subcutaneous adrynisiration was essentially complete

¢ (max valnes appeared ta incresse dose proportionally, however, mezement of AUCINFY values was less than proportional
*  Apparent T-HALF values were comparable between PV and SC routes of adsnimistration
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Table 2.6.5.3(:

BLA 125118

Pharmacokineties: After A Single Dose (Study 95676)

Test Article: | Abatacept (BMS-188667)
Lot ¥ | C9520) (Procsss A)

Compliance: | GLP -
Study Number: | 95676
Dacument Contrel Number: | 910053669 [Appended to Toxicology Report No. 910051 540}
Location in Dossier: | Section 4.2.3.2

Species

Rat

Nex (01T 7 Number of Animals
Feedmg Conditions
Vehiele/Farmdation

NMethod of Admimstration
BPose {img
Samipia(s)

SC MMAF9 (3 per pender par dose gronp); IV M, F/Q (3 per gender per dose group)
Non-fasted

5S¢ Lyophule (20% mabiose, 100 mM sodium phosphiate, 200 mM sodium chloride)

IV Lavophile (5% maliose, 25 mM sodium phosphata, S0 mM sodium chloride)

Sangle SC TV

10, 80, and 200

Serum
Analyis(s} Abitacept
Assnvis) ELISA
Mean Pharmacokinetic Pavameter Valoes
Duse Route Cmax AUC{INF} T-HALF CLT Vs F
(mg/kg) (pg/mL) {pghimL) {lavs) (mLh'ke) {L/kg) (%)
10 SC 26.0 3536 31 Zﬁn NC b3
20 sC 1333 35153 =5 N NC 56
nn s 2624 36000 70 NC NC 41
10 jAS 243 4 88537 27 12 015 NC
an A% 2162 63167 4.5 1.3 ¢19 NC
n 4510 P 3BGOR 71 1.8 ¢24 NC
A

Additional Informmation:
*  No gender differences. Thus, results
» LT wvalues were dose independent

combined fom aale and female ammals for caleulation of mean PR parameters.

«  T-HALF values were comparable hetween TV and 80 routes of sdministration
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le 2.6.5.3D:

BLA 125118

Pharmacokinetics: After A Single Dose (Study 817-BMS-18%0667-02)

Test Article:

Lot #:

Compliance:

Study Number:

Document Control Nnmber:
Location in Dossiers

Abatacept (BMS-188667)
ACMIV-3 (Research Grade)
Non-GLP

817.BMS 18866702
910048944

Section 4.2.2.7

Speties

Moanse

Sex (MFY Nusmaber of Ammais
Feedmg Conditions

Vahiele Formadation

Aethod of Admimstration

Sken-intact (ST} F/9 03 mece por dose level) Skinagrafted {S() F:3
Non-fasied
PBS buffer {14 mM sadium phosphate, S0 m sodivra chlonde, of 1 8.0}

Dose {mg) m-mtact 807,029, and D537 (comresponding 10 36, 14, and 29 meked
r-prafted; 0.29 (corresponding to 14 )
Sampisfs) Serum
Aaalvie(s) Ahatacept
Assavisd ELISA
Mean Pharmacokinetic Parpmeter Valnes
Dose Route Cmax AU(INF) T-HALF CLT Vs
{mg) {pp/mi) {pe.h/mL) {flays) (mLh/kg) {L/ke)
0.07 (31} n 568 1594 ng 20 a1l
4.2 (S EAY 2003 8708 25 1.8 014
OSTIShHY EAY 3634 15322 a0 a0 016
0,29 (80 IV KL afz4 27 1.5 13

Additinnal Information:

¢ Umax and AUCIINFY values increased in a dose propostional monner

+  Single dose PK parameters obtamed for skin-grafted mce were comparable 1o those obtamed {rom skin-intact mce
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Table 2.6.5.3E: Pharmacokinetics: After A Single Dose (Study T44/188667/001)

Test Arvticle: | Abatacept (BMS-188667)
Lot & | ACMIV-3 (Research Grade)
Complinnce: | Non-GLP
Sty Number: | 744/18R667/001
Document Control Number: | 910049073
Location in Dessier: | Section 4.2.2.7

Species Mouse
Sex (MF) / Number of Animals
Feedmp Conditions Non-fasted )
Yehiele/Formutation PBE barffer (10 mM sodium phasphate, 59 md sodiem chlonde, pH 8.0}
Method of Adminstration Smgle IV :
Dose [mg) 20 (rorrespondmy (o
Sarnpie(&) Serum
Analyte(s) Abatacept
Assayis) ELISA
Mean Pharmacokinetic Parnmeter Values
Dose Route Cmax AUC{INF) T-HALF CLT Vss
(mg) {jrghmb} {pehimL) (dlays) (mL/h/%e) {L/kg)
20 v 2400 _ 45762 6.9 1.5 22

Additinnat Information:
+  Dose proportonalily we
*  The resule showaed Gt both (e

s studtes §17- 18866702 (Tabla 2.6 S 3D and 7447[8E64TDD] (Table 2.6 5 3F)
PAUCIINF)Y values appearad to 1hozeass 1 a dose propothional mannar over the dose range 0f 0.29 1o 2 mp
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Table 2.6.53F: Pharmacokinetics: After A Single Dose (Stady 26615)

Test Article: | Abatacept {BMS-188667)
Lot ¥; | (9602 1{Process B}
(5157 (Process A)
Compliance: | GLP
Study Number; | 96615 .
Document Contiral Number: | 910056843 [ Appended to Toxicology Report No 910056020}
Location in Dossier: | Section 4.2.3.6

Species

Rats

Sex (MF) / Number of Animads
Foeding Condilions
Vehrele/Farmakation

dethod of Admunstiratien

Mg, F/6 (3 cals per gender per formulation)
Non-fasted

100 mpiml, selution (20% maltose, 30 mM sodium phosphate, {00 mid sodim chilorided

49 meml seletion (20% maktose, 100 mM sodmm phosphate. 200 mM sodium chionde)

8¢

Daose {make) 99
Dasing scheduie Single §C
Sampla(s) Serum
Analvia(s) Abatacept
Assavis) ELISA
Mean Pharmacokinetic Parameter Valnes
Dose Route Formulation Cmax AUC{INE) T-HALF
(mg'ke) {pg/mby {pg.h/mL) {days}
100 8C 100 mgand. solution 226 40900 4.8
100 S ‘ml selut:on 273 47200 6.7

innal Information:

*  Nao gender diffarences. Thus, data Dom male and female rats were combvaed for caleulation of mean PK parameters.
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Table 2.6.5.3G; Pharmacolinetics: After A Single Dose (T44/188667/0411)

Test Article: | Abatacept (BMS-{8866T)
Lat #: | €961 18 (Process B}
. 26335 (Process C)
Compliance: | GLP
- Study Number: | 7447188667001
Document Control Number: | 210061964
Location in Dossier: | Section4 227

Species Rat
Sex (MFL Number of Animals M20{10 per grougp)
Feedmp Conditions Non-fastad
VehieleFormmalaton Ewvophile, Abatacest frem Current Procass B (lot 8 (941 18)
Lyaphie, Abatacept from Seale-Up Procass C {lot # €96335)
Mathod of Admirstration Sanple TV ,
Bose {meke) 10
Sampia(s) Serum
Analyia(s) Abatacept
Asgavis) ELISA
. Mean Pharmacokinetic Parameter Valnes
Dose Route Cmax ALUC(INF) T-HALF CLY Vss
(mg) (pgiml) (e Jyml) {days) {(mL/hikg) {L/kg)
1D (S Scale-up) (A" 2822 0938 2.6 1.03 0.10
104, Currant) 1A 2Tal 6R47 23 1.47 n.14
h : s AT e < O
Statistacs ns© §+C ) N§ 5= §=C

Additional Information:

+«  {'max and T-HALF values were comparable
«  Significently higher ADCOINFY (-21%5) aned lower CLT af-30%) and Vss (-29%) values were obtamed for the scale-up process material compared to
cossesponding values from currert process matenat
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Tahle 2.6.5.31: Pharmacokineties: Afler A Single Dose (Study DSO1166)

Test Arficle: | Abatacept (BMS-18866T)
Lot & | COR196 (Process D)
Compliance: | Non-GLP
Stidy Number; | DS0I66
Docnment Controf Nomber; | 930001267
Location in Dossier; | Section 4.2.3.7.7

Species Rahbit
Sex [MF) Y Number of Animals Fid
Feeding Conditions Non-Tasted
Velicle'Formulation Lyophile
Miethod of Adminstranon 1A%
Dose {mgke 10
Dasiny scheduie Kingle IV
Sampla(s) Serum
Analyiars) Abatacept
Assavia) ELISA
Mean Pharmacoelkdnetic Parameter Values
Dose Ronte Cmax AUC(INF) T-HALF LT Vs
{mg/ke) {pgimb) (pig.h/mL) {dlays) _{mbMikg) {L/kg)
o . v 2889 59399 24 1.73 G113
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Table 2.6.8.3): Pharmacokinetics: After A Single Dose (Study 95654)

Test Article: | Abatacept (BMS-18866T)
Lot #: | 95046-30 and C951 57 {Pracess A)
Complisnce: | GLP
Study Numher; | 95654
Bocnment Cantrol Number: | SE00S1756 [ Appended to Toxicalogy Report No. 910051104]

Locationt in Dossier: | Secion 423 7.7
Species Mankey
Sex (MYF) S Number of Animals M4 Fi4 (2 monkevs per gender per formudation)
Feeding Conditions Non-fasted
Vehtele/Farmulation Ready-ta use (RTTH sofution (25 mM sodium phosphate. 30 mA sodinm chlorsde. pH 7.3} (Lot 425046-30)
Lvophiized (1LY OV formulation (3% maliose) (Lot 2093157y
Nethod of Adminstration Reple 1V
Dase (mgke)
Sarpie( st

Mean Pharmnceokinetic Parnmeter Values

Dose Route Cmax AGCTINF) T-HALF CLT Vs
[mpka) {agiml) {pe.umL} {days) {mL/h/kg) (L/kg)
19 (RTU) v kxR 16an2 60 0.60 0.13
10 (LY O) 1A% 3383 13173 5.4 0.77 0.16

ns P NS N§ NS p0 044

1 h .
T-1es2. NS = Not sigmuficant
I AR

Additional Information:
*  No gender differences. Thus. data fiery male and femate monkeve were combaed for caleulation of mean PK parameters.
*  Compnarable pharmacokinencs weie alamed between the teady-to-use (RTT and Ilyophthized (LYY formulations
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Table 2.6.53K: Pharmacokinetics: After A Single Dose (Study DSO2051)

Test Article: | Abatacept (BME-18866T)
Lot #: | 010920-112 {Process I
020211.409¢ [ J‘wathout pafactose)
Complinnee: | Non-GLP
Study Nuwmber: | DS020S)
Dacument Control Number: | 930002917 [ Appendad to Toxicology Report No. 930003043 ]
177

Lacation in Dosster: | Section 4237,
Species Monkey
Kex (MUFY S Namber of Amimals Fra (3 monkeys per formmiation)
Feedmg Conditions Non-fasted

Yehicle/Formulation Lyophile - Process D (Lot 42100201 12)

L J vathout galactose (Lot #0202} 1-409)
Meathod of Adminsstration
Dase {rmgko)

Samplals) Serum
Anabyvte(s) Abatacept
Agsavis) ELISA
Mean Pharmacokinetic Parameter Values
Dose Route Cmax AL C{INF) T-HALF LT V58
{mg/ke) {pg/mL) {pe.lymLy {days) (mLMiks) (Likg)
10 (£010920-112) v 3538 17659.7 6.4 ns9 .09
104402021 1400} v EICARY 88315 47 1.18 012
Additional Information:
+  Abatacept from Process T3 (Lol H2vand [ T withowt galaciose {Lot #020211-209) was not pharmacokinetically comparable in monkeys
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Table L6.53K: Pharmacokinetics: After A Single Dose (Study DSO205T)

Test Article: | Abatacept (BMS-188667)
Lat #: | 010920112 {Process DY,
1R8667-2002-002. NB2389P0O39-B. NB2389P03a.C T 3 lots)
Compliance: | Non-GLP
Study Number: | DSO205!
Document Control Number: | 930002917 [Appended 1o Toxicology Report No. 930003063 ]
Locatinn in Dosster; | Section 4.2.3 7.7 .

Species Monkey
Sex (MF} S Mumber of Animals M2 {3 monkeys per formalation)
Foedmg Conditions Non-fasted
Yehicle/Farmulaton Lyaphile « Peocess D (Lot #010920-1[2)
Lvophiie - L \u wathout zalactose (Lot #188667-2002-002)
Lvephtte - T with ealactose (NB23RIP(IIS-BY
Lyophie - <7 swath low sialic acid (NB2ISIPO30-C)
Method of Adminstration Sapde 1V
Dose {mgket 14
Sampla(s) Serum
Aaalyia(sh Abatacept
Assavis) ELISA
Mean Pharmacokinetic Parameter Values
Dose Route Csax AUVC(INF) T-HALF CLT Vss
{mg/kg) {pugfmL} (g himL) {days) {mLMhikg) : (L/ke)
10 (2010920-112) NV RELR: 5.6 . 0.67 0.12
10 (X1 R]E(T-2002.002) v LT : 77653 5.4 131 0.17
I I NB25RP(139.B) v 2453 20445 0 82 D50 0.10
[0 {NB238OPO3IL) B LR 7266.1 4.4 1.40 0.18
Additinnal Information: .
¢ Results indieated that abatacept from [ 7 wathout galactose {#188667-2002-002) and m. ) with lew sialic acid (NB2Z539P039-L) was not
cormparable pharmacokineticailv 121 monkevs to the reforence Process D abatacepl (2010920411 2y
+  Abatacept from . ¥ with galact comgrarahle pharmacokinetcally to reference Process D {40 10920-112).

19
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Table 2.6.53K: Pharmacokineties: After A Single Dose (Study DS02051)

Test Article: | Abatacept {BMS-188667)
Lot % | 010920-1 12 (Process DY
02061 1-409; NB2389P03 1, NB2620P100, L 3 lotsy
Campliance; | Non-(GiLP
Study Number; | DS0205}
Document Control Numbes: | 930002917 {Appended to Toxicology Report No. 930003063 ]
m\aﬂ_:gw:n-az.innan:c:a.m.u.wq

Species Mankey

Sex (MUF} Number of Animals
Fesdmy Conditions
Wahrele/Farmulation

FEZ (3 moenkeys per Formniation}

Non-fastad

Lvaphtle - Process D (Lot #010020-112) -

} wath salactose (Lot 02051 1409 NB23SoPO3H NB2Z620P100)
Method of Adminstratien
Dase {mekg)

Samplafg)
Sovalvie(s) Ahatpeept
Assavis) ELISA
Mean Pharmscokinetic Farameter Values
Dose Route AUC(INF) T-HALF CLY Vas
{mg/ke) {pg.h/ml) {days) (mEM/ke) (L/kg)

10 (5010920-112) v 154508 6.4 0.67 0.11
FO{ER2D6T1-409, Day 12} kY 244 9 187509 6.2 033 0.10
[ {NB2539PO3 ], Day 14) IhY 247 20707 R R 0.30 0.08
[0 (NB2620PIOR, Day 16} IAY 3548 187709 i9 D65 0.10

Additional Information:
+ ANl 3 abatacep C
D material

7 with galactose late harvested on davs
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Table 2.6.5.31.:

Pharmacokinetics; After

BLA 125118

A Single Dose (Study DS02003)

Test Article:
Lot #:

Compliance:
Study Numbesr:

Document Control Number:

Lacation in Dossier:

Abatacept (BMS-188667)
203535374 (Process D)
MOQI611 (Process EY

GLp

DS02003

930002770

Section 4.3.3.7.7

Speeies

Mounkey

Sex (NUF) S Number of Animals
Feeding Conditions
Veahiele/Farmulatan

Method of Admirstration
Deose tmgkg)

Sarmpisis)

Analviafs)

F/12 (6 monkeys per formaiation )
Non-lasted

Leaphife - Process T2 (Lot 420355174
1

Lvephie - Process F (Lot 2MQI51

}

Mean Pharmacokinetic Parnmeter Values
Dose Route Cmax ALICIO-T) a T-HALF CLY Vs
; IR : /i L

{mg) {e'mL) (g himL) (days) (mLMike) {L/kg}
10 {4203553 T4 A 220 155881 5.1 D.6G 0.09
M EMQIe LY v 330.2 R RO 51 ns 007

n
T =28 dinys

Additional Information;

¢ Abatacept from Process T and Proc

:5 B demonsteated comparable pharmacokmetics in monkeys
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Table 2.6.5.¢

Pharmacokinetics: After Repeated Doses (Study 910048945)
|

Test Article: | Abatacept (BMS-188667)
Lot # | ACMIV-3 (Research Cirade)
Compliance: | Non-GGLP
Study Number: | Not applicable
Document Control Number: | 910048945
Location in Dossier: | Section 4.2.2.7

Species Mouse
Sex (M/F) / Number of Animals Fi36 {6 mce per dose and schedule)
Feadmg Conditions Non-fasted
Velele/Formulation: PBS buffer (10 mM sodivm phosphate, S0 mM sodium chloride. pH £.0)
hdathod of Adminssiration A% .
Dosmy Scheduie X x T gdd s Toaddx 7
Dose [mg) .07, .29 (corzesponding to 3 6 and 14 mekg)
Samplefs) Serum
Analvia(s) Abatacepl
Assavis) ELISA
Mean Pharmacokinetic Parameter Values
Dayse Schedutle {'max AUC(INTY T-HALF
{mg) {ge'mL) (ue.h/ml} {days)
a7 gad =7 93.2 026 27
qidx7 a2 .4 6737 2.5
.5 ki el . 1.9
025 4218 5.7
426.0 4.7
3814 4.5
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Table 2.6.5.4B: Pharmacokinetics: After Repeated Doses (Study 96633)

Test Article: | Abatacept {BMS-183667)
Lot #: | 096118 (Process B)
Compliance: | GLP
Study Namber: | 96633
Document Control Number: | 910064489 {Appended 1o Toxicelogy Report 910066124)
Laocation i Dossier: | Section 4.2.3.2

Speties

Mouse

Sex (MF) / Number of Animais
Feedmygz Conditions
WehicleFormulahon

Mathod of Adminsiration
Dosimy Schedute

M7, FI2T (9 mece per gender per dose level)

Non-fasted

Lyophile (4% maltose, 10 mM sedium phosphate, 20 mM sodium chloride)
sC

q7d x 26

Dose {mg/'kg) 261, A5, 204
Samplals) Serum
Analvia(s) Abatacept
Azssayis) ELISA )
Mean Pharmacokinetic Parameter Values
Bose Gender Crmax Avcran T-HALF
n 3-@..?%“ :.—h._.-nuh...v wmn.—!._ﬂ- —Ld ] AQBUWV
Week 1 Waek 26 Weask | Week 26 Week 1 Week 26
m Male 1101 &2 . 6735 11878 3.4 49
Female 91.0 o9 6 685! R187 3.0 6.5
63 Male 17110 264.7 14964 31102 4.6 75
Female 1886 2422 15217 28060 kR 27
o Male Jaz 4631 . 34658 51624 =3 76
Female 4128 (760 40479 57332 57 6.9
T TAU - T davs
R

Additional Infortnation:
e No gender differences

«  Admimal accurtdation (- 1 5. 2.0

fler repented once-n week dosimg
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Table 2.6.54C:

BLA 125118

Pharmacokinetics: After Repeated Doses {Study 9761

Test Artiele: | Abatacest {(BMS-18866T)
Lot #: | CO6335 (Process €
Compliance: | GLP
Study Number: 1 97610
Document Control Number; | 920003036 {Appended 1o Toxicology Report No. 920007076]
Location in Dossler: | Section 4.2.3 4]

Species

Monse

Sex (MIF) / Number of Animals
Feading Conditions
VahicleFormulatios

Meathod of Admimstration
Dosing Scheduls

Bose {mgke

MALSFTS (5 mice per gendar per dase fevel)

Non-fasted

Lyaphile (4% maltose. 10 mM sodium phosphate, 20 mM sodium chioride) .
8¢ :

Once & week for 21 months

20,65, 200

Sarmple(s) Serum
Analyte s} Abatacent
Assaves) ELISA
Mean Pharmacokinetic Parameter Yalues
Dose Week Cmax AUGTAD) ©
(g ke) (ng/mL) {ig.h/mL)
Male Female Male Famale
20 51 ER 8t 8669 _ 8954
7o 28 A 12169 _a
1O 53 §77 . 230 21787 23412
7¢ 287 27% 31818 ne P
S3 41 oo 34343 15507
) 424 B 30872 U8

Ne surviving gnimals: b NE = Not erlestasted duc 1o insufficient numbcr of animals; € TAU = 7 days

Additional Information:

¢ No gender diffsrences observed.
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Table 2.6.5.4D:

BLA 125118

Pharmacokineties: After Repeated Doses (Study DSO4016)

Test Arvficle: | Abatacept (BMS-188667)
Lot #: | 3A64063 (Process E)
Compliance: | Non-GLP
udy Mumber: | DS04016
Document Conirol Number: | 930007629
Location in Possier: | 42377

Specics

Mouse

Sex (M/F} / Number of Animals
Feeding Conditions
YWehicle‘Formulation

Blethod of Adminsstrabion
Daosiny Schedule

Fi45 {2 mice per dose level}
Non-fasted

Lyophile

sC

Once-a-week for 5 weeks (QW « 5)

Dose [mg'ks 2505, 1020 and 63
Sarmplals) Serum
Analvie(s) Abatacep!
Assny(s) ELISA
Mean Pharmacokinetic Pavameter Values on Day 29
Dose Schedute Crmax Auvcran® Trmax
fmeka) {pg/mL) (ugdy/mL) {Hours)
25 OW x5 n.29 NR 6
5 OW x5 224 a0 12
1h QW 3 N6 4300 36
0 . QW xS 164 16704 12
6E W x5 2 ) 30400 12

R b \
TAL = 7days,  NR » Notreportedas N -~ 2

Additzonal Information:

*  Lower than expected serum concentrahons were oblamed i mice dosed at 2.5 and § myy

-

ke Presence of abatacept-speaific antibodies in these mrce could

have contrabuted 1o imereased cleazance of abatacept and tharafore to the [ow Umax and AUC values.
¢ Dwer the dose range from 10 %0 55 mpthe, as the dose icreased in the ratio 1 2: 6.5, the meaan Umax values increased m the ratio 1) 2.3: 11 4 and the mean

AUCCTAU) vatues incraasect

199z
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BLA 125118
Table 2.6.5.4F: Pharmacokineties: After Repeated Doses (Study 95676)

Test Article:

Lot &

Coamplinnce:

Study Number:

Dacement Control Number:
L.ocation in Dossier:

Abatacept (BMS-18866T)

095201 (Procass A)

GLP

D676

S1D033669 [Appended 1o Toxicology Report No. 919051 540]
Section 4,232

Species

Rat

Sex [MFY S Number of Animals
Feedmp Conditions
Vehcle/Farmekalion

Method of Adminsiration
Dose {1agkg)

Dosimy schadule
Sampis(g)

Analvisls)

Assavis)

NG, FIG (3 rats par gendas per dose level) -
Non-fasted

SC. Lvophile (20% maltose, 100 mM sodiwm phosphate, 200 mM soduwm chlonde)
IV, Lvophtbe (5% mabtase, 25 mM sodiom phosphate, 50 mM sediim chiaride)

IV and SC
10

q2dx 7
Serum
Abatacepl

ELISA

Mean Pharmacokinetic Parameter Values on Day 13

Dose Route Crmax Aucran” ThA Jw
(e kp) {eg/ml) (Meh/mL) {days
SC R 43308 40
n v 4148 aa11.5 48

3
TAll= 2 dmys

Additional Information:

+  No gender differences. Thus, data 1o male and female rats were combred for calewlation of mean PR parameters,

*  The hicavailabslity and the smgle dose pharmacakineties data from this studv are reportad in Table 2.6 5 3C.

39



Reviewer: Anita M. O’Connor, Ph.D.

Table 2.6.5.4F:

BLA 125118

Pharmacokinetics: After Repeated Doses (Study 96615)

Test Article: | Abatacept (BMS-18866T)
Lot 4: | (96021 (Procass B)
(95157 (Process A)
Compliance: | GLP
Study Number: | 96615

Docnment Control Number: | 910056843 [Appended to Toxtcology Report No. 910056020]

Lncation in Dosster: | Sectiond.2.16

Specics Rai
Sex {MF} Number of Ammals MG F/6 (3 rats per gender per formudation)
Faeding Conditions Non-fasted

VeluclerFormmltaton

Method of Administration
Dase {make)
Posang schedule

190 mymL selution (20% mattose. S0 mM sodim phosphate, 100 mbd sodwm chloride)
mL salution (20% mabase. 100 mM sodium phosphate, 200 mM sodium chtonde)

Sampis(s} Serum
Anabyie(s) Abatacept
Angay(s) ELISA
i Mean Pharmacokinetic Parameter Values on Day 13
Dose Route Formulation Cmax AUC(0-T) 3 T-HALF
{1 ke) {Lg/mL) (ue.h/mL) {days}
100 8¢ 100 mgimL 3al 87200 8.5
) 5¢C 40 merml 518 130000 9.6
H
T - 1032 h

Addntional Information:

+  No egender differences, Thus, data b

s male and femmie rats were cambined for caleulation of mean PR parameters
s 2o thes study are teported i Tehle
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Table 2.6.5.4(: Pt

rmacolineties: Af

"BLA 125118

*Repeated Doses {Study 94648)

Test Article:

Lot ¥

Compliance:

Study Number:

Document Control Number:
Location in Dosgier:

Abatacept { BMS~188667)
ACMVI-1 {Research Grade)
Non-GLP

84648

210049007

Section 4 2.3.7.7

Specics Mankey
Sax (MFY Y Number of Animals M6, Fi6 {2 monkeys per gender per dose group)
Feedmy Condiions Nonfasted :
YehicleFormulation 10 mM soduwm phosphate, S0 mM sodium chlornde
Method of Admimstirstion A%
Dose {mg'kz) |2.29 and 87
Dosing schedule Dav 1,4, 8 1115 and 18
Sampials) Serum
Analyiefs) Abatacem
Assav(s) FLISA
Mean Phasrmacokinetic Parameter Values on Day 18
Daose Ronie {mnx L,#—..A_.Ho-.—.fn T-HALF
4 N _._ L. NYS
{mzke) {(ngimlL) (g h/mL) (days)
1.0 v 3T 27834 38
20 v 1041 8811.5 6.7
R7 v 2645 257468 5.6
ianal Inforisation:
. No wender dilferences. Thus. datn Irom male and female moakeys wete combined for calculstion of mean PK parzmeters
. Steady state was achieved by Dav 11 of dosing
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Table 2.6.5.411:

BLA 125118

Pharmacokinetics: After Repeated Doses {Study 94704)

TFest Article:
Lot #;

Abatacept (BMS-188667)
540922-1 {Research Grade)

CompHance: | GLP
Study Number; | 94704

Dacrrent Control Numbey: | 910049066 [Appended to Toxicology Repart Ne. 910044347)

Location in Dossier: | Section 4232

Species

Mnonkey

Sex (W) f Namber of Animals
Feedmy Conditions
YahteleFormulation

Mathod of Admirssiration

Dose {mzke)

Dosing schedule

Saraple(s)

VA F9 {3 monievs per gander per dose grour)
Nows-fasted

28 mM sodiurn phosphate, 23 mM sodim chlorde. pI1 7.5
A

10022 4 and 50

Dosed once evary other dav {or 15 doses over 29 days
Sorum

Anabyte(s) Abatacep
Assnyvis) FEISA
Mean Pharmacokinetic Parameter Values on Day 29
Dose Rowste ﬁ_ﬁ“_.u Atco-n® T-HALF "
tme/ke) {ngimlL) {pevmL) (days)
Day 1 Day 29 v
0 133 2589 483.2 - T4 101
x4 W 3R6.2 11643 14828 : 82
30 IAY 12903 MNTRE - 2I96RR 17

. b - K , B . ) . ; N . N . )
T2 T T-HALFE eateulated within the timeframe of 1032 h. prior to the Tormatien of anti-BMS- 88667 antibody.

Additional Information:

o No gender differences. Thus. data fronn male and femate mankevs were combmed for caleulation of mean PK parameters
o Aceumulation of 1.6 - 2.0 fold based on comparson of (U max values obtamed on dav 29 and dav )
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Table 2.6.5.41: Pharmacokinetics: After Repeated Doses (Study DSO2008)

Test Article:

Lot #:

Complisnce:

Study Nnmber:

Docnment Control Nunvher:
Lacation in Dossier:

Abatacept (BMS-188667)
MOQR6T ! (Process E)

(P

DSN200R

QIN0G2TRY

Section 4.2.3.2

Species Monkey
Sex (IMF Number of Animals {5 morkeys ner gender per dose wroup)
Feedmpe Conditions
Lyaphite
Moethod of Admimstration Y
Dase (reke) 10, 22, 50
Once weekly for 12 months
Serum
Abatacept
CLISA
Mean Pharmacokinetic Parameter Values
Dose Route Tmax AUC(TAU) 1 Accenmulation Ratio
(mgehg} {pp/ml) (g h/mL)
Male Day 1 78 267 358 { ‘78 267 358 i 78 267 | 358
10 v irra 1520 | 4096 | 2945 | IN645 4 | 163662 | 207031 | 247818 z.}c LS 1.9 23
12 AN Tige 8713 8625 | 10216 | 211907 | 357509 | 428183 | 498649 | NA 1.7 20 24
in v 13304 | 18608 | 19530 | 24882 | 444493 | 702008 | @0178.4 | 1346487 | NA 1.2 23 31
Female
0 IV 2757 | o 2697 5113 &8031.5 143219 | 146032 | 194016 | NA i6 1.7 22
22 A% agTe | 4794 TROR P IOTIR | 213545 | ITIAAY [ 163629 | 246418 | NA 13 1.7 21
in v L4566 | 22135 21730 | 478848 | 742251 | Te285.8 | 856D S | NA 15 16 1R
] 3)
TAL =Tdavs: XA = Not applicable
n
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Table 2.6.5.7A: Pharmacekinctics: Studies in Pregnant or Nursing Animals (Study DN0O3068)

——
Test Article: | Abatacept (BMS-188667)

Lot #: | 3A64965 (Process E)
Compliance: | GLP
Stady Number: | DNO3068
Docuaent Conteol Number: | 930006845

Leeation in Dossier: | Section4.2.3.54

Species Rat

Sex (BT} Number of Animals
Feedimp Conditions
Vehicle/Farmulation

Fiad {14 eats per dose group)
Non-fasted
Lvarhile

Method of Adminstiation IV

Crestateon: 45, 200

Lactation: 45, 200

Crestatras: Onee dadv on gestatson davs 6 through 18
Lactation. Ones overy 3
Serum

avson factanon davs 3. 6.9 pead 12

Dose Rebe Cmax Tmax AUC(TAL)
{nghe) _(ug'ml) (I} {ug.himL)
N CGiestation v [279 . nns 15009
i Ciesiation v 4154 D.OXR 49281
45 Lactat:on 'V el n.DS 14983
200 Lactation A Ig70 n.os 54646

Additinnal Information:

* Expasure inereased ir a

dose-rointed manner
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Table 2.6.5,7B: Pharmacokinetics: Studies in Pregnant or Nursing Animals (Study DNO200O3)

Test Article: | Abatacept (BMS-188667)
Lot | 010920.112 (Process D)
Compliance: | GLP
Study Number: | DNG2003
Document Control Numbey: | 930002722
Lacation in Dosster: | Section4.2.3.52

Speties Teahbits
Sex {M/F} ) Number of Antmais F27 (S mated rabbits per dose group)
Feedmyp Conditions Nop-fasted
Vehicle/Fornmiaton 25 mM sodiur phosphate. 50 mbd sodium chlonde, pt1 7.5
Method of Admimstration A% :
Dose {mgke} [0, 48, amd 200
Dosing schedute Once avery 3 dave from dav 7 through 19 of presumed gestabion
Sampla(s) Serum
Analyias) Abatacem
Assavis) ELISA
Mean Serum Concentration
Dose Route Maternal Sera Fetal Sera Fetal:Maternal Sernm Ratio
(k) . {po/ml.) {rg/mi.)
10 v meT 0.f 0.003
45 v Q807 1.1 0.001
o0 I 72612 43 {0,001

Additional Information:

*  Abatacept was present in both mater 4 fatal sera at all doses tested idicating that abatacept is transherred from dan to fatus.
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Tahle 2.6.5.7C: Pharmacokineties: Studies in Pregnant or Nursing Animals (Study DN03069)

Test Article: | Abatacept (BME-188667)
Lot £: | 3A64965 (Process E}
Compliance: | GLP
Simdy Number: | DNOIGES
Docunient Control Mamber: | 930005449
Location in Dossher: | Section 4.2.3.5.4

Rahbit
Sex (MJF} / Number of Animats I’
Feedmy Conditions Non-fasted
VehteleFormul dion Lyaphile
Meathod of Admimstration A%
Dose {mgke) 2409
Dosing schedunte Once every 3 davs on gestakon days 7. 10, 13,16, and 19
Sarpla(s) Serum
Analkyiarsh ;
Assayis ELISA .
Doxze Route Cmax Tmax AUC(TAL 3#
{mg/kg) . {hg/ml) (h) {ug.h/mL)
200 IV 61104 Q.0ns 145680.6
! TAL = 3dms
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Table 2.6.5.8: - Pharmacokineties: Distribution - Placental Transfer (Study 95024)

Test Arvticle: | Abatacept (BMS-188667)
Lot #: | 95201 {Process A)
Comyplianee: | GLP
Sindy Number: | 95024
Document Control Number: | 210054198
Location in Dossber: | Section 4.2.3.5

Species Rat
Sex [MIFY S Nusmber of Animals FITS (25 prasurmed pragrant rats per dose group)
Feeding Conditions Non-fastad
Yehicle/Formulation Lyaphile
Mathod of Admunstration IV
Dose {rmgke) 149, 45, and 200
Dosmy schadnte Draily on days 6 through: 15 af presumed gestation
sanpiz(s) Serum
Analviers) Abatacept
Asggoyviad : ELISA
Yerification of Exposure on Day 20 (Mean Sernm Concentration}
Dose Route Maternal Sera ()ig/mL) Fetal Sera (ug'mlL)
{mipkp)
n v B4 5.0
4= . 1AY 367 . 14.7
ane v 81D 331

Additional Information:
* Dose related increases in expos
* Presence of abatacept i et

21z dams and [etuses
swlicale that abatacept erosses the placental barniee
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Table 2.6.5.13: Pharmacokinetics: Excretion - Excretion in Milk (Study DNGL360)
Test Article: | Ahatacept (BMS-188667)
Lot#: | €OBI96 {Process D)
Compliance: | GLP
Study Namber: | DNGIOS0
Docnment Control Numbey: | 930002920

Location in Dossier:

Section 423513

Species Rat
Sex (AMUF) S Number of Animals FA30 {10 preseeed pregeaat rats per dose aroup)
Feedme Conditions Non-fasted :
YehicleFarmulation Lyophile
AY

Mathod of Admirasteation

Doz (mgke) 10, 45, amd 200
Dosmny schedute COmee every 3 davs from day ¢ of gestation through dav 21 of factstion
Sampisfs) Serum and mtk
Analviafs) Abatacep
Assav(sy ELISA
Mean Serum Concentration
Dose Route Maternal Sera Maternal mitk | Midk:Serum Ratio Female Pup Sera Male Pugp Sera
(mg/kg) {ugiml) {pe/mLy {pe/mL) {pgimb.}
1D A% 69.6 5.2 0.09 21 19
45 Y 2049 281 0.09 T4 82
no W 1726 135 o.08 306 217

Additianal Information:

«  Abatacept was present in maternal sera and mitk on Dayv 12 of lactation and in

48

pup sera an Dav 21 posipartum for all treated groups.
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicology:

Genetic toxicology:

Carcinogenicity:

Reproductive toxicology:

Special toxicology:

2.6.6.2 Single-dose toxicity
2.6.6.3 Repeat-dose toxicity

Histopathology inventory (optional)

2.6.6.4 Genetic toxicology
Study title:

Key findings:

Study no.:

Volume #, and page #:
Conducting laboratory and location:
Date of study initiation:
GLP compliance:

QA reports: yes( ) no( )
Drug, lot #, and % purity:
Methods

Strains/species/cell line:

Doses used in definitive study:

Basis of dose selection:
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APPEARS THIS way
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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Negative controls:

Positive controls: . APPEARS TH!IS WAY
ON DRIGINAL

Incubation and sampling times:

Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.):

Study outcome:

2.6.6.5 Carcinogenicity

2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic development
Study title:
Key study findings:

Study no.:
Volume #, and page #:
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA reports: yes( )no( )
Drug, lot #, and % purity:
APPEARS THIS WAY
Methods ON ORIGINAL

Doses:

Species/strain:

Number/sex/group:

Route, formulation, volume, and infusion rate:
Satellite groups used for toxicokinetics:

Study design:

Parameters and endpoints evaluated:

Results

Mortality:
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Clinical signs:

Body weight:

. APPEARS THIS WAY
Food consumption: ON ORIGINAL

Toxicokinetics:

Necropsy:

Fertility parameters (mating/fertility index. éornora lutea, preimplantation loss, etc.):

Embryofetal development
Study title:
Key study findings:

Study no.:

Volume #, and page #:

Conducting laboratory and location:
Date of study initiation:

GLP compliance:

QA reports: yes( )no( )

Drug, lot #, and % purity:

Methods
Doses:
Species/strain:
Number/sex/group:
Route, formulation, volume, and infusion rate:
Satellite groups used for toxicokinetics:
Study design:
- Parameters and endpoints evaluated:

APPEARS THIS WAY

Results ON ORIGINAL

Mortality (dams):

Clinical signs ( damé):

Body weight (dams):

Food consumption (dams):

Toxicokinetics:
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Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-

implantation loss, etc.):

Offspring (malformations, variations. etc.):

Prenatal and postnatal development
Study title:
Key study findings:

Study no.:
Volume #, and page #:
Conducting laboratory and location:
Date of study initiation:
GLP compliance:
QA reports: yes( )no( )
- Drug, lot #, and % purity:

Methods
Doses:
Species/strain; APPEARS THIS WAY
Number/sex/group: ON ORIGINAL

Route, formulation, volume, and infusion rate:
Satellite groups used for toxicokinetics:
Study design: :
Parameters and endpoints evaluated:
Results

Fo in-life:

Fo necropsy:

F; physical development: APPEARS THIS waY .
CN GRIGINAL

F, behavioral evaluation:

F; reproduction:

F; findings:

2.6.6.7 Local tolerance
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2.6.6.8 Special toxicology studies

Study title:

Key study findings:

Study no.:

Volume #, and page #:

Conducting laboratory and location:

Date of study initiation:

GLP compliance:

QA reports: yes () no( )

Drug, lot #, and % purity:

Formulation/vehicle: APPERRS THIS WaY
o CH GRIGINAL

Methods

Doses:

Study design:

Results:

2.6.6.9 Discussion and Conclusions
2.6.6.10 Tables and Figures

2.6.7 TOXICOLOGY TABULATED SUMMARY

[pivotal studies pertinent to the primary indication and core pharmacology studies
relevant to the primary pharmacodynamic effect, as available and as provided by
the sponsor]

OVERALL CONCLUSIONS AND RECOMMENDATIONS
Conclusions:

Unresolved toxicology issues (if any):

Recommendations:

Suggested labeling:
Signatures (optional): A
Reviewer Signature MG\ ( %\,\
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Supervisor Signature il Concurrence Yes .~ No
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- EXECUTIVE SUMMARY
I Récommendations
A. Recommendation on approvability
It is recommended that ab;atacept (BMS-188667) be épproved.
B. Recommendation for nonclinical studies
No additional nonclinical studies are recommended.

C. Recommendations on labeling

The text for labeling submitted by the sponsor is listed below. Reviewer’s
suggestions are in italics. ORENCIA is the sponsor’s proposed trade name.

The reviewer agrees with the sponsor on the text concerning mutagenesis, the
impairment of fertility, and nursing mothers. However, changes in immune
function observed at a dose of 200 mg/kg in the Fi-generation females which
consisted of an increase (9-fold) in the T-cell-dependent antibody response and
inflammation of the thyroid gland of one rat should be added to the pregnancy
category text. In addition, the text suggested by the sponsor for carcinogenicity
might change after consulting with the executive carcinogenicity assessment
committee (CAC).

Carcinogenesis, mutagenesis, and impairment of fertility

No mutagenic potential of abatacept was observed in the in vitro reverse Ames or
Chinese hamster ovary/hypoxanthine guanine phosphoribosyl-transferase
(CHO/HGPRT) forward point mutation (with or without S-9 activation) assays,
and no chromosomal aberrations were observed in human Iymphocytes (with of
without metabolic activation) treated with abatacept. In rats, abatacept had no
adverse effects on male or female fertility at doses up to L

3 based on AUC.

In a mouse carcinogenicity study, weekly subcutaneous injections of 20, 65, or
200 mg/kg of abatacept administered each week for up to 84 weeks in males and
88 weeks in females were associated with increases in the incidence of malignant
lymphomas (all doses) and mammary gland tumors (intermediate- and high-dose
in females). L. N '

1 . The doses used in

these studies were 0.8-, — and 3.0-fold, T % the human exposure at 10
mg/kg based on AUC. The relevance of these findings to the clinical use of
ORENCIA is unknown.
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In a one-year toxicity study in cynomolgus monkeys, abatacept was administered
intravenously once weekly at doses up to 50 mg/kg (9 -fold the human exposture
at 10 mg/kg based on AUC). Abatacept was not associated with any significant
drug-related toxicity. Reversible pharmacological effects consisted of minimal
transient d ecreases in s erum IgG and minimal to severe 1 ymphoid d epletion o f
germinal centers in the spleen and/or lymph nodes. No evidence of lymphomas or
preneoplastic morphologic changes was observed, despite the presence of a virus
(lymphocryptovirus) known to cause these lesions in immunosuppressed monkeys
within the time frame of this study. The relevance of these findings to the clinical
use of ORENCIA is unknown.

i

Nursing Mothers

Abatacept has been shown to be present in rat milk. It is not known whether
abatacept is excreted in human milk or absorbed systemically after imgestion.

- Because many drugs are excreted in human milk, and because of the potential for
serious adverse reactions in nursing infants from ORENCIA, c

I
IL Summary of nonclinical findings
A. Brief overview of nonclinical findings

The sponsor conducted general toxicity, genotoxicity, carcino genicity,
reproductive/developmental toxicity, local tolerance and immunotoxicolo gy
studies.

General toxicology studies were conducted in rats, mice and monkeys
administered subcutaneously and/or intravenously. The duration of exposure in
these studies ranged from a single dose to 1-year of weekly dosing. BMS-188667
was pharmacologically active in all of the toxicology species used (mice, rats,
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monkeys) as determined by suppression of T-cell-dependent antibody responses
or models of efficacy. The pharmacokinetic characteristics of BMS-188667 in
mice, rats, rabbits and monkeys were comparable to humans. Systemic exposure
was related to the dose with no apparent gender differences and only minimal
accumulation upon repeat dosing. The terminal half-life in animals ranged from 3-
6 days in mice and rats, 1-3 days in rabbits and 5-7 days in monkeys.

In a pivotal single-dose intravenous toxicity study performed in monkeys at doses.
ranging from 10 to 100 mg/kg. BMS-188667 was well tolerated at 100 mg/kg
dose (x10 human dose) with no target organ toxicity identified. In the pivotal
repeat-dose studies, reversible pharmacologic changes observed included minimal
decreases in serum IgG 1n mice, rats, and monkeys, decreases in the percentage of
splenic B cells and inhibition of ex vivo B- and T-cell mitogen activation in mice
and mild to moderate decreases in the number and diameter of germinal centers,
reflective of a decrease in germinal center activity, in the spleen and/or lymph
nodes of monkeys. The NOEL and NOAEL in the 1-year monkey study were <10
and 50 mg/kg/weekly, respectively providing estimated human exposure
multiples of <1.9 and 9.2, respectively. These changes in immune parameters
were not associated with any clinical manifestation of an infection in any of these
repeat-dose studies of up to 1 year in duration. In a repeat-dose study in mice, but
not primates, an increase in the incidence and severity of karyomegaly in renal
tubular epithelial cells occurred following chronic treatment. In this 6-month
mouse study, the NOEL was 20 mg/kg (0.9-fold human exposure), but this
finding was observed at all doses (>20 mg/kg) following longer treatment in the
mouse carcinogenicity study. This renal finding was not associated with any
effects on renal function and was interpreted as a spontaneous, age-related renal
change that occur in mice but has no known relevance to humans, therefore, the
NOAEL was considered to be 200 mg/kg (human exposure multiple of 4.7). -

BMS-188667 was not mutagenic in the Ames assay at concentrations up to 5000
pg/plate, in a Chinese hamster ovary/hypoxanthine guanine phosphoribosyl-
transferase (CHO/HGPRT) assay at concentrations up to 3180 pg/ml, or
clastogenic in in vitro chromosomal aberration test in primary human
lymphocytes at concentrations up to 3110 ug/ml, with or without S-9 metabolic
activation. .

Since BMS-188667 is being developed for long-term use as a selective
immunomodulator, and long-term immunosuppression has been associated with
increased incidence of neoplasia in humans and rodents, a rodent carcinogenicity

~ study was performed. BMS-188667 is biologically active and not immunogenic in
rodents when maintained at biologically active levels. As suggested in the ICH
guidelines for biologics, only a single rodent species was evaluated. The mouse
was used since the drug has demonstrated activity in this species. In addition, the
literature indicated that long-term immunosuppressed mice have an increased
incidence of neoplasia (particularly lymphomas), and a previous chronic tox101ty
study in the mouse enabled dose selection.
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BMS-188667 was administered subcutaneously once weekly at doses of 20, 65, or
200 mg/kg. Systemic exposures to BMS-188667 after the 53 weekly dose were
dose related with corresponding exposure multiples of 0.8, 1.9, and 3.0 times,
respectively, that of humans administered 10 mg/kg monthly. At weeks 84 and

88, 25% survivability was reached in the male and female low-dose groups,
respectively, and after consultation with the FDA, all remaining animals of that

sex were sacrificed.

The survival rate was lower in BMS-188667-treated mice relative to controls. In
general, the incidence of death/morbidity was similar in all treated groups.
Lymphoma was the apparent cause of death for approximately 50% of the drug-
treated mice. Statistically significant increases in lymphoma (p<0.0001) were
observed microscopically in all treated groups, but group incidences were not
dose-related. Incidence of lymphoma in CD-1 mice administered BMS-188667
was higher than reported for prior carcinogenicity studies at BSM and in the
published literature. The incidence of mammary gland adenocarcinomas was
statistically significantly increased in females at 65 and 200 mg/kg/week. The
incidences of mammary gland adenomas alone were not statistically increased
when compared with controls, although they occurred at a greater percentage than
those noted in previous mouse studies. The incidence of adenocarcinomas in high-
dose females was greater than the highest control range of 12% reported by
Charles River Laboratory in 1995 and the incidence in both intermediate- and
high-dose groups were well above BMS in-house historical control levels. The
incidence in the vehicle-control group, although higher than previously seen in
controls in BMS laboratory, was not significantly different from the saline-control
group. Thus, the saline- and vehicle-control groups were combined (as per
protocol) for statistical comparison to treated groups. Based on the significance of
P <0.0001 in the Peto and Pike trend test, which adjusts for mortality, and the fact
that the incidences were above the in-house historical controls (0-1%), the
increased incidence of mammary gland carcinomas at 65 and 200 mg/kg/week
were considered to be drug related.

Drug-related non-neoplastic findings were limited to increases in the incidence
and severity of karyomegaly in renal tubular epithelial cells associated with
chronic inflammation and tubular degeneration at all doses. These renal findings
were not associated with any detectable functional renal changes and are believed
to be of no relevance to humans.

In mice, retroviruses (MLV and MMTV) have been reported to cause lymphoma
and mammary tumors, respectively. Endogenous ecotropic-specific MLV DNA
was detected in the genome of CD-1 mice used in this study, and verbal
communication with Charles River Laboratories personnel indicated that CD-1
mice are not retrovirus free. Results from transmission electron microscopic
evaluation of mammary tumors from this study identified large numbers of
virions in the cytoplasm, budding from the plasma membrane, and in the
extracellular space. Ultrastructural characteristics of the viral particles were
consistent with those of murine mammary tumor viruses and immuno-
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histochemistry with an anti-MMTYV antibody confirmed the presence of this
oncovirus in mammary tumors from both control- and abatacept-treated mice.
Significant immunosuppression was observed at every dose level in this study as
demonstrated by the ability of BMS-188667 to suppress antibody response.
Immunosuppression was also confirmed at these doses in a separate
pharmacokinetic/pharmacodynamic study, using the same route and dosing
regimen as the carcinogenicity study, that demonstrated strong suppression of the
KILH antibody response and anti-drug antibody response at >20 mg/kg. These
findings support the conclusion by the sponsor that the increased malignancies in
this study were not a direct drug effect but likely secondary to long-term induced
immuno-suppression and the control of these specific oncoviruses. In addition,
this conclusion is further strengthened by the absence of any genotoxicity
observed in a battery of tests with BMS-188667.

A complete battery of reproductive toxicity studies was conducted with BMS-
188667. Fetal exposure was demonstrated following the administration of BMS-

- 188667 to pregnant rats and rabbits (not determined in mice), and secretion of
abatacept into milk was demonstrated in lactating rats. BMS-188667 did not show
any adverse effect on fertility, reproductive function, gestation, parturition, or
lactation in the Fo-generation rats. It also did not affect embryonic and fetal
development in mice, rats and rabbit, and growth, development, and reproductive
performance of F1-generation rats. BMS-188667 crossed the placenta and fetuses
were exposed during organogenesis. The immune function in the offspring rats
was generally unaffected. Drug-related changes in the Fi-generation were limited
to females and consisted of an increase (9-fold) in the T-cell-dependent antibody
response and inflammation of the thyroid gland of one rat. These findings were
considered to represent the lower threshold limit for effects of BMS-188667 on
immune parameters in Fi-generation rats as these changes were either limited to
only one sex or one animal, and no other immune parameters were affected
(splenic-lymphocyte and natural killer-cell phenotypes, serum Ig levels, and
presence of anti-nuclear antibodies). BMS-188667 was also detected in the milk

of rats.

The local tolerance of BMS-188667 intended for marketing (Process E) was
assessed after single IV, intra-arterial, and paravenous injections at concentrations
similar to or greater than those to be used in humans in New Zealand White
rabbits. No injection-site irritation was observed with any route of parenteral
administration. In addition, no adverse effects at the injection site were seen in
repeat-dose studies up to 1 year in monkeys. The subcutaneous route was also
evaluated for clinical use, therefore, local tolerance of the product was assessed
afier single- and repeat-dose subcutaneous administration in rats. No significant
injection-site irritation was observed.

BMS-188667 specific antibodies, were evaluated in all pivotal toxicity studies, as
well as a number of exploratory/investigative studies. BMS-188667, a fully
human fusion protein, was immunogenic in mice, rats, dogs, and monkeys.
However, BMS-188667-specific antibodies were detected mostly during the
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recovery period, after drug serum concentrations had dropped below
immunosuppressive levels. Thus, in each species tested, BMS-188667 suppressed
the antibody response against itself for the duration of treatment. When BMS-
188667—specific antibodies were present, clearance of drug from the vascular
compartment was often accelerated. The appearance of abatacept-specific
antibodies was not associated with any acute or target-organ toxicity in any
species when drug exposure was continuous. In mice and dogs, when drug levels -
fell below immunomodulatory levels and the animals were subsequently
administered an IV challenge dose of abatacept, the presence of circulating
abatacept-specific antibodies was associated with clinical signs of hypersensitivity
reactions.

B. Pharmacologic activity

BMS-188667 is a human fusion protein that selectively modulates T-cell co-
stimulation via CD28 by binding to CD80 and CD86 surface-receptors on antigen
presenting cells, thus blocking its interaction with CD28 on T cells. The following
figure summarizes the binding and activity of BMS-188667.

T-cell - T-cell
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BMS-188667 modulates CD28-mediated co-stimulation resulting in decreased
antigen-specific T-cell proliferation and decreased pro-inflammatory cytokine
production by human naive T cells in vitro. It also partially inhibits antigen-
specific circulating human memory T-cell proliferation and cytokine production
in vitro. BMS-188667 does not appear to affect CD8+ T-cell cytolytic activity and
the production of TNF-a. from LPS-activated monocytes in vitro. In vivo,

selective co-stimulation modulation by BMS-188667 resulted in decreased
antigen-specific antibody production to T cell-dependent antigens in rodents and
nonhuman primates.
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C. Nonclinical safety issues relevant to clinical use

The main concern identified during nonclinical testing was an increase in the
incidence of malignant lymphomas and mammary gland tumors (in females) in
the mouse carcinogenicity study. The increased incidence of lymphomas and
mammary tumors observed in mice treated with abatacept (BMS-188667) was
associated with the decreased control of murine leukemia virus and mouse
mammary tumor virus, respectively, in the presence of long-term
immunomodulation. No mutagenic potential of abatacept and no chromosomal
aberrations in human lymphocytes with abatacept were observed in a battery of in
vitro genotoxicity studies. These findings support the conclusion by the sponsor
that the increased malignancies in this study were secondary to long-term induced -
immunosuppression and the control of these specific oncoviruses. These concerns
have been discussed with the clinical review staff and are being addressed through
labeling and/or post-marketing commitments.

Appears This Way
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

BLA number: 125118

Review number: 1

Sequence number/date/type of submission: O/Nov. 16 2004/BLA
Information to sponsor: Yes (x) No ()

- Sponsor and/or agent: Bristol-Myers Squibb

Manufacturer for drug substance: Bristol-Myer Squibb Company, East Syracuse, NY

Reviewer name: Hanan Ghantous, Ph.D., DABT

Division name: Division of Therapeutic Biologic Internal Medicine Products
HFD #:108 _

Review completion date: April 26, 2005

Drug:
Trade name: Orencia™ (proposed by the sponsor)
Generic name: Abatacept
Code name: BMS-188667, CTLA4Ig
Chemical name: 1-25-oncostatin M (human precursor) fusion protein with
CTLA-4 (antigen) (human) fusion protein with immunoglobulin G1 (human
heavy chain fragment) '
CAS registry number: 332348-12-6
Molecular formula/molecular weight: ~92300 Daltons
~ Structure: A model of abatacept is shown below with the N-linked glycosylation
sites (N76, N108 and N207), O-linked glycosylation sites (S129 and 8139) and
the C120-C120 disulfide bond.
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Relevant INDs/NDAs/DMFs: IND-9391

Drug class: Recombinant, fusion protein consisting of extracellular domain of human
CTLA-4 and a fragment (hinge-CH,-CH3 domains) of Fc domain of human IgG1.

Intended clinical population: Patients with moderate to sever rtheumatic arthritis who
have failed at least 1 disease-modifying anti-rheumatic drug (DMARD), including tumor
necrosis factor (TNF) blocking agents. ' :

Clinical formulation: Abatacept for injection, 250 mg vial, is a sterile non-pyrogenic
lyophylic for IV injection. Each vial contains the following ingredients:

Duality

Coirpraaact T rd Funethm g pise W 1

BhiS

e Aetivie Ingeedisnt
Bpcilicatisn we A

Alstavipt

Ielaltoae L e
Specilicaiion

Sodban Phesplize, Monnbasie, -
Sodinin Clderids L35P
NP
NI

=, .
Fach vigl -

Fliase cosmponcaes sne prasent i U abotaept diog silstuse sobiatien

(Table was copied from the submission)
Route of administration: Intravenously

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise.

Studies reviewed within this submission:
Single-Dose Intravenous Toxicity and Toxicokinetics Study in Monkeys (Study # 94703)
- Repeat-Dose Subcutaneous/Intravenous Toxicity and Toxicokinetic Study in Rats (Study

#95676)
Six-Month Intermittent-Dose (QWx26) Subcutaneous Toxicity Study in Mice (Study #

96633)

One-Month Intermittent-Dose Intravenous Toxicity Study in Monkeys (Study # 94704)
Six-Month Intermittent-Dose Intravenous Toxicity and Toxicokinetics Study in Monkeys
(Study # 99655)

One-Year Intermittent-Dose Intravenous Toxicity and Toxicokinetic Study in Monkeys
(Study # DS0228)

Subcutaneous Carcinogenicity Study in Mice (Study # 97610)

Ames Reverse-Mutation study in Salmonella and Escherichia (Study # 96616)
CHO/HGPRT Mammalian-Cell Forward Gene-Mutation Study (Study # 95713)

12



Reviewer: Hanan Ghantous BILLA No. 125118

Cytogenetics Study in Primary Human Lymphocytes (Study # 94729)

Intravenous Study of Fertility and Early Embryonic Development in Rats (Study #

. DN01093)

Study of Embryo-Fetal Development in Rats (Study # 95024)

Study of Embryo-Fetal Development in Mice (Study # 95019)

Intravenous Study of Embryo-Fetal Development in Rabbits (Study # DN02003)
BMS-188667: Intravenous Study of Pre- and Postnatal Development in Rats (Study #

DN01060)

The following studies have been reviewed and tabulated summaries as presented by
the sponsor are listed in sections (2.6.6.7 Local tolerance and 2.6.6.8 Special
toxicology studies).

Intravenous Toxicokinetics Study in Pregnant and Lactating Rats (Study # DNO3 06 8)

" Thirteen-Day Intravenous Toxicokinetics Study in Pregnant Rabbits (Study # DN03069)
Single-Dose Intravenous, Intraarterial, and Paravenous Tolerance Study in Rabbits
(Study # DS03238) .

Two-Week Intermittent-Dose Subcutaneous Irritation and Comparative Toxicokinetic
Study in Rats (Study # 96615)

Single-Dose Subcutaneous Exploratory Comparatwe Imtatlon Study in Rats (Study #
DS03019)

Single-Dose Intravenous Immunomodulatory Study in Mice (Study # 92643)

Five-Day Intravenous Toxicity and Ex Vivo Immunotoxic Assessment in Mice (Study #

92675)

Studies not reviewed within this submission: Pharmacology and Pharmacokinetic
studies were reviewed by Anita O’Connor Ph.D.

2.6.2 PHARMACOLOGY
(See Pharmacology review by Anita O’Connor, Ph.D.)

2.6.2.1 Brief summary

2.6.2.2 Primary pharmacodynamics

2.6.2.3 Secondary pharmacodynamics
2.6.2.4 Safety pharmacology

2.6.2.5 Pharmacodynamic drug interactions

2,63 PHARMACOLOGY TABULATED SUMMARY

2.6.4 PHARMACOKINETICS/TOXICOKINETICS
(See Review by Anita O’Conner, Ph.D.)
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2.6.4.1 Brief summary

2.6.4.2 Methods of Analysis

2.6.4.3 Absorption

2.6.4.4 Distribution

2.6.4.5 Metabolism

2.6.4.6 Excretion

2.6.4.7 Pharmacokinetic drug interactions

2.6.4.8 Other Pharmacokinetic Studies

2.6.4.9 Discussion and Conclusions

2.6.4.10 Tables and figures to include comparative TK summary

2.6.5 PHARMACOKINETICS TABULATED SUMMARY
2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicology: General toxicology studies were conducted in rats, mice and
monkeys administered subcutaneously and/or intravenously. The duration of exposure
employed in these studies ranged from a single dose to 1-year of weekly dosing. BMS-
188667 was pharmacologically active in all of the toxicology species used (mice, rats,
monkeys) as determined by suppression of T-cell-dependent antibody responses or "
models of efficacy. The pharmacokinetic characteristics of BMS-188667 in mice, rats,
rabbits and monkeys were comparable to humans. Systemic exposure was related to the
dose with no apparent gender differences and only minimal accumulation upon repeat
dosing. The terminal half-life in animals ranged from 3-6 days in mice and rats, 1-3 days
in rabbits and 5-7 days in monkeys.

In a pivotal single-dose intravenous toxicity study performed in monkeys at doses
ranging from 10 to 100 mg/kg. BMS-188667 was well tolerated at 100 mg/kg dose (x10
human dose) with no target organ toxicity identified. This study sufficiently characterized
the acute toxicity of intravenously administered BMS-188667 and provided relevant
information with regard to potential clinical effects following accidental overdose to

humans.

Repeat-dose studies were conducted in rats, mice and monkeys. In rats, a 2-week
intravenous/subcutaneous GLP study was conducted to support subcutaneous dosing in
the clinic. In mice, a 6-month subcutaneous GLP study was conducted prior to the
carcinogenicity study to aid in selection of doses for the mouse carcinogenicity study and
to support long-term treatment in clinical trials. In monkeys, 1-month and 1-year GLP
studies were conducted with BMS-188667 to support 1-month and long-term treatment,
respectively. A 6-month GLP monkey study conducted with BMS-224818, the second
generation molecule, is also included to support long-term treatment.

Systemic exposure (mean combined-gender, steady-state, 168-hr AUC values) in the
pivotal repeat-dose toxicity studies compared to the therapeutic dose in humans (10
mg/kg administered once monthly) are presented below.

14
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(Table was copied from the submission)

In the pivotal repeat-dose studies, reversible pharmacologic changes observed included
minimal decreases in serum IgG in mice, rats, and monkeys, decreases in the percentage
of splenic B cells and inhibition of ex vivo B- and T-cell mitogen activation in mice and
mild to moderate decreases in the number and diameter of germinal centers, reflective of
a decrease in germinal center activity, in the spleen and/or lymph nodes of monkeys. The
NOEL and NOAEL in the 1-year monkey study were <10 and 50 mg/kg/weekly,
respectively, providing estimated human exposure multiples of <1.9 and 9.2,
respectively. These changes in immune parameters were not associated with any clinical
manifestation of an infection in any of these repeat-dose studies of up to 1 year in
duration. In repeat-dose study in mice, but not primates, an increase in the incidence and
severity of karyomegaly in renal tubular epithelial cells occurred following chronic
treatment. In this 6-month mouse study, the NOEL was 20 mg/kg (0.9-fold human
exposure), but this finding was observed at all doses (>20 mg/kg) following longer
treatment in the mouse carcinogenicity study. However, this renal finding was not
associated with any effects on renal function and was interpreted by the sponsor as
spontaneous, age-related renal changes that occur in mice but has no known relevance to
humans, therefore the NOAEL was considered to be 200 mg/kg (human exposure

multiple of 4.7).

Genetic toxicology: Genotoxicity testing is usually not required for biotechnology-
derived pharmaceuticals for it is not expected that these molecules interact directly with
DNA or other chromosomal material. However, the sponsor evaluated the genotoxic

" potential of BMS-188667 in a battery of in vitro test systems with and without metabolic
activation. BMS-188667 was not mutagenic in the Ames assay at concentrations up to
5000 pg/plate, in a CHO/HGPRT assay at concentrations up to 3180 pg/ml, or
clastogenic in in vitro chromosomal aberration assay in primary human lymphocytes at
concentrations up to 3110 pg/ml, with or without S-9 metabolic activation.

Carcinogenicity: BMS-188667 is being developed for long-term use as a selective
immunomodulator, and long-term immunosuppression has been associated with
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increased incidence of neoplasia in humans and rodents. In addition, BMS-188667 was
biologically active and not immunogenic in rodents when maintained at biologically
active levels. Therefore, a rodent carcinogenicity study was performed and as suggested
in the ICH guldehnes for biologics, only a single rodent species was evaluated: The
mouse was the species selected as the drug has demonstrated activity in mice, the
literature indicated that long-term immunosuppressed mice have an increased

incidence of neoplasia (particularly lymphomas), and a previous chronic toxicity

study in the mouse enabled dose selection.

BMS- 188667 was administered subcutaneously once weekly at doses of 20, 65, or 200
mg/kg. Systemlc exposures to BMS-188667 after the 53™ weekly dose were dose related
with corresponding exposure multiples of 0.8, 1. 9, and 3.0 times, respectively, that of
humans administered 10 mg/kg monthly (table below). At weeks 84 and 88, 25%
survivability was reached in the male and female low-dose groups, respectively, and,
after consultation with the FDA, all remaining animals of that sex were sacrificed.
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(Table was copied from the submission)

The survival rate was lower in BMS-188667-treated mice relative to controls. In general,
the incidence of death/morbidity was similar in all treated groups. Lymphoma

was the apparent cause of death for approximately 50% of the drug-treated mice.
Statistically significant increases in lymphoma (p<0.0001) were observed
microscopically in all treated groups, but group incidences were not dose-related.
Incidence of lymphoma in' CD-1 mice administered BMS-188667 was higher than
reported for prior carcinogenicity studies at BSM and in the published literature. The
incidences of mammary gland adenocarcinomas were statistically significantly increased
in females at 65 and 200 mg/kg/week. The incidences of mammary gland adenomas
alone were not statistically increased when compared with controls, although they
occurred at a greater percentage than those noted in previous mouse studies. The
incidence of adenocarcinomas in high-dose females was greater than the highest control
range of 12% reported by Charles River Laboratory in 1995 and the incidence in both
intermediate- and high-dose groups were well above BMS in-house historical control
levels. The incidence in the vehicle-control group, although higher than previously seen
in controls in BMS laboratory, was not significantly different from the saline-control
group. Thus, the saline- and vehicle-control groups were combined (as per protocol) for
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statistical comparison to treated groups. Based on the significance of P <0.0001 in the
Peto and Pike trend test, which adjusts for mortality, and the fact that the incidences were
above the in-house historical controls (0-1%), the increased incidence of mammary gland
carcinomas at 65 and 200 mg/kg/week were considered to be drug related.

Drug-related non-neoplastic findings were limited to increases in the incidence and
severity of karyomegaly in renal tubular epithelial cells associated with chronic
inflammation and tubular degeneration at all doses. These renal findings were not
associated with any detectable functional renal changes and are believed to be of no

relevance to humans.

In'mice, retroviruses (MLV and MMTYV) have been reported to cause lymphoma and

~ mammary tumors, respectively. Endogenous ecotropic-specific MLV DNA was

detected in the genome of CD-1 mice used in this study, and verbal communication with
Charles River Laboratories personnel indicated that CD-1 mice are not retrovirus free.
Results from transmission electron microscopic evaluation of mammary tumors from this
study identified large numbers of virions in the cytoplasm, budding from the plasma
membrane, and in the extracellular space. Ultrastructural characteristics of the viral
particles were consistent with those of murine mammary tumor viruses and
immunohistochemistry with an anti-MMTYV antibody confirmed the presence of this
oncovirus in mammary tumors from both control- and abatacept-treated mice. Significant
immunosuppression was observed at every dose level in this study as demonstrated by
the ability of BMS-188667to suppress antibody responses. Immunosuppression was also
confirmed at these doses in a separate pharmacokinetic/pharmacodynamic study, using
the same route and dosing regimen as the carcinogenicity study, that demonstrated strong
suppression of the KLH antibody response and anti-drug antibody response at >20
mg/kg. These findings support the conclusion by the sponsor that the increased
malignancies in this study were not a direct effect of the drug but likely secondary to
long-term induced immunosuppression and the control of these specific oncoviruses. In
addition, this conclusion is further strengthened by the absence of any genotoxicity
observed in a battery of assays with BMS-188667.

Reproductive toxicology: A complete battery of reproductive toxicity studies was
conducted with BMS-188667. Systemic exposures to BMS-188667 in support of the
reproductive studies were measured from separate TK studies in pregnant rats or rabbits.
TK profiles were not established in pregnant mice. Fetal exposure was demonstrated
following the administration of BMS-188667 to pregnant rats-and rabbits (not determined
in mice), and secretion of abatacept into milk was demonstrated in lactating rats.
Multiples of BMS-188667 exposures in the reproductive studies in rats and rabbits
compared to humans are listed below.
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r Multiple dose C anm 014 i

Hroman opes momitdy, 1V 10 503,142 0102 :

Rat  Segment1andill 45 14,983 149,8368 3
avery 3 days, . o I .
intravenonsly 200 54,646 546,460" E
Segment 11 45 15,009 Tasozmt 0 9

Rat .. daity, N _ ,
intvenonsly 200 49,281 . 1,478,430 30

Rabbit Segment | . _
avery 3 days, 249 145,681 1,456,8107 2%
intiavenously

Segment 10 1V study of fortiliy and embryonic development

Segiment 11: TV study of ensbryo-futal development

Segment 111: 1V sindy of pre- and postnaial development

? source of human AUC data « Study 1M1 N-100; exposures abinined at sieady slate

YAUC {TAY) where TAL = 3 gaps, multiplied by 10 10 aomalize Tor 1 monh of exposure
¢ AuC é(”fAU) whete TAU 1 day, muliplied by 30 10 normatize for 1 santh ol exposure

(Table was copied from the submission)

BMS-188667 did not show any adverse effects on fertility, reproductive function,
gestation, parturition, or lactation in the Fo-generation rats. It also did not affect
embryonic and fetal development in mice, rats and rabbit, and growth, development, and
reproductive performance of Fi-generation rats. BMS-188667 crossed the placenta and
fetuses were exposed during organogenesis. The immune function in the offspring rats
was generally unaffected. Drug-related changes in the Fi-generation were limited to
females and consisted of an increase (9-fold) in the T-cell-dependent antibody response
and inflammation of the thyroid gland of 1 rat. These findings were considered to
represent the lower threshold limit for effects of BMS-188667 on immune parameters m
Fi1-generation rats as these changes were either limited to only one sex or one animal, and
no other immune parameters were affected (splenic-lymphocyte and natural killer-cell
phenotypes, serum Ig levels, and presence of anti-nuclear antibodies). BMS-188667 was

"also detected in the milk of rats.

Local Tolerance: The local tolerance of BMS-188667 intended for marketing (Process -
E) was assessed after single IV, intra-arterial, and paravenous injections at concentrations
similar to or greater than those to be used in humans in New Zealand White rabbits. No
injection-site irritation was observed with any route of parenteral administration. In
addition, no adverse effects at the injection site were seen in repeat-dose studies up to 1
year in monkeys. The subcutaneous route was also evaluated for clinical use, therefore,
local tolerance of the product was assessed after single- and repeat-dose subcutaneous
administration in rats. No significant injection-site irritation was observed. '

Immunogenicity: BMS-188667 specific antibodies, were evaluated in all pivotal toxicity
studies, as well as a number of exploratory/investigative studies. BMS-188667, a fully
human fusion protein, was immunogenic in mice, rats, dogs, and monkeys. However,
BMS-188667-specific antibodies were detected mostly during the recovery period, after
drug serum concentrations had dropped below immunosuppressive levels, Thus, in each
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species tested, BMS-188667 suppressed the antibody response against itself for the
duration of treatment. When BMS-188667—specific antibodies were present, clearance of
drug from the vascular compartment was often accelerated. The appearance of abatacept-
specific antibodies was not associated with any acute or target-organ toxicity in any
species when drug exposure was continuous. In mice and dogs, when drug levels fell
below immunomodulatory levels and the animals were subsequently administered an IV
challenge dose of abatacept, the presence of circulating abatacept-specific antibodies was
associated with clinical signs of hypersensitivity reactions. '

- 2.6.6.2 Single-dose toxicity

BMS-188667, (aqueous solution in 25 mM sodium phosphate and 50 mM sodium
chloride), was administered to cynomolgus monkeys (2/sex/group) at single intravenous
doses of 10 and 33 mg/kg to assess toxicokinetics and immunogenicity for up to 42 days
postdose, and 100 mg/kg to assess toxicity for 14 days post dose. A control group was
given vehicle. Systemic exposure (AUC and Crnax) Was dose-related and increased with
increasing the dose, with no sex-related differences. The Ty, was similar between groups
before BMS-188667 specific antibody formation. However, in the presence of BMS-
188667-specific antibodies, the rate of elimination increased. BMS-188667-specific
antibodies were seen on day 42 in 2 of 4 monkeys given 10 mg/kg and in 3 of 4 monkeys
given 33 mg/kg. At 100 mg/kg, no drug-related changes occurred and no BMS-188667-
specific antibodies were seen prior to the day 14 necropsy. A single dose of 100 mg/kg
was well tolerated in monkeys. ' -

2.6.6.3 Repeat-dose toxicity

Study title: Repeat-Dose Subcutaneous/Intravenous Toxicity and Toxicokinetic
Study in Rats

Key study findings: The toxicity and toxicokinetics of repeat-dose subcutaneous and
intravenous administration of BMS-188667 once every 2 days for 7 days (q2dx7) was
investigated in rats. BMS-188667 was well tolerated at all doses with no target organ
toxicity. Changes at the subcutaneous injection sites were seen but considered tolerable
for this route of administration. BMS-188667 was immunogenic by both route of
administration (but more so by the subcutaneous route), immunogenicity occurred when
serum-drug concentrations decreased below immunosuppressive levels. Bioavailability
following subcutaneous administration was between 41% (200 mg/kg) and 63% (10

mg/kg).

Study no.: 95676

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutical Research
Institute, Department of Pathology, Biologics Evaluation, and Metabolism and
Pharmacokinetics, Syracuse. New York, USA

Date of study initiation: August 16, 1995

GLP compliance: Yes - :

QA report: Yes
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Drilg, lot #, and % purity: BMS-188667, Lot # C95201, purity NA

Methods

Doses: 0, 80 and 200 mg/kg SC, 0 and 200 mg/kg IV, administered once every
other day for 7 days (q2dx7) over 13 days.
Species/strain: Rats / L J Sprague-Dawley obtained from L
3 .

- Number/sex/group or time point (mhain study): 5/sex/group
Route, formulation, volume, and infusion rate: SQ (20% maltose, 100mM
sodium phosphate, and 200mM sodium chloride) and IV (5% maltose, 25mM
sodium phosphate, and 50mM sodium chloride). Vehicle contained maltose,
sodium phosphate and sodium chloride. Dilutions were performed with sterile
water for injection.
Satellite groups used for toxicokinetics: 3/sex/group dosed with 0, 10, 80 and
200 mg/kg SQ or IV as a single dose and 10 mg/kg SQ or IV every other day for
7 days.
Age: 8 weeks for toxicity portion, 9-10 weeks for toxicokinetics portion
Weight: 181-308 g for toxicity portion, 187-345 g for toxicokinetics portion (to
facilitate jugular vein cannulation).
Sampling times: Toxicokinetics: for single dose groups, on day 1: pre-dose, 1, 2,
4, 8,10, 12, 24, 48 and 96 hours post-dose and on days 9, 13, 21, 28, 35 and 42.
For multiple dose groups, on day 13: 1, 2, 4, 8, 10, 12, 24, 48 and 96 hours post-
dose and days 21, 28, 35, 42, 49, 56 and 63.
Unique study design or methodology (if any):
Serum Immunoglobulin: Total serum Ig levels of IgM, IgG and IgA were
assessed pre-dose and on day 14 from rats on the toxicology portion of the study
using an ELISA method.
Antigenicity: Serum levels of antibodies for BMS-188667 were assessed on
serum samples obtained from the toxicokinetic animals pre-dose and on days 9,
12, 21, 28, 35, 42, 29, 56 and 63 by an ELISA method.

Observations and times:

Mortality: Daily

Clinical signs: Daily

Body weights: Daily

Food consumption: Weekly

Ophthalmoscopy: Twice, pre-start of study and before necropsy.

EKG: Not measured

Hematology: Day 14

Clinical chemistry: Day 14

Urinalysis: Collected over night for 18 hours prior to necropsy.

Gross pathology: Necropsy was performed on all animals in the toxicology portion of
the study on day 15. Limited necropsy was performed on animals from the toxicokinetic
portion that died or were sacrificed moribund.

Organ weights: See “Histopathology Inventory” table.
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Histopathology: Adequate Battery: Yes

Peer review: Yes S
Toxicokinetics: Blood samples (~ 0.2 ml) were taken from the jugular vein of cannulated
rats or tail vein when withdrawal from jugular vein was not possible. The concentration
of BMS-188667 was determined by using a validated ELISA procedure.

Results

Mortality: Death occurred in a non-dose-related manner in 5/48 toxicokinetic rats (3
received 10 mg/kg and 2 received 80 mg/kg either IV or SC) between Days 17 and 44.
Death was attributed due to long-term cannulation. No death occurred in the toxicology
rats.

Clinical signs: No drug-related observations were observed.

Body weights: No drug-related changes were observed.

Food consumption: No drug-related changes were observed.

Ophthalmoscopy: Results were not mentioned in the report.

EKG: Not measured.

Hematology: Minimal decreases in hematocrit (males at 200 mg/kg, SC) and increases in
fibrinogen (females at 200 mg/kg, SC).

Clinical Chemistry: Minimal changes noted in animals given 80 or 200 mg/kg
subcutaneously and 200 mg/kg intravenously included increases in serum cholesterol,
chiloride, and sodium, and decreases in serum aspartate aminotransferase (AST) and
creatine kinase, decrease in these enzymes might indicate a reduction in protem synthesis.
Minimal decrease in serum albumin was also seen at 80 and 200 mg/kg, SC.
Urinalysis: No drug-related changes were observed.

Gross pathology: No drug-related gross findings were observed.

Organ weights: No drug-related organ weight changes were observed.

Histopathology: Minimal to mild subcutaneous hemorrhage and minimal to moderate
inflammation at the injection sites were observed microscopically in animals given
subcutaneous injections, including controls. The chronic inflammatory infiltrate was
minimally greater among drug-treated rats than control.

Toxicokinetics: systemic exposures (Crmax and AUC) increased with increasing the dose
following single intravenous doses of BMS-188667. T, values increased as the
administered dose increased. After a single subcutaneous dose, increases in Cpmax and
AUC values were also dose proportional while Tp.x was prolonged (36 to 48 h). Mean
TK parameters for a single dose, are listed in the table below: '

Dose Route Cinax T rax AUC,., MRT T1n CLT VSS
mg/kg pg/ml hours pg.h/ml hours hours ml/h/kg mg/kg
10 SC 26 48 5536 165 74 - cos
80 SC 133 48 35153 232 132 - -
200 SC 262 36 . 56900 223 167 - -
10 v 243 0.05 8857 131 64 1.2 147
80 v 2162 0.05 63167 152 108 1.3 193
200 v 4610 .0.05 138608 167 170 1.5 243

- value not calculated
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.Mean TK parameters for multiple doses (q2dx7) of BMS-188667 at 10 mg/kg dose level
are listed in the table below.

Route Coome pg/ml AUCo. pg.h/ml Ty2 hours
Sc 99 4340 96
v 414 9412 115

Three to five fold accumulations occurred after multiple intravenous or subcutaneous
" doses. Bioavailability following subcutaneous administration was between 63% (10

mg/kg) and 41% (200 mg/kg).

Raute ' AL | maric or atycrTan
O EETs ] ]
tast doag
Firgt dosc Lust (Tedvy dose ficst dose
“ -Su:h-cuﬂwlcnun. B8 4340 5.
Tl Cik e i s 304l D12 3.1

(Table was copied from the submission)

The decline in serum concentrations of BMS-188667 was faster in samples that showed
significant anti BMS-188667 antibody formation. An example of serum level of BMS-
188667 in rats in the presence and absence of antibodies is shown in the graph below:
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(Graph was copied from the submission)

Serum Immunoglobulin: A decrease in serum IgG and IgA (but not IgM) levels was
seen on day 14 in rats receiving multiple 200 mg/kg intravenous or subcutancous doses.
This decrease was similar in both subcutaneously and intravenously treated animals and
was considered a pharmacologic effect. Summary of serum IgG, IgM and IgA levels is

listed in the table below.
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IgG M TgA

pg/mi . - pg/ml pg/ml

Dose - Route Sex Pre-dose | Day 14 |‘Pre-dose | Day14 | Pre-dose | Day 14
mg/kg » ) :
control .| . SC M 1305 1776 354 502 15 23

F 2266 4834 555 . 811 - 27 51
control v M 1186 2024 343 471 20 30

F 1437 3978 450 710 24 56
80 - 8C M 1152 1061 403 472 19 20
q2dx7 ' F 2594 3147 660 617 46 40
200 SC M 1213 890 387 418 17 11
q2dx7 F 1774 1210 - 558 525 24 18
200 v M 1181 529 337 333 20 7
q2dx7 F 1793 1306 484 539 37 18

Antigenicity: BMS-188667-specific antibodies were seen after single or repeated doses
in the 10 mg/kg groups treated subcutaneously and intravenously. The onset of the BMS-
188667-specific antibody response in rats receiving repeat doses was delayed relative to
rats receiving single doses. This delay is likely due to the length of dosing and
accumulation of BMS-188667 following repeat-dose administration. There was a greater
incidence and magnitude of drug-specific antibody formation in the rats receiving
subcutaneous doses compared to rats réceiving intravenous doses which is probably due
to lower serum concentrations of BMS-188667 following subcutaneous administration or
that antigen presentation is more efficient by the subcutaneous route. This data suggest
that BMS-188667 is immunogenic in the rat when serum-drug levels decrease below
immunosuppressive levels. Incidence of anti- BMS-188667 antibody formation is listed

in the table below.

Dose Route Sex Day Day Day Day Day Day Day Day Day
mg/'kg 9 |- 13 21 28 35 42 49 56 63

10 SC M 0/3 0/3 0/3 0/3 0/3 2/3 2/3 2/3 2/3

q2dx7 F 0/3 0/3 0/3 0/3 0/3 0/3 2/3 2/3 3/3

10 SC M 0/3 073 0/3 373 3/3 3/3 NA NA NA
q2dx1 : F 0/3 0/3 0/2 1/2 2/2 2/2 NA NA NA
80 SC M 0/3 0/3 0/3 0/3 0/3 0/3 NA NA NA
g2dx1 F 0/3 0/3 0/3 0/3 0/3 0/3 NA NA NA
200 SC M 0/3 0/3 0/3 0/3 0/3 0/3 NA NA NA
q2dx1 F 0/3 0/3 0/3 0/3 0/3 0/3 NA NA NA
10 v M 0/3 0/3 0/3 0/3 1/3 0/3 0/2 172 172

q2dx7 F 0/3 0/2 0/2 0/2 0/2 0/2 0/2 0/2 072

10 v M 0/3 0/3 0/3 /3 1/3 173 NA NA NA
q2dx1 F 0/3 0/3 1/3 172 212 2/2 NA NA NA
80 v M 0/3 0/3 0/3 0/3- 0/3 0/3 NA NA NA
q2dx1 F 0/3 0/3 0/3 | 0/3 0/2 0/2 NA NA NA
200 . v M 0/3 0/3 0/3 0/3 0/3 0/3 NA NA NA
q2dx1 F 0/3 0/3 0/3 0/3 0/3 0/3 NA NA NA

NA — non-applicable, animals were sacrificed on day 42.
An individual animal was considered to have positive anti BMS-188667 antibody response when its titer

increased by two or more serial solutions compared to its predose value.
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Study tltle Slx—Month Intermittent-Dose (QWx26) Subcutaneous Toxicity Study in
Mice

Key study findings: The toxicity and toxicokinetics of BMS-188667 was studied in mice
after subcutaneous administration of 20, 65, or 200 mg/kg once weekly for 6 months
followed by 4-month recovery period. Systemic exposure increased with increasing the
dose, but was less than dose-proportional. BMS-188667 was well tolerated at all dose
levels. At doses of 65 and 200 mg/kg, decreases in the percentages of splenic B-cells (~
60 to 85%) and inhibition of ex vivo B- and T-cell activation in males and a decrease in
serum IgG was observed at the end of the 6-month dosing period, but recovered by the
end of the 4-month recovery period Organ weight changes in mice given 65 or 200
mg/kg were reversible increases in splenic weights and reversible decreases

in thymic weights. Drug-related histopathology findings at these doses were

-generally reversible increases in the incidence and severity of karyomegaly in renal
tubular epithelial cells, accompanied by mild, multifocal, chronic inflammation,
lymphocytic infiltration, and tubular cell degeneration. These renal changes were

not associated with any effect on renal function, therefore they were consideéred
spontaneous and age-related. Based on these results, the NOAEL was considered 200
mg/kg, the highest dose level tested. -

Study no.: 96633

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutical Research
Institute, Department of Pathology, Biologics Evaluation, and Metabolism and
Pharmacokinetics, Syracuse. New York, USA

Date of study initiation: June 11, 1996

GLP compliance: Yes

QA report: Yes
Drug, lot #, and % purity: BMS-188667, Lot # C96118, purity, NA

Methods

Doses: 0, 20, 65 and 200 mg/kg SC, administered once per week for 26 weeks (6

months) followed by 4 months recovery period.

Species/strain: CD-1 L 1 CD-1 [ICR] BR VAF+) mice, [. .
1 ' o

Number/sex/group or time point (main study): 20/sex/group

Route, formulation, volume, and infusion rate: SQ (430 mg maltose, 15.2 mg

sodium phosphate, and 12.6 mg sodium chloride). Maltose 5% was used for

dilution. Vehicle contained 4% maltose, 10 mM sodium phosphate, and 20 mM

sodium chloride.
Satellite groups used for toxicokinetics: 9/sex/group dosed with 20 65 and 200

mg/kg SQ once per week for 26 weeks.

Age: 6 weeks
Weight: 27.6 —34.1 g and 19.9 —25.8 g for males and females respectively.
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Sampling tlmes Predose, and 6, 12, 24, 36, 48, 72, 120 and 168 hours after the
first and 13™ dose. Additional blood samples were taken predose and 12, 24, 48,
and 72 hours and 1, 2, 3, 4, 5, 6, and 8 weeks after the last dose.

Unique study design or methodology: The following tests, except for serum
immunoglobulin levels and immunogenicity analyses were performed on single-
cell suspensions obtained from individual spleens from 3 of the last 5 toxicology
mice/sex/group at the scheduled necropsy. These assays were not conducted
according to GLPs.

Lymphocyte activation Ex vivo: At necropsy, the ability of splenocytes to
proliferate following stimulation with the T-cell mitogen, anti-CD3, or the B-cell
mitogen, lipopolysaccharide (LPS), was assessed by measuring [3H]thym1d1ne
incorporation into DNA.

Lymphocyte phenotype analysis: The percentages of splenocytes expressing
CD3 (pan-T-cells); CD4 (T-helper-cells), CD8 (T-cytotoxic-cells), and CD22
(pan-B-cells) were determined by using flow cytometry.

Serum Immunoglobulin: Serum levels of IgM, IgG and IgA were assessed pre-
dose and at 14 and 27 weeks on test, and on weeks 29, 33 36 and 44 during
recovery using an ELISA method.

Immunogenicity: Total antibody. formation against BMS-188667 were assessed
using an ELISA assay on serum samples obtained pre-dose and 14 and 27 weeks
on test, and on weeks 29, 33, 36 and 44 during recovery.

Observations and times:

Mortality: Daily
Clinical signs: Daily
Body weights: Prior to each dose and weekly during the 4-month recovery period.
Food consumption: Weekly
Water intake: Recorded .over 24 hours pre-dose and after 3 and 6 months on the study
and at the end of the recovery period.
Ophthalmoscopy: NA
EKG: NA
Hematology: At 1, 3, and 6 months and at the end of the 4-month recovery.
Clinical chemistry: At 1, 3, and 6 months and at the end of the 4-month recovery.
Urinalysis: Not collected
Gross pathology: Necropsy was performed on the first 15 mice/sex/group of the
toxicology groups approximately one week following the end of the 6-month treatment
period, and on the remaining mice at the end of the 4-months recovery period. No
necropsy was performed on the toxicokinetic mice.
Organ weights: See “Histopathology Inventory” table.
Histopathology: Adequate Battery: Yes

- Peerreview: Yes
Toxicokinetics: Blood samples (~ 0.2 ml) were collected from 3 mice/sex for each time
point for each dose level. Blood samples were obtained under anesthesia from the retro
orbital sinus. The concentration of BMS-188667 was determmed by using a validated
ELISA procedure.
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Results

Mortality: No drug related deaths occurred during the study. Seven mice died or were
sacrificed during the 6-month dosing period. These animals died from head trauma
(1M/control) or under anesthesia during blood sampling (2M/20 mg/kg, 1M/65 mg/kg) or
as a result of spontaneous conditions (1F/20 mg/kg on day 169, 1F/65 mg/kg on day 122,
1F/200 mg/kg on day 157). Five male mice died or were sacrificed in moribund condition
during the recovery period. These mice died either under anesthesia while blood
sampling (1/control) or of poor condition (1/20 mg/kg on day 232, 1/200mg/kg on day
196, 1/control on day 228 and 1/65 mg/kg on day 266). Incidence of mortality is listed in
the table below: '

] Invidenses of Moaslity
Waskly - | __ |
Doee 9 | buring the 6:Manth Dosing | Buring e Reoovery Period |
E SR Period {afisxigroup = 4} :
188867 Intsoxfgroip = 20)
Group | dmgign | TMEOMIER TR
Na. thetes Fommles Nales Females

1 o P ] 0 2 @

2 w12 t ) 0

3 ] e | 1 f 1 3

4 208 | - D 1 1 g

(Table was copied from the submission)

Clinical signs: There were no significant drug-related observations.

Body weights: There were no significant drug-related effects.

Food consumption: There were no significant drug-related effects.

Water consumption: There was a decrease in group water consumption over time during
treatment and recovery in all male groups.

Ophthalmoscopy: NA

EKG: NA

Hematology: There were no drug-related effects.

Clinical Chemistry: There were no drug-related effects.

Urinalysis: Was not collected.

Gross pathology: There were no drug-related gross findings.

Organ weights: After 6 months drug administration, drug related, statistically significant
increases in absolute and relative splenic weights were observed in intermediate and high
dose males and females. The mean relative splenic weight at the intermediate and high
dose males and females was 24% greater than in control males and 34% greater than
control females, respectively. Also after 6-month drug administration, a drug related,
statistically significant decrease in absolute and relative thymic weights were observed in
intermediate (30% relative) and high dose (35% relative) females, relative to control. No
drug related statistically significant changes in organ weights were seen after the 4-month
recovery period. Mean absolute and relative weights of the spleen and thymus are listed
below. '
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Dose Organ Mean Mean % Mean % | Mean Mean % Mean %
(mg/kg) absolute body brain absolute | body brain
weight (g) | weight (g) | weight (g) | weight (g) | weight (g) | weight (g)
Males ' Males Males Females Females Females
0 Spleen 0.0871 0.2408 16.4236 0.1077 0.3890 19.8398
20 0.0973 0.2582 18.4023 0.1292 0.4817 24.5333
65 0.1061* 0.2986** 20.2274* 0.1255 0.4655 22.8622
200 0.1045* 0.2982** 19.9843* 0.1392 0.5202* 26.7930*
0 - Thymus | 0.0220 0.0614 4.1719 0.0282 0.1008 5.2650
20 ' 0.0248 0.0660 4.7279 0.0246 0.0916 4.6645
65 1 0.0224 0.0624 4.2771 0.0189** | 0.0708** 3.4636**
200 0.0215 0.0612 4.1008 0.0173** | 0.0656** 3.3099**

* = p<0.05, ** =p<0.01

Histopathology: drug-related increase in incidence and severity of karyomegaly in renal
tubular epithelial cells were seen in mice sacrificed after 6- month administration. The
incidence of renal karyomegaly is listed in the table below.

incidence of Renal Karyomegaly in Study Mice Necropsied at the
£nd of the B-Month Treatment Pericd

in=18 mioefeexigroup)

Dose Level Males Females
Control o 1
{Minimal=1}*
Lowe o

{Minimal=1]

Irtercnediate

5

Pinimal e 3, Wild w 1,

Muoderate =3}

1
{Moderatp = 1}

High

7

AMinimal =« {, Mild w2,
Moderate =44

1
{Mbderats =)

*

The incidance (number of affected mica/sex/group) for aach severity mlsimal,
mild, moderate, or markaed) of keryomegaty is listed in parentheses.

(Table was copied from the submission)

After 4 months recovery period, the incidence of renal tubular epithelial cell karyomegaly

was as follows:

the 4-Month Drug-Free Observation Period
In= 5 mice/sex/group)

Incidence of Renal Karyomegaly in Study Mice Necropsied at the End of

Dose Level Males Females
Conteol 3 1
Minirmal = 1, Mild=2)¢ {Milid}
Low o] 1
_ » {Miid)
Interrmediate 1 K
IMild) (Minimasl)
High 3 3
{Minimal == 2, Mild = 1) {Minimal = 2, Mild = 1)

-

The incidence {number of affectad micelsex/group) for mach sevarity {minimal,

imnild, mederate, or merked} of karyomegaly is listed in parentheses.

(Table was copied from the submission)
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The incidence and/or the severity of the renal tubular epithelial cell karyomegaly was.not

significantly different from the control. Karyomegaly in tubular renal epithelial cells was

accompanied by mild, mutifocal, chronic inflammation, lymphocytic infiltiration and

. tubular cell degeneration. The incidence of karyomegaly increased mildly in males and
significantly in females, while the severity decreased during the 4-month recovery period.
This suggests a limited degree of reversibility in regard to severity. The sponsor stated
that morphologically, the karyomegaly observed in the kidneys of controls and treated
mice was consistent with spontaneous, age-related changes observed in control mice of
other studies conducted in the same laboratory. In addition, these renal findings were not
associated with any clinical or clinical chemistry changes. The impact of the increased
incidence of renal tubular epithelial cell karyomegaly observed in this study will probably
be limited, based on the lack of clinical nephrotoxicity, absence of drug-related mortality
and the absence of increased severity of the changes during the recovery period.
Toxicokinetics: There were no sex-related differences in the TK parameters of BMS-
188667. Exposure to BMS-1887667 ih mice increased in less than dose proportional

- manner. Regardless of the dose-level, BMS-188667 accumulated to a small degree (1.5 to
2 folds) after repeated once a week dosing. The Trx ranged between 6 to 24 hours. TK
parameters are listed in the table below.

Dose | Schedole. Gender | CMAX | TMAX THALF | AUCCTAD)
[ (meike | R (2. I .V 2 W (h.pg/rul)
| 20 Week 1, M e | 120 82.6 6735
| Week 1, F 91.0 2.0 715 6851

Week 26, M 1152 | 2490 1176 11878

Week 26, F 99.6 24,0 (54.9 8187

6  Week LM 1711 6.0 111 14964
® ggek IF | 1886 6.0 91.8 18217
Week26,M | 2647 | 240 1790 | 31w

Week 26, F | w2 | 2o 4.1 | 28060

taso |weekm | a2 | 120 1279 | 34698
| Week |, F 412.8 6.0 1375 | 40479
Week 26, M 463.1 24.0 1816 | Si624

Weck 26, F 6760 | 240 1654 | sma

AUC (TAU) = 168 h (7 days)
(Table was copied from the submission)

Lymphocyte activation Ex vivo: A decrease (98% and 83%) in mean peak day 2
proliferation to B-cell mitogen relative to control was observed in male mice in the
intermediate and high dose groups at the end of the 5 month dosing period. Mean peak
day 2 proliferation to T-cell mitogen, anti-CD3 was reduced by approximately 97% and
84% relative to control in male mice in the intermediate and high dose groups
respectively. Recovery of B-cell and T-cell activation was demonstrated at the end of the
4-month recovery period.

Lymphocyte phenotype analysis: A decrease in the mean percentage of splenic B-cells
(CD22+) relative to control was observed in male mice at the intermediate (85%) and
high (61%) dose levels at the end of the 6 month dosing period. Increase in mean

- percentage of splenic T-cells (CD3+) relative to control was also observed in male mice
at the intermediate (27%) and high (33%) dose levels. The level of T-cells and B-cells in
male mice returned to levels similar to the control at the end of 4-month recovery period.
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Serum Immunoglobulin: A decrease in group mean serum IgG levels was observed in
the intermediate (week 29) and high dose (week 14) level mice. Mean nadirs of 72% at
week 29 and 78% at week 14 in serum IgG levels relative to controls were observed at
the intermediate and high dose level mice, respectively. Levels of IgG were similar to
control levels at week 44.
Immunogenicity: Female mice in the low dose group developed significant anti-BMS-
188667-antibody responses reaching antibody titer up to 196830 by week 14 during the
6-month dosing period. Male mice in the low dose group generally did not develop BMS-
188667-antibody response until week 33. Overall, the mean BMS-188667-antibody
response in the low dose group became positive at week 14 and peaked at week 36 with a
geometric mean titer of 4209. Detectable anti-BMS-188667 antibody titer were also
observed in control animals which was explained by the sponsor as the possibility that
mice spontaneously developed antibodies that reacted with BMS-188667 presumably due
to cross reactivity between endogenous mouse “rheumatoid factor-like” activity
(endogenous anti-mouse IgG) and the human immunoglobulin portion of CTLA4IG. To
test this hypothesis, the sponsor analyzed serum taken from CD-1 female sentinel mice of
similar age housed in the same facility but in different rooms than those used in this study
and serum obtained from « £ J from male and female mice (6-9
months of age) for the presence of BMS-188667-antibody response. In addition, serum
samples collected at different time points were analyzed for the presence of BMS-188667
to determine if the control group was inadvertently misdosed. The results suggested that
the control animals were not misdosed and detectable anti BMS-188667-antibodies were
observed in the serum of the sentinel mice. Naturally occurring anti-BMS-188667
antibody titers of CD-1 mice are listed below. :

Antl-BMS-188667

Atitrnal No, Sox  Arlibody Titer

L Veils 8
2 Wale 90
3 Male 27
4 fipriale [§k¢]
5 Feide 40
-] Fnenale 30

e Geamatric Masn e

* Resulls are axpreasad 56 end-point ltor defined a5 e teclprocal vf the grealest diivlion that
gives an-gbsorbance 4057550 al Is fveimes greater than piate badkground.

(Table was copied from the submission)

Amendment No. 1: A report on Ki67 nuclear antigen staining of sections of mammary
glands was added to study no. 96633 in May 2004. A drug related increase in the
incidence of mammary neoplasia was observed in female mice in the carcinogenicity
study performed with BMS-188667 (study no. 97610) at the intermediate and high dose
levels (65 and 200 mg/kg/week). The purpose of this amendment was to detect potential
proliferation which might pre-stage carcinogenicity at a later time in mammary glands of
mice in this study (96633). The earlier staining (H&E staining) and histological
examination of mammary tissues from mice in this study did not reveal pre-neoplastic
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proliferative changes such as hyperplastic alveolar nodules. It was hoped that the staining
with Ki67 riuclear antigen, a marker specific to proliferation, might be more sensitive in -
detecting stages of mammary neoplasia in mice treated for 6 months. However, no
increase in Ki67 was apparent in mammary epithelial cells of mammary tissue in control

~ or treated animals. An early indication of carcinogenicity was not detected using this

technology.

Study title: One-Month Intermittent-Dose Intravenous Toxicity Study in Monkeys

Key study findings: No significant drug-related toxicity was observed in monkeys given
10, 22.4 or 50 mg/kg by IV administration every other day for 1 month. Reversible,
minimal decreases in serum IgG were observed which are probably related to the
pharmacology of the drug and not clinically significant. BMS-188667-specific antibodies
developed 6 to 9 weeks after completion of dosing when the rate of drug.elimination
from serum was increased.

Study no.: 94704

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutical Research
Institute, Department of Pathology, Biologics Evaluation, and Metabolism and '
Pharmacokinetics, Syracuse. New York, USA '

Date of study initiation: November 15, 1994

GLP compliance: Yes

QA report: Yes :

Drug, lot #, and % purity: BMS-188667, Lot # 940922-J, purity, NA

Methods '

Doses: 0, 10, 22.4 and 50 mg/kg IV, administered once every other day such as
15 doses were administered in 29 days, followed by 6-week recovery period for
the control and high dose monkeys and 11-week recovery period for the low and
intermediate dose monkeys. '
Species/strain: Cynomolgus (M. fascicularis) monkeys, £

Number/sex/group or time point (main study): 3/sex/group

Route, formulation, volume, and infusion rate: IV once every other day, BMS-
188667 ready to use solution. Vehicle contained 25 mM sodium phosphate, and
50 mM sodium chloride (pH 7.5).

Satellite groups used for toxicokinetics and antigenicity: NA

Age: Not mentioned | '

Weight: 2.0-2.9 kg and 2.3 — 2.9 kg for males and females respectively.
Sampling times: Pre-dose, 3 min. after dosing on the first day and the last day.
Additional blood samples were collected from all remaining treated-animals
during the 6-week recovery period on Day 29 at 0.75, 2, 6, 24, 48 hours and on
days 35, 44, 52, 60, 66 and 72. Blood samples were also obtained from the
remaining animals during the 11-week recovery period on days 79, 86, 93, 100
and 105. :
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Unique study design or methodology (if any): Lymphocyte activation and
phenotype analyses were performed on single-cell suspensions obtained from
peripheral blood samples.

Lymphocyte activation Ex vivo: Pre dose and at necropsy. Lymphocyte
activation was assessed by measuring cellular proliferation as incorporation of
[*H]thymidine into cellular DNA.

Lymphocyte phenotype analysis: Pre dose, on days 15, 28 and in recovery
monkeys on days 44, 71/72 and 105/106. The percentages of peripheral blood
lymphocytes expressing CD2 (B-cells), CD4 (T-helper-cells), CD8 (T-cytotoxic-
cells), and CD20 (B-cells) were determined by using flow cytometry.

Serum Immunoglobulin: Serum levels of IgM, IgG and IgA were assessed pre-
dose and on day 28 and in recovery monkeys on days 44, 71/72 and 105 using an
ELISA method.

Immunogenicity: Total antibody formation against BMS-188667 were assessed
using an ELISA assay on serum samples obtained pre-dose and on day 28 and in
recovery monkeys on days 44, 71/72, 79, 86, 93, 100 and 105.

Observations and times:

Mortality: Daily
Clinical signs: Daily
Body weights: Twice weekly during the dosing period and once weekly during recovery
and prior to scheduled necropsy.
Food consumption: Daily
Body temperature: Twice weekly before and 1-hr after dosing.
Ophthalmoscopy: Prior to start of study and prior to necropsy.
EXG: Prior to start of study and prior to necropsy.
Hematology: Pre-dose and on days 15 and 28 for animals sacrificed on day 30 and on
days 15, 28, 44 and 71/72 for all 6-week recovery animals. The low and intermediate
dose 11-week recovery animals were also assessed on day 105/106.
Clinical chemistry: Pre-dose and on day 28 for animals sacrificed on day 30 and on
days 28, 44 and 71/72 for all 6-week recovery animals. The low and intermediate dose
11-week recovery animals were also assessed on day 105/106.
Urinalysis: Urine samples were collected over 18 hours pre-dose and on day 28 for
anmimals sacrificed on day 30, and on days 28, and 71/72 for all 6-week recovery animals.
The low and intermediate dose 11-week recovery animals were also assessed on day -
106/107.
Gross pathology: Necropsy was performed on 2 monkeys/sex/group at the end of 1-
month treatment period, and on 1 monkey/sex/control and high dose at the end of 6-
weeks recovery period. Necropsy was performed on the remaining animals (1/sex) from
the low and intermediate dose groups after 11-week recovery period to assess
toxicokinetics and immunogenicity.
Organ weights: See “Histopathology Inventory” table.
Histopathology: Adequate Battery: Yes

Peer review: Yes
Tissues from control, and all dose level animals sacrificed on day 30 and 72/73 were
examined. Only select tissues were examined from the low and intermediate dose animals
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sacrificed on days 106/107 since no-drug related changes were noted in the high dose
animals.

Toxicokinetics: Blood samples (~ 2 ml) were collected from femoral vein of
unanesthetized monkeys. Serum samples were analyzed for levels of BMS-188667 by
~ using a validated ELISA method. '

Results

Mortality: All animals survived to the scheduled necropsy.

Clinical signs: There were no drug-related observations.

Body weights: There were no drug-related changes.

Food consumption: 3 male monkeys (1/22.4 mg/kg and 2/50 mg/kg) showed minimal to
moderately lower food intake throughout the study including the recovery period. Lower
food intake was not associated with any effects on body weight.

Body temperature: There were no drug-related changes.

Ophthalmoscopy: There were no drug-related changes.

EKG: There were no drug-related cardiac alterations.

Hematology: There were no drug-related effects.

Clinical Chemistry: There was a decrease in albumin and total protein on day 28 in
intermediate- and high-dose monkeys. The decrease in total protein was statistically
significant only in males at the high dose. No effects were seen after day 28. All groups
including control had decreased average protein and albumin (except low dose group) on
day 28 compared to pre-dose.

Urinalysis: There were no drug-related effects.

Gross pathology: There were no drug-related gross findings.

Organ weights: There were no drug-related effects.

Histopathology: There were no drug-related effects.

Toxicokinetics: Serum concentrations of BMS-188667 increased as the dose increased.
Crmax values at the end of treatment (day 29) were 1.6 to 2.0 fold greater than on day 1,
indicating drug accumulation over the treatment period. Half-life values decreased as the
administered dose decreased which might be due to the formation of anti-BMS-188667
antibody formation. No sex differences were seen any TK parameters. Mean male and
female (together) TK parameters are listed in the table below:

Dose (mg/kg) Cax (day 1) Coax (day29) AUC,, (day 29) Ty, (day 29)
10 258 483 7104 44 (50M, 38F)
224 586 1164 16828 135 (158M, 112F)
50 1290 2078 29688 281 (243M, 320F)

Lymphocyte activation Ex vivo: There were no significant effects on the ability of T-

cells or B-cells to be activated.
Lymphocyte phenotype analysis: There were no drug-related changes in the percentage

of lymphocytes expressing CD2, CD4, CD8 or CD20.

Serum Immunoglobulin: There were no drug-related effects on levels of serum IgA or
IgM. However, there was a dose-dependent decrease (8% low-, 18% intermediate- and
26% high-dose level) in serum IgG relative to pretreatment levels, at day 28. No decrease
in IgG levels was seen in the low- and intermediate-dose groups at other time points. In
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the high dose recovery monkeys, the level of IgG appeared to be increasing on days
71/72. This effect was considered as a pharmacological effect of BMS-188667. Mean

serum IgG levels (mg/ml) are listed in the table below:

Dose (mg/kg) Pre-dose Day 28 Day 44 Day 71/72 Day 105
0 6.38 7.09 " 7.06 6.08 ND
10 5.72 5.24 5.76 6.28 7.11
224 6.85 5.63 7.78 7.26 9.10
50 7.40 547 4.73 5.67 ND

ND = not determined due to previous necropsy of animal

Immunogenicity: No significant anti-BMS-188667 antibody titers were developed
during the treatment period in any group. Monkeys in the high dose group did not
develop any significant anti-BMS-188667 antibody titers on day 72/73 (6-weck
recovery), therefore the recovery period was extended to day 106/107 (11-week) for one
male and one female in each the intermediate- and the low-dose groups. Anti-BMS-
188667 antibody titers were observed in 1 low- and 2 intermediate-dose monkeys 6 to 9
weeks after completion of treatment, after BMS- 188667 serum levels had dropped below

immunosuppressive levels.

Study title: Six-Month Intermittent-Dose Intravenous Toxicity and Toxicokinetics
Study in Monkeys

Key study findings: BMS-224818 (LEA29Y) is a second generation molecule that
differs from BMS-188667 by 2 amino acid residues within CD80/86 binding domains
resulting in a significant increase in binding activity to CD86 relative to that of BMS-
188667 in humans, thus greater biologic activity. No significant drug-related toxicity was
observed in monkeys when 10, 22 or 50 mg/kg of BMS-224818 was administered by IV,
once per week for 6 months. BMS-224818 was well tolerated. Reversible minimal
decreases in serum IgG levels and reversible minimal to moderate depletion of germinal
centers in the spleen and/or lymph nodes at the end of the dosing period were seen and
considered pharmacolo gic effects of the drug. Based on these results, the NOAEL was 50

mg/kg/week.

Study no.: 99655

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutical Research
Institute, Thompson Road, Syracuse, New York, USA

Date of study initiation: June 8, 1999

GLP compliance: Yes

QA report: Yes '

Drug, lot #, and % purity: BMS-224818, Lot # C99061, purity, NA

Methods

Doses: 0, 10, 22 and 50 mg/kg IV, administered once per week for 6 months
Spec1es/straln Cynomolgus (M. fascicularis) monkeys €
1
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Number/sex/group or time point (main study): 5/sex/group

Route, formulation, volume, and infusion rate: IV once every week, BMS-
188667 as ready to use solution. Vehicle was saline.

Satellite groups used for toxicokinetics and antigenicity: The first 3
monkeys/sex/group were sacrificed at the end of 6-month treatment period. The
remaining two monkeys from each sex/group were immunized with IM injection
of keyhole limpet hemocyanin (KLH) at a dose of 10 mg/animal at approximately
2 months of the 3-month recovery period. Antibody titers to KLH were measured
weekly for 3 weeks following immunization. Necropsy was performed on these
monkeys at the end of the 3-month recovery period.

Age: Not mentioned '

Weight: 2.9 — 4.5 kg and 2.6 — 3.5 kg for males and females respectively.
Sampling times: For pharmacokinetic analysis, blood samples were taken at 3
minutes, 2, 6 and 24 hours and 3, 5, and 7 days after the first dose, during week
12 and following the last dose. Additional samples were collected from the
remaining monkeys 14, 28 and 42 days after the last dose.

Unique study design or methodology (if any): Some of the assays used below
were validated, others were not fully validated but were considered scientifically
accurate and followed SOP’s of the laboratory were they were performed.
Lymphocyte phenotype analysis: Phenotype analyses were performed on single-
cell suspensions obtained from peripheral blood samples and spleen. Blood
samples were taken pre dose, during weeks 3, 7, 14 and 24 and in recovery
monkeys during week 37. Spleen lymphocyte phenotypic analysis was performed
at necropsy in week 27 and 38. The percentages of peripheral blood lymphocytes
and splenic lymphocytes expressing CD2 (pan-T-cells), CD4 (T- helper—cells)
CD8 (T-cytotoxic-cells), and. CD20 (B-cells) were determined by using flow
cytometry.

Serum Immunoglobulin: serum levels of IgM IgG and IgA were assessed pre-
dose and on weeks 3, 7, 15 and 24 and in recovery monkeys during week 37 using
an ELISA method.

Immunogenicity: BMS-224818- -specific and Chinese hamster ovary (CHO)
protein-specific antibodies were assessed on serum obtained pre-dose and during
weeks 3, 7, 15, 20, 24 and 38 by an ELISA. KI.H-specific antibody formation was
evaluated by ELISA in recovery monkeys before immunization in week 35 and in
weeks 36, 37 and 38 after immunization.

C3a, Histamine, TNF-o, and IL-6 analysis: C3a, Hlstamme TNEF-a, and IL-6
were evaluated by ELISA.

Observations and times:

Mortality: Daily

Clinical signs: Daily

Body weights: Weekly

Food consumption: Daily

Body temperature: Twice weekly before and 1-hr after dosing.
Ophthalmoscopy: Prior the start of study and prior to necropsy.
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EKG: Prior the start of study, 4 hour post-dose, after 3 months of dosing and before

necropsy.
Hematology: Blood samples collected pre-study and during week 3, 7, 15 and 24 and
from recovery animals before necropsy.
Clinical chemistry: Blood samples collected pre-study and during week 3, 7, 15 and 24
and from recovery animals before necropsy.
Urinalysis: Pre-study and before necropsy.
Gross pathology: Necropsy was performed on the first 3 monkeys/sex/group at the end
of the 6-month treatment period, and on the remaining two monkeys from each sex/group
following the 3 months recovery period.
Organ weights: See “Histopathology Inventory” table.
Histopathology: Adequate Battery: Yes

Peer review: Yes
Toxicokinetics: Blood samples (~1. 2 ml) were collected from femoral vein of un-
anesthetized monkeys. Serum samples were analyzed for levels of BMS-188667 by using
a validated ELISA miethod.

Results

Mortality: All animals survived to the scheduled necropsy.

Clinical signs: There were no drug-related observations.

Body weights: There were no drug-related changes.

Food consumption: There were no drug-related changes.

Body temperature: There were no drug-related changes.

Ophthalmoscopy: There were no drug-related changes.

EKG: There were no drug-related cardiac alterations.

Hematology: There were no drug-related changes.

Clinical Chemistry: There were no drug-related changes.

Urinalysis: There were no drug-related changes.

Gross pathology: There were no drug-related gross findings.

Organ weights: There were no drug-related effects. 7
Histopathology: At the end of dosing, BMS-244818-related depletion of Iymphoid
germinal centers was observed in the spleen and lymph nodes at all dose level. The lesion
was minimal to mild and characterized by the absence of clearly defined germinal centers
or by germinal centers that contained fewer immature lymphocytes. At the end of the
recovery period and after 1 month of immunization with keyhole limpet hemocyanin, the
lymphoid germinal centers of dosed animals were reconstituted and comparable to those
of the control animals. '
Toxicokinetics: Systemic exposure to BMS-224818 was dose related with no apparent
sex-related differences. Steady state was reached by day 78 following repeated weekly
dosing. The mean pharmacokinetic parameters are listed in the table below.
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(Table was copied from the submission)
BMS-224818 blood level after 2 months recovery period (before immunization with

KLH) at days 238 or 239 were either below the limits of detectlon or significantly less
than blood levels at day 176 (see table below).
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(Table was copied from the submission)

Lymphocyte phenotype analysis: There were no drug-related changes in the percentage
of lymphocytes expressing CD2, CD4, CD8 or CD20 of peripheral blood or spleen.
Serum Immunoglobulin: Minimal drug-related decreases were observed in the mean
serum IgG levels in the low- (13% M, 22% F), intermediate- (23% M, 34% F), and high-
dose (34% M, 31% F) for males and females respectively compared to mean pre-
treatment levels. However, 1gG values did not fall below the normal historical values,

. therefore these changes were not considered clinically significant. The effect on IgG was
reversible by the end of the recovery period. '

Serum IgG levels in males are listed below.

4G {impfrat)
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(Table was copied from the submission)
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Serum IgG levels in females are listed below.

— IgQ jmgd)_
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** values represent the mean + standard deviation of five animals
_**% yalues represent the mean of 2 animals, standard deviation was not calculated

(Table was copied from the submission)

Immunogenicity: No antibody responses to BMS-224818 were detected during the 6-
month dosing period of this study. However, after 3-month recovery period (week 38),
minimal BMS-224818-specific antibody responses were detected in all dose groups. The
antibody response was seen in 4/6 males and 3/6 females in the recovery group with titers
of 90 and 270 compared to pre-dose titers of 10 or 30 for both males and females. The
antibody response noted in the recovery animals showed functional recovery of immune
system. No antibody response to host-cell (CHO) proteins were detected during dosing or
recovery periods. Following KILH immunization after an 8-week recovery period (week
35), KLH-specific antibodies were detected in all dose groups, indicating functional
recovery of the immune system. KLH-specific antibody response is shown in the table

below.
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C3a, Histamine, TNF-o, and IL-6 analysis: No BMS-224818-related changes in
plasma histamine or C3a levels, serum TNF-a or IL-6 levels were observed.
Amendment to the protocol: In a recent publication, (Hutto, D. et al, B cell hyperplasia
associated with immunosuppression in cynomolgus monkeys. Vet Pathol
2003;40(5):624), B-cell hyperplasia was observed in a number of monkeys on a T-cell
depleting biotherapeutic. One of the 24 monkeys in the published study developed
lymphoma which was concluded to be mediated by lymphocryptovirus (LCV). Therefore,
* the slides of the spleen and lymph nodes from all animals in this study were re-examined
" by the pathologist and peer review pathologist to ensure that no lymphoid lesions were
present in the lymphoid tissues of this study. There was no evidence of drug-related
lymphoid hyperplasia in these lymphoid tissues. ’

Study title: One-Year Intermittent-Dose Intravenous Toxicity and Toxicokinetics
Study in Monkeys

Key study findings: BMS-188667 administered weekly at doses of 10, 22, or 50
mg/kg/dose for 52 weeks was well tolerated. Drug-related changes consisted of minimal
decreases in serum IgG levels in males at 50 mg/kg and mild to moderate decreases in the
number and diameter of germinal centers of the spleen and mandibular lymph nodes,
showing decreased germinal center activity, at all doses. BMS-188667 was not
immunogenic, except for 1 low-dose male monkey that had specific antibodies by week
39 and remained positive during recovery up to 8 weeks after the last dose. At the end of
treatment, an antibody response to the neoantigen KLH following immunization 9 weeks
into the recovery period was demonstrated at all doses showing a functional immune
system. All monkeys in the 1-year study had evidence of previous exposure to one or
more viruses (LCV, Herpes B, rhesus cytomegalovirus, and simian papovavirus) based
on pre-study viral screening, however, BMS-188667 treatment did not result in any
clinical effects associated with these viral infections. Based on these results the NOAEL
was considered 50 mg/kg, the high dose tested.

Study no.: DS02008
Volume #, and page #: Electronic submission
. Conducting laboratory and location: L
a .
Date of study initiation: July 31, 2002
GLP compliance: Yes
QA report: Yes
Drug, lot #, and % purity: BMS-188667, Lot # MQJ611, purity, NA

Methods

Doses: 0, 10, 22 and 50 mg/kg IV, administered once per week for 1 year (52
-weeks) followed by 13-week recovery period.
Species/strain: Cynomolgus (Macaca fascicularis) monkeys, L

1

Number/sex/group or time point (main study): 5/sex/group
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Route, formulation, volume, and infusion rate: IV once every week for 1 year.
The volume of injection was 2, 0.4, 0.88 and 2 mL/kg for 0, 10, 22 and 50 mg/kg
respectively. BMS-188667 was supplied in vials containing maltose, sodium
phosphate, sodium chloride. Vehicle was 0.9 % sodium chloride for injection,
-USP.
Satellite groups used for antigenicity: Necropsy was performed on the first 3
monkeys/sex/group at the end of 6-month treatment period. The remaining two
monkeys from each sex/group were immunized with IM injection of keyhole
limpet hemocyanin (KLH) at a dose of 10 mg/animal at approximately 2 months
of the 3-month recovery period. Antibody titers to KLH were measured weekly
for 3 weeks following immunization. These monkeys were sacrificed at the end of
the 3-month recovery period.
Age: 4-8 years
" Weight: 3 — 5 kg and 2.5 — 3.4 kg for males and females respect1ve1y
Sampling times: For pharmacokinetic analysis, blood samples were taken on day
1, 78, 267 and 358 before dosing on the day of dosing and at 3 minutes, 1, 4, 8,
24,72, 120 and 168 hours post dose. Blood samples were also obtained from
recovery animals on days 372, 381, 386, 395, 400 and 409
Unique study design or methodology (if any):
Viral Screening: The supplier screened all monkeys for Simian Retrovirus (SRV)
and Simian Immunodeficiency Virus (SIV). Prior to study initiation one serum
sample/animal was tested for Herpes B and STLV-1. At the end of the in-life
portion of the study, serum samples from all animals were tested for rhesus
cytomegalovirus (RhCMV), simian papovavirus (SV40) and parvovirus (Parvo).
During weeks 4 (pre-study), 12, 24, 39, 53 and 65, serum samples were collected
for future lymphocryptovirus (LCV) screening, however, only 4 Weeks pnor to
study initiation samples were analyzed.
Lymphocyte phenotype analysis: Phenotype analyses were performed on
peripheral blood lymphocytes by flow cytometric analysis. Blood samples (1 mL)
were taken pre-dose, prior to dosing during weeks 4, 16, 32, 51 and during week
65. The percentages of peripheral blood lymphocytes expressing cell-surface
markers indicative of recovery and purity (CD14-, CD45+), mature T cells (CD3),
helper/inducer T cells (CD3+, CD4+), suppressor/cytotoxic T cells (CD3+,
CD8+), B cells (CD20+), B cells bearing CD40 (CD20+, CD40+) and natural
killer cells (CD3-, CD16+).
Serum Immunoglobulin: Serum immunoglobulins levels of IgM, IgG and IgA
were evaluated pre-dose and on days of dosing during weeks 4, 16, 32, 51 and 65.
Immunogenicity: BMS-188667-specific antibodies were assessed on serum
obtained pre-dose and on days 78, 267, 354 (last day of dosing), 372, 381, 386,
395, 400 and 409 from treated animals only. Recovery of T-cell dependent
antibody response was evaluated in all recovery animals during week 61 and -
weekly for 4 weeks following the administration of KILH, a T-cell dependent
antigen that requires the interaction of B-cells and macrophages for the animal to
develop a humeral KILH-specific antibody response.
C3a, Histamine, TNF-o, and IL-6 analysis: C3a, and Histamine were evaluated
in all monkeys prior to dosing and at 3 and 30 minutes post dose on day 1 and on
the day of dosing during weeks 16, 32 and 52. TNF-«, and IL-6 were evaluated
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also from all monkeys prior to dosing and at 1, 2 and 4 hours post dose on day 1
and on day of dosing during weeks 16, 32 and 52.

Observations and times:

Mortality: Twice daily
Clinical signs: Once weekly
Body weights: Once weekly
Food consumption: Daily
Body temperature: Prior to start of study, 1 hour post-dose on day 1 and approx1mately
1 hour post dose during weeks 4, 12, 24, 39, 52 and 65
Ophthalmoscopy: Prior to start of study and weeks 4, 12, 24, 39, 52 and 65
EKG and blood pressure: Prior to start of study and 3 hour post-dose on day 1, and at -
approxxmately 3 hours post-dose during weeks 4, 12, 24, 39, 52 and 65
Hematology and clinical chemistry: Blood samples were collected pre- study and pre-
dose on dosing days during weeks 4, 12, 24, 39, 52 and 65 from all fasted monkeys
Urinalysis: Urine was collected over 18 hours from fasted animals pre-study, pre-dose
and on dosing days during weeks 4, 12, 24, 39, 52 and 65 -
Gross pathology: Necropsy was performed on 3 monkeys/sex/group after 52 weeks of
treatment, and on the remaining two monkeys from each sex/ group following 13 weeks
recovery period.
Organ weights: Sec “Histopathology Inventory” table.
Histopathology: Adequate Battery: Yes

Peer review: Yes
Toxicokinetics: Blood samples (1 ml) were collected from the femoral vein of un-
anesthetized monkeys. Serum samples were analyzed for levels of BMS-188667 by using

a validated ELISA method.

Results

Mortality: All animals survived to the scheduled necropsy except for one male in the
high dose group who was sacrificed on day 52 for humane reasons due to fracture of the
distal femur.

Clinical signs: Clinical observations were noted in different animals at different intervals
but were not considered drug-related.

Body weights: There were no drug-related changes.

Food consumption: There were no drug-related changes.

Body temperature: There were no drug-related changes.

Ophthalmoscopy: There were no drug-related changes. One female from the low dose
group had bilateral diffuse maculopathy at week 24 and retinopathy described as
unilateral or bilateral and either focal or mild for weeks 39, 52 and 65.

EKG and blood pressure: There were no drug-related cardiac alterations.
Hematology: There were no drug-related changes among the groups at each interval.
One female (I54581) from the high dose had a low lymphocyte count (1100/pL) which
correlated with decreased white pulp activity of the lymphoid germinal centers seen
histologically in spleen and thymus of this female. This female was dehydrated, thin,
hunched, and hypoactive and had diarrhea before sacrifice.
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Clinical Chemistry: There were no drug-related changes among the groups at each
interval. Female (I154581) had elevated triglyceride and urea nitrogen concentrations at
‘week 52; slightly lower total protein, albumin and Ca values and low alanine
aminotransferase and cholesterol values.
Urinalysis: There were no drug-related changes among the groups at each interval.
Female (154581) had a trace of hyaline casts at week 52, however there was no
“microscopic correlate to this finding.
Gross pathology: There were no drug-related gross findings.
Organ weights: There were no drug-related effects seen. A significant increase in mean
absolute heart weight at the high dose and in mean absolute liver weight at the low and
high dose was seen in male monkeys at week 52. However, these increases were not
significant when analyzed relative to body weight or brain weight except for the analysis
of liver weight relative to brain weight at the high dose which was significant. The
effects are probably due to higher body weights in this group and low number of
animals/group. Male organ weights were unaffected after the recovery period. Female
organ weights were unaffected at all time. Changes in absolute and relative mean organ
weights of male heart and liver are listed in the table below.

Organ - Control 10 mg/kg ‘ 22 mg/kg 50 mg/kg
Heart (g) ' 16.2 19.6 17.4 22.5%
% body weight 0.31 0.33 0.36 0.34
% brain weight 0.25 0.29 - 0.25 0.36
Liver (g) - 72 g5 78 , 95*
% body weight 1.4 1.5 1.6 1.4

% brain weight ' -1 1.3 1.1 1.5*
*=P<0.05

Histopathology: Changes were seen in the spleen and mandibular lymph node at all dose
levels. Mild to moderate decreases in the number and diameter of germinal centers,
containing fewer centrally located blast cells (centrocytes) and peripherally located small
lymphocytes, were observed reflecting decreased germinal center activity. These findings
were seen at all doses and were present to a very slight degree in the controls. Complete
recovery occurred during the 3-month recovery period. Incidence of BMS-188667-related
microscopic findings at terminal sacrifice are listed in the table below.

Appears This Way
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Toxicokinetics: Systemic exposure to BMS-224818 increased with increasing the dose
with no apparent sex-related differences. Minimal to moderate accumulation was
observed following multiple dosing. The mean half-life values ranged between 7-9 days
in males and 4-7 days in females. The mean pharmacokinetic parameters are listed in the

table below.
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Lymphocyte phenotype analysis: There were no remarkable changes in
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percentages or absolute number of lymphocytes expressing cell-surface markers

indicative of recovery and purity (CD14-, CD45+), mature T cells (CD3),
helper/inducer T cells (CD3+, CD4+), suppressor/cytotoxic T cells (CD3+,

CD8+), B cells (CD20+), B cells bearing CD40 (CD20+, CD40+), and natural

killer cells (CD3-, CD16+).

Serum immunoglobulin: A transient decrease in mean serum IgG concentration
(58% relative to control, 51% relative to mean pre-treatment levels) was observed
in males at 50 mg/kg at week 32 but returned to pre-study levels by week 51
during continued BMS-188667 treatment. There were no effects on mean serum
IgA or IgM levels in these males at 50 mg/kg. No effects were seen in females at
any dose level or in males at the 10 and 22 mg/kg dose levels.
Immunogenicity: One male from the 10 mg/kg group showed BMS-188667-
specific antibodies by week 39 and remained positive during recovery up to &
weeks after the last dose. Clearance of BMS-188667 was accelerated during
recovery in this animal compared to the others. Recovery of T-cell-dependent
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antibody response was tested following KLH administration at 9 weeks into the
recovery period (week 61). KLH-specific antibody response was detected in all
monkeys, indicating functional activity of the immune system.
Histamine, Complement C3a, TNF-c¢, and IL-6 analysis: Sporadic and
transient fluctuations in levels were observed in all groups which were attributed
‘by the sponsor to a stress response during sample collection and assay variability,
and not drug-related.
Viral screening: Incidence of positive pre-study viral status is listed in the table
below. Treatment with BMS-188667 did not result in any clinical manifestation
associated with a viral infection.
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(Table was copied from the submission)
Histopathology inventory:
Study 95676 96633 94704 99655 DS02008 97610
Species Rats Mice Monkeys Monkeys Monkeys Mice
1 week 6 months 1 month 6 months 1 year Carcinogenicity
Adrenals X* X* X* X* X* X
Aorta X X X X X X
Bone Marrow smear X
Bone (femur) X X Rib Rib X X
Brain X* X* X* X* X* X
Cecum X X X X X X
Cervix X* X X X X X
Colon X X X X X X
Duodenum X X X X X X
Epididymis X X X X X X
Esophagus X X X X X X
Eye X X X X X X
Fallopian tube

44



Reviewer: Hanan Ghantous

BLA No. 125118

|Gall bladder

X* (with liver)

ke

Gross lesions

Harderian gland

Heart

[leum

Injection site

Jejunum

Kidneys

Lacrimal gland

SRR L

b PE L [ [P

X*
X
X
X

X+
X

el it Ele

Larynx

Liver

X*

X*

dle

Lungs

X

Lymph nodes, cervical

Tliac lymph
node

Lymph nodes
mandibular

X

=

Lymph nodes,
mesenteric

X

Mammary Gland

Nasal cavity

Optic nerves

Ovaries

Pancreas

| S

| | 7S

||

Parathyroid

Ee BB

e

R

Peripheral nerve

Pharynx

Pituitary

X*

%

>
*

X*

Prostate

Rectum

Salivary gland

Sciatic nerve

Seminal vesicles

Skeletal muscle

Skin

Spinal cord

Spleen

Sternum -

Stomach

B e I P PRIt P P Y Eecd I

Testes

X*

Thymus

3
X
X
X

N
X
X
X

X
X
X
X

N

X*

Thyroid

X*

X*

Tongue

Trachea

Urinary bladder

Uterus

Vagina

X
X
X
X*
X

S IR

P B T ERE P Eee] I E] P P ] I PRI P e PO PR P B

g R B P B et S ] P P et I P P £ P PO P e

e P T T ] P o] T P e Y ) PO o A PO ) PV

ellal il it b et bt bt Bl B B B P R P P T P

Zymbal gland

Other orgén/tissue

Gonads*

Diaphragm

Diaphragm

Diaphragm

Diaphragm

X, histopathology performed

* organ weight obtained
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192.6.6.4 Genetic toxicology

. Study title: Ames Reverse-Mutation study in Salmonella and Escherichia Coli
Key findings: BMS-188667 was not mutagenic‘ in the Ames reverse-mutation assay.

Study no.: 96616

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutlcal Research
Institute, Thompson Road, Syracuse. New York, USA

Date of study initiation: February 6, 1996

GLP compliance: Yes

QA reports: Yes
Drug, lot #, and % purity: BMS-188667, Lot #941219-J, purity, NA

Methods

-Strains/species/cell line: Salmonella typhimurium strains TA98, TA100, TA1537,

TA1535 and Escherichia coli WP2 uvrA.

Doses used in definitive study: 312.5, 625, 1250, 2500 and 5000 ng/plate for main study
and the independent confirmatory assay in the presence and absence of S-9 metabolic :
activation harvested from livers of male Sprague-Dawley rats.

Basis of dose selection: BMS-188667 was not expected to be cytotoxic, based on

previous in vitro studies. No range finding study was performed and a high dose of 5000
ng/plate was selected as the high dose for the main study. A dose of 5000 pg/plate is
. considered by ICH as the maximum dose required for testing in Ames assay. The
experimental design is shown in the table below:

Appears This Way
On Original

46



Reviewer: Hanan Ghantous ' BILA No. 1_25 118

; buffer | { { BOO giplate
BI4S- 188667 0.628 | 3128 AE | o4, 1
128 : 628 | Ak 4] 2
2.5 B 1250 R a
5.0 2800 | A€ | -] 4
: 8.0 .. Boco At | 3.1 5
288 028 B —%) | Ak + | po1
2-BA 21 . R E_J + | vtz
2NF w2 1 2 A | - 1 pea
 Sodium azide - ek ] 1 i BC . . PC4
9-AA 1 100 ") - PGS
WS 25 sliml 2.5 pliplate = - PCH

Stralns: A = TASE, B = TAT00, C = TAIS535, D = TA1537, Ew £ cof
58 + = with metabolic activation, - = without metabolic actheation
Coda: NC = Negative Control PC = Positive Control

2-AA = Z-aminocanthracens, 2-NF = 2.nitroflucrene

BAA = Q-arrinocacrdine, MME = imethyl methane-sulfonate

(Table was copied from the submission)

Negative controls: salt phosphate buffer
Positive controls: see experimental design above.
Incubation and sampling times: 48 hours incubation at 37°C in darkness with and

without S-9 metabolic activation followed by counting.

Results

Study validity (comment on replicates, counting method, criteria for positive results,

etc.): Criteria for validity were met.
Study outcome: No cytotoxicity was observed in any test strain and at any BMS-188667

concentration tested in the main and the confirmatory study. Under the conditions of this
study, BMS-188667 at the maximum dose tested (5000 pg/plate), was not mutagenic.

Study title: CHO/HGPRT Mammalian-Cell Forward Gene-Mutation Study

Key findings: BMS-188667 was not mutagenic in CHO cells at the HGPRT locus.

Study no.: 95713

Volume #, and page #: Electronlc submlssmn

Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutical Research
Institute, Thompson Road, Syracuse. New York, USA

Date of study initiation: November 15, 1995

GLP compliance: Yes

QA reports: Yes

Drug, lot #, and % purity: BMS-188667, Lot # 941219-J, purity, NA
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Methods

Strains/species/cell line: Chinese hamster ovary fibroblasts (CHO-K1).

Doses used in definitive study: 397.5, 795, 1590, and 3180 pg/ml for main study and the
indeperident confirmatory assay in the presence and absence of S-9 metabolic activation
harvested from livers of male Sprague-Dawley rats.

Basis of dose selection: The highest dose was selected on the basis of the concentration
of the test article formulation and dose volume limitation. Previous in vitro studies
showed that BMS-188667 was not cytotoxic at all achievable concentrations.

Negative controls: Sodium phosphate buffer.

Positive controls: Benzo(a)pyrene (with S-9) and ethyl methanesulfonate (w1thout S-9).
Incubation and sampling times: 5 hours with and without S-9 metabolic activation

followed by counting.

Results

Study valldlty (comment on replicates, counting method, criteria for positive results,

etc.): Criteria for validity was met.
Study outcome: There were no drug-related increases in mutant frequency relative to the

negative controls observed with BMS-188667. The positive controls produced markedly
elevated mutant frequencies when compared to the concurrent negative control cultures.
In conclusion, the test was valid and BMS-188667 had no mutagenic potential in CHO
cells at the HGPRT locus.

Study title: Cytogenetics Study in Primary Human Lymphocytes

Key findings: BMS-188667 was not clastogenic in in vitro human lymphocyte
chromosome aberration assay.

Study no.: 94729

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb, Pharmaceutical Research
Institute, Thompson Road, Syracuse. New York, USA

Date of study initiation: January 23, 1995

GLP compliance: Yes

QA reports: Yes

Drug, lot #, and % purity: BMS-188667, Lot # 940922 J, purity, NA

Methods

Strains/species/cell line: Human peripheral blood was obtained from 2 donors who were
previously screened to determine suitability of donor lymphocytes for use in this study.
Doses used in definitive study: 390, 779, 1555, and 3110 pg/ml for the main study in
the presence and absence of S-9 metabolic activation harvested from livers of male
Sprague-Dawley rats.

Basis of dose selection: A range-finding study was performed using 25, 49, 97, 195, 390,
779, 1555 and 3110 pg/ml of BMS-188667 with and without S-9 metabolic activation.

48



Reviewer: Hanan Ghantous BLA No. 125118

Based on the maximum dosing volume and the lack of cytotoxicity in the range ﬁndmg
study, doses were selected for the main study.

Negative controls: Sodium phosphate buffer

. Positive controls: Mitomycin C (without S-9) and cyclosphosphamide (with S 9).
Incubation and sampling times: 24-hour exposure without metabolic activation and-5
hour exposufe with metabolic activation at 37C with 5% CO, in a humidified

atmosphere.

Results

Study validity (comment on replicates, connting method, criteria for positive results,
etc.): The positive controls caused significant elevation in the frequency of damaged
metaphases, thus criteria for validity was met.

Study outcome: BMS-188667 was not clastogenic in mitogen-stimulated peripheral
blood lymphocytes at concentrations up to 3110 pg/ml for 24-hour exposure in the
absence of metabolic activation, or for 5-hour exposure in the presence of metabolic

activation.

2.6.6.5 Carcinogenicity
Study title: Subcutaneous Carcinogenicity Study in Mice

Key study findings: Subcutaneous administration of 20, 65 and 200 mg/kg of BMS-
188667 once a week for 84 to 88 weeks to male and female mice respectively increased
mortality and incidences of enlarged lymphoid tissues, lymphomas and renal tubular
karyomegaly at all dose levels. In addition, incidences of mammary gland tumors were
increased in females at the intermediate and high dose levels. In mice, retroviruses
(murine leukemia [MLV] and mouse mammary tumor viruses [MMTV]) have been
reported to cause lymphoma and mammary tumors, respectively. Endogenous ecotropic-
specific MLV DNA was detected in the genome of CD-1 mice used in this study, and
Charles River Laboratories personnel informed the sponsor that CD-1 mice are not .
retrovirus free (verbal communication to the sponsor). Results from transmission
electron microscopic evaluation of mammary tumors from this study identified large
numbers of viruses in the cytoplasm, budding from the plasma membrane, and in the
extracellular space. Significant chronic immunosupression was observed at every dose
level in this study demonstrated by the absence of any drug-specific antibody response to
BMS-188667. Since BMS-188667 was negative when tested for genotoxicity, the
sponsor considered the increased lymphomas and mammary tumors in mice secondary to
long-term immunosuppression by BMS-188667, likely due to the activation of
endogenous retroviruses with resulting viral-associated malignancies in these organs.
This conclusion is consistent with increased incidences of neoplasms in humans and mice
on long-term 1mmunosuppressants as azathioprine and cyclosporine, and enhanced
expression of endogenous retroviruses following prolonged exposure to
Immunosuppressants.

Adequacy of the carcinogenicity study and appropriateness of the test model: The
protocol for this study was not submitted to CAC. The sponsor performed the
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carcinogenicity study because the drug 1s being developed for long term use as a selective
immunomodulator, and it is biologically active and not immunogenic in rodents when
maintained at biologically active levels. The sponsor used mice for the carcinogenic
study since BMS-1886678 has immunosuppressive activity in this species, and the mouse
is one of the standard species for carcinogenicity bioassay and has a substantial historical
tumor database. The subcutaneous route of administration was selected since
bioavailability was > 78% in mice and SC administration has suppressed primary T-cell-
dependent response greater than 90% in mice. Weekly treatment was chosen since BMS-
1886678 has a serum half life of 3-5 days in mice and weekly treatment would result in
the maintenance of pharmacologically significant immunosuppressive levels of the drug,.
A high dose of 200 mg/kg was selected based on renal lesions (karyomegaly in renal
tubular epithelial cells) observed microscopically in the 6-month study in mice (study #
96633) and was considered to have a possible impact on 2-year survivability. The low
dose (20 mg/kg) and the high dose (200 mg/kg) were 2x and 20x respectively, the doses
that resulted in pharmacologically significant immunosuppression in mice based on
models of efficacy and inhibition of bioactivity. The intermediate dose is approximately
the geometric mean of the low and high doses. The study was adequately designed,
included evaluation of exposure at all dose level, and histopathological data from organs
and tissues to evaluate neoplastic and non-neoplastic effects. At weeks 84-88, 25% of
survivability was reached in male and female low-dose mice respectively and after
consultation with FDA, all remaining animals were sacrificed.

Evaluation of tumor findings: Statistical analysis of mortality and histopathological
data detected the following statistically significant findings: -

e Mortality was significantly increased (p <0.0001) for all drug-treated mice

e Incidences of lymphomas were significantly increased (p <0.0001) in all drug-
treated mice

e Incidences of hemangiomas were s1gn1ﬁcantly increased (p <0. 0007) n hlgh dose
males

e Incidences of mammary gland adenocarcinomas were significantly increased in
intermediate- (p <0.006) and high-dose females (p <0.0001)

e The increase in mammary gland adenocarcinomas caused the incidences of
combined mammary gland adenomas and adenocarcinomas to be statistically
significant when compared with control

e Hemangiomas and hemangiosarcomas, when combined and analyzed statistically,
1o significant difference was detected between control and treated groups

Study no.: 97610

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squlbb Pharmaceutical Research
Institute, Thompson Road, Syracuse, New York, USA

Date of study initiation: February 12, 1997

GLP compliance: Yes

QA report: Yes

Drug, lot #, and % purity: Lyophilized BMS-188667 in 200 mg vials, lot # C96335,
purity, NA

CAC concurrence: The protocol was not submitted to CAC
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Methods
Doses: 0, 20, 65, and 200 mg/kg
Basis of dose selection (MTD, MFD, AUC etc.): A high dose of 200 mg/kg was
selected based on renal lesions (karyomegaly in renal tubular epithelial cells)
observed microscopically in the 6-month study in mice (study # 96633) and was
considered to have a possible impact on the 2-year survival of the animals. The
low dose (20 mg/kg) and the high dose (200 mg/kg) were 2x and 20x
respectively, the doses that resulted in pharmacologically significant immuno-
suppression in mice based on models of efficacy and inhibition of bioactivity. The
intermediate dose was approximately the geometric mean of the low and high
doses.
Species/strain: CD-1 out bred albino mice, C

1 .
Number/sex/group (main study): 65/sex/group

Route, formulation, volume: SC, formulation: 20 mg/kg solution of BMS-
188667 containing 4% maltose, 10 mM sodium phosphate and 20 mM sodium
chloride was prepared using 5% Dextrose Injection USP (D5W), vehicle control
(lyophilized in vials) contained 4% maltose, 10 mM sodium phosphate and 20
mM sodium chloride was prepared using 5% Dextrose, second control was saline,
dose volume was 10 mg/kg.

Frequency of dosing: Once weekly

Satellite groups used for toxicokinetics or special groups: The last

5 mice/sex/group were used to assess immunologic and kinetic parameters. These
mice were sacrificed and disposed of without necropsy after the last blood sample
was collected. An insufficient number of mice remained therefore the splenic
lymphocyte ex vivo activation and phenotype analysis was not performed as
originally intended.

Age: 4 weeks upon arrival and 6 weeks at the start of the study. The average body
weight at the start of the study was 29.06 - 29.82 g for males and 23.35-2391 g
for females.

Animal housing: Individual _

Restriction paradigm for dietary restriction studies: NA

Drug stability/homogeneity: NA

Dual controls employed: Yes, control vehicle and saline.

Interim sacrifices: NA

Deviations from original study protocol: Deviations are listed in the table
below as presented by the sponsor.
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N Deviation __ StudyDay () Mice Affected {No.)
40 minntes without light dus 1o 2 days power outages All
power vutage; five glormg _ 2 days of fire alayms | o

Mice Outside of Orejr Cages

72, 37-49; 239; 386, 419

160, 354, 406, 546, 505, 510,

_of Specified Range

{one or more duys) | 515,496, 347, 198, 199, 430; 153
Pregoant 56 496
T Mice Treated with 3% 507,308, 923, 593,718, 336, 570, |
Hydwgen Peroxide on oneor On one ormors days 588, 121, 328,287, 336,605,
mure days ' . 19‘2 175,87, 146,261, 102
© NoFesder m%mm%mmmmwmwmm
| ores TR 90,95, 104
"o Water 210; 306: 462 284; 119-210; 436
; vTcmpcmmrein:ﬁﬁéily Quigide Ons or m ore-days All

(Table was copied from the submission)

- Other deviations were misdosing or not dosing few animals which occurred only once.
The above deviations occurred occasionally or affected only a small percentage of
animals/sex in any group, therefore did not have a big impact on the study.

Observation and times

| Mortality: Twice daily

Clinical signs: Monthly for the first 12 months and every other week thereafter. |

Body weights: Weekly

Food consumption: Weekly for the first 6 months and monthly thereafter

Gross pathology: Animals found dead or sacrificed in a moribund condition were
sacrificed as soon as possible. Remaining mice were sacrificed after survival in the low
dose group reached approximately 25% (during week 84 for males and week 88 for
females). Necropsy was performed on all sacrificed animals.

'Histopathology: See “Histopathology Inventory” table.

Peer review: Yes

Toxicokinetics: BMS-188667 in serum levels was determined after the 53" 9 and the 79"
doses using a validated ELISA method. Whole blood was collected from the retro orbital

sinus under anesthesia at 3, 24, 72, 120 and 168 hrs.

Clinical Immunology: Antrbodles were determined from blood samples collected after

the 53" and 79" doses. All assays including PCR analysis for exposure to murine
leukemia virus were non-GLP, however, the methods were considered scientifically

accurate and followed SOPs of immunotoxicology in the laboratories where these assays

were performed.

Immunogenicity: Antibody formation against BMS-188667 was assayed using an

ELISA method.
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Murine Leukemia Virus: Chromosomal DNA isolated from the spleen of 2 CD-1 mice
(one male mouse treated with 200 mg/kg BMS-188667 and sacrificed moribund and a
male sentinel mouse sacrificed for the purpose of obtaining DNA) was analyzed for
murine leukemia virus (MLV) using a polymerase-chain reaction (PCR) assay.

Results

Mortality: Mortality data of control-vehicle and saline-control mice was pooled for
comparison to drug treated mice since no vehicle effects were evident. There were
statistically significant (p <0.0001) increases in mortality in drug-treated mice of either

sex compared to the pooled control.
The total number of mice in each group that survived to necropsies at week 84 for males

and week 88 for females, when survival in the low-dose group was 25% is shown in the
table below.

Dose (ing/kg) 0 (Saline) 0 (Vehicle — 20 65 200
. ) - Control) .

Males 44/60 51/60 14/60 19/60 13/60

Females 38/60 35/60 15/60 10/60 7/60

The cause of death for found dead and moribund mice is listed in the table below.

{ Group No, 1 2 3 4
Control | Vehigle | 20 1 63 xS
MIFIM|FIMIFIMIFIM

T Gh 60 16D [ 60160 | 60160 16D | 60
TI6 1221 0 | 25146 45 | 41150147

1 Cause of Deaths/Moribundities
1 Not Determined :
Malignant Lymplhoia

1 Histiooytic Sarcoma

1 AdengcarcinomaMammary
Osteosarcoma
Hemanpiosarcoma
Hepatocellulay Carcinonta
Teiomyosarcomn

Rhabdomyosarcoma
Amyioidosis
Nephroputhy
 Inflanunation
Prolapst/Penis

ololeizioleloiolsiciolslo|alwlole el

~ioloimisiZiv alhbeisiololeloialo|—laisiuie
ool ciZin e loiooiclecisiaeieeloiRe

oloisoh-iziolslunisisioloia|olalu| ol |«
oclo~izleiglolosloi-loicin ~olalololk)s
o —ioloiZiviolvio|~lolslela|oimlwinhsj i

~ioioiolZisivioic|ola|sinie|ohslololia oz
sielolelzloiviviviciololciniolslellsislol] |

olelolelazivlelrlojoslalulviololsojojujws

T3

wicloele i-lolulolciuclolvio oo b2l

N =not applicable
(Table was copied from the submission)
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Clinical signs: Hunched posture decreased activity, whole-body paleness, soﬂmg,

~dehydration, abdominal bloating and dyspnea incidences were higher than the vehicle-
control or saline-control at all dose levels. There were no vehicle-related effects. These
findings were generally seen at the latter stages of life in mice bearing lymphomas. A
higher incidence of convulsions without whole-body tremors occurred in saline- and
vehicle control mice compared to the treated ones. Convulsions were acknowledged by
the animal supplier to occur spontaneously in this stram of mice.

Palpable tissues masses are listed in the table below.

o | Abdosnen | Thone | Head Meck | Eye | Lumbar. {Zi“i:‘:gl %‘fﬁf”d
Ty ] . b i 5 A Y = B
T EI 0 [ 0 1 . 9
17 0 0 0 0 0 7 1

19 A b 4 R 1 2 b

1z 4 [1) g . 0. g 1

(Table was copied from the submission)

Body weights: No biologically significant differences were seen. Mean body weights are
listed in the table below. .

Mean Body Weights {gny)

Dose (roglks) Saling Velgele Contaal 20 65 200
Conirol
Sex. M E M F M r M L. 1t
“Day 1l 2.6 238 298 239 205 287 201 234 291 257
Weak26 - 426 339 416 324 407% 33 40.8% 324 411 338
Week 51 426 351 422 339 40.6 340 40.8 332% 410 347
Week 82 435 377 442 370 4L6 356 416 354 423 .....372

- Sipnificantly different from salins-control mite; p <0.05.

(Table was copiéd from the submission)

Food consumption: No drug related consistent changes in food consumption were seen.
There was a significant lower average food intake of high dose females compared to that
of controls at week 82. This was not associated with any effects on body weight and the
average food intake of high dose females at week &7 was comparable to that of control
mice. Mean daily food intake is listed below.

Rican Doally Food Intake (gmyes

Duoge Saline Control  Vehidle Control 20 65 200
{mnplkg)
Sex b F M ¥ M L M e M B

Week1 5.9 53 5.9 54 57%  38Y 5p6% 5.3 57 54
Week 26 5.4 5.4 5.2% 54 5.2% 5.4 5.1% 5.0% 32 53
Week 51 A0 3.0 5.6 5.8 5.4 5.0 5.3 5.4 5.3# 55
Weask 32 5.2 5.4 5.3 5.3 5.2 5.4 5.0 3.2 5.] 4.7%
* Significantly different from saline-control mice; p <0.85.
P

Data rounded-off 10 the nearest decimal,

(Table was copied from the submission)
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‘Gross pathology Increased size of spleens, Iymph nodes, thymuses and livers were seen
in drug-treated mice (all dead and moribund sacrifices) compared to controls. Increased
incidences of enlarged lymphoid tissues were not observed in drug-treated mice
sacrificed at the end of dosing. The incidence of enlarged lymphoid tissue was similar in
all treated groups and was not dose related. Lymphoma was the most common correlating
microscopic finding for enlarged lymph01d tissues and also was the cause of death for
approx1mately 50% of the drug treated mice. The total number of dead/moribund
mice/group is listed in the table below.

Group No, , 1 o f 3 4 5

Dose me/kg/week Sufine Vehicle | 20 65 W0 ¢

Sex M| FIMIFIMIPE MIF | MI|¥F1
No.ofMice/Grogp | 60 | 60 | 60 | 60 § 60 | 60 | 60 | 60 | 60 | 60
Nao, D<:athsmionbundims 16 | 22 D 25 1 46 1 45 | 41 1 S0 | 47 | 53

(Table was copied from the submission)

Skin masses were seen in all groups. At necropsy, 8 and 9 skin masses were seen in
intermediate- and high dose level females respectively, compared to 2 and 6 skin masses
for saline-control and vehicle-control females respectively. Microscopically, mammary
gland tumors were present in many of these skin masses.

Histopathology:
Non-neoplastic: Drug-related non- neoplas’uc findings were limited to increases in the

incidence and severity of karyomegaly in renal tubular epithelial cells associated with
chronic inflammation and tubular degeneration at all doses. The same findings were seen
in the 6-month mice study and were considered to be consistent with a spontaneous
background that is observed in mice. These renal findings were not associated with any
detectable functional renal deficit and are believed by the sponsor to be of limited or of
no relevance to humans. Incidence of karyomegaly in renal tubules is listed in the table

below.

" GroupNo. 1 2 3 4 5 ]
Dose meokoiwesk Ballne Vaohicle 20 45 w01
Sex M| F M| F M| F | M[F | M]|F.

No, of Mice/Group 60 | 60 | 40 | 60 | 60 | 60 | 60 | 60 _ 60 of
Incidence of Karyoregaly ol ol 1] o {8 |3 110111]?$8 g

(Table was copied from the submission)

The incidences of minimal and mild subcutaneous inflammation at the injection sites of -
control and treated animals were similar 1ndlcat1ng that the Subcutaneous administration
was not irritating.

Neoplastic: Statistically significant increases in lymphoma (p<0.0001) were observed
microscopically in all treated groups, but group incidences were not dose-related.
Incidences of lymphoma in CD-1 mice administered BMS-188667 were also higher than
reported for prior carcinogenicity studies at BMS and in the published literature.
Incidences of lymphomas are listed in the table below.
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- Group No, $ 2 3 4 i3
Dosemg/kgiweek | Saline 1 Vehicle 20 63 ‘ 200
Sex MIF M| F |M{F |M|FiIM E
.No. of Mice/Group 60 | 60 1 60 | 60 | 60 | 60 | 60 | 60 1 60 | 60
Mo, with Lymphioma | 1 | 4 | 1 1 7 [18F] 29% | 23¢ | 35% § 17% | 34* §
5 with Lymphomng 171670 17 1117 1 30 | 45 1367 | 583 1 283 | 56.7

¥ p value for Poto and Pike (tire adjusted) trond test was «0.0001) compared to pooled controls.

(Table was copied from the submission)

Incidences of lymphomas in CD-1 mice from prior studies at BMS and published reports
are listed in the table below:

O References | Bostol-Myers Squibb Swedy Numbers | Charles River | ‘Tox. Path,*
, 5 _ ~ : Laboratories 1 -
Sty NoJ¥ear | 90004 | 03601 | 96040 | Ogest | 1995 {2000 |  198F
No.of Mice £ 300M 1 J00M 1200 | 120M | 423 ] »se8M | BOiM
) JO0F ¢ 100 | 120F 120F | 425F 2R22F HHOF
Lymphoma A%M | 2%M | 42%M L 10%M | 2249M | 121% M 1% M
11%E | 12%P | 28%F | 15%F | 128%F | 228%F | 209%F

*  Tosicologic Pathology
(Table was copied from the submission)

Incidences of mammary gland adenocarcinomas were statistically significantly
increased in females at 65 and 200 mg/kg. The incidences of mammary gland adenomas
alone were not statistically increased when compared with controls, although they
occurred at a greater percentage than those noted in previous mouse studies. The
incidence of adenocarcinomas in high-dose females was greater than the highest control
range of 12% reported by Charles River Laboratory in 1995 and the incidence in both
intermediate- and high-dose groups were well above the in-house historical control
levels. The incidence in the vehicle-control group, although higher than previously seen
in controls in BMS laboratory; was not significantly different from the saline-control
group. Therefore, the sponsor combined the saline- and vehicle-control groups (as per
protocol) for statistical comparison to treated groups. Based on the significance of

P <0.0001 in the Peto and Pike trend test, which adjusts for mortality, and the fact that
the incidences were above the in-house historical controls (0-1%), the increased
incidence of mammary gland carcinomas at 65 and 200 mg/kg/week were considered to
be drug-related. The incidences of mammary gland adenomas and adenocarcinomas are
listed in the table below. '
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T co

Vehicle |

r

No. of Femﬁiqu_ ' 60

“No. Maminary Glands Bxemined

- B

Fotal Mice/Group with Mammary

Turners 4

No. Mics with Adenomas i
A7%)

)
0%

-

{ No. Mice with Adenocarcinomas | 1

4
{1.79) (1)

(1.8%)

e | 6
%) | <

“ p valuc for Pelo and Pike (time adjusted) eend test was = 0,006 compared 10 poo
Mamnmary gland adenteartinomas are cormon Lumors it mice, snd wscording 1o HE Provoco,

incresses mre statisticafly significam onty if p values are < 0.005,
#¢ nvatue for Pelo und Pike (time adjusted) wend test was < 0.0001 cempared 10 puoled controls.

(Table was copied from the submission)

Incidences of mammary gland tumors in female CD-1 mice from previous studies at

BMS and from published reports are listed below:

References Bristol-Myers Squibb Study Nos.

__Chartes River Laboratories

Tox. Path. -

Study NoJYear | 90004 | 93607 | 96040 96651

1995

2000

1988

Mo, of mumunary

| planeds examined | 100 100 119 18

549

2573

880

““““ Aderoma 1% o% | 0% | 0%

T

Sy |

1%

08%

Adenocareinoma | 1% 3% 25%

0-12%

S 083% |

B3

(Table was copied from the submission)

Hemangiomas and hemangiosarcomas were evaluated as generalized tumors. The number
of mice/group in this study with hemangiomas and hemangiosarcomas 1s listed below.

R

Crronp No. i 2

_Dost mafkpiweek ‘ S:ﬂiue ' Vehicle

Bex M M1 F »

V! F
50 € 69 1 60 60
0

60 g

(0 D1 3 0
__Hetmansionmas 0% | D% 0% 5% | 0%

™ e
11.7%

st | 3

- No.with 1 1 04 0 | 1
Hemaneiosarcomas | 1.7% | 1.7% | 0% { 0%

17% | .3

0
0%

0%

0w |

#

(Table was copied from the submission)

1 value for Pelo and Pike (time adjusted) trend test was = 0.0007.

Incidences of liver (Liv) and generalized (Gen) hemangiomas and hemangiosarcomas in
male CD-1 mice from previous studies at BMS and published reports are listed below.
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1 Brisiol “Myers Squibb Study Nos. | Cherles River Laboratories | T

06004 | 93601 | 96040 | 96631 1805 2000
| oI M B0 w0 ] J20 1 120 549 1 2571
" Hemangioma | Gen | CGen | Len | Qeo Iy 1 Liv
oS ) 2%t | 08% | 33% 0% | 04®m
Geg**
- NP N S i 09%
Hemangiosarcoma | Gen | Osp Len | Len Ly Lix
6% | 6% | 23% | L6% 2.7% 1-5%
. Cen Get
112% 15% -

¥ Tnoideness of generalized hetangiomas were based on the total hemangiomas i the tver and splean
#% Incidences of generalized hemangiomas were based on the sum-of hemangtomas in individual Hssues

~ (Table was copied from the submission)

Hemangiomas were seen in 3 high dose males, 2 in livers and one in a Iymph node. No
hemangiomas were seen in the controls, therefore the incidence was statistically
significant in high dose males. However, the 3 hemangiomas (5%) in the high dose males
were within the normal historical background range for hemangiomas in male CD-1
mice. Similar increases in endothelial tumors were not evident in females.

Electron microscopy: Ultra-thin sections of mammary tumors from 2 high-dose female
mice were examined by electron microscopy. Mouse mammary tumor virds was present
in the cytoplasm, budding from the plasma membranes and in the intercellular space of
neoplastic mammary epithelial cells. _
Toxicokinetics: Drug exposure increased with increasing the dose in a less than
proportional manner. TK parameters were similar for the 5 3™ and 79" doses and there
were no sex-related differences. PK parameters are listed in the table below.

Dose Dose CMAX [pgml] - TAUC(TAU) fug.bimi)
Imglkg/week] . Fomale  Male Female
g Mean 75 TTTRL 8669 8954
20 Ny 3 (@) (3 @
g Menn 88 B 12168 a
' O ) - (1
53m Mean 17 230 21787 23412
65 j ™) &) ® &) @)
o 79 Mean 287 273 3418 b
™ (2 2) @ :
e Mean 341 390 34343 . 35507
200 () 163 @ (3 @
- ?9“' Mﬁaﬂ . 424 "g 39872 ;a
' (k) {3 $5)

"N surviving toxicokinetics animals at week 79. )
b TAUCTAU) was not estimated because of an inadequate nuimiber of surviving animals.

(Table was copied from the submission)
Immunogenicity: Compared to the controls, detectable drug specific antibody titers were

minimal in drug-treated mice with the exception of one mouse in the low dose group that
had an end point titer of 65610. The geometric mean of BMS-188667 antibody response

is listed below
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Dose (mg/kg) - Week 53 I Week 79 .
0 (Saline-Control) 3379(8) 3669 (7)
0 (Vehicle-Control) . 5539 (8) - 3505 (6)
20 108 (6) 1403 (2)
65 - 27(9) - 17(2)
200 - 16 (5) 30(1)

()= no of animals

Detectable BMS-188667-specific antibodies were also seen in the control group in the 6-
month study in mice (study no. 96633), and were presumed by the sponsor to be due to
preexisting antibodies that are cross-reactive with BMS-188667. Data after the 79™ week
could not be assessed due to the low number of mice remaining. The BMS-188667

~ antibody titer in the drug treated mice is lower than the controls, likely due to the
immunosuppression which is a pharmacological effect of the drug.

Murine leukemia virus (MLV): Endogeneous copies of MLV are a permanent and
heritable part of the mouse genome and are therefore present in every cell. Activation of
the virus in mice can result in neoplastic transformation and is thought to be behind the
pathogenesis of malignant lymphoma in this study. There are 4 classes of endogenous
MLVs and it is the ecotropic (emv) class that is responsible for development of an active
viral infection and subsequent leukemia/lymphoma formation. There is evidence that CD-
1 mice carry emv based on the relatively high rate of spontaneous lymphoma observed in
older animals. Samples from the 2 CD-1 mice tested (a male mouse treated with 200
mg/kg BMS-188667 and sacrificed moribund and a male sentinel mouse) were emv
positive. These results indicate that endogenous emv-specific DNA is present in the
genome of CD-1 mice used in the carcinogenicity study. This supports the hypothesis by
the sponsor that the increased incidence of lymphomas observed in the carcinogenicity
study is due to activation of MLV in long-term immunosuppressed mice.

2.6.6.6 Reproductive and developmental toxicology
Fertility and early embryonic development

Study title: Intravenous Study of Fertility and Early Embryonic Development in
Rats '

Key study findings: No effects of BMS-188667 were observed on the reproductive
function in either male or female rats and no effects on early embryonic development
were observed at all doses tested.

Study no.: DN01093

Volume #, and page #: Electronic submission

_ Conducting laboratory and location: T _ N
1

Date of study initiation: November 2, 2001

GLP compliance: Yes

QA reports: Yes

Drug, lot #, and % purity: BMS-188667, lot # C01237, % purity, NA
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Methods
Doses: 0, 10, 45 and 200 mg/kg administered by IV route.

Species/strain: Rats, = CD®(SD)IGS VAF/Plus® .

it
Number/sex/group: 25/sex/group
Route, formulation, volume, and infusion rate: IV, Vehicle was 5% Dextrose .
for injection, USP, volume was 10 ml/kg.
Satellite groups used for toxicokinetics: NA
Study design: Animals were dosed by the IV route once every 3 days for 2
weeks. Following the 2 week dosing period, male and female rats were placed in
cohabitation for a maximum of 3 weeks. Dosing continued until day 7 of gestation
for females and until scheduled termination for males after a total of 17 doses.
Females were also dosed on days 0, 3 and 6 of gestation. Females were sacrificed
and caesarean-sectioned on day 16 of gestation.
Parameters and endpoints evaluated: Daily clinical signs, body weights (twice
weekly), food consumption (weekly) were measured. Gross necropsy of the
thoracic, abdominal and pelvic viscera was.performed for male rats. Gross
lesions, prostate, seminal vesicles, testes of male rats were fixed for possible
histopathology evaluation. Female rats were examined for gross lesions and
pregnancy status after sacrificed and caesarean sectioned. The number of corpora
lutea, implantation sites, fetuses (with vital status), and resorptions were recorded.
Gross lesions, ovaries and uterus of each female rat, were fixed for possible
histopathology evaluation. Blood samples were collected from male and female
rats for possible evaluation. All other tissues were discarded.

Results

Mortality: All rats survived to the end of the study.

Clinical signs: No drug-related effects were observed.

Body weight: A statistically significant decrease in body weight gain was observed in

males at the intermediate dose from days 43 to 47. This change was not dose-dependent

and was not considered drug-related, no other changes in body weight or body weight

gain were seen. '

Food consumption: No drug-related changes were observed.

Toxicokinetics: Not measured

Necropsy: No drug-related effects were seen.

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss,

etc.): No drug-related effects on estrous cycle, mating or fertility were observed at any

dose level. No drug-related effects on early embryonic development were seen at any

dose level. A statistically significant increase in the number of days males and females
‘remained in cohabitation occurred at the low dose and a statistically significant decrease

in litter size was also observed at the low dose. These effects were not considered drug-

related since they were not dose-dependent.
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Embryofetal development

Study title: Study of Embryo-Fetal Development in Rats

Key study findings: BMS-188667 was present in both maternal and fetal sera. Levels
were dose-related and in higher concentrations in the dams than in the fetuses. No
maternal or embryo-fetal toxicity was observed at any dose level. Under the conditions of
this study, BMS-188667 was not teratogenic in rats. :

Study no.: 95024

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb Pharmaceutical Research
Institute, Department of Pathology, New Brunswick, New Jersey, USA

Date of study initiation: June 26, 1995

GLP compliance: Yes

QA reports: Yes
Drug, lot #, and % purity: BMS-188667, lot # C95201, purity, NA

Methods
Doses: 0, 10, 45, 200 mg/kg/day on days 6 to 15 of gestation.
Species/strain: Presumed pregnant female Sprague-Dawley, outbred albino rats
, — :CD®(SD)BR VAF/Plus®, [ A Virgin female rats
were mated with males (one male/female) and rats observed with spermatozoa in
vaginal smears or copulatory plugs in situ were cons1dered to be at day 0 of
gestation, (GD 0).
Number/sex/group: 25/females/group
Route, formulation, volume, and infusion rate: IV administration, vehicle was
5% Dextrose, volume administered was 20 ml/kg.
Satellite groups used for toxicokinetics: Maternal and fetal blood samples were
collected from 10 dams and 10 litters in each group to determine serum levels of
BMS-188667.
Study design: BMS-188667 was administered intravenously once daily to
presumed-pregnant rats at doses of 0, 10, 45 and 200 mg/kg on days 6 through 15
of gestation. The control group was administered 5% Dextrose for injection, USP
by the IV route. On day 20 of gestation, the dams were sacrificed and the litters
were delivered by cesarean.
Parameters and endpoints evaluated: The dams were evaluated for survival
(twice/day), abortion and premature delivery (daily), clinical observations (daily)
body weight changes and food consumption (on GD 0 and daily on GD 6-20). On
GD 20, rats were sacrificed, cesarean-sectioned and the intact gravid uterus
(including ovaries) was weighed and corpora lutea, implantation sites, early and
late resorptions and live and dead fetuses were counted. Fetuses were evaluated
for gender, body weight, gross external alterations and visceral or skeletal
“alterations. The thymus and spleen from one male and female/group were
preserved for possible histopathology evaluation. At sacrifice, maternal and fetal
blood samples were collected from 10 dams and 10 litters in each group to
determine serum levels of BMS-188667. '
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Results

Mortality (dams): All rats survived to schedules sacrifice.

Clinical signs (dams): No drug-related clinical signs were observed.

Body weight (dams): No drug-related effects were observed.

Food consumption (dams): No drug-related effects were observed.

Toxicokinetics: Dose-related levels of BMS-188667 were seen in both maternal and fetal
sera. This indicates that BMS-188667 crossed the placenta. BMS-188667 levels were
higher in maternal sera than in fetal sera. Average BMS-188667 serum levels for dams
and fetuses in each treated group is listed in the table below.

s ‘ — —
Maternal Dose: | _10mg/kg | 45mokg | 200mglkg
Maternal Sera | Mean | 8.4 [ 267 81.0

Hglml | 8D 74 7.8 38.9
” Fetal Sera | Mean | 5.0 ' 14.7 33.1

(Table was copied from the submission)

Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and
post-implantation loss, etc.): No drug-related gross lesions were observed at maternal
necropsy. A statistically significant decrease in the number of corpora lutea was observed
in the high dose group (16.6) as compared to the control group (18.5). This value (16.6)
was within the historical control range for this strain at this test facility, therefore this
observation was not considered drug-related. There were no other significant maternal or
fetal differences among groups.

Offspring (malformations, variations, etc.): No drug-related fetal malformations or
variations occurred at any dose tested.

Study title: Study of Embryo-Fetal Development in Mice

Key study findings: BMS-188667 did not cause any maternal or embryo-fetal toxicity at
the tested levels. Under the conditions of this study, BMS-188667 was not teratogenic in

mice.

Study no.: 95019

Yolume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb Pharmaceutical Research
Institute, Department of Pathology, New Brunswick, New Jersey, USA

Date of study initiation: May 18, 1995

GLP compliance: Yes

QA reports: Yes

Drug, lot #, and % purity: BMS-188667, lot # 940922-J, purity, NA

Methods
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Doses: 0, 10, 55, 300 mg/kg/day on days 6 to 15 of gestation.
Species/strain: Presumed pregnant female albino micel JD®-1,T

1 Virgin female mice were mated with males (one male/female)
and mice observed with copulatory plugs in situ were considered to be at day 0 of
gestation, (GD 0).

Number/sex/group: 25/pregnant females/group.
Route, formulation, volume, and infusion rate: IV administration, vehicle was

0.9% sodium chloride, volume administered was 10 ml/kg.

Satellite groups used for toxicokinetics: Not measured.

Study design: BMS-188667 was administered intravenously once daily to
presumed-pregnant mice at doses of 0, 10, 55 and 300 mg/kg on days 6 through
15 of gestation. The control group was administered 0.9% sodium chloride for
injection, USP by the IV route. On day 18 of gestation, the dams were sacrificed
and the litters were delivered by cesarean. '

. Parameters and endpoints evaluated: The dams were evaluated for survival
(twice/day), abortion and premature delivery (daily), clinical observations (daily)
body weight changes and food consumption (on GD 0 and daily on GD 6-18). On
GD 18, rats were sacrificed, cesarean-sectioned and the intact gravid uterus
(including ovaries) was weighed and corpora lutea, implantation sites, early and
late resorptions and live and dead fetuses were counted. Placenta was examined
grossly for alterations. Fetuses were evaluated for gender, body weight, gross
external alterations and visceral or skeletal alterations.

Results

~ Mortality (dams): All mice survived to schedules sacrifice.

Clinical signs (dams): No drug-related clinical signs were observed.

Body weight (dams): No drug-related effects were observed.

Food consumption (dams): No drug-related effects were observed.

Toxicokinetics: Not measured

Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and
post-implantation loss, ete.): No drug-related gross lesions were observed at maternal
necropsy. One out of 22 pregnant dams from the low dose group and 3/24 pregnant dams
from the high dose group had litters with early resorptions which were detected only by
ammonium sulfide staining of the uterus. These effects were not statistically significant
and were not considered drug-related based on the equivalence in resorption indices for
all remaining dams/litters of the control and treated groups.

Offspring (malformations, variations, etc.): No drug-related fetal malformations or
variations occurred at any dose tested. Bifurcated cervical vertebrae were significantly
increased at 55 mg/kg dose level as compared to the control group. This incidence was

not dose-dependent

Study title: Intravenous Study of Embryo-Fetal Development in Rabbits
Key study findings: BMS-188667 did not cause any maternal or embryo-fetal toxicity at

the tested levels. Under the conditions of this study, BMS-188667 was not teratogenic in
rabbits.
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Study no.: DN02003

Volume #, and page #: Electronic submission

Conducting laboratory and location: Bristol-Myers Squibb Pharmaceutical Research
Institute, Department of Reproductive Toxicology, New Brunswick, New Jersey, USA
Date of study initiation: February 4, 2002

GLP compliance: Yes

QA reports: Yes

Drug, lot #, and % purity: BMS-188667, lot # 010920-112, purity, NA

Methods
Doses: 0, 10, 45, 200 mg/kg on days 7, 10, 13, 16, and 19 of gestation.

Species/strain: Nulhparous timed-mated = (NZW)SPF rabbits, L.
1 Day of confirmed mating = GD 0.

Number/sex/group: 27/pregnant females/group
Route, formulation, volume, and infusion rate: IV administration, vehicle was
0.9% sodium chloride, volume administered was 4 ml/kg.
Satellite groups used for toxicokinetics: 5 rabbits from each dosing group were
selected randomly and sacrificed on GD 19 to determine levels of BMS-188667 in
maternal and fetal serum.
Study design: BMS-188667 was administered intravenously once daily to
presumed-pregnant rabbits at doses of 0, 10, 45 and 200 mg/kg on gestation days
7,10, 13, 16 and 19. The control group was administered 0.9% sodium chloride
for injection, USP by the IV route. Five rabbits/group were sacrificed after dosing
on GD 19 and blood samples were collected from the dams and the fetuses. On
day 29 of gestation, the rest of the dams were sacrificed and the litters were

~ delivered by cesarean.
Parameters and endpoints evaluated: The dams were evaluated for survival
(twice/day), abortion and premature delivery (daily), clinical observations (daily)
body weight changes and food consumption (on GD 0, GD 7 and daily for the rest’
of the study). On GD 29, rabbits were sacrificed, cesarean-sectioned and the intact
gravid uterus (including ovaries) was weighed. Corpora lutea, implantation sites,
early and late resorptions and live and dead fetuses were noted. Placenta was
examined grossly for alterations. Fetuses were individually weighed, and
evaluated for gender, body weight, gross external alterations and visceral or
skeletal alterations. Thymus specimens from 2 treated fetuses, one from the low
dose group and the other from the high dose group, and 3 control fetuses were
evaluated microscopically.

Results

Mortality (dams): No drug-related deaths or abortions were observed.

Clinical signs (dams): No drug-related clinical signs were observed.

Body weight (dams): No drug-related effects were observed.

Food consumption (dams): No drug-related effects were observed.

Toxicokinetics: BMS-188667 was present in both maternal and fetal sera on GD 19
demonstrating that BMS-188667 is transferred from the does to the fetuses. However, the
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exposure in does and fetuses were not proportional to dose. Values are listed in the table

below.
Dadly Dose _ BMS-188657 Consentration (Le/ml)

Gronp BMS- 188667
Mamnbrer {mgtpiday) Mufernal Serum Fetal Serum
2 1D Mesn (§DY 2087  (2798F s {07
3 43 Muoas ($D3 9897 (162.7) 1107
4 200 wean (SD§ 72612 (3699.7} 43 (17

(Table was copied from the submission)

Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and
post-implantation loss, etc.): No drug-related gross lesions were observed at maternal
necropsy.

Offspring (malformations, variations, etc.): No drug-related’ changes m the fetuses
were noted at any dose level tested. Mottled red discoloration of the thymus was noted in
2 treated fetuses (one at 10 mg/kg and one at 200 mg/kg), however microscopical
examination revealed mild, multifocal congestion/hemorrhage that was attributed to
necropsy techniques or dissection artifact and not drug-related.

Prenatal and postnatal development

Study title: BMS-188667: Intraveneous Study of Pre-and Postnatal Development in
Rats

Key study findings: There were no effects of BMS-188667 seen on the Fo-generation
dams at any dose level tested or on the F;-generation rats at the 10 and 45 mg/kg dose
levels. Drug related inflammation of the thyroid in one rat and an increase of the T-cell-
dependent antibody response were seen at the 200 mg/kg dose level in the F;-generation

female rats.

Study no.: DN01060 _
Volume #, and page #: Electronic submission
Conducting laboratory and location: ©
g
Date of study initiation: May 29, 2001
GLP compliance: Yes except for the ANA assay, splenic lymphocyte and NK-cell
phenotyping and antibody detection in milk.

QA reports: Yes
Drug, lot#, and % purity: Batch # C00196, Lot # J1A612, purity, NA

Methods ' ‘
Doses: 0, 10, 45, and 200 mg/kg every 3 days from day 6 of gestation through day

21 of lactation.
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Species/strain: Rats/ — CD®(SD)IGS VAF/Plus® ¢
. J

Number/sex/group: 25/pregnant females/group
Route, formulation, volume, and infusion rate: Intravenous, Lyophilized BMS-
188667 for injection reconstituted with 5% Dextrose for injection, USP. Vehicle
was 5% Dextrose for Injection. Dose volume was 10 mg/kg.
Satellite groups used for toxicokinetics: 10 rats/group were assigned to the
study for evaluation of BMS-188667 content and specific antibodies in maternal
milk and serum on day 12 of lactation.
Study design: BMS-188667 was administered 1ntravenously to pregnant rats
(25/group) approximately every 3 days from GD day 6 through day 21 of
lactation at doses.of 0, 10, 45 and 200 mg/kg. Satellite groups of 10 rats/dose
were assigned to the study for evaluation of BMS-188667 content and specific

~ antibodies in maternal milk and serum on day 12 of lactation. All dams were
allowed to deliver naturally. On day 21 of lactation, randomly selected F;-
generation pups from each litter were continued on the study (subset 1-5) while
Fo-generation and the rest of F;- generation were sacrificed.
Parameters and endpoints evaluated: All Fo-generation rats were observed for
viability, clinical signs, abortions, premature deliveries, deaths, body weights, and
food consumption. F;-generation pups were observed for viability, clinical
observations and body weight during lactation. F;-genaration rats were observed
post weaning for viability, clinical signs, body weights, and food consumption.
Fi-generation rats assigned to Subset 1 were evaluated for drug and anti-drug
antibody levels on postnatal day 21. Subset 2, 3, and 4 rats were evaluated for
immunological parameters, as well as drug and anti-drug antibody levels on

+ postnatal days 56, 63 or 112. Subset 5 rats were evaluated for sexual maturation,
sensory perception, motor activity, learning memory, and reproduction.
Immunological evaluation included T-cell dependent antibody responses on
postnatal day 56 and splenic lymphocyte and NK-cell phenotype and serum
immunoglobulin levels on postnatal day 63. In addition, the presence of anti-
nuclear antibodies, serum immunoglobulin levels, clinical pathology, and
histopathology of lymphoid organs (lymph nodes, spleen, thymus, and bone
marrow) as well as the kidney, thyroid gland, pancreas, stomach, and
testes/ovaries were evaluated on postnatal day 112.

Results

F, in-life: There were no drug-related maternal deaths or clinical signs at any dose level.
There were no drug-related changes in maternal body weights, body weight gains or food
consumption. There were no drug-related effects on any natural delivery endpoints.

- Fg necropsy: There were no drug-related necropsy observations at any dose level.

F; physical development: All F)-generation rats survived to 11écropsy. There were no
clinical signs or necropsy observations in males or females at any dose level. A
statistically significant increase in the incidence of tail constrictions was only observed in
males at 45 mg/kg therefore it was not considered drug related. No drug-related changes
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in body weights, body weight gains or food consumption were seen. No changes in
absolute and relative weights of the testes and epididymides in the F;-generation male

rats were seen.

Fo and F; drug content in milk and serum: BMS-188667 was present in maternal
serum and milk on day 12 of lactation. Dose-dependent levels of BMS-188667 were seen
in pup serum of Fi-generation on postnatal day 21 but were not evident on day 63.
However, there was no evidence of BMS-188667-specific antibodies in maternal milk or
serum on day 12 of lactation or in pup serum on postnatal days 21, 62 or 112.
.Concentrations of BMS-188667 in maternal serum and milk are listed below.

Dose Group : 10 mg/kg 45 mg/kg 200 mg/kg
Serum Milk Serum Milk Serum © Milk
(ng/mi) (ng/ml) (pg/ml) (ug/ml) (ng/mi) (ng/ml)

Mean (SD) 69.6(9.3) | 6.15(1.33) 299(39.9) | 28(9.08) 1726(237) 135(28.8)

Concentrations of BMS-188667 in Pup serum on Day 21 postpartum are listed below.

Dose Group 10 mg/kg 45 mg/kg 200 mg/kg

Male Female Male Female Male Female

(ugmb) | (ug/mD | (ugmb) | (g/mb | (ugml) | (ug/ml)
Mean (SD) | | 1.86(1.56) | 2.06(1.34) | 8.20(5.97) | 7.36(3.72) | 21.7(14.2) | 30.6(15.5)

F; behavioral evaluation: There were no drug~relate_;d changes in the F;-generation rats
for motor actiyity, auditory startle, and water maze learning and retention.

F; reproduction: There were no drug-related changes in the age of preputial separation
in Fy-generation male rats or vaginal patency in female rats. Mating and fertility
parameters were unaffected.

F,-generation immune function endpoints: There were no drug-related changes in
splenic-lymphpcytes and NK-cell phenotype, serum IgM or IgG levels and antinuclear
antibodies in Hj-generation pups. A drug-related increase in T-cell dependent antibody
response to KILH was observed in Fi-generation female pups from high-dose dams. The
increase was approximately 8.7 fold greater than the control females and 3 fold greater
than the corresponding high-dose male pups.

Fi-generation|histopathology and clinical chemistry endpoints: There were no drug-
related changes in the clinical chemistry parameters measured. Diffuse chronic
inflammation of the thyroid gland was seen in one F;-generation female rat in the high
dose group. This finding was described as multifocal with lymphoplasmacytic 1nﬁltrate
of possible autpimmune origin and was considered drug related
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F, findings: There were no effect on caesaréan—sectioning parameters in the Fi-
generation dams or the F,-generation litters. There were no drug-related fetal g—ross
external alterations in the F,-generation fetuses

Other reproductive and developmental toxicity studies: Toxicokinetics

Studies are summarized below as presented by the sponsor.

Method of Sty No.f
Species/ Administration Dosing Treens fo : No. per N taseatiie i Boerment
Sjtra-'ln {Vehicle/ 'l"er.ia(% Doses {inglkg) Group Noteworthy Findings Contrgl
Foratulation) ) Namber
Rev/@KCD Inmravenwns,  GD6-15 4% and 200 mykg 16 Mean sysiwmic esposire (AUC) during gestation DNUINGS?
(8D) IGS BR BMSAIR8667  TK assessed a4l or 'zw mgfky provided exposure tgltiples of SINEO6ELS
iyophiled form G 15 8.99 or 29.51, respectively, compared 10 the
recanstituted exposura in htimans dosed monghty a1 the
with Sterile proposed dlinieal dose oF 10 mg'kg.
Waler for
Injeciion, USP 1o G 6,9, 12, Mean systentic expesires (AUC) ding lactation
produce 2 15, 18, 21, i 45 or 208 mafkig provided exposune malziples of
25 mgdml LD3,6,9, 199 ur 10:9], cespeciively, compared 1o the
foeniulation 12, TK expozare in hummns dosed mondty @ the
agsessed proposed clinieal dose o 1) maskg,
LD 32
Rablbir/ Intravenotis, G 2.10,13, 200 mifhy 3 The mean exposure (AUC) abmined in rabbiss DNG306H:
HsiNZW BMS-188667 16,1 9 K dosed every 3 days a1 200 mgiky provided an G30646449

tiyophiled Torm ;w.w:d
_seeonstinged Go 1o
will Sterile
‘Water {ur
Tnjeciion, USP 1o
. prothice
25 mym!
formulagicn

2.6.6.7 Local tolerance

eXpOSuie ’m‘uhiple ol 29.1 commred to the
exposuse in vh doid aridrids patients dosed
maenrthly 508 propesed isical dose of 10 mgike.

The following local tolerance studies performed have been reviewed and are summarized

below as presented by the sponsor.

; ) Gender Sy No
s G Method of Dases : ‘Q indi ey S50
SpeciesiSirain N (;I)llf:li::ﬂ:li('ﬂl v(méx ) and Noteworthy Findings Docaninemy
Adminige imgrky No. per Group Control Nainbey
BMS.168667; Intravenens Smg 3 Pacavensus injeclion of abatacept a1 2 ma resulied in
Sinvhe-Dose v . it mal 4 4
511\9.1.: D‘ML Tntesarterisl 5mg winimal Seritation {mieimal dermal hemorshage and
Jursvenous, ; mmonuslul-cnll infiltration). dntesvenois or intrasnerial
Totvaarteriad, and Paravenois 2 g njection of abatacept ot 3 mg did not c ificantly
Paravenmis greater rdtation thim saline. No cliniesl signs of irritation
Tolerance Stidy wiere noied ab any ijection sie.
in Rabbits

RabbiHsNZW

BMS- 1886672 Sulbeotaneons 200 mytke M1y, Fl1g
Two-Week

Onee every 2 days

Internvitten-[ose for ttal af7 doses

Svibcutanesus
Treation and
Comparative
Tosicokinetic
Study in Rats

Rat/Hzd:SD

Minimal o mederste subestancous iritetion a2 injection 9661S!
sites absersed histopathodogically. Thisinflummiatiog was
considered 10 be talerable, and 4 iliar 10 that

observed in cardier sudy with the present infcal
sibcutancous Rornmlation,

SISO
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BMS- 188667 and
BMS-224818:
Single-Dose
Subeutatimss
Explomtory
Compargtive
Teritation Stady ia
Rars

Ray’Sty

Subeataneous
BNIS-188687 in 100 mg
four madilied
Tormuhnions
PMS2248 14 in 40 mg

ane formulation

Ma

2.6.6.8 Special toxicology studies

BLA No. 125118

Single subowaneous injestions of 104 mg of shatacupt

D8O3H19/
(BMS-188667) or 40 mg of BMS-224813 did not cause YIOG04100
camneous irtiiation beyond that shserved in velicle-

tented riues, and no sigoifeani differences were noted
between formutdations.

Speciesf Methot of Deeation of

Doses

Gender and

Swdy Noo/

i Nofeworthy Findings Docanment
Stentn Adntinisteation Dosing {mglkg)  No. per Gronp B “ ’ Contept
Number
g
toteavensus Single dose 0,36 Fiorgroup for 36 mafke - No clinic) sians of taxicity. Lowor tisal leskocyte Y2643/
' ) toxiciy and cotmi (iymphocyies) on disys 2 amt § compared to controls. No  91004:4304
immunomedulation  significant drug-refated changes in clinicat-chem
ABHSASMENT parsmetens, ciccalating 1aG or g fevels, o effects on relative
Suwoupsacdficed  mumber of lvmphacyie sab. popalations {Twcslly, T-helper cetls
ondays2and®  or Teevioroxichuppresser celts). No change b i
FrAroup? s_})llenicr"i'- o Q‘_"?Hs 10 fw ;\:mivn’red m Beelis |.t|’d»|‘ierenﬁ'am
AR [ yedobrilin pre ion, ex ¥ivo. Dala sy,
Himepaint icn’_ abaavept is not overlly wxic to lemphocytes or The immune
pharmacokinetiocs s ’ ~ ‘
evaluation sysiem.
Mouse!  Imravenons 5 days und 0 713 5 2meke - No drugerelated deatls, Teansient decreased octiviey 92673/
@6C310 chalienze on : - and rapid brombing swere ohserved in mice that received a YIHO3A053
day 26 challenge dose 3 weeks uiter completion of weatosen, bu
plams resolved within ¥ hr, These ellecis mag have been
the cestin of abatacepl-speciiic mtibodics thay were observed
by day 19, Minimal changes in ex vive immune panmmeters
{reversiby wihanced F-cell nitogenic respense and deereased
patsetvnal 160 preductior).
Maoikey? frmvenans 7 duys o577l MIF)
cynpmolgs
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2.6.7 TOXICOLOGY TABULATED SUMMARY

Toxicology tabulated summary of studies as provided by the sponsor are available
at EDR.

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions: The results of the nonclinical toxicology studies submitted by the sponsor
adequately support the approval of abatacept (BMS-188667) for use in rheumatic arthritis
patients. The effects observed in the nonclinical studies reflect the intended '
pharmacological effect of the product. The main concern identified during nonclinical
testing was.an increase in the incidence of malignant lymphomas and mammary gland
tumors (in females) in the mouse carcinogenicity study. The increased incidence of
lymphomas and mammary tumors observed in mice treated with abatacept (BMS-
188667) was associated with the decreased control of murine leukemia virus and mouse
mammary tumor virus, respectively, in the presence of long-term immunomodulation. No
mutagenic potential of abatacept and no chromosomal aberrations in human lymphocytes
with abatacept were observed in a battery of in vitro genotoxicity studies. These findings
support the conclusion by the sponsor that the increased malignancies in this study were
secondary to long-term induced immunosuppression and the control of these specific
oncoviruses. These concerns have been discussed with the clinical review staff and are
being addressed through labeling and/or post-marketing commitments.

Unresolved toxicology issues (if any): There were no unresolved toxicology issues.

Recommendations: None

Suggested labeling: See recommendations on labeling on page 5.

70



. Reviewer: Hanan Ghantous . BLA No. 125118

Signatures (optional):

Reviewer Signature IIL /} ‘ O/[ «\/1/ """ —

Hanan Gh@;tous, PhD, DABT

Supervisor Signature "/ 2y (@ , Moncunence Yes ¢ No

Martin D. Green, PhD

APPENDIX/ATTACHMENTS
None

71



	125118_S0000_P-T_Page_17.pdf
	page1
	images
	image1
	image2
	image3
	image4
	image5
	image6






