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1. Executive Summary

On 01 May 2010, the FDA issued a Complete Response (CR) Action to the Nulojix®
(belatacept) Biologics License Application, citing Clinical, Product Quality, Product Quality
Microbiology, and Facility Inspection deficiencies as the reasons for the CR action. To address
these deficiencies, the sponsor provided responses that included the 36-month study reports from
the Phase 3 trials, the revised Risk Evaluation and Mitigation Strategy (REMS) which includes a
Medication Guide for patients and a Communication Plan for health care professionals, and the
revised protocols of the three proposed postmarketing (observational/registry) studies.

Although both the More-Intensive (MI) and the Less-Intensive (LI) regimens of belatacept were
evaluated in the two Phase 3 trials, the sponsor is seeking approval of the LI regimen because of
its more favorable efficacy and safety profile. To mitigate the risk of Post-transplant
lymphoproliferative disease (PTLD) development, it is proposed that the use of the belatacept LI
regimen be contraindicated in kidney transplant recipients with EBV-negative or unknown
serostatus.

1.1 Recommendations

Overall, the Clinical Pharmacology information presented in this submission is acceptable to
support the approval of Nulojix® (belatacept) LI for the proposed indication of prophylaxis of
organ rejection and preservation of functioning allograft in adult patients receiving kidney
transplants, provided that satisfactory agreement is reached between the sponsor and the FDA
regarding language in the package insert.

1.2 Post-Marketing Commitments

None.

1.3 Comments for Sponsor Regarding Ongoing and Future Clinical Trials

1.3.1. Collection of IgG concentration data

IgG concentration is a potential pharmacodynamic biomarker of the level of total or aggregrate
immunosuppression in belatacept treated patients. Based on the findings of the Clinical
Pharmacology reviewer’s exploratory analyses, I[gG concentrations less than the lower limit of
the normal range (<694 mg/dL) may have contributed to the incidence of adverse events in
belatacept treated patients in the Phase 3 trials, particularly PTLD/CNS PTLD and PML. The
sponsor should collect additional information in ongoing/future clinical trials to better understand
the impact of low IgG concentrations on the risk of PTLD/CNS-PTLD, PML, and other serious
adverse events in belatacept treated patients.

1.3.2. Collection of data on usage of concomitant non-study medications

Regarding the sponsor’s proposed Post-Marketing Study IM103075ST, we note that the type and
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the duration of antibody induction medications and other concomitant anti-rejection and
maintenance immunosuppressive medications will be recorded. We recommend recording also
the type and the duration of antiviral/antimicrobial agents used for prophylaxis or treatment of
infections in this study. Additionally we recommend that you include, as a secondary study
objective, the assessment of the concomitant therapies, including lymphocyte depleting therapy,
as independent risk factors of PTLD/CNS-PTLD development in belatacept treated patients.

1.4  Summary of Additional Clinical Pharmacology Findings

In the Phase 3 trials, the IgG, IgA, and IgM concentrations were measured, per protocol, at
baseline (immediately prior to transplant), and at Months 6 and 12 post-transplant. The sponsor
reported that at Month 12, the mean reductions from baseline IgG, IgA, and IgM concentrations
in belatacept-treated patients were greater than in cyclosporine-treated patients. However, low Ig
levels at Month 12 were not associated with the frequency of serious infections and
malignancies.

The Clinical Pharmacology reviewer’s exploratory analyses indicate that belatacept-treated
patients with IgG concentrations below the lower limit of normal (IgG<694 mg/dl) at Month 6
post-transplant had higher rates of adverse events (CNS-associated PTLD and infections, serious
infections, malignancies, lower mean measured and calculated GFR, and death) at 36 months or
at database lock, as compared to patients with normal IgG at Month 6. The following lines of
evidence suggest that IgG is a potential pharmacodynamic biomarker of the level of total or
aggregate immunosuppression in belatacept-treated patients: (1) The mean reduction from
baseline IgG concentrations at Month 6, and the percentage of patients with IgG<LLN at Month
6 were greater with belatacept MI (the non-recommended regimen) than belatacept LI (the
recommended regimen). (2) The IgG concentration-time profile reflects the time course of
belatacept dosing, i.e., [gG concentrations were highest at Month 0, and lowest at Month 1 to 3
post-transplant. (3) There was a trend of decreasing IgG concentrations at Month 6 with
increasing belatacept trough concentrations at Month 6. (4) The IgG concentrations at Month 6
were lower in belatacept-treated patients who also received -- for the treatment of acute rejection
episodes -- supplementary immunosuppressive therapy (pulse steroids and/or thymoglobulin)
during the 1* 6 months post-transplant.

The 36-month PK data in the Phase 3 trials indicate that the post-Month 12 mean belatacept
trough concentrations did not significantly change as compared to Month 12 trough
concentrations. This finding is expected given that the belatacept LI and MI patients (who
participated in the long-term extension starting after Month 12 of the Phase 3 trials) received
maintenance belatacept therapy equivalent to 5 mg/kg every 4 weeks.

Based on the sponsor’s assessment of the 36-month data in the two Phase 3 trials, there was no
significant change from 12-month efficacy and safety profiles of belatacept LI (the recommended
belatacept regimen) compared to cyclosporine (CsA), with the exception of a higher rate of late-
onset tuberculosis (that was attributed to patients originating from endemic areas) in belatacept
LI versus CsA. At the 36-month follow-up, belatacept LI still demonstrated a comparable patient
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and graft survival, and a higher renal function (¢GFR) than cyclosporine. However, compared to
CsA, belatacept LI showed a higher incidence of acute rejection and higher-grade acute rejection
that mostly occurred during the first 6 months post-transplant; patients with acute rejection had a
higher incidence of patient and graft loss, and lower cGFR. Additionally, the higher rate of PTLD
in belatacept LI than CsA remains an important safety finding. Based on the sponsor’s post-hoc
analysis, the results in the overall study population were comparable to that in the EBV-
seropositive subpopulation for which belatacept LI therapy will be indicated. Because there was
no significant change in the efficacy and safety profile of belatacept at the Month 36 assessment,
the Clinical Pharmacology reviewer did not perform additional exploratory PK-efficacy and PK-
safety analyses beyond that done with the original BLA submission data.

Based on the recommendation of the OCP Genomics Review Team, the protocol of
Postmarketing Study IM103075ST was amended to include, as a secondary objective, the
assessment of recipient and donor CMV serostatus at the time of kidney transplant as an
independent risk factor of PTLD development in EBV-seropositive transplant patients receiving
belatacept therapy.
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2. Question Based Review

2.2.  General Clinical Pharmacology

2.2.1. What are the design features of the clinical pharmacology and clinical studies used
to support dosing or claims?

Two Phase 3 clinical trials, IM103008 and IM103027 evaluated the efficacy and safety of the
more intensive (MI) and less intensive (LI) dosing regimens of belatacept in de novo renal
transplant patients, in comparison to cyclosporine. Both Phase 3 trials are multicenter,
randomized, and were blinded with respect to belatacept regimen. The patients in IM103008
received kidneys from standard-criteria donors (SCD), whereas those in IM103027 received
kidneys from extended-criteria donors (ECD). The adjunctive immunosuppressive therapy used
in the belatacept treatment and cyclosporine control arms consisted of basiliximab induction,
mycophenolate mofetil (MMF), and corticosteroids.

Although the following two belatacept regimens were evaluated in Phase 3 trials, the less-
intensive (LI) regimen is being proposed for approval.

* The MI regimen of 10 mg/kg of belatacept given IV on Day 1 (the day of transplantation, prior
to implantation), Day 5, 14, 28, 42, and 56, and then every 4 weeks through 6 months after
transplantation. Starting at Month 7 after transplantation, belatacept was administered at 5
mg/kg IV monthly.

* The LI regimen of 10 mg/kg of belatacept given IV on Day 1 (the day of transplantation, prior
to implantation), Days 5, 14, 28, Month 2 and Month 3, and then at 5 mg/kg IV monthly starting
at Month 4 after transplantation.

2.2.2. What is the basis of the dosage regimen selection?

The overall efficacy of belatacept was similar between the less intensive (LI) and more intensive
(MI) dosing regimens, with some suggestion of a more favorable safety profile with the LI dosing
regimen. Therefore, the LI dosing regimen is the recommended dosing regimen for belatacept.

2.2.3. What are the clinical endpoints used to assess efficacy in the pivotal clinical efficacy
study? What is the clinical outcome in terms of safety and efficacy?

As per the sponsor’s assessment, there were no remarkable changes in the efficacy and safety
profile of belatacept at the 36-month follow-up, except with respect to the higher incidence of
late-onset tuberculosis (TB) attributed to cases from areas of high TB endemicity. Following is a
summary of the sponsor’s 36-month assessment of belatacept efficacy and safety in Study
IM103008 (Tables 1 and 2); the findings in this study reflected the findings in IM103027.




Efficacy:

Table 1. Efficacy Outcomes in Study IM103008 up to Month 36 post-transplant

Key Efficacy Outcomes
Belatacept MI Belatacept LI CsA
N=219 N =226 N=221
Subject and Graft Survival (n, %)
Month 12° 209 (95.4) 218 (96.5) 206 (93.2)
Difference from CsA (97.3% CI) 22(-2.9,7.5) 32(-15,84) -
Graft Loss (n, %) 4(1.8) 52.2) 8 (3.6)
Death (n, %) 6.7 4(1.8) 732
Imputed as Graft Loss or Death 0 0 1(0.5)
Month 24° 206 (94.1) 214 (94.7) 200 (90.5)
Difference from CsA (97.3% CI) 3.6(-2.2,9.6) 4.2(-1.3,10.1) -
Graft Loss (n, %) 732) 5Q2.2) 8 (3.6)
Death (n, %) 732 8(3.5) 13 (5.9)
Imputed as Graft Loss or Death 0 0 1(0.5)
Month 36 (from current CSR) 202 (92.2) 208 (92.0) 196 (88.7)
Difference from CsA (97.3% CI) 3.5(-2.8,10.0) 3.3(-2.9,9.8) -
Key Efficacy Outcomes )
Belatacept MI Belatacept LI CsA
N=219 N =226 N=221
Graft Loss (n, %) 10 (4.6) 9(4.0) 10 (4.5)
Death (n, %) 9(4.1) 10 (4.4) 15 (6.8)
Imputed as Graft Loss or Death 0 (0.0) 0(0.0) 1(0.5)
Mean (SD) measured GFR with Imputationb (mL/min/1.73 mz)
Month 12° 65.0 (30.0) 63.4 27.7) 50.4 (18.7)
Estimated diff. from CsA (97.3% CI) 14.6 (8.9, 20.4) 13.0(7.3, 18.7) -—
P-Value <0.0001 <0.0001
Month 24° 65.0 (27.2) 67.9 29.9) 50.5 (20.5)
Estimated diff. from CsA (97.3% CI) 14.5 (8.5, 20.5) 17.4(11.5,23.4) ---
P-Value <0.0001 <0.0001 -—
Month 36 (not performed per protocol) -=- --- ==
Mean (SD) ¢GFR with [mputationc (mL/min/1.73 mz)
Month 12° 65.2 (23.5) 65.4 (22.9) 50.1 21.0)
Difference from CsA (97.3% CI) 15.1 (10.1,20.1)  15.3(10.3,20.3) -
Month 24* 65.5(24.8) 65.4 (25.2) 47.9 23.0)
Difference from CsA (97.3% CI) 17.6(12.0,23.3) 17.5(12.0,23.1) o
Month 36 65.2 (26.31) 65.8 (27.00) 44.4 (23.58)
Difference from CsA (97.3% CI) 20.8(14.8,26.9) 21.4(154,274) -
Acute Rejection (n, %)d
Month 12° 49 22.49) 39(17.3) 16 (7.2)
Difference from CsA (97.3% CI) 15.1 (7.9 22.7)" 10.0(3.3,17.1) -
Month 24° 53 (24.2) 39(17.3) 20 (9.0)
Difference from CsA (97.3% CI) 15.2 (7.5, 23.0) 82(1.2,154) -
Month 36 (from current CSR) 53 (24.2) 39 (17.3) 21 (9.5)
Difference from CsA (97.3% CI) 14.7 (7.0, 22.6) 7.8(0.6,15.0) -
* Month 24 CSR.
b

ion Method: No imputation for subj with graft loss or death, however, if a value was

available, it was used in the analysis. For other missing data, measured GFR at other time-points or

¢GFR at the same time point was used to impute the missing values at Month 12 or 24.

¢ For missing data due to graft loss or death, cGFR after graft loss or death was imputed as 0 (primary

analysis) by Month 36.

Acute Rejection is defined as central biopsy proven rejection that was either (1) clinically suspected by

p I defined or (2) clinically

€ The 20% non-inferiority margin was not met in the belatacept MI group.

pected by other and treated.




"EFFICACY RESULTS: All endpoints described below were evaluated in the ITT population. The general
efficacy profile at Month 36 remained consistent with that observed at Month 24.

Death and Graft Loss:

e Comparable rates of death (4%, 4%, and 7%, respectively) and graft loss (5%, 4%, and 5%,
respectively) from transplantation up to Month 36 were observed across the belatacept MI, LI, and
CsA treatment groups, respectively.

o Subjects receiving belatacept experienced a delay in the time to progression to advanced renal

dysfunction (CKD Stage 4 or 5), graft loss, or death as compared with subjects treated with CsA. By 3
years after transplantation, approximately 25% CsA subjects and 10% of belatacept subjects had
reached this endpoint.

Acute rejection (AR):

e Up to Month 36, AR occurred in 24% (MI), 17% (LI), and 10% (CsA). Most cases of AR occurred by
Month 6. More cases of AR were classified as Banff grade IIb and III in the MI (11%) or LI (5%) than
in the CsA group (1%). After Month 24 no new cases occurred in MI or LI; 1 new case occurred in the
CsA group.

o  Through Month 36, there were comparable rates of the composite endpoint of biopsy-proven acute
rejection (BPAR), death, graft loss, and loss to follow-up between treatment groups.

Renal Function;

e  The difference in renal function, as assessed by cGFR, between belatacept and CsA seen at Months 12
and 24 was maintained; at Month 36 differences between both belatacept groups and CsA were

~ 21 ml/min/1.73 m2. Measured GFR was not obtained at Month 36 according to the protocol.

e The annual rate of change in c¢cGFR from Month 3 to Month 36 was 1.0, 1.2 and
-2.0 mL/min/1.73 m2/year for the belatacept MI, LI, and CsA groups, respectively.

e  Chronic kidney disease stage based on ¢cGFR at Month 36 showed greater proportions of subjects with
Stage 1 and 2 and fewer subjects with Stage 4 and 5 in the belatacept groups compared with CsA.

Impact of AR by Month 24 on outcomes up to Month 36:

¢  The overall rate of death by Month 36 in subjects with AR was 9% (5 subjects) in belatacept MI, 13%
(5 subjects) in belatacept LI, and 0% in CsA; in subjects without AR the rate was 2% (4 subjects) in
belatacept M1, 3% (5 subjects) in belatacept LI, and 8% (15 subjects) in CsA.

e The overall rate of graft loss by Month 36 in subjects with AR was 9% (5 subjects) in belatacept MI, '
13% (5 subjects) in belatacept LI, and 5% (1 subject) in CsA; in subjects without AR the rate was 3% f
(5 subjects) in belatacept MI, 2% (4 subjects) belatacept LI, and 5% (9 subjects) in CsA.

e Renal function (cGFR as observed or with imputation) at Month 36 was lower in subjects with AR
than without AR in all treatment groups.

Metabolic effects:

e  Comparisons between the belatacept groups and the CsA group were statistically significant favoring ‘
belatacept for Total-C, non HDL-C, triglycerides and LDL-C. |

o  There was significantly less antihypertensive medication usage in the belatacept groups compared with
the CsA group. At Month 36 SBP was lower in the belatacept MI and LI groups versus CsA by 8 and 6
mmHg, respectively. Diastolic BP was lower in the belatacept MI and LI versus CsA by 3 and
4 mmHg, respectively.

e No statistically significant differences between the belatacept groups and CsA in NODM were
observed at Month 12, Month 24 or Month 36.




Safety:

Key Safety Results: -Randomization up to Month 36

Table 2. Safety Outcomes in Study IM103008 up to Month 36 post-transplant

MI LI CsA
N=219 N =226 N=221

Overall Summary- n (%):

Deaths 9(4.1) 10 (4.9 15(6.8)

SAEs 133 (60.7) 131 (58.0) 150 (67.9)

Related SAEs 62 (28.3) 50(22.1) 68 (30.8)

Discontinued Due to SAEs 13(5.9) 14(6.2) 18 (8.1

AEs - 218 (99.5) 225 (99.6) 219 (99.1)

Related AEs 141 (64.4) 150 (66.4) 180(81.4)

Discontinued Due to AEs . 16 (7.3) 16 (7.1) 31 (14.0)

Events of Clinical Interest -n (%):

Malignancies 18(8.2) 10 (4.4) 12(5.4)
PTLD (up to DBL) 3(1.4) 2(0.38) 1(0.5)

Tuberculosis 4(1.8) 2(0.9) 1(0.5)

Fungal Infections 50 (22.8) 46 (20.4) 45 (20.4)

Viral infections 84 (38.4) 86 (38.1) 81 (36.7)
CMYV infections 22 (10.0) 26(11.5) 25(11.3)
Polyoma virus infections 18 (8.2) 10 (4.9) 18 (8.1)
Herpes Infections 29 (13.2) 26 (11.5) 21 (9.5)

Key Safety Results: -Randomization up to Month 36
MI LI CsA
N=219 N=226 N=221

Auto-immune Events 1 (0.5) 3(1.3) 6 (2.7

Pulmonary edema or CHF 11(5.0) 94.0) 11 (5.0)

Thrombotic and embolic events 18 (8.2) 14 (6.2) 13(5.9)

Population: All Randomized and Transplanted Subjects.

SAFETY RESULTS: The following summarizes the safety findings for this addendum:
e  The general safety at Month 36 profile remains consistent with that observed at Month 24.

o  The rates of death, SAEs and AEs leading to discontinuations were lower in both belatacept groups
relative to the CsA group.

o  The incidence rates of all malignancies, all malignancies excluding non-melanoma skin cancers, and
non-melanoma skin cancers remained relatively stable through database lock. Incidence rates of
malignancies up to database lock were lower in the LI group than either the MI or CsA groups, driven
primarily by a lower incidence of non-melanoma skin cancer.

- By Month 36, 3, 2, and 1 subjects in the belatacept MI, belatacept LI, and CsA groups had PTLD;
this includes 2 PTLD events that occurred after Month 12. There were no PTLD events reported
after Month 18 in this study.

e  The overall proportion of subjects with infections was comparable. The annual incidence rates of viral
and fungal infections decreased over time in all 3 treatment groups. Imbalances are described below:
—  The incidence rate of BK polyoma viral infections up to database lock was lower in the belatacept
LI group compared with the other groups.

— The incidence rate of herpes infections up to database lock was higher in the belatacept groups
compared with the CsA group.

—  The incidence rate of fungal infections up to database lock remained higher in the belatacept MI
group compared with both the belatacept LI and CSA groups.
e A total of 7 subjects developed TB by Month 36: 4 (MI), 2 (LI), and 1 (CsA). One (MI) and 2 (LI)
subjects developed TB after Month 24; 1 of the belatacept LI cases had been previously reported in the
Month 24 CSR.




e The proportions of subjects in all 3 treatment groups with thrombotic/embolic events, pulmonary
edema, heart failure, and proteinuria by Month 36 were comparable; few events occurred post-Month
12. '

e By Month 36, few subjects in all 3 treatment groups reported autoimmune events: 3%, 3%, and 2% in
the belatacept MI, LI, and CsA groups, respectively.

e The proportions of subjects with peri-infusional events by Month 36 were comparable in the
2 belatacept groups; most of these events were non-serious, unrelated to belatacept treatment
(investigator assessment), and did not lead to discontinuation.

2.2.4. Belatacept Trough Concentrations (Cirougn) Observed in Phase 3 Trials

Consistent with the use of 5 mg/kg every 4 weeks maintenance dosing starting at Month 4 of
Belatacept LI and starting at Month 7 of Belatacept MI therapy, the mean belatacept trough
concentrations were not observed to change significantly in LI after Day 112 and in MI after Day
168. Tables 3 and 4 show the summary statistics for belatacept Cirough IM103008 and IM 103027,
respectively.

Table 3. Mean and %CYV of Belatacept Trough Concentrations (pg/mL) in Study IM103008

LI and MI Regimens by Study Day

Study Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day
Day 5 56 70 84 112 168 252 280 308 336 364 532 728 896 1092

Geo
Mean 348 84 NR 70 68 35 35 33 35 37 34 36 41 50 47

L CV% 59 49 NR 54 53 59 81 68 62 63 63 55 55 54 62
N 208 197 NR 183 176 177 179 131 172 167 173 176 166 164 102
Geo
Mean 354 23.7 239 262 107 78 38 38 36 39 38 37 45 53 5.7
MI

CvV% 32 59 42 38 79 66 60 81 56 49 51 78 S8 65 57
n 202 194 176 190 174 171 171 129 164 164 162 159 152 150 97

Table 4. Mean and %CYV of Belatacept Trough Concentrations (pg/mL) in Study IM103027

LI and MI Regimens by Study Day

Study Day Day Day Day Day Day Day Day Day Day Day Day Day Day Day
Day 5 56 70 84 112 168 252 280 308 336 364 532 728 896 1092
Geo

Mean 357 96 NR 85 80 43 39 41 44 42 43 44 41 56 53
u CV% 31 60 NR 8 57 57 52 78 61 55 57 55 71 66 60
N 150 146 NR 139 130 131 126 119 120 119 114 110 107 104 95

Geo
Mean 383 264 272 277 129 93 42 42 44 44 41 43 48 56 6.0

CV% 54 40 34 64 46 46 61 55 55 52 54 58 102 63 86

n 155 151 136 141 128 136 130 119 121 124 119 109 112 101 89
Source: Table S.8.2.1
CV = co-efficient of variation; LI = less intensive; MI = more intensive; NR = not reported.
Belatacept was not dosed on Day 70 for subjects randomnized into the LI group.

MI
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2.2.5. Are there any pharmacodynamic parameters that could potentially impact the
clinical efficacy and safety?

In Phase 3 trials, the study protocol specified measurement of the concentrations of IgG, IgA, and
IgM at Month 0 (baseline, prior to transplant), and at Months 6 and 12 post-transplant; a smaller
subset of the patient population had immunoglobulin measurements at other times during the 36-
month study period. Based on the sponsor’s analysis of immunoglobulin (Ig) concentrations at
Month 12, there were greater reductions from baseline in mean IgG, IgM, and IgA concentrations
in belatacept-treated patients than cyclosporine-treated patients. However, the sponsor also stated
there were no associations found between these low Ig concentrations and the frequency of
serious infections and malignancies.

In the Clinical Pharmacology reviewer’s analysis, there was a statistically significant association
between the IgG concentrations at Month 6 and the incidence of CNS-PTLD and PML up to
database lock in belatacept (LI + MI) treated patients (Figure 1); the probability of these CNS
events increased with decreasing IgG concentrations, particularly at IgG concentrations below the
lower limit of normal (<LLN; <694 mg/dL). Furthermore, the incidence of CNS-PTLD and
PML in both belatacept LI and belatacept MI treatment arms was higher in the patients with
hypogammaglobulinemia (HGG; IgG<694 mg/dL) at Month 6 than in the patients with normal
IgG concentrations (NGG; Table 5).

(See the Executive Summary, 1.3.1. Comment for the Sponsor. See also 4. Individual
Submission Review A for the detailed findings of the analyses that explored the association
between hypogammaglobulinemia and belatacept PK, and CNS PTLD and CNS infections, in
addition to other clinical endpoints. '
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Figure 1. Plot of CNS PTLD and PML as a function of log-transformed IgG
concentrations at Month 6 in belatacept patients in the Phase 3 trials

CNS-PTLD or PML
(0or1)
>
4

IgG concentrations at Month 6

(p=0.0039)
Table 5. Proportion of Patients with CNS PTLD and PML up to database lock — n/N (%)
TREATMENT Hypogammaglobulinemia Normogammaglobulinemia
(HGG; 1gG<694 mg/dL) | (NGG; IgG =694-1618 mg/dL) | HGG/NGG ratio
Belatacept LI 1.1(1/95) ' 0.5 (1/204) 2.2
Belatacept MI 3.4 (4/118) 0.6 (1/174) 5.9
Cyclosporine 0 (0/86) 0(0/198) -
EXTRINSIC FACTORS

2.4.3 Drug-Drug interactions

2.4.3.1 Is there an in vitro basis to suspect in vivo drug-drug interaction?

Belatacept inhibits the production of cytokines in vitro (see Section 12.1 of the Nulojix USPI).
Cytokines may affect the mRNA expression of CYP450 metabolizing enzymes, which in turn
may result in alterations of the systemic concentrations of the co-administered drug that is a
CYP450 substrate (See the reviewer’s recommended language in Section 7.1 of the Nulojix
USPI).

2.4.3.2 What other co-medications are likely to be administered to the target patient
population?

In the clinical trials, the belatacept-based regimens also consisted of mycophenolate mofetil and
corticosteroids. In these clinical trials, additional medications were typically used by belatacept
treated patients to prevent viral infections (e.g., ganciclovir), and to treat acute rejections (e.g.,
lymphocyte-depleting agents).
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The use of lymphocyte-depleting therapy is a known risk factor of PTLD. In response to an
information request made by the Clinical Pharmacology reviewers, the sponsor reported that the
use of lymphocyte-depleting therapy (e.g., thymoglobulin) for the treatment of acute rejection
was associated with a higher incidence of CNS events (Belatacept MI), malignancies (Belatacept
LI), death or graft loss (Bela LI, M1, and cyclosporine), and lower calculated GFR (Bela LI, MI,
and cyclosporine). However, the sponsor considers the interpretation of the impact of
concomitant antibody product therapy on therapeutic outcomes of belatacept treated patients to
be challenging given the numerous confounding variables including co-morbidities and other
concomitant therapies.
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4. Individual Submission Reviews

A. Clinical Pharmacology Review of Sponsor’s Response to 10/1/2010 Information Request
Regarding IgG (SN-062, submitted on 08 December 2010)

I. BACKGROUND:

Belatacept is a fusion protein that is partially derived from the Fc portion of the modified human
IgGl .

On 01 October 2010, the Clinical Pharmacology reviewer shared with the sponsor the findings of
an exploratory analysis that evaluated the impact of hypogammaglobulinemia (HGG; IgG < 694
mg/dL) at Month 6 on the therapeutic outcomes in the belatacept Phase 3 trials (Reviewer’s
Tables 1 to 3). Based on the results, the belatacept LI and MI-treated patients with HGG at
Month 6 versus those with normal IgG concentrations (NGG, IgG > 694 mg/dL) had a higher
incidence of CNS-PTLD [2.1% (4/193) versus 0.3% (1/294)], PML [0.5% (1/193) versus 0%
(0/294)], serious infections [43.5% (84/193) versus 32.3% (95/294)] and malignancies [9.8%
(19/193) versus 2.7% (8/294)], acute rejections including high-grade acute rejections [20.7%
(40/193) versus 10.2% (30/294)], lower mean measured or calculated GFR, and death [6.2%
(12/193) versus 1.7% (5/294)].

The communication stated: The clinical implications of these findings with respect to use of
belatacept, or use of other immunosuppressant drugs in general, are not known. However, these
findings suggest that IgG titers (concentrations) may serve as a potentially useful biomarker of
undesirable outcomes of the immunosuppressant drug regimen, including belatacept, in kidney
transplant patients.

Additionally, the Clinical Pharmacology reviewer recommended that the sponsor perform further
exploratory analyses to investigate the potential influence of concomitant treatment with immune
globulin containing preparations (e.g., IVIG, thymoglobulin, cytogam) on the safety and efficacy
of belatacept and cyclosporine, as well as on belatacept trough concentrations in the Phase 3
trials.
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Table 1: Effect of Reductions in IgG Titers at Month 6 on the Incidence
of Serious Infections, CNS Events, and Malignancies Observed
in Phase 3 Trials (%n/N)

Treatment IgG Level at Serious Infections CNS Events” Malignancies

Group Month 6

Belatacept Less- Normal Range 30.49 0.61 1.83

Intensive (LI) (694-1618 mg/dL) (50/164) (1/164) (3/164)

Below LLN 39.08 2.30 5.75
(<694 mg/dL) (34/87) (2/87) (5/87)
Above ULN
(>1618mg/dL)

Belatacept Normal Range 34.62 2.31 3.85

More-Intensive (694-1618 mg/dL) (45/130) (3/130) (5/130)

(MI) Below LLN 4717 4.72 13.21

(<694 mg/dL) (50/106) (5/106) (14/106)
Above ULN
(>1618mg/dL)

Belatacept Less- Normal Range 32.31 1.36 2.72

Intensive (LI) (694-1618 mg/dL) (95/294) (4/299) (8/294)

and More- Below LLN 43.52 3.63 9.84

Intensive (MI) cow ; ; .

(<694 mg/dL) (84/193) (7/193) (19/193)
Above ULN
(>1618mg/dL)
Cyclosporine Normal Range 36 0 6.67
(694-1618 mg/dL) (54/150) (0/150) (10/150)

Below LLN 45.83 0 11.11

(<694 mg/dL) (33/72) 0/72) (8/72)
Above ULN 50 0.

(>1618mg/dL) (112) 0/2)

? total of CNS infections, CNS-PTLD, PML, and other CNS inféctions
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Effect of Reductions in IgG Titers at Month 6 on the Incidence

Table 2:
of Acute Rejections, Death, and Graft Loss Observed in Phase
3 Trials (%n/N)
Treatment 14G Level at Acute Rejections (AR)
reatmen gG Level a . )
Group Month 6 Total AR High g; ade Death Graft Loss
AR
Belatacept Less- Normal Range 9.15 2.44 0.61 3.05
Intensive (LI) (694-1618 mg/dL) (15/164) (4/164) (1/164) (5/164)
Below LLN 18.39 345 8.05 1.15
(<694 mg/dL) (16/87) (3/87) (7/87) (1/87)
Above ULN
(>1618mg/dL)
Belatacept Normal Range 11.54 6.92 3.08 0.77
More-Intensive (694-1618 mg/dL) (15/130) (9/130) (4/130) (1/130)
M) Below LLN 22.64 9.43 4.72 3.77
(<694 mg/dL) (24/106) (10/106) (5/106) (4/106)
Above ULN
(>1618mg/dL)
Belatacept Less- Normal Range 10.20 4.42 1.70 2.04
Intensive (LI) (694-1618 mg/dL) (30/294) (13/294) (51294) (6/294)
and More- Below LLN 20.73 6.74 6.22 2.59
Intensive (MI) (<694 mg/dL) (40/193) (13/193) (12/193) (5/193)
Above ULN
(>1618mg/dL)
Cyclosporine Normal Range 8.00 0.67 3.33 0.67
(694-1618 mg/dL)  (12/150) (1/150) (5/150) (1/150)
Below LLN 15.28 0 4.17 0
(<694 mg/dL) (11/72) 0/72) (3/72) (0/72)
Above ULN 0 0 0 50
(>1618mg/dL) (0/2) (072) 0/2) (172)

% Acute Rejection Grade IIB and higher
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II. SPONSOR’S RESPONSE:
A. Regarding IgG Concentrations and/or Low IgG Levels as Biomarker:

The sponsor acknowledged that it is plausible to consider IgG levels as a surrogate marker for
overall level of immunosuppression. However, the sponsor does not consider low IgG level as a
suitable surrogate biomarker for future adverse events because of its low positive predictive
value (PPV), i.e., <38% for serious infections, and <12% for CNS events, malignancies, death
and graft loss (see data in Table 4, as provided by the sponsor). Based on Table 4, there was a
greater frequency of serious infections, malignancies, and death in both belatacept LI and
belatacept MI-treated patients with IgG below LLN versus patients with IgG within the normal
range; the rate of CNS events up to Month 36 was only higher for belatacept MI (not LI and
CsA).

The sponsor did not include acute rejections in their analyses because most episodes occurred
before the Month 6 timepoint for IgG measurement. Likewise, renal function was not included in
the sponsor’s analyses because GFR is a continuous (rather than a binary outcome) variable.

B. Regarding the Impact of Concomitant Immunoglobulin Use on Belatacept PK, Efficacy
and Safety in the Phase 3 Trials:

Figures 2A and 2B show the observed belatacept trough concentrations in subjects in the Phase 3
studies who were treated with belatacept LI and belatacept MI, respectively. The circles represent
the belatacept trough concentrations subsequent to treatment with Ig-containing preparations
whereas the boxplots represent the belatacept trough concentrations in subjects who had not
received such treatment, or were observed prior to receiving such treatment. Co-treatment with
[g-containing preparations did not appear to have an effect on belatacept trough concentrations,
as indicated by the largely superimposed distributions of the circles with the boxplots.

To explore the effect of Ig-containing preparations on the efficacy and safety of belatacept, the
sponsor compared the results of clinical endpoints, stratified by use of at least 1 dose of antibody
product (Table 5). The use of antibody product was comparable for the belatacept MI and CsA
treatment groups and lower for the LI group (17.9%, 18.5% and 14.7%, respectively). The
majority of antibody product use was Thymoglobulin for treatment of AR. The results of the
analysis showed that the frequency of serious infection by Month 36 did not appear to be
impacted by use of antibody product in any treatment group. Additionally, for those who received
antibody product, an increased frequency of CNS events was observed in the MI group and an
increased frequency of malignancy in the LI group. These findings are consistent with the known
safety profile of Thymoglobulin, the most commonly used antibody product in the phase 3
clinical trials. Furthermore, the decreased mean GFR and increased frequency of death and graft
loss observed with the use of antibody product across all three treatment groups is consistent with
the observed impact of AR on renal function and graft survival. However, direct causality of
antibody products cannot be firmly established due to the potential role of other confounding
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factors such as diabetes, HTN and infections on these efficacy outcomes. Small numbers of
events and numerous confounding variables preclude definitive interpretation.

Regarding the role of concomitant immune globulin treatment on the resolution of acute rejection
or of an adverse event (e.g., serious infection), the sponsor stated: “Use of immune globulin
(antibody) products in the treatment of AR and DGF are standard practice in the care of renal
transplant recipients. ...the Phase 3 protocols recommended the use of such products in the
setting of Banff Grade IIb or higher AR, or anticipated DGF (CsA subjects only). The impact of
antibody products on the time to resolution of AR is unclear based upon a review of the literature.
Further, the increased immunosuppressive burden that results from their administration could
theoretically delay the time to resolution of events such as serious infections.” The sponsor
indicated that the mean/median duration (6 to 7 days) of antibody product use for each acute
rejection episode (regardless of biopsy grade) was comparable among the three treatments, and
that the longer median duration of AR in subjects who received LDT (MI: 22.5; LI 14.5; and CsA
25.0 days) versus those who did not receive LDT (MI: 13; LI: 12.0; and CsA: 14.5 days) is
consistent with clinical expectations.
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Figure 2A and 2B. Observed Belatacept Trough Concentrations in Phase 3 Trials (+/- [g Medication),
by Nominal Study Day (Top panel: LI Regimen; Botton panel: MI Regimen)

Q
0

60

40
|

Concentration [ug /mL]

20
!

O -
Nominal Day 5 56 84 168 364
% Prior Ilg Med 0.34 3.38 5.51 7.3 6.33

(n/N) (1/298) (10/296) (15/272)  (20/274) (15/237)
o |
@

Jo

~ s

= :

S

=

e o |

29

s

ey

<

7} :

2 |

881 N
o -]

Nominal Day 56 70 84 168

S
% Prior g Med_ O 4.88 5.6 7.25 7.68 7.59
(n/N) (0/285) (14/287) (15/268) (20/276) (21/273) (18/237)

Source: /global/pkms/data/TM/103/C02/prd/fda.igg.response/sp/scripts/plot_cmin_ivig.ssc

Boxplots: Belatacept trough concentration distributions in subjects who had not received IG containing
treatment by the corresponding day. The boxes represent the median and inter-quartile range, and the
whiskers represent the 5th and 95th percentiles

Circles: Belatacept trough concentration values of subject who had received IG containing treatment prior
to the corresponding day.
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III. REVIEWER’S COMMENTS:

A. Regarding IgG Concentrations and/or Low IgG Levels as Biomarker:

1.

In the Phase 3 trials, the protocol-specified timepoints for measurement of
immunoglobulin (Ig) concentrations were Month 0 (baseline, prior to kidney transplant),
and Months 6 and 12 post-transplant. Consistent with the sponsor’s proposed labeling
statement in Section /2.2 Pharmacodynamics, there were greater mean reductions from
baseline in immunoglobulin (IgG, IgA, IgM) concentrations at Month 12 post-transplant
in belatacept treated patients than in cyclosporine treated patients (Table 6); a similar
conclusion can be reached for Month 6. At Month 6, there was higher proportion of
belatacept MI patients than belatacept LI patients who were below the normal IgG
concentration range (<694 mg/dL; Table 7). However, there were similar proportions of
belatacept MI and belatacept LI patients who were below the normal range of [gM and
IgA concentrations at Month 6.

Table 6 . Mean Change from Baseline Immunoglobulin Concentrations (mg/dL)
at Month 6 and Month 12 post-transplant

TREATMENT Month 6 Month 12
Cyclosporine n IgG [eM IgA n IeG IeM IgA
Belatacept LI 328 -364 -32 =72 337 -350 -32 -80
Belatacept Ml 323 -393 -30 -76 339 -344 -27 -77
Cyclosporine 318 -352 2 -66 328 -291 +2 -58

Negative sign of the Ig concentration indicates decrease from baseline; plus sign indicates increase from baseline.

Table 7. Proportion (%) of Patients with [g< LLN at Month 6

Treatment 1 IgG 1 IgM LIgA | ] 1gG & IgM 1 1gG, [gA &
(RANDGRP) IgM
Belatacept LI

(n=328) 33 38 7.6 20 4.3
Belatacept Ml

(n=323) 43 38 6.2 22 4.0
Cyclosporine

(n=318) 36 21 5.3 13 0.9

Ig<LLN: IgG < 694; IgM < 60; IgA < 68 mg/dL
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2. Based on a scrutiny of the sponsor’s analysis datasets, Ig concentrations were also

measured at other times during the 36-month study period in small subsets of the patient
population. Based on the similar numbers across treatment arms of patients included in
each of these non-protocol specified timepoints, it is possible that patient selection for
these unscheduled Ig concentration measurements was random rather than triggered by
manifested adverse events. Overall, the mean/median IgG concentration-time profiles for
the three treatments were consistent with the protocol-specified changes in the intensity of
belatacept dosing and the actual mean trough concentrations of cyclosporine achieved
during the 36-month duration of the Phase 3 trials.

. In the original BLA submission, the sponsor’s PD-response analysis focused on Month 12

immunoglobulin (i.e., IgG, IgM, IgA) concentration data, and only two clinical endpoints
(i.e., serious infections and malignancies). The reviewer’s exploratory PD-response
analyses included both Month 6 and Month 12 immunoglobulin data and additional
clinical endpoints. The reviewer decided to focus on IgG data at Month 6 as the main PD
parameter because of the following reasons:

i. In belatacept patients, the reduction in [gG (not IgM and IgA) distinguished belatacept
LI from belatacept MI (Table 7, Figure 3A).
In belatacept MI, the onset of HGG was earlier (before Month 3) than in belatacept LI
and CsA (at or after Month 3); the duration of HGG was also longer in MI than in LI
and CsA. After Month 3, the baseline IgG levels were restored at a faster rate in CsA
patients than in belatacept LI and MI patients.

ii. IgG appears to be more sensitive than [gM and IgA to belatacept therapy (Figures 3A to
3C). Belatacept did not reduce IgM and IgA concentrations as much as it did IgG
concentrations throughout the 36-month study period.

iii. IgG offers most plausible biological association to belatacept-related events because
belatacept is a derivative of human IgG.

iv. IgG can be used potentially as a global biomarker of the level of total
immunosuppression because CsA did not significantly reduce IgM concentrations from
baseline, and neither belatacept nor CsA significantly reduced IgA concentrations from
baseline (Figures 3A to 3C).

v. Stronger PD-response associations were observed when using IgG concentrations/levels

at Month 6 versus Month 12. This observation is expected given the higher intensity of
immunosuppression in patients during the first 6 months post-transplant.
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Figure 3A. Time course of IgG concentrations, by treatment group
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Figure 3C. Time course of IgA concentrations, by treatment group
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4. The reviewer compared the three treatments and the various demographic and baseline
characteristic subgroups within treatment, in terms of the incidence of
hypogammaglobulinemia (HGG; [gG<694 mg/dL). Table 8 shows the findings of
univariate analysis for factors contributing to HGG at Month 6. Gender was not a
significant covariate of HGG whereas there was a consistently (at least numerically)
higher rate of HGG in Study 27 (versus Study 08), Whites (versus non-Whites), age > 60
years (versus age < 60 years), EBV-seronegatives (versus EBV-seropositives), and CMV-
seronegatives (versus CMV-seropositives). Of all the three treatments, belatacept MI is
generally associated with the highest HGG rates. When considering the Chi-square p-
values between the subgroups, belatacept LI was statistically comparable to cyclosporine,
except with respect to the following subgroups: age>60 years, CMV-negatives, and LDT-
users. Additional analysis using multivariate modeling was performed; the factors
included in the best-fit models are shown in Table 8A. Based on the Likelihood Ratio
Test p-values, the following factors can be considered significant risk factors of HGG:
Whites, CMV negative serostatus, and age>60 years but not LDT use (for Bela LI);
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Whites, Study ID, and EBV negative serostatus (for Bela MI); Whites (for cyclosporine)

Note: The reviewer’s covariate analyses findings were not provided to the sponsor.

Table 8. Incidence of Hypogammaglobulinemia (IgG<694 mg/dL) at Month 6 in

Subgroups,
by Treatment (%, n/N
Chi- Chi- Chi-
Covariate square square square
Belatacept p-value Belatacept p-value | Cyclosporine p-value
LI MI
Phase 3 IM103027 40 48 35
Study 51/127 0.0075 63/132 0.0455 43/122 (NS)
IM103008 26 34 26
44/172 55/161 43/164
Race Whites 40 51 35
76/191 <0.0001 89/176 <0.0001 67/189 0.0040
Others 18 25 20
19/108 29/117 19/97
Age (years) | > 60 49 51 39
27/55 0.0023 38/75 (NS) 27/70 (NS)
<60 28 37 27
68/244 80/218 59/216
EBV EBV- 32 39 30
serostatus positive 84/266 (NS) 103/262 (NS) 75/252 (NS)
EBV- 33 50 32
negative 11/33 15/30 11/34
CMV CMV- 26 38 28
serostatus positive 59/225 0.0009 84/220 (NS) 57/201 (NS)
CMV- 49 47 34
negative 36/73 34/72 29/85
Lymphocyte | No 30 40 32
Depleting 85/281 0.0254 105/265 (NS) 79/250 (NS)
Therapy Yes 56 46 19
Use 10/18 13/28 7/36
Males 32 41 27
(66/206) (85/205) (57/210)
Gender Females 31 (NS) 38 (NS) 38 (NS)
(29/93) (33/88) (29/76)
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Table 8A. Multivariate Risk Factor Assessment for Hypogammaglobulinemia (HGG),

by Treatment®
TREATMENT | Source® Likelihood Ratio | Likelihood ratio
Chi-Square Prob>Chi Square
Belatacept LI White 9.3989 0.0022*
CMV negative 10.7995 0.0010%*
serostatus®
Age > 60 years 7.5466 0.0060*
LDT use 0.2435 0.6217
White * LDT Use 3.7934 0.0515
Belatacept MI | White 19.6295 <0.0001*
Study 27 3.8577 0.0495*
EBV-negative 3.9205 0.0477*
serostatus’
Cyclosporine White 8.0235 0.0046*

dIMP 9 Modeling, Personality: Nominal Logistic

® Factors included in the Best-Fit Model (model with the lowest objective function value)
¢ patients with unknown serostastus excluded

* p-value <0.05

Figure 4A and Figure 4B are linear plots of individual patient IgG concentrations at
Month 6 as a function of belatacept trough concentrations at Month 6, and cyclosporine
trough concentrations at Month 6, respectively. The reviewer’s PK-PD plots suggest that
with belatacept but not cyclosporine, there is a trend of decreasing IgG concentrations at
Month 6 with decreasing trough concentrations at Month 6. Note: The reviewer’s PK-PD
findings were not provided to the sponsor.

Figures 4A and 4B. Linear plots of IgG concentrations at Month 6 as a function of
belatacept or cyclosporine trough concentrations at Month 6 in Phase 3 trials
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. The three tables sent to the sponsor on 01 October 2010 were based on the reviewer’s
analyses including 711 patients with PK, IgG, and clinical response data. The PK (trough
concentrations at Month 6) and the PD (IgG concentrations at Month 6) of belatacept and
cyclosporine were considered along with the efficacy and safety endpoints up to Month 36
(or in the case of CNS events, up to database lock). To allow for a fair comparison with
the sponsor’s analysis findings, the reviewer performed further exploratory PD-response
analyses on a larger population consisting of 878 patients who do not necessarily have
belatacept trough concentrations at Month 6. Note that the results discussed in this review
are those based on these subsequent analyses. Note also that the reviewer’s analyses
excluded patients with IgG<LLN at baseline because these patients have HGG prior to
introduction of immunosuppressants, and it was assumed that they would be more
susceptible to the adverse events associated with immunosuppressive therapy.

. The reviewer envisions (low) IgG concentrations/level to be useful as a
pharmacodynamic (PD) biomarker of the level of aggregate immunosuppression, not a
surrogate endpoint of adverse events.

. The reviewer acknowledges that it is difficult to find surrogate endpoints of death and
other serious adverse events in kidney transplant patients because of multiple confounding
factors that contribute to the AE. However, confidence on the predictive potential of low
IgG concentrations/level as a PD biomarker should not be diminished by its low PPV
because for events with low prevalence (<10%):

(a) a low PPV and a high NPV is expected, and

(b) the FDA Biomarkers group at the Office of Clinical Pharmacology gives more weight
to other parameters, i.e., “sensitivity” and “specificity”, when evaluating predictive
potential of the biomarker.

Furthermore, the reviewer notes that based on the sponsor’s proposed Nulojix® USPI, the
PPVs of EBV-seronegative status as a prognostic biomarker of PTLD and CNS-PTLD are
low, i.e., 7.7% and 5.5%, respectively.

. The predictive potential of “low IgG” as a surrogate biomarker of adverse events could be
further improved by combining with “low [gM” and “low [gA” (Table 9).
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10.

Table 9. Predictive Parameters of Biomarkers of CNS Events in Belatacept-Treated

Patients®
Biomarker PPV NPV Sensitivity Specificity Likelihood
Ratio (LR")

a) EBV-negative 5.4% 99% 42% 90% 4.2
(5/93) (574/581) (5/12) (574/639)

b) Low IgG 2.8% 99% 58% 62% 1.5
(7/251) (395/400) (7/12) (395/639)

e) Low IgG & 5.1% 99% 58% 80% 29

IgM (7137) (509/514) (7/12) (509/639)

f) Low Ig 7.4% 98% 17% 96% 43

G,A,&M 2127 (614/624) (2/12) (614/639)

* does not exclude patients with low Ig concentrations at baseline

® LR=(sensitivity)/(1-specificity)

For each clinical endpoint of interest, the reviewer presents the following data to
summarize the findings of the exploratory PD-response analysis for belatacept: a) logistic
regression plot of the event with a binary outcome (absent or present; 0 or 1) as a function
of the IgG concentrations at Month 6, or linear regression plot of continuous variable
(e.g., GFR) as a function of IgG concentrations, and b) table summarizing the event rates

in HGG versus NGG subgroups.
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a. Acute Rejection (AR)

In the reviewer’s analysis, AR was associated with decreased IgG concentrations (Figure 5).
There was about a 2-fold higher incidence of acute rejections in the HGG group than in the
NGG group (Table 10). Majority of these acute rejection episodes occurred prior to Month 6.
Because the protocol did not specify the collection of Ig concentrations between Months 0
and 6, it was not possible for the reviewer to perform time-dependent analyses to verify any
direct causal association of HGG to acute rejections. However, further exploratory analysis
was performed to evaluate the influence of concomitant use of supplementary
immunosuppressive products for the treatment of acute rejection on IgG concentrations.
Figure 6 shows that belatacept patients who were treated with concomitant pulse steroids and
lymphocyte depleting therapy during the first 6 months post-transplant to treat their acute
rejection episodes had lower IgG concentrations at Month 6 than those patients who did not
receive concomitant therapy, considering a similar range of belatacept trough concentrations
at Month 6 between the two groups. Thus, the observed association between acute rejections
and IgG concentrations at Month 6 could be explained, at least in part, by the use of
supplementary immunosuppressive products to treat acute rejection. This separation of PK-
PD profiles according to use of concomitant therapy for acute rejection was not similarly
observed in the cyclosporine arm, although it is important to note that the incidence of acute
rejections was about 50% lower in the cyclosporine arm than in the belatacept arms.

Figure 5. Acute Rejection as a function of log-transformed IgG concentrations at Month 6
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Table 10. Proportion of Patients with Acute Rejection up to Month 36 — n/N (%)
TREATMENT HGG NGG Reviewer’s Sponsor’s
(1gG<694 mg/dL) (IgG =694-1618 HGG/NGG ratio | HGG/NGG ratio
mg/dL)
Bela LI 19/95 (20%) 20/204 (10%) 2.0 (Not ]
determined) i
Bela MI 29/118 (25%) 22/174 (13%) 1.9 (Not :
determined)
CsA 14/86 (16%) 15/198 (8%) 2.0 (Not
determined)
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Figure 6. IgG concentrations as a function of Belatacept trough concentrations (Month 6)
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b. CNS Events

In the reviewer’s analysis, decreasing IgG concentrations at Month 6 were associated with
increasing incidence of CNS PTLD, PML and other CNS infections (Figure 7). The incidence
of these CNS events in the belatacept LI and MI arms was higher in the HGG group than in
the NGG group (Table 11). In the sponsor’s analysis, there was an impact of HGG in
belatacept MI but not in LI because the sponsor considered CNS events up to Month 36 only
whereas the reviewer considered events up to database lock; the sponsor has only 1 case of
CNS Event in the HGG group whereas the reviewer has 2 cases.

Figure 7. CNS Events as a function of log-transformed IgG concentrations at Month 6
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Table 11. Proportion of Patients with CNS Events up to database lock (or Month 36) — n/N (%

[TREATMENT HGG . NGG Reviewer’s Sponsor’s
» {(18G<694 mg/dL) (IeG =694-1618 mg/dL) I-_IGG/NGG»ratio‘ HGG/NGG ratio
Bela LI 2/95 (2.1%) 2/204 (1.0%) 21 1.0
[Bela MI 5/118 (4.2%) 3/174 (1.7%) 2.5 3.1
CsA 0/86 (0%) 0/198 (0%) (Not determined) | (Not determined)

In a similar analysis of CNS events including CNS-PTLD and PML only, similar conclusions
regarding the impact of low IgG concentrations can be made (Figure 7A and Table 11A).

Figure 7A . CNS PTLD and PML as a function of log-transformed IgG concentrations at Month 6
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Table 11A. Proportion of Patients with CNS PTLD and PML up to database lock —n/N (%)
TREATMENT HGG NGG Reviewer’s
(IgG<694 mg/dL) }(IgG =694-1618 mg/dL)| HGG/NGG ratio
Bela LI  L1(1/95) ~05(1/204) 22
Bela MI " 3.4(4/118) B 0.6 (1/174) 5.9
CsA 0 (0/86) ' 0 (0/198) -

Table 12 provides a comparison of HGG versus NGG subgroups in each treatment, by type of
CNS event. Based on the findings summarized in this table, EBV-seronegative status is an
independent risk factor of CNS-PTLD. The data also demonstrate that reductions in IgG
below the LLN, with or without corresponding reductions in [gM and IgA, could contribute to
the development of CNS-PTLD and CNS infections in kidney transplant patients receiving
belatacept-based immunosuppressive therapy. Individual IgG concentration-time profiles of
the patients who developed CNS-PTLD or PML during belatacept therapy are shown in
Figures 8A to 8C. Of note, the lone case of PML had what appears to have been persistent
panhypogammaglobulinemia, i.e., IgG, IgA, IgM <LLN at both Months 6 and 12
posttransplant; at Month 24, IgG and IgM concentrations were <LLN whereas the IgA
concentration (70 mg/dL) was still very close to LLN (68 mg/dL). It is also important to note
for this PML case that at baseline, both IgG and IgM were already either close to or <LLN.
However, the reviewer’s logistic regression analysis does not suggest that IgG concentration
at baseline is associated with the incidence of CNS-PTLD and PML events in belatacept
treated patients.
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Table 11. Proportion of Patients with PTLD, CNS-PTLD, and CNS infections in Phase 3 trials - n/N (%)

Treatment
Group
IgG Level at CNS
Month 6 PTLD CNS-PTLD PML Infections’
Normal Range 0.5 0.5 0 0.8
(694 — 1618 mg/dL) (2/378) (2/378) (0/378) (3/378)
Belatacept Less- Below LLN 23 1.9 0.5 14
| Intensive (LI) (<694 mg/dL) (5/213) (4/213) (1/213) (3/213)
and More- Above ULN 0 0 0 0
Intensive (MI) (> 1618 mg/dL) (0/1) (0/1) (0/1) (0/D)
Normal Range 0.5 0.5 0 0.5
(694 — 1618 mg/dL) (1/204)° (1/204)° (0/204) (1204)"
Below LLN 2.1 1.1 0 1.1
Belatacept (< 694 mg/dL) (2/95)"8 (1/95)F (0/95) (1/95)"
Less-Intensive Above ULN
(LI) (> 1618 mg/dL) - - - -
Normal Range 0.6 0.6 0 1.1
(694 — 1618 mg/dL) (1/174)" (1/174)" (0/174) (2/174)>P
Below LLN 2.5 2.5 0.9 1.7
Belatacept (< 694 mg/dL) (3/118)* (3/118)"* (1/118)' (2/118)"
More-Intensive Above ULN 0 0 0 0
(MI) (> 1618 mg/dL) (0/1) (0/1) (0/1) (0/1)
Normal Range 0 0 0 0
(694 — 1618 mg/dL) (0/198) (0/198) (0/198) (0/198)
Below LLN 0 0 0 0
(<694 mg/dL) (0/86) (0/86) (0/86) (0/86)
Above ULN 0 0 0 0
Cyclosporine (> 1618 mg/dL) (0/2) (0/2) (0/2) (0/2)

LLN: Lower Limit of Normal Range; ULN: Upper Limit of Normal Range

? Post-Transplant Lymphoproliferative Disease

b CNS-associated Post-Transplant Lymphoproliferative Disease

© Progressive Multifocal Leukoencephalopathy

4 CNS infections including PML

¢ CNS-PTLD: EBV-positive patient; Normal but low IgG (=712 mg/dL) at Month 6; also, [gM<LLN at Month 6 (27-101-10093)

f CNS-PTLD: EBV-negative patient; I[gG and I[gM<LLN at Months 6 & 9 (27-138-10593)

& PTLD: EBV-positive patient; IgG<LLN at Month 6 (8-122-20256)

f‘CNS-PTLD: EBV-negative patient (8-142-20548)

! CNS-PTLD: EBV-positive patient; IgG and IgM<LLN at Month 6 (8-76-20734)

7 CNS-PTLD: EBV-positive patient; IgG, [gM, and IgA<LLN at Month 6; IgG and IgM<LLN at Month 12 (27-35-10185)

k CNS-PTLD:EBV-negative; [gG and IgM<LLN at Months 6 & 9 (27-70-10447)

! lone case of PML: EBV-negative patient; IgG, IgM, and IgA<LLN at Months 6 and 12 (27-15-10045)

™ Cryptococcal meningitis (fungal infection) at Week 72: EBV-positive patient; Normal IgG at Month 6 but IgG<LLN at Month 19
(day 535); IgM <LLN at Month 6 and Month 12 (8-73-20006)

" unspecified CNS infection: EBV-negative patient; [gG<LLN at Month 6; IgM<LLN at Months 6 and 12
(27-124-10466)

° Chagas meningoencephalitis at Week 74, cryptococcal meningitis at Week 80 (protozoal and fungal infections): EBV-positive
patient; Normal IgG at Month 6 but IgG and IgM <LLN at Month 12
(8-46-20152)

P Meningitis with unspecified pathogen at Week 24: EBV-positive patient (8-73-20192)

9 Cerebral aspergillosis at Week 84: EBV-positive patient; IgG and [gM<LLN at Months 6 and 12 (27-13-10047)
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Figure 8A. Individual IgG concentration-time profiles of Phase 3 trial patients who developed
CNS-PTLD or PML up to database lock
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- LLN: Lower Limit of Normal Range (694 mg/dL); ULN: Upper Limit of Normal (1618 mg/dL) : ,

- Only Patients #1 and #2 received belatacept LI, the remaining 5 patients received belatacept ML

- Patient #5 was the lone case of PML in the belatacept Phase 3 trials. This patient had IgG close to LLN at baseline and persistent
hypogammaglobulinemia during belatacept MI therapy, i.e., [gG <LLN at Months 6, 12 and 24 post-transplant. ;

- Although Patient #3 did not develop IgG<LLN at Months 6 and 12 post-transplant, this patient was EBV-seronegative at baseline.

- Patient [D: 1 (8-142-20548); 2 (8-76-20734); 3 (27-101-10093); 4 (27-138-10593); 5 (27-15-10045); 6 (27-35-10185); 7 (27-70-10447)

Figure 8B. Individual IgM concentration-time profiles of Phase 3 trial patients who developed
CNS-PTLD or PML up to database lock
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- Patient #5 was the lone case of PML in the belatacept Phase 3 trials. This patient had IgM<LLN status starting at baseline and during
belatacept Ml therapy.
- Although Patient #3 did not develop IgM<LLN at Months 6 and 12 post-transplant, this patient was EBV-seronegative at baseline,
- Patient ID: 1 (8-142-20548); 2 (8-76-20734); 3 (27-101-10093); 4 (27-138-10593); 5 (27-15-10045); 6 (27-35-10185); 7 (27-70-10447)
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Figure 8C. Individual IgA concentration-time profiles of Phase 3 trial patients who developed
CNS-PTLD or PML up to database lock
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- Only Patients #1 and #2 received belatacept LI, the remaining 5 patients received belatacept MI. ;
- Patient #5 was the lone case of PML in the belatacept Phase 3 trials. This patient had IgA close to LLN during belatacept MI therapy. i
- Patient ID: 1 (8-142-20548); 2 (8-76-20734); 3 (27-101-10093); 4 (27-138-10593); 5 (27-15-10045); 6 (27-35-10185); 7 (27-70-10447)

Given that belatacept will be contraindicated in patients with EBV-negative or unknown
serostatus at baseline, it is important to note that of the four CNS-PTLD cases in this analysis
who were EBV-seropositive at baseline, three had IgG<694 mg/mL at Month 6; the 4th of 4
cases had IgG concentration (712 mg/mL) close to the protocol-specified LLN. Consequently,
the reviewer’s Receiver Operating Characteristics (ROC) analysis results suggest that a more
appropriate cutoff for LLN of IgG concentrations as a predictive parameter of PTLD or CNS-
PTLD is 713 mg/dL rather than 694 mg/dL (Figure 9).

Figure 9. Receiver Operating Characteristic Curve for Low IgG Concentrations
as a Predictor of CNS-PTLD and PML
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c. Malignancies

In belatacept patients, decreasing IgG concentrations at Month 6 were associated with
increasing incidence of malignancies (Figure 10). In all three treatments, the incidence of
malignancies was higher in the HGG group than in the NGG group (Table 13). In the
belatacept LI group, the difference in the Reviewer’s and the Sponsor’s HGG/NGG ratios
could be explained by the higher number of malignancy cases in the NGG group of the
reviewer (n=8) versus that of the sponsor’s (n=4).

Figure 10. Malignancies as a function of log-transformed IgG concentrations at Month 6
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Table 13. Proportion of Patients with MaLlignancies up to Month 36 — n/N (%)

TREATMENT HGG NGG Reviewer’s Sponsor’s
(IgG<694 mg/dL) |(1eG =694-1618 mg/dL)] HGG/NGG ratio | HGG/NGG ratio

Bela LI 6/95 (6.3%) 8/204(3.7%) 1.6 3.8

Bela MI 14/118 (11.9%)  8/174 (4.6%) 2.6 2.3

CsA 10/86 (10.5%) 12/198 (6.1%) 17 1.3
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d. Serious Infections

The incidence of serious infections increased with decreasing IgG concentrations at Month 6
(Figure 11). The Reviewer’s and the Sponsor’s HGG/NGG ratios were comparable (Table
14). That there was only a < 50% higher incidence of serious infections in the HGG group
versus the NGG group could be explained by the use of protocol-specified chemoprophylactic
antimicrobials in the Phase 3 trials.

Figure 11. Serious Infections as a function of log-transformed IgG concentrations at Month 6
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Table 14. Proportion of Patients with Serious Infections up to Month 36 — n/N (%)

TREATMENT HGG NGG Reviewer’s Sponsor’s
(I§G<694 m§/dL) _([g@ ,=‘694-;1_618 mg/dL) HGG/NGG (qtio HGG/NGG ratio

Bela LI 38/95 (40%) 61/204 (30%) 13 1.4

Bela MI 55/118 (47%) 63/174 (36%) 1.3 1.5

CsA 39/86 (45%) (74/198 (36%) 1.2 1.2
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e. Death

In belatacept patients, decreased IgG concentrations at Month 6 were associated with a higher
incidence of death (Figure 12). The Reviewer’s and the Sponsor’s HGG/NGG ratios were
comparable; the incidence of death in all three treatment arms were higher in the HGG group
than in the NGG group (Table 15). The reviewer acknowledges the sponsor’s conclusion that
the causal relationship between HGG and death would be very difficult to establish because
of the multiple factors that could have contributed to this adverse outcome. However, the
reviewer notes that about 52% (12/23) of the deaths in the Phase 3 trials were adjudicated to
be primarily due to infections, malignancies or endocarditis (sepsis); the corresponding rates
were 57% (4/7) for LI, 56% (5/9) for M1, and 43% (3/7) for CsA.

Figure 12. Death as a function of log-transformed IgG concentrations at Month 6
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Table 15. Proportion of Patients who Died up to Month 36 — n/N (%)
TREATMENT HGG ‘ NGG Reviewer’s Sponsor’s
(I15G<694 mg/dL) J(1gG =694-1618 mg/dL)| HGG/NGG ratio | HGG/NGG ratio
BelaLl 8/95 (8.4%) 3/204 (1.5%) 57 5.5
BelaMI | 7/118(6%)  5/174 (3%) 2.1 2.0
i’cS’A’ T 486 (5%) 9/198 (4%) 1.0 1.6
f.  Graft Loss

The reviewer did not find an association between graft loss and HGG. Infection or
malignancy was the primary cause of death in 16% (13/83) of graft loss cases up to Month 36

in Phase 3 trials.
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g. Renal Function (as change from baseline calculated GFR at Month 12; delta cGFR)

In the reviewer’s analysis, lower renal function at Month 12 was associated with lower IgG
concentrations at Month 6 (Figure 13). The renal function was lower in the HGG group
versus the NGG group in the belatacept LI and MI arms but not in the cyclosporine treatment
arm (Table 16). The lack of an impact of HGG on cyclosporine could probably be explained
by CsA-associated nephrotoxicity. The sponsor did not explore the relationship between
HGG at Month 6 and renal function because GFR is not a binary outcome variable.

A potential link between lower GFR and HGG is BK virus-associated nephropathy (BKVAN)
or polyomavirus-associated nephropathy (PVAN). BK virus has tropism for renal epithelial
cells, and BKVAN or PVAN is a known contributory factor to deteriorating renal function in
kidney transplant patients. In the small number (n=13) of belatacept patients who were
reported to have developed PVAN, 7 had IgG concentrations measured at Month 6. There
was a trend of decreasing times to PVAN in patients with decreasing IgG concentrations at
Month 6 (Figure 14). Furthermore, the mean/median time to PVAN was shorter in the HGG
group than in the NGG group (Table 17).

Figure 13. Change from baseline calculated GFR at Month 12 as a function of
IgG concentrations at Month 6

o
1

delta ¢cGFR (mL/min/1.73 m2)

IgG concentrations at Month 6
(p<0.0002)

Table 16. Mean = SD (Median) Change from Baseline Calculated GFR at Month 12
(mL/min/1.73 m?)

TREATMENT HGG NGG Reviewer’s Sponsor’s
(IgG<694 mg/dL) |(1gG =694-1618 mg/dL)] HGG/NGG HGG/NGG
, difference _ difference
Bela LI 50+ 16 (48) 55+ 20 (55) ~ 5(¢-7 | (Not determined)
n=72 _ n=172 _
Bela MI ' 47 +£21 (48) 56 + 22 (55) 97y (Not determined)
~ n=104 , n=139 1
CsA 2+18143) | 42 + 18 (40) | 0 (+1) (Not determined)
n=58 n=161
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Figure 14. Time to BK Virus Associated Nephropathy (BKVAN) as a function of IgG
concentrations at Month 6
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Table 17. Time to BK Virus Associated Nephropathy, by HGG status
Time to BKVAN (days)

n | Mean £ SD | Median

HGG |5 137 + 87 95

NGG |2] 562%24 562

To further explore the link between renal function and HGG, the effect of serious infections
on renal function was evaluated. The mean change from baseline cGFR-MDRD at Month 12
was lower by 7 — 10 mL/min/1.73 m2 in patients with serious infections than those who did
not develop serious infections within the first 12 months of therapy. The corresponding mean
¢GFR-MDRD values for HGG versus NGG were 48 versus 56 mL/min/1.73 m? in LI, 45
versus 55 mL/min/1.73 m® in MI, and 38 versus 45 mL/min/1.73 m? in CsA.
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The following table compares the incidence of hypogammaglobulinemia at Month 6 in
patients with CNS events or other types of serious infections or malignancies versus those
patients who did not experience these adverse events.

Table 18. Proportion of Patients with Low IgG' at Month 6, by Adverse Event Status (%, n/N)

Adverse Low IgG (%, n/N)
Event Status Belatacept Belatacept
(0 or 1) Non-Recommended® | Recommended Cyclosporine
Regimen Regimen

CNS event' or other 0 35 28 26
Serious (57/164) (54/191) (42/162)

Infection/Malignancy 1 48 38 36
(61/128) (41/108) (44/122)

CNS Event only 0 40 32 30
(113/284) (93/295) (86/284)

1 63 50 0

(5/8) 2/4)

Serious Infection only 0 36 29 27
(includes PML and other (63/174) (57/200) 47173)

CNS infections) 1 47 38 35
(55/118) (38/99) 39111

Malignancy only 0 39 31 29
(includes CNS-PTLD) (104/270) (89/285) (77/263)

1 64 43 43

(14/22) (6/14) 921)

"1gG < 694 mg/dL

2 0: did not experience the adverse event; 1: experienced the adverse event
3 regimen with higher cumulative dose and more frequent dosing than the recommended NULOJIX regimen
* CNS event includes CNS-PTLD, PML, and other CNS infections up to database lock
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B. Regarding the Impact of Concomitant Immunoglobulin Use on Belatacept PK,
Efficacy and Safety in the Phase 3 Trials:

1. In response to the Clinical Pharmacology reviewer’s information request, the sponsor
conducted exploratory analyses to evaluate the impact of concomitant use of
immunoglobulin antibody products on belatacept trough concentrations and on
belatacept efficacy and safety. According to the sponsor, thymoglobulin was the most
frequently (~75%) used concomitant antibody product in Phase 3 trials.

2. Sponsor’s Figures 2A and 2B show that concomitant use of immunoglobulin products
did not affect belatacept trough concentrations in the Phase 3 trials.

3. Sponsor’s Table 5 shows that although the frequency of serious infections was not
influenced by concomitant use of thymoglobulin (in all three treatments), for those
who received thymoglobulin there was an increased frequency of CNS events (in
belatacept MI) and malignancies (in belatacept LI), events associated with over-
immunosuppression. Additionally, although the sponsor recognizes that there was a
lower mean and median GFR and a higher frequency of death and graft loss in
patients who used thymoglobulin, the sponsor suggests that these associations could
be explained by the observed impact of acute rejections on renal function and graft
survival. The sponsor concluded that definitive interpretation of the findings of this
exploratory analysis (e.g., in the context of death) is precluded by the small numbers
of events and numerous confounding variables such as other concomitant therapies
and co-morbidities (e.g., diabetes, hypertension, and infections). The reviewer notes
that ~50% of the deaths in each of the three treatments in the Phase 3 trials were
adjudicated to be caused primarily by infections, malignancies, and cardiovascular
sepsis.

4. The sponsor did not explore the impact of concomitant therapy with intravenous
immunoglobulins (IVIg) on the efficacy and safety of belatacept, likely because of the
low number (n=5) of patients who used I[VIg exclusively for the treatment of their
acute rejection episodes. The reviewer notes that none of these 5 patients developed
CNS-associated PTLD or infections.

III. REVIEWER’S CONCLUSIONS:

1. In addition to the main immunosuppressive regimen, several baseline (e.g., age >60
years) and post-transplant factors (e.g., LDT use for treatment of acute rejection)
could contribute to low Ig concentrations in kidney transplant patients treated with
belatacept.

2. 1gG concentration is a potential pharmacodynamic biomarker of the level of aggregate
immunosuppression in belatacept-treated patients.
Lines of Evidence:
a) Greater reduction from baseline in mean IgG concentrations and greater
proportion of patients with shift to [gG<LLN in MI than LI at Month 6
b) IgG-time profile reflects the time course of belatacept dosing, i.e., highest
[gG concentration at Month 0, lowest between Months 1-3.
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¢) Trend of decreasing IgG concentration with increasing belatacept trough
concentrations at Month 6

d) Lower IgG concentrations in belatacept patients who received co-treatment
with thymoglobulin/steroids than those who did not receive supplementary
immunosuppressives

3. IgG level may be a useful pharmacodynamic marker for identifying belatacept treated
patients who are over-immunosuppressed, i.e., at risk for opportunistic infections,
malignancies, and complications (e.g. death). That IgG concentrations/levels could
also influence the adverse event rates in transplant patients receiving cyclosporine and
other immunosuppressive regimens should be further explored.

4. The benefits of pre-emptive Ig replacement therapy (e.g., with IVIg) in alleviating the
risks of HGG in belatacept-treated patients is not known.

IV. REVIEWER’S RECOMMENDATIONS:

1.

The Nulojix® USPI should describe the potential of belatacept to decrease
immunoglobulin (i.e., IgG, IgA, I[gM) concentrations relative to cyclosporine. The
labeling should also provide a factual representation of the impact of IgG reductions on
the therapeutic outcomes in Phase 3 trials, with the appropriate caveats. As an alternative
to describing the impact of low IgG on the incidence of adverse events, the incidence of
low IgG could be compared in patients with and without adverse events.

Based on several lines of preliminary evidence from the reviewer’s exploratory analyses,
IgG concentration is a potential pharmacodynamic biomarker of the level of total or
aggregate immunosuppression in belatacept treated patients. The sponsor should collect
additional information in ongoing/future clinical trials to better understand the impact of
low IgG concentrations on the risk of PTLD/CNS-PTLD and other serious adverse events
in belatacept treated patients.
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B. Clinical Pharmacology Review of the Protocol of Sponsor’s Proposed Post-Marketing
Study IM103075ST (SN-063 submitted 13 December 2010)

L PROTOCOL SYNOPSIS

Title of Study: Belatacept and risk of PTLD in US Renal Transplant Recipients
Department: Global Pharmacovigilance and Epidemiology
Study Objective(s):

Primary Objectives:

(1) to estimate the incidence rate of post-transplant lymphoproliferative disorder (PTLD) in adult kidney-
only transplant recipients treated with belatacept at the time of transplantation, (2) to estimate the incidence
rate of PTLD in adult kidney-only transplant recipients treated with calcineurin inhibitors (CNI)-based
regimens at the time of transplantation, and (3) to compare the PTLD incidence rate in patients treated with
belatacept to the rate in similar patients treated with CNI-based regimens at the time of transplantation.

Study Design: The study will be a prospective observational study that utilizes data from the Unit
Network for Organ Sharing (UNOS).




IL REVIEWER’S RECOMMENDATION:

In this observational post-marketing study, the type and the duration of antibody induction
medications and other concomitant anti-rejection and maintenance immunosuppressive
medications will be recorded. The type and the duration of antiviral and other antimicrobial
prophylaxis used in the study should be also recorded. The assessment of these concomitant
therapies as independent risk factors of PTLD and CNS-PTLD development should be
included as an official secondary study objective of the protocol.
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1. Executive Summary

Belatacept is a genetically engineered fusion protein that consists of the functional binding
domain of modified cytotoxic T-lymphocyte antigen-4 (CTLA-4) and the Fc domain of human
monoclonal immunoglobulin of the IgG1 subclass. Belatacept is a selective costimulation blocker
with a proposed indication of prophylaxis of organ rejection and preservation of a functioning
allograft in adult patients receiving kidney transplants. Belatacept has been studied as a
replacement for the calcineurin inhibitor, cyclosporine, to be used in combination with an
interleukin-2 (IL-2) receptor antagonist (e.g., basiliximab), mycophenolic acid (MPA; e.g.,
mycophenolate mofetil (MMF)), and corticosteroids.

1.1. Recommendations

Overall, the clinical pharmacology information presented in this BLA is acceptable to support
the approval of belatacept for the proposed indication of prophylaxis of organ rejection and
preservation of a functioning allograft in adult patients receiving kidney transplants.

Based on the efficacy and safety findings observed in the pivotal clinical trials, the reviewers
agree with the sponsor’s proposal to recommend the less intensive (LI) belatacept regimen for
the prophylaxis of kidney transplant rejection.

Belatacept is an inhibitor of the production of cytokines and, in turn, may potentially affect
mRNA expression and functional activities of hepatic CYP450 metabolizing enzymes. Thus, we
recommend the sponsor investigate the safety/efficacy/dose regimen of additional medications
which are metabolized through the hepatic CYP450 enzyme system and were co-administered
with belatacept in ongoing clinical trials as well as in the previously conducted Phase 3 trials
IM103008 and IM103027. Examples of such co-administered drugs are HMG-CoA reductase
inhibitors (statins), anti-hypertensive drugs (beta-blockers, calcium channel blockers,
angiotensin converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARB)), oral
hypoglycemic drugs, triazole antifungal and antiviral drugs metabolized through CYP450.
Depending on the results of these investigations, further studies may be needed to evaluate the
effect of belatacept on concomitant medications which are metabolized through CYP450
enzymes. It should be noted that this recommendation is not a Post-Marketing Requirement at
this time because a Complete Response (CR) action will be taken for BLA 125288 for belatacept
during this review cycle.

1.2. Post Marketing Requirement/Commitment

In light of the Complete Response (CR) action for BLA 125288 for belatacept during this review
cycle, we recommend that future studies be designed to elucidate the differential risk of
development of post-transplant lymphoproliferative disorders (PTLD) based on CMV serostatus
in EBV-seropositive kidney transplant recipients treated with belatacept. We note that the
sponsor has already proposed a post marketing trial to study PTLD in belatacept-treated kidney
transplant patients (Protocol No: IM103075ST). We recommend the sponsor evaluate the impact
of CMYV serostatus on PTLD risk in belatacept-treated patients as a secondary objective in the




proposed post marketing trial.

1.3  Clinical Pharmacology Findings

The clinical development program of belatacept included 21 clinical trials with clinical
pharmacology information for both the belatacept less intensive (LI) and more intensive (MI)
regimens (see Dose Selegtlon below). Five of these studies were not reviewed because they
evaluated ¢ O :losage form, or evaluated a different

®@or involved & ot “that was different from that being proposed for FDA
approval. Two pivotal Phase 3 clinical trials, IM103008 using standard criteria kidney donors
(SCD) and IM103027 using extended criteria kidney donors (ECD), are pivotal in demonstrating
the efficacy and safety of the LI regimen of intravenous belatacept in the prevention of organ
rejection and preservation of the functioning allograft in kidney transplant recipients. In addition,
the Phase 2 clinical trial (IM103100) is considered pivotal in assessing the safety of belatacept
dosage regimens, particularly with respect to PTLD risk. Because of a higher incidence of
subclinical rejection observed in Phase 2 with the LI regimen, the LI regimen was modified in
the Phase 3 trials to include an additional 10 mg/kg dose on Day 5 post transplant.

Pharn acokmetlcs The pharmacokinetics (PK) of belatacept are linear and plasma exposures
(Crmex and AUC) increase dose proportionally in healthy subjects following single escalating
intravenous (IV) infusion doses from 1 to 20 mg/kg.

Table 1 summarizes the PK parameters of belatacept in healthy subjects after a single

10 mg/kg IV infusion and in &2 #ove kidney transplant patients after multiple

5 mg/kg and 10 mg/kg IV infusions. Similar to healthy subjects, mean Cpa and AUC increased
dose proportionally in 2z zovo kidney transplant patients following multiple [V doses of 5 mg/kg
and 10 mg/kg every 4 weeks. Mean estimates of systemic clearance (CL) and volume of
distribution (Vss) of belatacept in kidney transplant patients were also comparable to those in
healthy subjects. Likewise, the mean estimates of belatacept half-life (T':) were similar between
kidney transplant patients (approximately 8 to 10 days) and healthy subjects. The between
subject variability in the PK estimates from Table 1 (as %CV) is less than 30% in healthy
subjects (range 18-28%), and is slightly higher in kidney transplant patients (range 27-35%).




Table 1. Pharmacokinetic parameters (Mean + SD [Range]) in Healthy Subjects and 22 zovo

Kidney Transplant Patients

Pharmacokinetic Parameters| Healthy Subjects | Kidney Transplant | Kidney Transplant
(After 10 mg/kg | Patients during the | Patients during the
Single IV Infusion) | Maintenance Phase Initial Phase
(After 5 mg/kg (After 10 mg/kg
‘Multiple IV Multiple IV
Infusions) Infusions)
N=15
N=14 N=10
Peak concentration (Cpax) 300+ 77 139 +28 247 £ 68
[ng/mL] (190-492) (80-176) (161-340)
AUC? 26398 + 5175 14090 + 3860 22252 + 7868
[pgeh/mL] ‘ (18964-40684) (7906-20510) (13575-42144)
Terminal half-life (T'%) 9.8+28 82+24° 9.8+3.2
[days] (6.4-15.6) (3.1-11.9) (6.1-15.1)
Systemic clearance (CL) 0.39+£0.07 0.510.14° 0.49£0.13
[mL/h/kg] (0.25-0.53) (0.33-0.75) (0.23-0.70)
Volume of distribution 0.09 +0.02 0.12+0.03° 0.11+£0.03 -
(Vss) [L/kg] (0.07-0.15) (0.09-0.17) (0.07-0.17)

* AUC=AUC (INF) after single dose and AUC (TAU) after multiple dose, where TAU=4 weeks

® TAU=8 weeks

No formal PK studies were conducted in subjects with hepatic impairment, renal impairment, or
in geriatric and pediatric populations. Population PK analysis showed that there was a trend
toward higher CL of belatacept with increasing body weight, supporting weight-based dosing.
Age, gender, race, renal function (measured by calculated glomerular filtration rate [GFR]),
hepatic function (measured by albumin), diabetes, and concomitant dialysis did not affect
clearance of belatacept.

:_Two Phase 3 clinical trials, IM103008 and

IM103027 evaluated the efﬁcacy and safety of the more intensive (MI) and less intensive (LI)
dosing regimens of belatacept in #z zovo renal transplant patients, in comparison to cyclosporine
A (CsA). Both Phase 3 trials are multicenter, randomized, blinded with respect to belatacept
regimen. The patients in IM103008 received kidneys from standard-criteria donors (SCD),
whereas those in IM103027 received kidneys from extended-criteria donors (ECD). The
adjunctive immunosuppressive therapy used in the belatacept treatment and CsA control arms
consisted of basiliximab induction, mycophenolate mofetil (MMF), and corticosteroids.

Dose Selection: Two dosage regimens were studied durmg the development of belatacept: a less
intensive (LI) regimen and a more intensive 1) reglmen In the current BLA application, the
sponsor is seeking approval for the belatacept LI regimen studied in the Phase 3 trials for kidney
transplantation.

As shown in Table 2, the belatacept LI regimen in the Phase 3 trials consisted of belatacept 10




mg/kg IV administration on Day 1 (the day of transplantation, prior to implantation), and on
Days 5, 14, and 28; then every 4 weeks through 3 months after transplantation. Starting at Month
4 after transplantation, belatacept was administered at the maintenance [V dose of 5 mg/kg every
4 weeks (5 days).

Table 2. Dosing for Belatacept LI Regimen (Phase 3 trials)

Dosing for Initial Phase Dose
Day of transplantation, prior to implantation (Day 1) 10 mg/kg
Day 5, Day 14, and Day 28 (1 month after transplantation) 10 mg/kg
Month 2 and 3 after transplantation 10 mg/kg

Dosing for Maintenance Phase Dose
Monthly, starting at Month 4 after transplantation 5 mg/kg

The MI regimen in the Phase 3 studies IM103008 and IM103027 consisted of belatacept 10
mg/kg [V administration on Day 1 (the day of transplantation, prior to implantation), and on
Days 5, 14, 28, 42, 56, 70, and 84; then every 4 weeks through 6 months after transplantation.
Starting at Month 7 after transplantation, belatacept in the MI regimen was administered at the
maintenance [V dose of 5 mg/kg every 4 weeks (+ 5 days). The belatacept MI regimen differed
from the LI regimen in the period between Month 2 and Month 6 post transplant.

In the pivotal Phase 3 studies IM 103008 (SCD) and IM103027 (ECD), the LI regimen was either
non-inferior or superior to the comparator (cyclosporine) in terms of the following efficacy
endpoints: patient and graft survival, preservation of renal function, and chronic allograft
nephropathy. However, the belatacept LI regimen was inferior to cyclosporine in terms of acute
rejection (AR); the AR rates in Phase 3 trials at 12 months were 17.5% (70/401) for belatacept
LI and 10.4% (42/405) for cyclosporine. As compared to the LI regimen, the MI regimen did not
demonstrate a therapeutic benefit and was associated with more safety concerns.

i i Studies: The Phase 3 trials
IM103008 and IM103027 were de51gned to admlmster fixed mg/kg doses of belatacept, with no
target trough concentration range specified to be attained by therapeutic drug monitoring with
dose adjustment. These fixed dosing regimens were chosen based on the overall efficacy
findings of the Phase 2 trial IM103100, which included measurement of belatacept trough
concentrations. Table 3 summarizes the belatacept threshold trough concentrations for Phase 3
trials IM103008 and IM 103027 that were shown to be effective in Phase 2 trial IM103100.

Table 3. Proposed Belatacept Threshold Trough Concentrations for Studies IM103008 and
IM103027

Threshold Trough Less Intensive (LI) More Intensive (MI)
Concentration® Regimen Regimen
20 pg/mL Month 1 Months 1-3
5 pg/mL Months 2-4 Months 4-6
2 ug/mL Months 5-12 Months 7-12

? Based on Phase 2 trial IM103100




In the Phase 3 trials IM103008 and IM 103027, the observed belatacept trough concentrations
were higher than the threshold trough concentrations at each of the measured time points in
approximately 80% of the patients receiving the LI and MI regimens (Figure 1). There was
substantial between-patient variability in trough concentrations in the belatacept LI and Ml
regimens; the percent coefficient of variation (%CV) at Month | was lowest at (44%), while
%CV was 52% to 70% from Months 2 to 12.
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Figure 1. Belatacept Trough Concentrations in #z #zove Kidney Transplant Patients Receiving
the LI Regimen (left panel) and the MI Regimen (right panel). Data from the Phase 3 trials were
combined. The bottom and top of each box represent the inter quartile range (i.e., 25" and 75"
percentiles, respectively). The bar inside each box represents the median trough concentration.
The whiskers represent 5" and 95™ percentiles, respectively. The horizontal reference lines
represent the threshold trough concentration as outlined in Table 3.

Exposure-Response Relationships for Efficacy: The relationship between exposure (belatacept

trough concentrations) and response (acute rejection (AR), and renal function) was assessed and
the results are summarized below. The incidence of patient and graft loss was too low to conduct
a meaningful exposure-response analysis.

Acute Rejection (AR): Higher belatacept trough concentrations on Day 5 appeared to be related
to a lower incidence of AR during Month 1 post transplant. However, the incidence of AR
during Morith 1 post transplant only accounts for approximately 1/3 of the total AR episodes.
Overall, no apparent relationship of belatacept trough concentrations with AR was observed in
Phase 3 trials IM103008 and IM103027.

Renal Function: In Phase 3 trials IM103008 and IM 103027, renal impairment was defined as a
measured GFR (mGFR) < 60 mL/min/1.73 m* at Month 12 or a decrease in mGFR > 10
mL/min/1.73 m* from Month 3 to Month 12 (mGFR10). The exposure-response analysis was
conducted with mGFR10 because it is not influenced by the observed difference in baseline
mGFR values in each patient. Overall, the proportion of patients with mGFR 10 decreased with
increasing belatacept trough concentrations in Studies IM 103008 and IM103027 (Table 4).




Table 4. Relationship between Belatacept Trough Concentrations (Median; 10-90% percentile)
and Proportion of Patients with a Decrease in Measured GFR > 10 mL/min/1.73 m? from Month
3 to Month 12. Data from the LI and MI regimens in IM103008 and IM103027 were combined
for the quartile analysis.

| Quartilel | Quartile2 | Quartile3 | Quartile 4
A Month 1*
Median (10-90™ percentile) 25.5 329 38.7 49.9
belatacept Cuouen (g/mL) | (18.9-28.8) | (30.5-35.5) | (36.5—-41.8) | (43.4—62.8)
Percentage of patients with 224 24.0 ' 25.1 18.0
mGFR10 (%; n/N) (40/179) (43/179) (45/179) (32/178)
‘ Months 2 to 4
Median (10-90™ percentile) 6.1 12.1 22.3 34.4
belatacept Cirousn (Hg/mL) (3.6—8.1) (9.7-16.0) | (17.8-26.1) | (28.5-49.5)
Percentage of patients with 313 23.1 214 19.4
mGFR10 (%; n/N) (57/182) (42/182) (39/182) (35/180)
2 Months 6
Median (10-90™ percentile) 2.4 4.0 5.7 8.5
belatacept Ciougn (pg/mL) (1.1-3.1) (34-4.7 (5.0-6.7) (1.3 -17.0)
Percentage of patients with 28.4 284 - 235 20.5
mGFR10 (%; n/N) (46/162) (46/162) (38/162) (33/161)
All Months
Median (10-90" percentile) 7.5 11.3 15.6 27
belatacept Ciougn (pg/mL) (5.1-9.3) (9.9-12.8) | (13.9-18.7) | (20.9-42.7)
Percentage of patients with 314 21.7 22.7 14.1
mGFR10 (%; n/N) (61/194) (42/194) (44/194) (27/192)

*taken on day 5 post-transplant
Cirough = trough concentration

mGFR10 = decrease in measured GFR > 10 mL/min/1.73 m? from Month 3 to Month 12

: The relationship between exposure (belatacept
trough concentratlons) and response (Post-transplant lymphoproliferative disorder (PTLD),
infections, and other adverse events of interest) was assessed and the results are summarized
below.

Post-transplant lymphoproliferative disorder (PTLD): Epstein-Barr virus (EBV) — induced PTLD

is a life-threatening complication followmg organ transplantation in high-risk patients receiving
immunosuppressive therapy. The primary risk observed with belatacept was PTLD, with the
central nervous system (CNS) being the predominant site of presentation. Belatacept-treated
patients were found to be at a higher risk for developing CNS-PTLD compared with CsA-treated
patients. Based on visual inspection of graphical analyses comparing belatacept trough
concentrations in patients with PTLD, belatacept trough concentrations in patients with PTLD
were not substantially different from those in patients without PTLD. In the Phase 3 studies, the
incidence of CNS-PTLD with onset in Month 6 to 12 was 0.6% (2/312) in the patients with
higher Cirougn (i.€., > 4.4 pg/mL) whereas no PTLD (0/312) occurred in the patients with lower
Crrougn (i.€, <4.4 pg/mL). Overall, the number of clinical cases was not adequate to derive
meaningful exposure-response relationships.




Non-Exposure-Related Risk Factors of PTLD: Receiver Operating Characteristic (ROC)
analyses using data from Studies IM103100, IM103008 and IM 103027 were conducted by the
Pharmacogenomic reviewers to identify potential factors associated with PTLD risk in
belatacept-treated patients. The results showed that (a) EBV negative serostatus was the
strongest risk factor, followed by CMV negative serostatus, and (b) among EBV positive
patients (the population to which belatacept is likely to berestricted if approved), a significant
imbalance of PTLD was observed in CMV negative patients (6-fold higher risk compared to
CMV positive patients [OR 5.75 [1.05-31.66]] (Table 5), suggesting that CMV negative
serostatus should be considered as an additional risk factor when considering belatacept as a
treatment option.

Table 5. Belatacept-induced PTLD rates among EBV seropositive patients as a function of CMV
serostatus

PTLD-No® | PTLD-Yes® Total® PTLD Rate
CMV + 590 2 592 0.34%
- 205 4 209 1.91%
Total 795 6 801 0.75%

2 Number of Patients

Infections: Serious infections occurred more frequently in the first 6 months following
transplantation. From Month 2 to Month 6, belatacept exposure in subjects on the MI regimen is
generally higher than those on the LI regimen. However, the incidence rate of serious infections
does not appear to be substantially different between the MI regimen and the LI regimen in that
period. The incidence of some infections, such as BK virus and herpes virus infections, tend to
be higher in patients with higher belatacept trough concentrations. However, overall incidence of
these infections is too low to draw definite conclusions.

Other Adverse Events: There was no apparent association between the incidence of new onset
diabetes mellitus after transplant (NODAT), hypertension, dyslipidemia, or congestive heart
failure and belatacept trough concentrations.

whether monitoring belatacept Cyougn may be needed for dose adjustment in de novo kidney
transplant patients. However, the findings from analyses of data from Studies IM103008 and
IM103027 (i.e., (a) large between-subject variability of belatacept Ciough, (b) a trend for
improvement of renal function (mGFR) associated with belatacept Cirougn in recipients of

. standard criteria kidney donors, and (c) the incidence of some viral infections (BK virus and

herpes virus) may be higher with higher belatacept Ciougn) would suggest that there may be a
need to further evaluate the need for TDM of belatacept Cirough in de novo kidney transplant
patients through additional clinical experience, or additional clinical trials, or both.

Immunogenicity; A total of 34 of 857 patients (4.0%) developed antibodies during treatment
with intravenous belatacept in the two Phase 3 trials and during the long-term extension (LTE)




phase of the 4-week cohort of the key Phase 2 trial; an additional 7 of 124 (5.6%) developed
antibodies within 7 belatacept half-lives after treatment discontinuation.

There appears to be a trend towards higher rates of graft loss, death, and acute rejection in those
patients who were seropositive or indeterminate than in those who were seronegative to anti-
belatacept antibodies. However, the complexity and the small numbers of clinical cases, and the
limited immunogenicity and belatacept concentration data taken around the time of the event of
interest do not support a causal or temporal association between the development of anti-
belatacept antibodies and any of these events.

In terms of mean and median belatacept clearance, there was no significant difference among
seropositive, seronegative and indeterminate patients, as well as among neutralizing antibody
(NAB)-positive and other patients.

in, Phase 3 Trials: In Phase 3 studies IM103008 and IM103027, the initial MMF dose was 2
g/day. However, the MMF dose was allowed to be adjusted at the physician’s discretion based
on clinical signs of adverse events or efficacy failure. There was no substantial difference in
percent of patients who received MMF 2 g/day among the treatment groups in Studies IM103008
and IM103027 (Table 6). Approximately 60-75% of patients received 2 g/day of MMF across all
treatment groups. The remainder of patients received less than 2 g/day of MMF.

Table 6. Percent of Patients who Received MMF 2 g/day at Given Times in Phase 3 Trials 008
and 027

~ Study 103008 Study 103027
Month 3 Month 6 | Month 12 | Month 3 Month 6 | Month 12
Belatacept MI 74% 75% 68% 67% 66% 56%
Belatacept LI 71% 71% 67% 71% 66% 58%
CsA 70% 65% 64% 68% 60% 57%

Cyclosporine (CsA) inhibits enterohepatic recirculation of MPA, the active form of MMF, and,
consequently, lowers MPA exposure. Belatacept does not interact with MPA. Thus, systemic
exposure to MPA would be higher in the belatacept arms and exposure to the main metabolite,
MPA glucuronide (MPAG), would be lower, as compared to the CsA arm. In a subset of 21
kidney transplant patients enrolled in the two Phase 3 trials, the mean dose-normalized MPA
Crax and AUCo.12 were higher by 20% and 40%, respectively, when MMF 2 g/day was co-
administered with belatacept than when co-administered with CsA. The mean dose-normalized
MPAG Crax and AUCy.12 were lower by 25% and 30%, respectively, in those patients receiving
belatacept and MMF as compared to those receiving CsA and MMF.

uation: Because belatacept is a large fusion protein (401 amino acids) with a high
specificity for its molecular target, a thorough QT study was not recommended. In the Phase 2
and 3 clinical trials, belatacept did not cause QT prolongation in renal transplant patients.

(b) (4)
belatacept was used in the two pivotal Phase 3 trials and is

also the formulatlon mtended for commercial purposes. Only the PK parameters of A
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belatacept will be described in the proposed label.
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2. Question Based Review
2.1.  General Attributes

2.1.1. What are the highlights of the chemistry and physical-chemical properties of the
drug substance and the formulation of the drug product?

Chemistry and Physical-Chemical Properties:

Belatacept is a genetically engineered fusion protein that consists of the functional binding
domain of modified cytotoxic T-lymphocyte antigen-4 (CTLA-4) and the Fc domain of human
monoclonal immunoglobulin of the IgG1 subclass. Belatacept consists of two polypeptide chains
with 357 amino acids and exists as covalent homodimer (referred to as belatacept “monomer”)
linked through an inter-chain disulfide bond. Belatacept has an average mass of approximately
90,619 Da as determined by mass spectrometry.

Lormulation: :
Belatacept for injection is a single use, sterile, lyophilized powder for intravenous
(IV) administration after its constitution with either sterile water for injection (SWFI), 0.9%
sodium chloride injection (NS) or 5% dextrose solution (D5 W) to obtain a solution with a
protein concentration of 25 mg/mL and subsequent dilution to concentrations between 54)mg/mL
and 10 mg/mL with either NS or D5W.

(b) (4)

When reconstltuted belatacept is a clear to opalescent, colorless to pale ybellow solution which
contains ~ 25 mg of belatacept/mL ir ®®sodium phosphate and o )sodlum chlorlde pH
7.5.

2.1.2. What are the proposed mechanisms of action and therapeutic indiéations?

Meckarnism of Actior.
Belatacept represents a class of potential therapeutic agents that target the blockade of
CD28-B7 (CD80, CD86), signaling key co-stimulatory signals required for T-cell activation.

Full activation of T-cells requires two signals provided by the antigen presenting cells (APCs).
One of the signals occurs with the interaction between CD28 on the T-cells and B7-1 and B7-2
(CD80 and CD86, respectively) on the APCs. This specific interaction initiates a signal
transduction mechanism, which includes the production of cytokines, T-cell activation and
proliferation. Belatacept selectively blocks full activation of T-lymphocytes by binding
specifically to B7-1 and B7-2 on the APC, and inhibiting the co-stimulatory pathway.

Belatacept had been shown to inhibit the production of cytokines (IL-2, IL-4, TNF-a, and IFN-y)
zn vitro. Of note, IFN-y is an endogenous antiviral and antimtumor cytokine and is known to
prevent EBV-induced B cell transformation.

o Proposed Indicatiorn.

Belatacept is a selective costlmulatlon blocker with the proposed indication of prophylaxis of
organ rejection and preservation of a functioning allograft in adult patients receiving renal
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transplants. Belatacept has been used in combination with an interleukin-2 (IL-2) receptor
antagonist (e.g., basiliximab), mycophenolic acid (MPA; as mycophenolate mofetil (MMF)), and
corticosteroids.

2.1.3. What are the proposed dosage and route of administration?

Proposed Dose and Route of Administration:

For adult renal transplant recipients, belatacept should be prepared based on actual body weight
and administered as a 30-minute intravenous infusion with the dosing recommendations in Table
7.

Table 7. Dosing of belatacept for renal transplant recipients

Initial Phase: Dose
Day of transplantation, prior to implantation (Day 1) 10 mg/kg
Day 5, Day 14, and Day 28 (1 month after transplantation) 10 mg/kg
Months 2 and 3 after transplantation 10 mg/kg every 4 weeks
Maintenance Phase:
Month 4 after transplantation and afterwards 5 mg/kg every 4 weeks
Dose Adjustments:

Dose modification of belatacept is not recommended:
e During episodes of acute rejection.
e For a change in body weight of less than 10%.
Patients do not require premedication prior to administration of belatacept.
Therapeutic drug monitoring (TDM) of trough concentrations is not required with belatacept.

2.2.  General Clinical Pharmacology

2.2.1. What are the design features of the clinical pharmacology and clinical studies used
to support dosing or claims?

Two Phase 3 clinical trials, IM103008 and IM 103027 evaluated the efficacy and safety of the
more intensive (MI) and less intensive (LI) dosing regimens of belatacept in 2 zovo renal
transplant patients, in comparison to cyclosporine. Both Phase 3 trials are multicenter,
randomized, and were blinded with respect to belatacept regimen. The patients in IM103008
received kidneys from standard-criteria donors (SCD), whereas those in IM103027 received
kidneys from extended-criteria donors (ECD). The adjunctive immunosuppressive therapy used
in the belatacept treatment and cyclosporine control arms consisted of basiliximab induction,
mycophenolate mofetil (MMF), and corticosteroids.

Although the following two belatacept regimens were evaluated in Phase 3 trials, the less-
intensive (LI) regimen is being proposed for approval.

* The M1 regimen of 10 mg/kg of belatacept given IV on Day 1 (the day of transplantation, prior
to implantation), Day 5, 14, 28, 42, and 56, and then every 4 weeks through 6 months after
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transplantation. Starting at Month 7 after transplantation, belatacept was administered at 5
“mg/kg IV monthly. '

* The LI regimen of 10 mg/kg of belatacept given IV on Day 1 (the day of transplantation, prior
to implantation), Days 5, 14, 28, Month 2 and Month 3, and then at 5 mg/kg IV monthly starting
at Month 4 after transplantation. Note: Because there was a relatively higher rate of subclinical
rejection observed with the LI regimen in previously completed Phase 2 trials, the LI regimen
was modified in these Phase 3 trials by adding a 10 mg/kg dose on Day 5 post-transplant.

Table 8 provides a summary of the clinical pharmacology and clinical studies that provided
supportive information in the Dosage and Administration, Drug Interactions,
Immunogenicity and Clinical Pharmacology sections of the belatacept labeling.
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Table 8. Studies with Key Information on the Clinical Pharmacology of Belatacept (Intravenous)

Study Number/ Objectives Study Design/ Type of Dosage, Route Number of
Manufacturing Treatment Subjects Treated
Process of Drug Duration Subjects
Substance
Phase 1 Studies of IV Belatacept in Healthy Subjects
lMlm“?b)l ?4) Safety, tolerability, Phase 1, Healthy Belatacept 0.1, 1,5, 10, Belatacept,30
PK, immunogenicity randomized, 20 mg/kg or placebo; IV | Placebo, 10
double-blind, :
placebo-
controlled/
Single dose ) (@]
M1 01023{; @ PK, safety, Phase 1, Healthy Belatacept 10 mg/kg, 15
. 7 . )
immunogenicity randomized, vs C; IV 15
open-label,
parallel group/
Single dose
Phase 2 Studies of IV Belatacept in Renal Transplant Recipients
IM103047¢ PK, PD, safety Phase 2, open- De novo Belatacept LI regimen: 12
Interim PK label/ renal same as IM103008
e 3 transplant
years ranspla
subjects
IM1031007 (12- Efficacy, safety, Phase 2, De novo Belatacept MI regimen: | MI, 74
month nhase)(b) @ immunogenicity, PK randomized, renal same as IM103008 LI, 71 .
open-label, transplant .
partially-blinded, | subjects Belatacept LI regimen: | o5 73
active-controlled, 10 mg/kg Days 1. 15, 29,
57, 85, then 5 mg/kg

parallel-group/
Ongoing until
drug is marketed

every 4 or 8 weeks;
CsA: same as IM103008

Background meds (all
subjects): same as
IM103008
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Study Number/ Objectives Study Design Type of Dosage, Route Number of
Manufacturing Subjects Treated
Process of Drug Subjects
Substance
Phase 3 Studies of IV Belatacept in Renal Transplant Recipients
M1 mnns%b) @ Efficacy, safety, Phase 3, De novo Belatacept Ml regimen: | MI, 219
immunogenicity, PK | randomized, open- renal 10 mg/kg Days 1 and § LI, 226
label, partially- transplant then every 2 weeks
blinded, active- subjects through Month 3, then CsA, 215
controlled, parallel every 4 weeks through
group/ Month 6, then 5 mg/kg
3 years every 4 weeks through
Month 36; IV
Belatacept LI regimen:
10 mg/kg Days 1 and 5,
then every 2 weeks
through Month 1,
then every 4 weeks
through Month 3, then 5
mg/kg every 4 weeks
through Month 36; [V
CsA: twice daily for
trough serum 150 -300
ng/mL during Month 1
and 100-250 ng/mL
thereafter
BacKg®und meds (all
subjects): basiliximab
induction, MMF +
corticosteroids
IM103027 Efficacy, safety, Phase 3, De novo Belatacept MI regimen: | M, 183
) (4) immunogenicity, randomized, open- | renal same as IM103008 LI, 174
PK label, partially- transplant :
blinded, active- subjects Belatacept LI regimen: | CsA, 179
controlled, parallel | who same as IM103008
group/ received
3 years grafts from CsA:
extended same as IM103008
criteria
donors Background meds (all
subjects):
same as IM103008
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2.2.2. What is the basis of the dose selection?

The overall efficacy of belatacept was similar between the less intensive (LI) and more intensive

(MI) dosing regimens, with some suggestion of a more favorable safety profile with the LI
dosing regimen. Therefore, the LI dosing regimen is the recommended dosing regimen for

belatacept.

2.2.3. What are the clinical endpoints used to assess efficacy in the pivotal clinical efficacy
study? What is the clinical outcome in terms of safety and efficacy?

Lfficacy:

The co-primary efficacy endpoints were (1) the composite of patient and graft survival at 12
months, and (2) the composite of renal impairment as assessed by measured GFR

<60 mL/min/1.73 m? at Month 12 or a decrease in measured GFR =10 mL/min/1.73 m” from
Month 3 to Month 12, and (3) the incidence of acute rejection (AR) at 12 months (Study
IM103027 only). Incidence of AR was a secondary endpoint in Study IM103027. Mean
calculated GFR at Month 12 post transplant and incidence of chronic allograft nephropathy
(CAN) were also secondary endpoints in both studies. -

The primary endpoints of patient and graft survival and of AR were assessed for non-inferiority,

whereas the endpoint of composite renal impairment was assessed for superiority. In IM103008

and IM103027, both MI and LI regimens of belatacept were non-inferior to the cyclosporine
regimen as assessed by the primary endpoint of patient and graft survival at 1 year (Table 9).

Table 9. Patient and Graft Survival at 12 months

Study Belatacept Ml Belatacept LI CsA
008 Surviving with a functioning graft | 208/219 (95.0) 218/226 (96.5) 206/221 (93.2)
Graft Loss 4 (0 died) 5 (1 died) 8 (1 died)
Death w/ functioning graft 6 3 6
Unknown status 1 0 1
Difference from CsA (97.3% CI) 1.8 (-3.6, 7.2) 3.3(-1.8,8.4)
027 Surviving with a functioning graft | 158/184 (85.9) 155/175 (88.6) 156/184 (84.8)
Graft Loss 17 (2 died) 16 (1 died) 20 (3 died)
Death w/ functioning graft 6 4 5
Unknown status 3 0 3
Difference from CsA (97.3% CI) 1.1 (-7.6, 9.8) 3.8(-4.7,12.3)

The belatacept MI regimen was superior to CsA in terms of composite renal impairment (GFR)

at Month 12 in IM103008 and IM103027; the LI regimen was superior to CsA, but did not meet

statistically significant superiority in Study IM103027 (Table 10).
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Table 10. Composite Measured GFR Endpoint

Study Belatacept MI Belatacept LI CsA
008 (n=219) (n=226) (n=221)
Composite endpoint ' 125 (57.1) 128 (56.6) 174 (78.7)
Reason for meeting composite:
-M12 < 60 and Decrease > 10 from M3 33 34 52
to 12
-M12 < 60 only 58 58 92
-Decrease > 10 from M3 to M12 only 15 16 8
-Imputed due to GL or death 9 8 14
-Missing 10 12 8
p-value <0.0001 <0.0001
027 (n=184) (n=175) (n=184)
Composite endpoint 132 (71.7) 135 (77.1) 157 (85.3)
Reason for meeting composite:
-M12 < 60 and Decrease > 10 from M3 27 41 37
to 12 _ '
-M12 < 60 only 71 64 83
-Decrease > 10 from M3 to M12 only 4 6 7
-Imputed due to GL or death 22 19 - 24
-Missing 8 5 6
p-value .0022 0575

In IM103008, the proportion of patients with acute rejection (AR) at Month 12 was higher in the
belatacept MI and LI groups compared with the cyclosporine group. In IM103027, the
proportion of patients with AR at Month 12 was comparable among the groups. In both trials, a
larger proportion of patients in both belatacept regimens had episodes of higher-grade AR than
in the cyclosporine group (Table 11).

Table 11. Acute Rejection (as Defined by the Applicant) at 12 months

Study Belatacept MI Belatacept LI CsA

008 Acute Rejection 49/219 (22.4) 39/226 (17.3) 16/221 (7.2)
Mild [A 7 : 4 3
Mild IB 3 8 5
Moderate I1A 16 .16 6
Moderate [IB 20 10 2
Severe 11 2 -1 0

Difference from CsA (97.3% CI) 15.2 (7.4, 23.0) 10.1 (2.9, 17.3)

027 Acute Rejection 33/184 (17.9) 311175 (17.7) 26/184 (14.1)
Mild TA 0 4 2
Mild IB 7 2 2
Moderate 1A 11 17 17
Moderate [[B " 15 8 5
Severe II[ 0 0 0

Difference from CsA (97.3% CI) 3.8(-5.2,12.8) 3.6 (-5.5, 12.7)

There were no substantial differences in the efficacy of belatacept, as assessed by patient and
graft survival, renal function, and AR, between elderly, diabetic, and black/African-American
subgroups vs. the overall study population.
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Safey:

In Phase 2 and 3 clinical trials, the most serious adverse reactions reported with belatacept were
post transplant lymphoproliferative disorders (PTLD), serious infections (e.g., TB, BK virus,
herpes virus), and other malignancies. The incidence of PTLD was higher in belatacept-treated
patients (13/949; 1.4%) than in cyclosporine-treated patients (2/476; 0.4%). Eight of 13 cases of
PTLD in belatacept-treated patients presented in the CNS and half of these were fatal. One fatal
case of progresswe multifocal leukoencephalopathy (PML) was reported after year 1 of
treatment in a patient receiving belatacept MI in clinical studies.

The most commonly reported adverse reactions occurring in >20% of patients treated with
belatacept were anemia, constipation, urinary tract infection, peripheral edema, diarrhea,
hypertension, graft dysfunction, nausea, pyrexia, and hypophosphatemia. The adverse reactions
resulting in clinical intervention (interruption or discontinuation of belatacept) in >l% of
patients were renal vein thrombosis and CMV infection.

2.2.4. Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure
response relationship? (if yes, refer to 2.6.6 Analytlcal Section; if no, describe the
reasons)

Yes, see Section 2.6.6, Analytical Section.
2.2.5. Belatacept Trough Concentrations (Cirougn) Observed in Phase 3 Trials

Phase 3 trials IM103008 and IM 103027 were designed to administer fixed mg/kg doses of
belatacept, with no target Cyougn range specified to be attained by therapeutic drug monitoring
with dose adjustment. Table 12 summarizes the belatacept threshold Cyoyugn for Phase 3 trials
IM103008 and 103027 which were shown to be effective in Phase 2 Study IM103100 of @z #ovo
kidney transplantation.

Table 12. Belatacept threshold trough concentrations for Phase 3 Trials IM103008 and 103027

Threshold Trough Less Intensive (LI) More Intensive (MI)
Concentration® Regimen _ Regimen
20 pg/mL “Month 1 Months 1-3
5 pg/mL Months 2-4 Months 4-6
2 pg/mL Months 5-12 Months 7-12

% Based on Phase 2 Study IM103100.

In the two Phase 3 studies, belatacept trough serum concentrations were measured at nominal
Days 5, 56, 70 (MI only), 84, 112, 168, 252, 280, 308, 336 and 364. In these trials, belatacept
Curough Were higher than the threshold Cirougn at each of the measured time points in ~80% of the
patients receiving the LI and MI dosing regimens (Figure 2). There was substantial between-
patient variability in Cyougn in the belatacept LI and MI regimens; the %CV at Month 1 was
lowest at <50%, while %CV was >60% after Month 1 (Table 13).
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Figure 2. Belatacept Cyrough in @2 7ovo kidney transplant patients receiving the LI regimen (left
panel) and the MI regimen (right panel). Data from Phase 3 trials IM103008 and 103027 were
combined. The bottom and top of each box represent the inter quartile range (i.., 25" and 75"
percentiles, respectively). The bar inside each box represents the median Cirougn. The whiskers
represent 5™ and 95" percentiles, respectively. The horizontal reference lines represent the
threshold Cyougn as outlined in Table 12.

Table 13. Mean and SD of belatacept Cirougn in @2 7ovo Kidney transplant patients receiving the
LI regimen and the MI regimen in Phase 3 Studies IM103008 and IM 103027

Time Study 103008 Study 103027
(Days) Belatacept LI Belatacept MI Belatacept LI Belatacept Ml
Mean SD Mean SD Mean SD Mean SD

51 3733 22.03 36.76 11.71 37.95 11.80 | 4145 22.60

561 9.42 4.57 27.05 15.89 11.17 6.70 28.28 11.34

84| 827 447 28.10 10.62 10.46 8.70 30.89 19.68

112] 7.85 4.12 12.63 8.36 9.52 5.40 14.44 6.67

168 | 4.10 2.44 9.46 6.24 5.24 297 10.54 4.84

252 | 4.38 3.55 4.54 2.71 4.69 242 5.72 3.48

280 1 4.21 291 4.74 3.78 5.28 4.09 5.45 2.99

308 1 4.05 2.60 4.28 242 5.24 3.22 5.24 2.88

336 | 4.46 3.04 4.53 2.24 5.11 2.86 5.13 2.71

364 4.35 297 4.63 2.50 5.06 2.97 5.24 2.75

2.2.6. Cyclosporine Trough Concentrations Observed in Phase 3 Trials

Patients randomized to the CsA arm in Phase 3 trials IM103008 and IM 103027 received CsA
twice daily to achieve protocol-specified target trough CsA concentrations of 150 to 300 ng/mL
during the first month post transplant and then 100 to 250 ng/mL thereafter. The CsA troughs
observed in the Phase 3 trials, however, tended to be higher than the protocol-specified CsA
targets during the first 2 to 3 months post transplant (Figure 3). For the first two months, trough
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CsA concentrations were attained within the protocol-specified target range in approximately 50
to 60% of patients. In approximately 40% of patients, trough CsA concentrations attained for the
first two months were higher than the protocol-specified target range. After Month 3 post
transplant, trough CsA concentrations were attained within the protocol-specified target range in
approximately 70 to 80% of patients. After the two week time point, the majority of trough CsA
concentrations outside of the protocol-specified target range were above the upper limit of the
target range rather than below the lower limit of the target range.
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Figure 3. Whole Blood Trough Concentrations of CsA in Patients Randomized to CsA in the
Phase 3 Studies IM103008 (red, left-side bars at each day) and IM103027 (blue, right-side bars
at each day)

2.2.7. Mycophenolate Mofetil (MMF) Dosing and Mycophenolic Acid (MPA) Exposure
Observed in Phase 3 Trials:

In Phase 3 studies IM103008 and IM 103027, the initial MMF dose was 2 g/day. However, the
MMF dose was allowed to be adjusted at the physician’s discretion based on clinical signs of
adverse events or efficacy failure. There was no substantial difference in percent of patients who
received MMF 2 g/day among the treatment groups in Studies IM103008 and IM 103027 (Table
14). Approximately 60-75% of patients received 2 g/day of MMF across all treatment groups.
The remainder of patients received less than 2 g/day of MMF.
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Table 14. Percent of Patients who Received MMF 2 g/day at Given Times in Phase 3 Trials 008
and 027

Study 103008 Study 103027
Month 3 Month 6 | Month 12 | Month 3 Month 6 | Month 12
Belatacept Ml 74% 75% 68% 67% 66% 56%
Belatacept LI 71% 71% 67% 71% 66% 58%
CsA 70% | 65% 64% 68% 60% 57%

Unlike belatacept, cyclosporine (CsA) inhibits enterohepatic recirculation of MPA, the active -
form of MMF, and, consequently, lowers MPA exposure. Thus, systemic exposure to MPA is
expected to be higher in the belatacept arms and exposure to the main metabolite, MPA
glucuronide (MPAG), would be lower, as compared to the CsA arm. In a subset of 21 kidney
transplant patients enrolled in the two Phase 3 trials, the mean dose-normalized MPA Cp,, and
AUC,.12 were higher by 20% and 40%, respectively, when MMF 2 g/day was co-administered
with belatacept than when co-administered with CsA. The mean dose-normalized MPAG Cpuax
and AUC,.;» were lower by 25% and 30%, respectively, in those patients receiving belatacept
and MMF as compared to those receiving CsA and MMF. Based on the assessment of Dr.
Patrick Archdeacon (Medical Officer), despite this belatacept-associated increased exposure to
MPA, there was not a greater frequency of MMF-related toxicities, such as gastrointestinal
adverse events (AEs) or leukopenia, in belatacept- versus CsA-treated subjects.

2.2.8. Exposure-Response

2.2.8.1 What are the characteristics of the exposure-response relationships (dose-
response, concentration-response) for efficacy?

The exposure-response relationships for efficacy of belatacept were explored with the incidence
of acute rejection and renal function estimated by measured GFR as a function of belatacept
Crrough in Phase 3 Studies IM103008 and IM103027. The incidence of patient and graft loss was
too low to conduct a meaningful exposure-response analysis.

cute Rejection (AR): Higher belatacept Ciougn 0n Day 5 appeared to be related to a lower
incidence of AR during Month [ post transplant (Figure 4). However, the incidence of AR
during Month 1 post transplant only accounts for approximately 1/3 of total AR. No apparent
relationship of belatacept Cirougn With AR was observed after Month 1 post transplant in Phase 3
trials IM103008 and 103027 (see Pharmacometrics Review in Appendix). In the Phase 3 trials,
97% (147/152) of the belatacept-treated patients with reported AR episodes experienced the
event within 6 months of transplantation.
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Figure 4. Percent of patients with acute rejection (AR) occurring within Month 1 of belatacept
therapy, as a function of median belatacept Ciougn On Day 5 or Month 1 (Quartile analysis). Data
obtained from Phase 3 Studies IM103008 and IM 103027 were combined.

Improvement in GFR: In Phase 3 trials IM103008 and IM103027, renal impairment was
defined as a measured GFR (mGFR) <60 mL/min/1.73 m’ or a decrease in measured GFR >10
mL/min/1.73 m? from Month 3 to Month 12 (mGFR10). In those studies, GFR were estimated at
Month 3 and Month 12 by measurement of the clearance of a true glomerular filtration marker
(non-radiolabeled iothalamate). The exposure-response analysis was conducted with mGFR10
because it is not influenced by the observed difference in baseline mGFR values in each patient.
Overall, the proportion of patients with mGFR 10 decreased with increasing belatacept Cirough in
Studies IM103008 and IM103027 (Table 15).
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Table 15. Relationship between belatacept average Cm,ugh (median; 10 90™ percentile) and
proportion of patients with a decrease in mGFR >10 mL/min/1.73 m?” from Month 3 to Month 12
(mGFR10). Data from de novo transplant patients who received the LI or MI regimens in Phase

3 trials IM103008 and IM 103027 were combined for the quartile analysis.

| Quartilel | Quartile2 | Quartile3 | Quartile4
Month 1*
Median (10-90" percentile) 25.5 329 38.7 49.9
belatacept Cirousn (Ug/mL) (18.9-28.8) | (30.5—35.5) | (36.5—-41.8) | (43.4-62.9
Percentage of patients with 22.4 24.0 25.1 18.0
mGFR10 (%; n/N) (40/179) (43/179) (45/179) (32/178)
Months 2 to 4
Median (10-90™ percentile) 6.1 12.1 22.3 344
belatacept Cirougn (Hg/mL) (3.6-8.1) (9.7-16.0) | (17.8-26.1) | (28.5-49.5)
Percentage of patients with 313 23.1 214 194
mGFR10 (%; n/N) (57/182) (42/182) (39/182) (35/180)
> Months 6 '
Median (10-90™ percentile) 2.4 4.0 5.7 8.5
belatacept Cirougn (ug/mL) (1.1-3.1) (34-4.7 (5.0-6.7) (7.3-17.0)
Percentage of patients with 28.4 28.4 23.5 20.5
mGFR10 (%; n/N) (46/162) (46/162) (38/162) (33/161)
All Months
Median (10-90™ percentile) 7.5 11.3 15.6 27
belatacept Cirough (0g/mL) (5.1-9.3) 9.9-12.8) | (13.9-18.7) | (20.9-42.7)
Percentage of patients with 314 21.7 22.7 - 1441
mGFR10 (%; n/N) (61/194) (42/194) (44/194) (27/192)

®taken on day 5 post-transplant

Additional analyses were conducted to evaluate the relationship between renal function (i.e.,
mGFR10) and belatacept Cyough (i.€., average of Cyougn from Month 3 to Month 12 in each
patient) as a function of belatacept dosing regimen in each Phase 3 study. In Study IM103008 in
the transplant recipients of standard criteria donor kidneys, the percent of patients with mGFR10
decreased with increasing belatacept Ciouen in both the belatacept LI and MI treatment groups
(Table 16). 1t should be noted that the percent of patients with mGFR10 in the lower quartile of
belatacept Cyougn among the patients who received the LI regimen (39%) was numerically greater
than that in the CsA treatment group (28%, 60/221).

Table 16. Percent of patients with a decrease in mGFR >10 mL/min/1.73 m? from Month 3 to
Month 12 (mGFR10) (w/N, %) as a function of average Ciough for the same periods (Study

IM103008)
' LI Regimen MI Regimen
Average Cyouen Quartiles | Patients with mGFR10 Average Ciough Quartiles | Patients with mGFR10
(Range) ' (n/N, %) (Range) (N, %)
Q1 (<3.24 pg/mL) 17/44 (39%) QI (<6.75 pg/mL) 13/41 (32%)
Q2 (3.24-5.03 pg/mL) | 9/43 (21%) Q2 (6.75-9.34 pg/mL) 10/41 (24%)
03 (5.03-6.5 pg/mL) | 9/43 (21%) Q3 (9.34-12.3 pg/mL) 10/41 (24%)
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1 Q4 (>6.5 pg/mL) [ 10/44 (23%) [ Q4 (>12.3 pg/mL) [ 7/40 (18%)

In Study IM103027 in the transplant recipients of extended criteria donor kidneys, the
relationship between the percent of patients with mGFR10 and belatacept Cyougn does not appear
to be as clear as in Study IM103008 (Table 16). The baseline kidney function among the patients
who received kidneys from extended-criteria donors (Study IM103027) may be more variable
than among the patients who received kidney from standard-criteria donors (Study IM103008).
This may be a possible reason for the different observation between Studies IM103008 and
IM103027.

Table 17. Percent of patients with a decrease in mGFR >10 mL/min/1.73 m? from Month 3 to
Month 12 (mGFR10) (n/N, %) as a function of average Cyougn for the same periods (Study
IM103027)

L.I Regimen ‘ MI Regimen
Average Cirough Patients with Average Cirough Patients with
Quartiles (Range) mGFR10 (n/N, %) Quartiles (Range) mGFR10 (n/N, %)
Q1 (<3.92 pe/mL) 10/30 (33%) Q1 (<7.32 pg/mL) 7/30 (23%)
Q2 (3.92-6.03 pg/mL) | 13/28 (46%) Q2 (7.32-9.88 ug/mL) | 9/29 (31%)
Q3 (6.03-8.14 pg/mL) | 6/30 (20%) Q3 (9.88-13.2 pg/mL) | 3/30 (10%)
Q4 (>8.14 pg/mL) 8/29 (28%) Q4 (>13.2 ug/mL) 5/29 (17%)

: : The clinical pharmacology reviewer’s exposure-
response analysis showed that the mcldence of CAN measured at Month 12 significantly
decreased with an increase in belatacept average Cirough from Month 6 to Month 12 in Study

IM 103008 (Figure 5). However, no apparent relationship between the incidence of CAN and
belatacept average Cirougn Was observed in Study 103027, where patients received kidneys from
extended-criteria donors (data not presented). In Study 103027, the incidence of CAN measured
at Month 12 may have been confounded with the baseline (i.e., pre-transplant) kidney
pathological status. For these analyses, data from the LI and MI treatment groups were
combined. Average Cirough from Month 6 to Month 12 were used because the belatacept doses
during this period were same between the LI and MI regimens, in addition to the presumed
relatively stable clinical status of the patient after Month 6 of renal transplantation. It should be
noted that (a) the presence of CAN at Month 12 was assessed as a secondary endpoint, using
protocol biopsies in an attempt to assess differences in structural changes across the treatment
groups, (b) CAN was developed as a term to describe histopathologic findings on biopsy
associated with progressive renal dysfunction not attributable to a more specific diagnosis, and
(c) although the observation of CAN reflects structural findings, the understanding of its clinical
relevance remains rather uncertain.
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Figure 5. Incidence of CAN at Month 12 as a function of average Cirough from Month 6 to Month
12 (Study IM103008). Data from the LI and MI treatment groups were combined. Logistic
regression was performed using average Cirough from Month 6 to Month 12 per patientas a -
continuous variable and the incidence of CAN as a binary variable (yes or no). The solid line
represents the regression fit. Subsequent to the logistic regression, the response rates in each of
the 4 quartiles of Cyouen (closed circles) are plotted to assess the goodness-of-fit.

Reviewer's comments.: Tkhere is speculation that the observed better renal function (i.e., lower
proportion of patients with mGlrll) and lower incidence of CAN in the belatacept treatment
groups as compared with the CsA treatment group is confounded by the potential of CsA to
induce renal loxiclty in contrast lo belataceprt. However, the findings of exposure-response
analysis for the proportion of patients with mGLFRI0 and the incidence of CAN may suggest that
belatacept indeed has beneficial efects in lerms of increasing renal function in kdney transplant
Dalrents.

7%e reviewer also noles that the lerm chronic allograft nephropathy (CAN) is no longer used,
but rather the more current terminology is chronic allograft injury (CAL or Iuterstitial
Fiprosis/Tubular Atrophy (IF774). However, at the time of the conduct of the FPhase 3 studies
and the analysis of the data by the sponsor, the older CAN term was still in use.

2.2.8.2. What are the characteristics of the exposure-response relationships (dose-
response, concentration-response) or non-exposure-related factors for safety?

The relationship between exposure (belatacept trough concentrations) and safety response
(PTLD, infections, and other adverse events of interest) was assessed and the results are
summarized below.

LD): There are 13 belatacept PTLD (8 MI
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and 5 LI) cases in the 3 core studies (3 in IM103100, 5 in IM103008, and 5 in IM103027). Up to
Month 12, the incidence of PTLD was similar in the belatacept LI and MI groups (4 [0.8%]
subjects in each group). Based on visual inspection of graphical analyses comparing belatacept
Crougn in patients with PTLD, belatacept trough concentrations in patients with PTLD were not
substantially different from that in patients without PTLD. The number of clinical cases was not
adequate to derive meaningful exposure-response relationships. In the Phase 3 studies, the
incidence of CNS-PTLD with onset in Month 6 to 12 was 0.6% (2/312) in the patients with
higher Cirougn (i.€., > 4.4 pg/mL) whereas no PTLD (0/312) occurred in the patients with lower
Cirougn (i.€, <4.4 pg/mL) (Table 18).

Table 18. Relationship between belatacept Ciough (medlan 10-90™ percentile) and proportion of
patients with PTLD and CNS-PTLD in Phase 3 trials™®

| Quartile 1 | Quartlle 2 | CQuartile3 | Quartile 4
Month 1
Median (10-90™ percentile) 25.5 32.9 38.7 49.8
belatacept Cirough (g /mL) | (18.9-28.8) | (30.5-35.5) | (36.5-41.8) | (43.4-62.8)
Percentage of patients with 0 0 0 0
PTLD (%; n/N) (0/179) (0/179) (0/179) (0/178)
Percentage of patients with 0 0 0 0
CNS-PTLD (%; n/N) (0/179) (0/179) (0/179) (0/178)
- Months 2 to 4
Median (10-90" percentile) 5.2 10.4 16.9 27.1
belatacept Cirouen (Mg /mL) (3.1-7.3) (3.3-12.8) [ (13.8-204) | (22.3-38.3)
Percentage of patients with 0 1.1 Ll 0
PTLD (%; n/N) (0/182) (2/182) (2/182) (0/180)
Percentage of patients with 0 0 0 0
CNS-PTLD (%; n/N) (0/182) (0/182) (0/182) (0/180)
Months 6 to 12
Median (10-90™ percentile) 2.1 3.7 5.1 7.3
belatacept Ciroush (pg /mL) (1.0-2.8) (3.0-4.3) (4.5-5.8) (6.2-10.1.9)
Percentage of patients with 0 0 0.6 0.6
PTLD (%; n/N) (0/156) (0/156) (1/156) (1/155)
Percentage of patients with 0 ' 0 0.6 ’ 0.6
CNS-PTLD (%; n/N) (0/156) (0/156) (1/156) (1/155)

* Only Phase 3 patients were included in the analysis because the three Phase 2 patients who developed PTLD had either a Q 8wk or an unknown
dosing schedule during the maintenance phase, i.e., belatacept was administered Q 4wk after Month 6 post-transplant in Phase 3 trials. The
patients randomized to the original LI regimen evaluated in the Phase 2 trial were excluded in the analysis.

® With the exception of Patient IM103008-142-30548, all 10 patients who developed PTLD in the Phase 3 trials had belatacept Cirougn data.
Three (3) of the 10 patients were reported to have developed PTLD after Month 12 of belatacept therapy.

Based on the sponsor’s analysis of data up to database lock, renal transplant patients with CNS-
PTLD and other CNS infections, including the one transplant patient with progressive multifocal
lekoencephalopathy (PML) tended to have higher cumulative exposure in the peri-transplant
period compared with patients who did not have these events (Figure 6).
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Figure 6. Box and whiskers plots are the distribution of belatacept average concentrations
(Cavg) up to 6 months after transplantation (Cavg = total cumulative AUC divided by time) in
subjects treated with belatacept with and without CNS events in Phase 2 and 3 Studies
IM103100, IM103008, and IM103027 (Adapted from the sponsor’s Advisory Committee
briefing book).

An additional FDA analysis suggests that joint consideration of Epstein-Barr Virus (EBV) and
cytomegalovirus (CMV) status may provide additional information regarding PTLD.
Specifically, among EBV positive patients, those patients with CMV negative serology were
more likely to develop PTLD than those patients with CMV positive serology (see below).

Non-exposure-related risk factors of PTLD in belatacept-treated patients: There are 13

belatacept PTLD (8 MI and 5 LI) cases in the 3 core studies (3 in IM103100, 5 in IM 103008,
and 5 in IM103027) up to database lock and an additional PTLD case was found in a transplant
recipient on belatacept LI regimen after the database lock. ROC and chi-square analyses were
conducted to identify predictive risk factors for PTLD in belatacept-treated patients. Our results
agree with those of the sponsor that EBV serostatus is the most significant risk factor for PTLD
and that EBV negative serostastus isa strong risk factor for PTLD. However, EBV positive
transplant recipients are also at considerable risk for PTLD (6/13 cases of PTLD were found in
EBV positive transpiant recipients). Our analyses suggest that joint consideration of EBV and
CMV serostatus is more informative than consideration of EBV alone. Specifically, among EBV
positive patients, those patients with CMV negative serology were more likely to develop PTLD
than those patients with CMV positive serology (see below).

Figure 7 and Table 19 show the ROC analysis results using data from Studies IM103 100,
IM103008 and IM 103027 to identify potential factors associated with PTLD risk in belatacept-
treated patients. EBV negative serostatus was the strongest risk factor, followed by CMV
negative serostatus. The predictive value of the combination of these two factors for PTLD was
very similar to that obtained with the combination of EBV serostatus and CMV infection prior to
detection of PTLD as well as to NRISK, a combination of potential risk factors, age category,
EBV status, use of T cell depleting agents and CMV infection prior to detection of PTLD.
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Figure 7. Correlates of PTLD Risk in Belatacept-Treated Patients. EBV: Epstein-Barr virus
serostatus; CMV: Cytomegalovirus serostatus; CMVDIS: CMV infection prior to PTLD
diagnosis; AGECAT: Age category (below or above 60 years); SEX: Female/Male; TCELL:
Lymphocyte depletion prior to PTLD through treatment with T-cell depleting agents; NRISK: A
combination of risk factors; AGECAT, EBV, TCELL and CMV DIS.

The results of the chi-square analysis using data from Studies IM103100, IM103008 and
IM103027 are summarized in Table 20. Joint consideration of EBV and CMV serostatus
provided additional information regarding PTLD. Specifically, among EBV positive patients,
those patients with CMV negative serology were more likely to develop PTLD than those
patients with CMYV positive serology (1.91% vs. 0.34%), representing an approximately 6-fold
higher risk (OR 5.76 [1.05, 31.7], Table 20). Similar imbalance, although to a lesser extent, was
seen for PTLD manifested in the CNS (data not shown).
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Table 19. Results of the ROC Analyses to Identify Potential Factors Associated with PTLD Risk
in Belatacept-Treated Patients

Test Result Variable(s) Area Std. Error P-value
EBV 719 .085 007
CMV 666 079 .039
EBV+CMV .806 .065 <.0001
CMVDIS 584 .087 296
EBV+CMVDIS .794 070 <.0001
AGECAT 428 .084 370
SEX 378 .065 132
TCELL 593 .087 247
NRISK .799 071 <.0001
Table 20. Belatacept-induced PTLD rates among EBYV seropositive patients as a function of
CMV serostatus
PTLD-No* | PTLD-Yes® Total® PTLD Rate
CMV 590 2 592 0.34%
205 4 209 1.91%
Total 795 6 801 0.75%

% Number of Patients

The analysis found EBV serostatus (EBV negative recipients) to be the highest risk predictor of
PTLD in belatacept-treated patients. In addition, CMV (CMV negative recipients) was also
identified as a risk factor for PTLD. In combination with EBV, CMV was identified as an
important risk factor for PTLD in belatacept-treated patients on the basis of ROC analyses and
on the imbalance of PTLD in EBV seropositive, CMV negative individuals. The results suggest
that CMV negative serostatus should be considered as an additional risk factor in EBV seropositive
individuals when considering belatacept as a treatment option.

While EBV serostatus is a well appreciated risk factor for PTLD in patients receiving post
transplant immunuosuppressants, the role of CMV serology to date has been equivocal. Reports
from two trials conducted outside of the United States (Germany and the UK) do not substantiate
the role of CMVstatus in PTLD risk whereas data from three trials in the United States support
the hypothesis that CMV status (serostatus or mismatch) is a risk factor for PTLD. The risk
factors for PTLD may be different depending on the organ transplanted, age of the patients, co-
medications, number of acute rejection episodes, etc. The risk factors for PTLD may be different
in the context of the drug/biologic also. Based on the data in the BLA submission for belatacept,
and some support from the literature, EBV and CMV serostatus appear to be important risk
factors for PTLD in kidney transplant patients.
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Infections: Serious infections occurred more frequently in the first 6 months following
transplantation. From Month 2 to Month 6, belatacept Cirougn in subjects on the MI regimen is
generally higher than those on the LI regimen. However, the incidence rate of serious infections
does not appear to be substantially different between the MI regimen and the LI regimen in that
period (Figure 8).
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Figure 8. Comparison of incidence of serious infection among treatments by months post
transplant. Data from Phase 3 Studies IM103008 and IM 103027 were combined. From Month 2
to Month 6, belatacept Cyougn Were substantially higher in the MI regimen compared with in the
LI regimen.

Reviewer's comments. (1) The incidence of serious infections lended lo be higher for the first six
monihs post transplant compared with affer Month 6 post transplant in both the L1 and M7
treatment groups. Coincidently, the belatacept Cyroug were also higher first six months post
transplant in the MI treatment group and for the first four months in LI treatment group because
the maintenance dose of belatacept (i.e., 5 mg/kg every month) started at Month 6 in the MI
treatment group and at Month 4 in the LI treatment group. This may indirectly suggests that the
incidence of serious infections may be associated with belatacept Cyougi (i.e., the higher
incidence of serious infections, the higher belatacept Cioign). However, it is not clear at this time
whether the higher incidence of serious infections during the first 6 months post-transplant could
have been influenced by other factors (e.g., the higher propensity of patients to contract
infections in the early post-surgery period).

(2) The incidence of CNS-PTLD and other CNS infections were reported to be higher in the
belatacept MI regimen (1.3 to 1.5%) than in the LI regimen (0.2 to 0.6%,.

BK virus infection: The incidence of BK virus infection tends to be higher in patients with

higher belatacept Cirougn. There was an apparent association between the percentage of patients
with BK virus infection and belatacept Cirough at Month 2 and at later months but not during
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Month 1. During Months 2 to <6, there was a trend for the percentage of patients with BK virus

infection to increase with increasing belatacept average Crough during Months 2 to 6 (Table 19).

During Months 6 to 12, the incidence of BK virus infection was too low to conclude a definitive
relationship with belatacept Cirougn (Table 21).

Table 21. Relationship between belatacept Cirougn (median; 10-90™ percentile) and proportion of
patients with BK viral infection

| Quartile | | Quartile2 | Quartile3 | Quartile 4
Months 2 to 4
Median (10-90™ percentile) 5.3 10.6 17.3 27.7
belatacept Ciougn (pg/mL) (3.1-73) 84-129) | (139-20.8) | (23-42.8)
Percentage of patients with 1.6 1.6 3.8 5.6
BKYV (%; n/N) (3/182) (3/182) (7/182) (10/180)
Months 6 to 12
Median (10-90™ percentile) 2.1 37 52 7.7
belatacept Ciough (pg/mL) (1.0-2.3) (3.1-4.3) (4.5-5.9) (6.4—-13.9)
Percentage of patients with 0.6 1.3 1.3 1.3
BKYV (%; n/N) (1/156) (2/156) (2/156) (2/155)

Herpes virus infection: The incidence of herpes virus infection tends to be higher in patients with
higher belatacept Ciougn during Months 6 to 12. Exposure-response associations during Month 1
and during Months 2 to 4 were not observed (Table 22).

Table 22. Relationship between belatacept Cirouen (median; 10-90"™ percentile) and proportion of

patients with herpes.

| Quartilel | Quartile2 | Quartile3 | Quartile 4
' Month 1 4
Median (10-90™ percentile) 25.5 32.9 387 49.9
belatacept Ciouen (g /mL) | (18.9—-28.8) | (30.5-35.5) | (36.5—-41.8) | (43.4-62.8)
Percentage of patients with 0 1.1 0 1.1
herpes (%; n/N) (0/179) (2/179) (0/179) (2/178)
Months 2 to 4
Median (10-90™ percentile) 53 10.6 17.3 27.6
belatacept Cirough (4g /mL) (3.1-7.3) 84-12.9) | (13.9-20.7) | (23.0-4.9)
Percentage of patients with 5.5 1.6 3.8 2.8
herpes (%; n/N) (10/182) (3/182) (7/182) (5/180)
Months 6 to 12
Median (10-90™ percentile) 2.1 3.7 5.2 7.7
belatacept Cirousn (ug /mL) (1.0-2.9) (3.1-4.3) (4.5-5.9 (64-13.9)
Percentage of patients with 2.6 2.6 4.5 7.1
herpes (%; n/N) (4/156) (4/156) (7/156) (11/155)

Other Adverse Events: There was no apparent association between the incidence of new onset
diabetes mellitus after transplant (NODAT), hypertension, dyslipidemia, or congestive heart
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failure and belatacept trough concentrations.

2.2.8.3. Is there a need for therapeutic drug monitoring (TDM) with belatacept LI
regimen?

Current data obtained from Phase 3 trials, where fixed mg/kg belatacept dosing regimens were
used, are not sufficient to evaluate whether therapeutic drug monitoring of belatacept Cirougnh may
be needed for dose adjustment in de novo kidney transplant patients. However, some of the
findings from the exposure-response analyses of data from Studies IM103008 and IM103027, as
noted in the various sections above, would suggest that there may be a need to further evaluate
the utility of TDM of belatacept Ciougn in de novo kidney transplant patient through additional
clinical experience, or additional clinical trials, or both.

A retrospective analysis of data obtained from Phase 3 Studies IM103008 and IM103027 showed
that the percent of patients with mGFR10 increased as the number of belatacept Cirougn samples
per patient that were <4 pug/mL increased (Figure 9), partially substantiating that TDM with
belatacept LI regimen may provide better clinical outcome, at least, in terms of improvement of
GFR in kidney transplant patients. In this analysis, a threshold Ciougn 0f 4 pg/mL was estimated
as approximately 25 percentile Ciougn in patients who received the LI belatacept regimen (Tables
15 and 16). It is important to note that the beneficial effect of increasing belatacept Cirougn to
improve clinical efficacy will need to be further evaluated via additional clinical experience,
additional clinical trials, or both, along with the assessment of the impact of maintaining these
higher target trough concentrations on safety (e.g., PTLD and other malignancies, serious
infections). For the incidence of patient/graft survival and AR, no apparent relationships with the
number of belatacept Cyough Samples per patient that were <4 pg/mL were observed in the same
retrospective analysis of data obtained from Phase 3 Studies IM103008 and IM 103027.
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Figure 9. Percent of patients with decrease in mGFR>10 mL/min/1.73m? from Month 3 to
Month 12 as a function of the sample numbers of belatacept Cirougn <4 pg/ml during the same
period. Four pg/mL was estimated as approximately 25 percentile Cyougn in patients who
received the LI belatacept regimen. The numbers beside each bar represent the total number of
patients with those sample numbers of belatacept Cirough <4 pg/ml.

2.2.9. Does this drug prolong the QT or QTc interval?

A thorough QT study was not conducted for belatacept because it is a large molecular protein

®@and it has high specificity for its molecular targets. Nonclinical
studies did not detect QTc interval changes. In the two Phase 3 studies (IM103008 and
IM103027), belatacept had no effect on prolongation of the QTc interval. The proportion of
subjects with a prolonged QTc interval > 30 msec or > 60 msec compared with baseline and >
450 msec was similar across the belatacept treatment and the comparator (CsA) groups.

2.2.10. Pharmacokinetic characteristics of the drug and its major metabolites

2.2.10.1. Based on PK parameters, what is the degree of linearity or nonlinearity in the
dose-concentration relationship?

Healthy Subjects: The pharmacokinetic parameters of belatacept were linear over a range of
escalating [V doses from 1 to 20 mg/kg. A higher than dose-proportional increase in mean AUC
and a shorter elimination t'2 was observed from 0.1 to 1.0 mg/kg.

Renal Transplant Patients: The mean estimate of systemic clearance (CL) and volume of
distribution (Vss) of belatacept following multiple IV doses of 5 mg/kg and 10 mg/kg every 4 :
weeks in renal transplant patients were comparable. (Table 21 in Section 2.2.6.3).

2.2.10.2. Do PK parameters change with time following chronic dosing?
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Following once monthly IV infusions of 10 mg/kg and 5 mg/kg, i.e., starting from Month 2 of
the Belatacept LI regimen, there was minimal systemic accumulation (10-20%) of belatacept in
renal transplant patients. In Phase 3 trials, the mean belatacept trough concentrations were
relatively stable during monthly IV dosing. '

2.2.10.3. How does the PK of the drug and its major active metabolites in healthy
volunteers compare to that in patients?
3
The pharmacokinetics (PK) of belatacept are linear and plasma exposures (Cnax and AUC)
increase dose proportionally in healthy subjects following single escalating [V infusion doses
from 1 to 20 mg/kg (Figure 10 and Table 23). The terminal half-llfe (T'%2) of belatacept is
approximately 8 to 10 days in healthy subjects.
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Figure 10. Mean serum concentration-time profiles of belatacept following single intravenous
dose administration of belatacept. '
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Table 23. Mean pharmacokinetic parameters of belatacept in healthy subjects following a single
intravenous infusion (n = 6/dose)

PK  BMS-224318 Dese Level

Parameter 0Olmglky  1lmgks § mg/kg 10mgks  20mgike
Cmax? 232 28.2 126 260 466
(ng/mlL) (13.6%) (202%) (14.9%) ©.9%) (10.3%)
BEST : _
POSSIBLE AUCONF)* 143 - 2232 10341 - 22049 41380
COPY (uzeb/mL) (14.4%) (16.0%) (21.8%) (15.1%) (3.4%)
Tmax ? | 10 10 10 10 15
) (10,10) 1.0,20) (1.0, 1.0) (1.0, 1.0) (1.0,2.0)
'r-mu‘ 864 T 176 197 m
(1] a4 (24.3) 25.9) (36.5) G1n
ar® | om 045 049 046 042
(mlhky) 012 (0.07) | (0.13) Q07 0.02)
vss© 80.2 26 102 988 117
(mlkp) (14.8) (19.1) Q54 {10.1) 12.5)
Sy Madian (minimom, maximum)

*  Arithmetic mean (SD)

Table 24 summarizes the PK parameters of belatacept in healthy subjects after a single

10 mg/kg 1V infusion and in 2z #ovo kidney transplant patients after multiple

5 mg/kg and 10 mg/kg IV infusions. Similar to healthy subjects, mean Cpax and AUC increased
dose proportionally in #z #ove kidney transplant patients following multiple IV doses of 5 mg/kg
and'10 mg/kg every 4 weeks. Mean estimates of systemic clearance (CL) and volume of
distribution (Vss) of belatacept in kidney transplant patients were also comparable to those in
healthy subjects. Likewise, the mean estimates of belatacept half-life (T'2) were similar between
kidney transplant patients (approximately 8 to 10 days) and healthy subjects. The between
subject variability in the PK estimates from Table 4 (as %CV) is less than 30% in healthy
subjects (range 18-28%), and is slightly higher in kidney transplant patients (range 27-35%).
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Table 24. Pharmacokinetic parameters (Mean + SD [Range]) in Healthy Subjects and 2z zovo
Kidney Transplant Patients '

Pharmacokinetic Parameters| Healthy Subjects | Kidney Transplant | Kidney Transplant
(After 10 mg/kg | Patients during the | Patients during the
Single IV Infusions)| Maintenance Phase Initial Phase
: (After 5 mg/kg (After 10 mg/kg
N=15 Multiple IV Multiple IV
Infusions) Infusions)
N=14 N=10
Peak concentration (Cpax) 30077 139 £ 28 247 + 68
[{ug/mL] (190-492) (80-176) (161-340)
AUC* ' 26398 £ 5175 14090 + 3860 22252 + 7868
[ugeh/mL] (18964-40684) (7906-20510) (13575-42144)
Terminal half-life (T'%) 9.8+2.8 82424 9.8+3.2
[days] (6.4-15.6) (3.1-11.9) (6.1-15.1)

- |Systemic clearance (CL) 0.39 £0.07 0.51° 0.49 £0.13
[mL/h/kg] (0.25-0.53) (0.33-0.75) (0.23-0.70)
Volume of distribution (Vss) 0.09 + 0.02 0.12° 0.11 £0.03
[L/kg] (0.07-0.15) (0.09-0.17) (0.07-0.17)

2 AUC=AUC (INF) after single dose and AUC (TAU) after multiple dose, where TAU=4 weeks
® TAU=8 weeks

2.2.10.4. TIs this a high extraction ratio or a low extraction ratio drug?

Not applicable.

2.2.10.5. Does mass balance study sy'ggest renal or hepatic the major route of elimination?
A mass balance study was not conducted for belatacept. Belatacept is an Fc fusion protein. Mass
balance studies are not generally performed for proteins because they are degraded into amino

acids that are then recycled into other proteins.

2.3. Intrinsic Factors

2.3.1. - What intrinsic factors (age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, and organ dysfunction) influence exposure and/or
response and what is the impact of any differences in exposure on the
pharmacodynamics? :

Pharmacokinetics in Specific Populations: No dedicated studies were conducted in subjects
with hepatic impairment, renal impairment or in geriatric and pediatric populations.
There was a trend toward higher clearance of belatacept with increasing body weight, supporting

a weight-based dose of belatacept. Age, gender, race, renal function (measured by calculated
glomerular filtration rate [GFRY]), hepatic function (measured by albumin), diabetes, and
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concomitant dialysis did not affect clearance of belatacept. In Phase 3 trials, the average
belatacept Cirougn OVer the first 12 months of therapy was comparable between males and females

(16.2 £ 9.3 versus 16.7 £ 10.3 mcg/ml).

Therapeutic Endpoints in Specific Populations: The subgroup analysis of elderly, African-
American and diabetic subgroups in Phase 3 trials did not demonstrate inconsistency with the
overall study population in terms of the following therapeutic endpoints: acute rejection, renal
function, patient survival and graft survival. ‘

2.3.2. Based upon what is known about exposure-response relationships and their
variability and the groups studied, healthy volunteers vs. patients vs. specific
populations, what dosage regimen adjustments, if any, are recommended for
each of these groups? If dosage regimen adjustments are not based upon
exposure-response relationships, describe the alternative basis for the
recommendation.

None.

2.3.2.1. What pregnancy and lactation use information is there in the application?

Pregrancy Category. C

Belatacept was shown to cross the placenta of rats and rabbits. Belatacept should be used in
pregnancy only if the potential benefit to the mother justifies the potential risk to the fetus.

In a Phase 1 single dose study, two pregnancies were reported in belatacept-treated subjects.
Both females had been reported to have given birth to normal newborns.

Nursing Mothers.

Belatacept is known to be excreted in rat milk. It is not known whether belatacept is excreted in
human milk or absorbed systemically after ingestion by a nursing infant. No patient is known to
have breast-fed during any study. Because many drugs are excreted in human milk and because
of the potential for serious adverse reactions from belatacept in nursing infants, a decision should
be made whether to discontinue nursing or to discontinue the drug, taking into account the
importance of the drug to the mother.

2.3.3. Immunogenicity
2.3.3.1. What is the incidence (rate) of the formation of the anti-product antibodies
(APA), including the rate of pre-existing antibodies, the rate of APA formation

during and after the treatment, time profiles and adequacy of the sampling
schedule?

Based on the reviewer’s confirmatory analysis, a total of 34 of 857 patients (4.0%) developed
antibodies during treatment with intravenous belatacept in two Phase 3 trials and during the
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long-term extension (LTE) phase of 4-week cohort of the key Phase 2 trial; an additional 7 of
124 (5.6%) developed antibodies within 7 belatacept half-lives after treatment discontinuation.
The incidence of anti-belatacept antibodies at baseline is as follows: 6.2% (49/796) and 10.5%
(10/95) in Phase 3 trials and in the LTE-phase of the key Phase 2 trial, respectively. The clinical
pharmacology reviewer’s calculated rates of anti-belatacept antibody formation are similar to
that reported by the sponsor (Table 25). However, note that due to immunogenicity assay
sensitivity limitations (i.e., interference at > 10 mcg/mL belatacept concentrations), some serum
samples were labeled “indeterminate” for the production of anti-belatacept antibodies, which
could explain at least in part what appears to be higher than expected rates of anti-belatacept
antibodies at baseline than during and after therapy. Such indeterminate samples could have also
resulted in the underestimation of immunogenicity rates during the initial phase of belatacept
therapy, when belatacept concentrations were expected to be higher and when more patients had
immunogenicity tests done prior to therapy discontinuation, than during the maintenance phase,
i.e., the long-term extension phase of the key Phase 2 trial.
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Table 25. Reviewer’s calculated proportion (% and n/N) of patients who developed
anti-belatacept antibodies in Phase 2 and 3 trials

Studies included After

Baseline During Discontinuation of
Treatment Treatment’

Phase 3 only* 6.1 35 5.6
(49/806) (28/806) (7/124)

Phase 2 (LTE)" 10.5 16.8 20.0
(10/95) (16/95) (1/5)

Phase 3 + Phase 2-(LTE)- 6.5 4.9 6.2

4 weeks and 8 weeks (59/901) - (44/901) (8/129)

Phase 3 + Phase 2-(LTE)- 6.3 4.0 5.6

4 weeks only (54/857) -(34/857) (7/124)

Phase 2(LTE)- 9.8 11.8 -

4 weeks only (5/51) (6/51) (0/0)

Phase 2(LTE)- 11.4 227 20

8 weeks only (5/44) (10/44) (1/5)

Belatacept Less-Intensive © 7.5 4.9 3.2

' (32/428) (21/428) (2/62)

Belatacept More-Intensive 5.1 54 8.1

(22/429) (23/429) (5/62)

# Studies IM103008 and IM103027

® Long-term extension phased of Study IM103100 with 5 mg/kg every 4 weeks and every 8 weeks regimens
® Within 7 belatacept half-lives after discontinuation of therapy, and not seropositve previously

¢ Phase 3 + Phase 2 (LTE) 4 weeks regimen

Overall, the proportion of anti-belatacept antibody seropositive individuals was lower in @& #zove
renal transplant patients than in: (a) healthy subjects (100% in the single dose study IM103046)
who were immunocompetent and not receiving additional immunosuppressive agents, (b) a few
patients with functioning grafts after the complete elimination of immunosuppression, and (c) in
the 8-week cohort of the LTE phase of the key Phase 2 trial. These findings indicate that
concomitantly administered immunosuppressive agents likely attenuated the capability of renal
transplant patients to produce anti-belatacept antibodies. Additionally, it appears that after
discontinuation of belatacept therapy, the Belatacept More-Intensive regimen is associated with
a higher incidence of anti-belatacept antibody response than the Less-Intensive regimen.

In the Phase 3 trials, the median (range) time to first seroconversion was about 103 (1 to 728)
days. In the two Phase 3 trials, immunogenicity samples were collected at baseline, Months 3, 6,
and 12 during Year 1 post-transplantation; thus, the specific time of a subject’s seroconversion
could not be accurately assessed. However, samples were collected anytime that a subject
experienced a suspected acute rejection. In the long-term extension phase (but not in the first 12
months) of the Phase 2 trial, immunogenicity samples were collected initially, at 6-month visits,
and then at yearly interval visits.

Of those patients who seroconverted during belatacept treatment and after discontinuation of
therapy, 50% and 71.4%, respectively, had persistent antibodies. Persistence is defined as the
presence of anti-belatacept antibodies on at least two consecutive occasions or during the time of
the patient’s last immunogenicity assessment. Table 26 summarizes the clinical pharmacology
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reviewer’s calculated proportions of patients with persistent anti-belatacept antibodies. It appears
that at least after discontinuation of belatacept therapy, there was a trend of a lower
seroconversion rate but a higher persistent antibody rate in the less-intensive (LI) regimen than
in the more-intensive (MI) regimen. However, the antibody titers at any given time during or
after belatacept appear to be relatively low (range 5 to 320).

Table 26. Reviewer’s calculated proportion (% and n/N) of patients who had persistent
anti-belatacept antibodies in key Phase 2 and 3 trials

Studies included Persistent anti-belatacept antibodies
(%, n/N)
During Treatment® After Discontinuation
of Treatment™

Phase 3 only® 50 714

(14/28) (5/7)
Phase 2 (LTE)" 56 0

. (9/16) -
Phase 3 + Phase 2-(LTE)- 52.3 714
4 weeks and 8 weeks (23/44) (5/7)
Phase 3 + Phase 2-(LTE)- 50 714
4 weeks only (17/34) (5/7)
Phase 2(LTE)- 50 0
4 weeks only (3/6) -
Phase 2(LTE)- 60 0
8 weeks only (6/10)
Belatacept Less-Intensive ¢ 58.8 100
_ (10/17) (2/2)

Belatacept More-Intensive ¢ 41.2 : 60

(117 ' (3/5)

? Studies IM103008 and IM 103027
® Long-term extension phase of Study IM103100 with 5 mg/kg every 4 weeks and every 8 weeks regimens

©Within 7 belatacept half-lives after discontinuation of therapy

¢ Phase 3 + Phase 2 (LTE) 4 weeks regimen

¢ Total N (denominator) equals the number of patients who seroconverted

f Total N (denominator) equals the number of patients who seroconverted after therapy discontinuation

2.3.3.2. Does the immunogenicity affect the PK and/or PD of the therapeutic protein?
K: According to the spoﬁsor’s analysis, the Bayesian-predicted

clearance of belatacept from population PK analysis was similar in seronegative, seropositive,
and indeterminate subjects (Figure 11).
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Figure 11. Population PK predicted belatacept clearance, by seroconversion status

The descriptive statistics of belatacept clearance by immunogenicity status are summarized in
Table 27. Based on the reviewer’s analysis, there is no significant difference in belatacept
clearance among the three groups.

Table 27. Belatacept clearance as a function of seroconversion status

Seroconversio | Number of Bayesian-predicted Belatacept Clearance
n Status Subjects (L/h)
: Mean + SD Min . - Max Median
indeterminate 204 0.0376 £ 0.0067 | 0.0172 0.0699 0.036
seronegative 544 0.0364 + 0.0092 0.0159 0.0773 0.0357
seropositive 33 0.0362 + 0.0083 0.0221 0.0543 0.0365
2.3.3.3. Do the anti-product antibodies have neutralizing activity?

Of the 19 patients with confirmed binding to the CTLA-4 region of belatacept, 6 (31.6%)
patients were shown to possess neutralizing antibodies. The clinical pharmacology reviewer’s
calculated rate of neutralizing antibodies (27.3%; 6/22) was similar to that reported by the
sponsor (Table 28). All 6 patients who developed NAB against belatacept were participants of
the Phase 3 trial, IM103027, with equal propottions in the less-intensive and more-intensive
belatacept regimens. Note however that the development of neutralizing antibodies (NAB) could
have been underestimated because of drug interference of the NAB assay at > 1 mcg/mL
belatacept concentrations.
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Table 28. Reviewer’s calculated proportion (% and n/N) of patients who developed Neutralizing

Antibodies (NAB) against belatacept in key Phase 2 and 3 trials
Studies included NAB
(%, W/N)
Phase 3 only® 333
(6/18)
Phase 2 (LTE)" 14.3
(2/14)
Phase 3 + Phase 2-(LTE)- 25
4 weeks and 8 weeks (8/32)
Phase 3 + Phase 2-(LTE)- . 273
4 weeks only (6/22)
Phase 2(LTE)- 0
4 weeks only (0/4)
Phase 2(LTE)- 20
8 weeks only (2/10)
Belatacept Less-Intensive ¢ 25
(3/12)
Belatacept More-Intensive 30
(3/10)

? Studies IM103008 and [IM 103027

® Long-term extension phase of Study IM103100 with 5 mg/kg
every 4 weeks and every 8 weeks regimens

° Within 7 belatacept half-lives after discontinuation of therapy

4 Phase 3 + Phase 2 (LTE) 4 weeks regimen

Table 29 compares the belatacept clearance of the 6 NAB-positive patients with those patients
who were either not tested for NAB status due to lack of confirmed reactivity to CTLA4, NAB-
negative, NAB-indeterminate due to assay limitations. There is no significant difference in
belatacept clearance among the two groups.

Table 29. Belatacept clearance as a function of neutralizing antibody (NAB) status

Seroconversio | Number of Bayesian-predicted Belatacept Clearance
n Status Subjects (L/h)
Mean + SD Min Max Median
NAB-(+) 610.0393+0.0112 { 0.0247 0.0543 0.0416
Others® 778 | 0.0367 + 0.0095 0.0159 0.0773 0.0358

? includes patients who were not tested for neutralizing antibodies (NAB) due to lack of confirmed reactivity to CTLA4, and
those who were not NAB-positive

2.3.3.4. What is the impact of aliti-product antibodies on clinical efficacy?

Table 30 compares the incidence of efficacy-related events in Phase 2 and 3 clinical trials, by
seroconversion status. It appears that there is a trend of a higher incidence of death, graft loss,
and acute rejection in those patients who were positive or indeterminate for the development of
anti-belatacept antibodies than those who were negative. However, causal and temporal
association with anti-belatacept antibody development cannot be established due to either the
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complexity of the clinical cases or the limited data available on the antibody titers and belatacept
concentrations around the time of the event.

Table 30. Incidence of death, graft loss, and acute rejection in key Phase 2 and 3 trials,
by seroconversion status

Death Graft Loss Acute Rejection
(%; /N) (%; n/N) (%; WN)
Seropositive 3.1 12.5 28
(1/32). (4/32) (7/32)
Seronegative 1.5 2.1 14.1
(7/481) (10/481) (68/481)
Indeterminate 8.5 10.2 26.9
(24/283) (29/283) (76/283)

Impact of anti-drug antibodies on graft loss:
Based on the sponsor’s summary Phase 3 data through database lock, the rates of graft loss in

anti-belatacept antibody seropositive patients and indeterminate patients were higher [12.5%
(4/32) and 10.2% (29/283), respectively] than in seronegative patients [2.1% (10/481] which
suggests a potential association between immunogenicity and graft loss. A similar trend was also
observed when including the data from the key Phase 2-LTE-4 weeks regimen, i.e., 10.5%
(4/38), 1.9% (10/514), and 10.5% (31/295) for seropositive, seronegative and indeterminate
patients, respectively.

The sponsor did not conclude a causal association between graft loss and immunogenicity
because all the 4 reported cases of graft loss during Year 1 in anti-belatacept antibody
seropositive patients were due to primary graft thrombosis or technical causes, and occurred
within 8 days of transplant. The reviewer notes that the reported times to sero-conversion in
these 4 patients ranged from 7 to 364 days but in 2 of these 4 patients, the antibody titers around
the dates of graft loss were below the LLQ of the assay. Immunogenicity assessments were not
adequate for the other two patients to allow for the evaluation of a temporal association between
seroconversion/NAB-positivity and graft loss, although the anti-belatacept antibody titers for
these patients with inadequate immunogenicity data were both >LLQ, i.e., 20.

Impact anti-drug antibodies on patient survival:
Based on the sponsor’s summary Phase 3 data through database lock, there was a trend of higher

death rates in anti-belatacept antibody seropositive patients [3.1% (1/32)] and indeterminate
patients [8.5% (24/283)] as compared to seronegative patients [1.5% (7/481)], suggesting a
potential association between death and immunogenicity. The difference between seropositive
and seronegative patients was lower [2.6% (1/38) versus 1.8% (9/514) when including the data
from the key Phase 2 study-LTE-4 week regimen. There was no apparent difference in the rates
of “death with functioning graft” between seropositive and seronegative patients (0% versus 0.8
to 1.2%); however the corresponding rate in indeterminate patients was substantially higher [7.5
to 7.8%].

_ The sponsor did not conclude a causal association between death and immunogenicity because
the single case of death in an anti-belatacept antibody seropositive patient was characterized with
a complicated transplantation procedure and post-operative course. The reviewer notes that this
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patient was reported to have suffered from graft loss on day 3 and died on day 96 but the only
time that immunogenicity was evaluated in this seropositive patient was on day 58 (NAB +).

Impact of anti-drug antibodies on acute rejection (AR):
Based on the sponsor’s summary Phase 3 data through database lock, there was trend of higher

AR incidence in anti-belatacept antibody seropositive patients (28%; 7/32) and indeterminate
patients (26.9%; 76/283) than in seronegative patients (14.1%; 68/481), suggesting a potential
association between immunogenicity to belatacept and AR.

The sponsor did not conclude an association between AR and immunogenicity because the
incidence (7/25; 28%) of acute rejection in anti-belatacept antibody seropositive patients was
comparable to the overall rate of AR of 20% in the two Phase 3 trials. The reviewer notes that 8
seropositive patients had at least 1 acute rejection episode at 4 to 128 days post-transplant. In 5
of these 8 patients with immunogenicity evaluations around the time of the acute rejection, the
anti-belatacept antibody titers were > LLQ, i.e., 5 to 20, and the belatacept trough concentrations
did not appear to be abnormally low compared to the population values.

Impact of neutralizing antibodies (NAB) on death, graft loss. and acute rejection;

Of note, 3 of the 6 patients who developed neutralizing antibodies against belatacept had acute
rejection, graft loss and/or death. However, the lack of immunogenicity data surrounding the
time of the event, the low antibody titers, and the low number of cases preclude the reviewer
from attributing any of these events to the production of NAB against belatacept.

2.3.3.5. What is the impact of anti-product antibodies on clinical safety? (e.g., infusion-
related reactions, hypersensitivity reactions, cross-reactivity to endogenous
counterparts, etc.)?

Based on the reviewer’s analysis of key Phase 2 and Phase 3 immunogenicity and adverse event
data, there was a trend of a higher percentage of patients with acute infusional and peri-
infusional adverse events in anti-belatacept antibody seropositive than in seronegative patients,
suggesting a potential association between the development of anti-belatacept antibodies and
these adverse events. Table 31 provides a comparison of these adverse events in the various
seroconversion subgroups. The sponsor did not conclude a causal association between
immunogenicity and serious infusional or hypersensitivity reactions because only 1 of the anti-
belatacept antibody seropositive subjects developed a serious reaction and was also described
with a complicated post-operative course and multiple events with onset on Day 1.

Table 31. Acute Infusional and Peri-Infusional Adverse Events By Seroconversion Status

Acute [nfusional Adverse Peri-Infusional Adverse
Events Events
(%; n/N) (%; n/N)
Seropositive 13.7 60.8
(7/51) ~(31/51)
Seronegative 3.7 50.5
(23/614) (310/614)
Indeterminate 5.3 429
(12/226) (97/226)
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The sponsor’s reported rates of autoimmune events in seropositive and indeterminate patients
were 3.1% (1/32) and 0.71% (2/283), respectively. The sponsor did not conclude a causal
association between immunogenicity and autoimmune events because the one seropositive
patient who developed Guillain-Barré syndrome was seronegative prior to and immediately
following the event.

2.3.3.6. What is the impact of the cross-reactivity of the neutralizing anti-product
antibodies to endogenous protein on clinical outcome? '

There appears to be no significant association between clinical outcome and the cross-reactivity
of anti-belatacept antibodies with abatacept (used as the surrogate of the endogenous CTLA4).
Out of the 8 NAB-positive patients in the three key clinical trials, two patients (IM103027-84-
10034 and IM103100-30-00001) who showed cross-reactivity to abatacept did not show any
negative clinical consequence, i.e., death, graft loss, acute rejection, acute-infusional and on-
treatment peri-infusional adverse events.

2.3.3.7 What is the impact on acute rejection of anti-donor (HLA) antibodies?

Impact of anti-donor human leukocyte antigen (HLA) antibodies on acute rejection (AR):

Table 32compares patients with acute rejection versus without acute rejection by Month 12 in
terms of the proportion of patients who developed, possibly developed, or did not develop anti-
donor HLA antibodies by Month 12 of therapy. The data indicate that patients without acute
rejection by Month 12 do not normally change from a seronegative status at baseline, regardless
of treatment. On the other hand, unlike belatacept-treated patients, cyclosporine-treated patients
with acute rejection have a higher probability of changing from a seronegatlve status at baseline
toa posntwe/possnble seropositive status at Month 12.

Overall, the findings suggest that in Phase 3 trials, the incidence of antibody-mediated rejections
observed in the Phase 3 trials was lower following treatment with belatacept than with
cyclosporine.
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Table 32. Anti-donor HLA antibody status of patients by Month 12 post-transplant:
With Acute Rejection versus Without Acute Rejection

Treatment Seroconversio Proportion of patients
n status %)
Baseline or Month 12 Change from
Pre-transplant | Post-transplant baseline
(Unadjusted)
With Acute Rejection
Belatacept Ml N=77 N=78
' Positive 3.9 5.1
Possible 6.5 5.1
Negative 89.6 . 89.7 No change

Cyclosporine N=40 N=39

Positive 5.0 15.4

| Possible 12.5 17.9

Negative 82.5 66.7 4 19%
Without Acute Rejection
Belatacept Ml N=300 N=306

Positive 5.7 3.6

Possible 7.0 5.6

Negative 87.3 90.8 No change
Belatacept LI N=313 N=315

Positive 5.1 2.9

Possible 5.8 6.7

Negative 89.1 90.5 No change
Cyclosporine N=326 N=325

Positive 7.1 6.8

Possible 8.9 8.6

Negative 84.0 84.6 No change

2.4. Extrinsic Factors

2.4.1. What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use)
influence exposure and/or response and what is the impact of any differences in
exposure on pharmacodynamics?

<oncomitant use with_mychophenolate mofetil (MMFE
cyclosporine (but not belatacept) to inhibit the enterohepatic recirculation of mycophenolic acid
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glucuronide (MPAG) to mycophenolic acid (MPA), the belatacept-treated patients who
participated in a PK substudy were shown to have about a 41% higher MPA AUC and 22%
higher MPA Cmax, as compared to the cyclosporine-treated patients.

Lymphocyte depleting agents (LDT, ¢.g.. thymoglobulin) and PTLD: Based on the sponsor’s
analysis, the PTLD event rate was higher in those patients who used lymphocyte-depleting
therapy (LDT) in the belatacept MI group but not in the belatacept LI group. For the MI group,
the PTLD rates for those who did not use LDT and those who did were 1% (4/408) and 5.8%
(4/69), respectively; the corresponding rates for the LI group were 1.2% (5/423) versus 0%
(0/49). A review of the individual patient profiles of those who developed PTLD in the Phase 2
and Phase 3 trials indicate that only the belatacept MI patients were given LDT to treat their
acute rejection episodes. Because LDT is a known risk factor of PTLD, the potential contribution
of LDT use and PTLD development in belatacept MI is possible; the direct influence of LDT use
on PTLD development in belatacept LI is less clear at this time.

Table 33 compares the descriptive statistics of belatacept Ciougn Over the first 6 months in
belatacept -treated patients who received LDT versus those who did not, by PTLD status. There
was no substantial difference in the mean/median/range of belatacept Cyougn in those patlents who
received LDT or did not receive LDT and development of PTLD.

Table 33. Comparison of Belatacept Cyougn OVer the first 6 months in Phase 3 trial patients, by
PTLD status and use oflymphocyte-depleting therapy (LDT

Mean + SD 10" to 19"
LDT Use | PTLD N (ug/mL) Median Range Percentile
No No 625 194 + 8.8 17.6 1.8-63.5 9.6.—30.8
Yes 6 21.5+82 19.8 13.4-34.9 134 -34.9
Yes No 61 21.1+8.3 21.1 6.5 - 46.3 10.1 - 32.0
Yes 3 23.9+3.3 24.6 20.4 —26.8 20.4 —26.8

2.4.2. Based upon what is known about exposure-response relationships and their
variability, what dosage regimen adjustments, if any, do you recommend for each of
these factors? If dosage regimen adjustments across factors are not based on the
exposure-response relationships, describe the basis for the recommendation.

None.
2.4.3. Drug-Drug interactions

2.4.3.1. Isthere an in vitro basis to suspect in vivo drug-drug interaction?

It is not clear at the time of writing this review. Belatacept is an inhibitor of the production of
cytokines and, in turn, may potentially affect mRNA expression and functional activities of
hepatic CYP450 metabolizing enzymes. Thus, we recommend the sponsor investigate the

~ safety/efficacy/dose regimen of additional medications which are metabolized through the
hepatic CYP450 enzyme system and were co-administered with belatacept in ongoing clinical
trials as well as in the previously conducted Phase 3 studies IM103008 and IM103027. Examples
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of such co-administered drugs are HMG-CoA reductase inhibitors (statins), anti-hypertensive
drugs (beta-blockers, calcium channel blockers, angiotensin converting enzyme (ACE) inhibitors,
angiotensin receptor blockers (ARB)), oral hypoglycemic drugs, triazole antifungal and anti viral
drugs metabolized through CYP450. Depending on the results of these investigations, further
studies may be needed to evaluate the effect of belatacept on concomitant medications which are
metabolized through CYP450 enzymes. It should be noted that this recommendation is not a
Phase 4 Commitment because a Complete Response (CR) action will be taken for BLA 125288
for belatacept during this review cycle.

2.4.3.2. Is the drug a substrate of CYP enzymes?
Not applicable.

2.43.3. Is the drug an inhibitor and/or an inducer of CYP enzymes?

Traditional 27 vizro and 77 vive drug interaction studies were not conducted.

2.4.3.4. Isthe drug'a substrate and/or an inhibitor of P-glycoprotein transport processes?

Not applicable.

2.43.5. Are there other metabolic/transporter pathways that may be important?

No studies on the metabolism of belatacept have been performed in humans. Metabolism studies
are not generally performed for proteins which are degraded into amino acids that are then
recycled into other proteins, small peptides and individual amino acid. Therefore classical
biotransformation studies as performed for pharmaceuticals are not needed. No z7 vizo drug-
drug interaction studies have been performed since CYP450 enzyme system is not expected to
play any role in belatacept biotransformation.

2.4.3.6. Does the label specify co-administration of another drug (e.g., combination
therapy in oncology) and if so, has the interaction potential between these drugs
been evaluated?

In the pivotal Phase 3 trials, belatacept was used with basiliximab, mycophenolate mofetil, and
corticosteroids. With the exception of the MPA/MPAG PK substudy that compared the
MPA/MPAG exposures in the belatacept versus the cyclosporine treatment arms, traditional
drug-drug interaction studies have not been conducted for belatacept and concomitant
medications.

2.43.7. What other co-medications are likely to be administered to the target patient
population?

In the clinical trials, the following non-therapy medications were also used to prevent viral
infections (e.g., gancyclovir), and to treat acute rejections (e.g., lymphocyte-depleting agents).
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2.4.3.8. Are there any in vivo drug-drug interaction studies that indicate the exposure
‘ alone and/or exposure-response relationships are different when drugs are co-
administered?

A PK substudy in these Phase 3 trials was conducted to determine whether MPA €Xposures were
similar between the belatacept-based regimen and the cyclosporine-based regimen (comparator).
(See also section 2.4.1.)

2.4.3.9. Is there a known mechanistic basis for pharmacodynamic drug-drug
interactions, if any?

None.

2.4.3.10. Are there any unresolved questions related to metabolism, active metabolites,
metabolic drug interactions or protein binding?

None.

2.5. General Biopharmaceutics

2.5.1. What is the relationship of the proposed to-be-marketed formulation to the pivotal
clinical trial formulation in terms of comparative PK and PD?

Not applicable. Only ® (4)belatacept, the proposed to-be-marketed formulation, was

evaluated in the pivotal Phase 3 trials. Althouch some patients in the Phase 3 trials switched

(b) (4) .
from the after Month 12, both preparations were
reconstituted to the same strength (25 mg/mL) for further dilution. The sponsor’s analysis
indicates that the belatacept Ciougn in values were comparable in these patients before and after

the switch.

2.5.2. What are the safety or efficacy issues, if any, for BE studies that fail to meet the
90% CI using equivalence limits of 80-125%?

Not applicable.

2.5.3. If the formulations are not BE, what dosing recommendations should be made that
would allow approval of the to-be-marketed formulation? (e.g., dosage adjustments
may be made for injectables)

Not applicable.

2.5.4. What is the effect of food on the bioavailability (BA) of the drug from the dosage
form? What dosing recommendation should be made, if any, regarding

administration of the product in relation to meals or meal types?

Not applicable. Belatacept is given via intravenous infusion.
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2.5.5. When would a fed BE study be appropriate and was one conducted?
Not applicable.

2.5.6. How do the dissolution conditions and specifications assure in vivo performance and
quality of the product?

Not applicable.

2.6. Analytical Section

2.6.1. How are the active moiety identified and measured in the serum in the clinical
pharmacology and biopharmaceutics studies?

Enzyme-linked immunosorbent assay (ELISA) was used to measure serum and urinary
belatacept concentrations in the clinical pharmacology and biopharmaceutics studies. Table 34
provides the assay validation parameters of the ELISA methods used in these studies.

Table 34. Summary of 27 v/ro analytical methods used in biopharmaceutics and clinical
pharmacology studies

Standard Accuracy Document
. Regression Curve —m-——- (% Control
Study Ne.  Model Range  Ister-  Intia-  Deviation) Analyte Stakility i Matrix Number
Analyte: Belatacept (BMS-224818) Sample Matrix: Human Senm Method: ELISA
IM103001 weighted 30800  Within  Within Within  Belatacept is stable in whole blood forup to 24 hat 910068401
DM103100 quadratic agml  £231% x301% =138% momt-q:,smhm::: sevum after five m

cycles, up to 5 days at RT and approximately 4°C,

wp t0 3 years 7 months at approximately -70°C, up to

120 days at approximately -20°C, and unaffected by

10% buman serum fiom bealthy subjects or subjects
ak satic arthait

M103002 weighted 3008000  Within Within Within Rheumatoid factor positive RA serum does not 910074383
quadnatic ngml  =208% =709%  =346% adversely affect the method when carried out in
0.1% serum
103008 weighted 30300 Within = Within Within ~ Belatacept is stable in human serum forup to 25hat 930017013
%:gg%z quadratic ngml  £742% =1176% =9.78% RT and after 13 freeze-thaw cycles
IM103046
™M103047 .
IM103024 waighted 30800 Within  Within Within ~ Belatacept is stable in lnunan serum forup to 25hat 930007080
IM103029 quadnatic ngml  £28%  £55% +4.7% RT and after 13 freeze-thaw cycles
B S o e S P SN i :
IM103047 Four 30800 Within  Within Within  Belatacept is stable in human wine wp to for 263t o001 00
paramater ngml F =1192%* =x2.62% RT, after 3 feeza-thaw cycles, and for least 174
14.94%° days at approxiniately -70°C and unaffected by 10%
* DM103001 and IM103002 used the BMS mamual method ®) @

1IM103008 IM103010, IM103027, IM103034, IM103045, IM103046 and IM103047 used the ~  moanwal method
TM103024 and 1103029 used the BMS automated method
IMI103100 used the BMS an (©) “nammal method

2.6.2. Which metabolites have been selected for analysis and why?
Not applicable because belatacept is a protein.
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2.6.3. For all moiety measured, is free, bound or total measured? What is the basis for
that decision, if any, and is it appropriate?

Not applicable because belatacept is a protein. -

2.6.3. What bioanalytical methods are used to assess therapeutic protein concentrations?
Briefly describe the methods and summarize the assay performance.
Either the BMS Manual or the . Manual ELISA method was used to quantify serum or urine
belatacept concentrations in pivotal Phase 1, Phase 2 and Phase 3 trials (Table 34 in section
2.6.1). In all these clinical studies, both methods were reported to have the same range of reliable
response (3.0 to 80 ng/mL), with a LLOQ of 3 ng/mL. The accuracy and (intra- and inter-) assay
precision were also similar, i.e., not exceeding + 10% deviation and + 15%, respectively, in all
studies. The assay was not subject to interference with mycophenolate mofetil and basiliximab,
or thymoglobulin. The ELISA method utilizes monoclonal antlbodles specific to belatacept. A
brief description of the assay follows.

Following dilution, the PK serum (or urine) samples is added to 96-well polystyrene microtiter
plates coated with a monoclonal antibody (clone 7F8) capable of selectively binding belatacept
in the serum samples. Non-specific binding was blocked by the addition of PTB buffer. After an
incubation period, plates were washed with phosphate buffered saline, pH 7.4 and containing
0.05% Tween 20. The antibody-bound belatacept is detected using a biotinylated second
monoclonal antibody (10A8) specific for belatacept. After another incubation period, the plates
are washed again to remove unbound material and then a streptavidin-horseradish peroxidase
(HRP) conjugate is added. After an additional incubation for 1 hour, unbound conjugate is
removed in the plate washer, followed by the addition of 3, 3°, 5, 5°- tetramethylbenzidine
(TMB), which is a colorimetric substrate for horseradish peroxidase. The colored product
following the reaction of TMB with HRP is then measured using a microtiter plate reader
equipped with a 450 nm test and 620 nm reference filter.

2.6.3. What bioanalytical methods are used to assess the formation of the anti-product
antibodies? Briefly describe the methods and assay performance including
sensitivity, specificity, precision, cut point, interference and matrix, etc.

2.6.3.1. 'What is the performance of the binding assay(s)?

Of the three generations of immunoassays that were employed to detect anti-belatacept
antibodies, the most current and sensitive electro-chemiluminescence (ECL) assay (collectively
referred to as Assay C) was used in the pivotal Phase 3 studies (IM103008, IM103027), as well
as in the long-term extension of a key Phase 2 study (IM103100) . All serum samples that tested
positive in the screening assay (Tier 1) were subjected to a confirmatory assay (Tier 2), which
determined antibody binding and titer to specific regions of the belatacept molecule.

Table 35 summarizes the validation parameters for Assay C. The assay can detect up to 250
ng/mL of anti-drug antibodies in the presence of up to 10 mcg/mL of free belatacept. The
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statistically determined assay cut point was utilized to identify the serum samples at a 5% false-
positive rate.

Table 35. Summary of Validation Data for Assay C, an Electrochemiluminescence Assay for
Screening, Titration, and Confirmation of Antibodies to Belatacept in Human Serum
Precision of Screening - Controls

Inter-analyst Precision (%CV) ‘ 8.5t011.6%
Inter-run Precision (2%CV) 10.8 to 25.0%
Intra-Assay Precision (%CV) 6.3108.1%
Precision of Screening — Patient Samples
Inter-donor Precision (%CV) 50.7 t0 52.4%
Intra-donor Precision (%CV) 7.2107.5%
Cut-Point Ratio 1 Value = Mean RLU of Sample /
Mean RLU of Diluent 21.29
Sensitivity At least 12.5ng/mL with respect to the

current lot of positive control antibody in

normal and patient serum

Selectivity (Matrix Effect): 10/10 individuals unspiked classified as

negative, and 10/10 individuals spiked with

positive control antibody classified as

positive

Specificity: No cross-reactivity seen with human [gG1 or

~__{ ovalbumin

Drug Interference Assay can tolerate up to 10ug/mL free drug

at 400ng/mL of positive control antibody

Consistency of Antibody Titration .| Precision of antibody titration was found to

be within one dilution

Confirmation of Positive Response -Demonstrated greater than 90% inhibition of
: the positive control antibody with Belatacept

or LEA29Y-T

-Demonstrated less than 40% inhibition of the

negative quality control with Belatacept or

LEA29Y-T

-Demonstrated less than 30% inhibition of

individual patient sera with Belatacept or

LEA29Y-T
Sample Stability
Bench-top 23 hours
2-8°C 29 days
Freeze-Thaw 5 freeze-thaw cycles
Long-term storage at -70°C 30 day stability demonstrated

2.6.3.2. What is the performance of the neutralizing assay(s)?

In Tier 3 of Assay C, samples positive to the modified CTLA4 region were analyzed for
neutralizing antibody (NAB). A cell-based bioassay was validated to identify whether the human
serum samples possessed belatacept-specific NAB. Due to assay interference by belatacept,
NAB was assessed only if the belatacept concentration was < 1 mcg/mL. Thus, 58% (14/24) of
the samples tested for NAB were “NAB-indeterminate” because the belatacept concentrations in

these samples exceeded 1 mcg/mL. Intra-sample precision estimates (%CV) for the belatacept

responses at concentrations 50, 25, and 12.5 ng/mL were 26.84, 26.76, and 20.22%, respectively
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and the overall accuracy estimates across the 3 concentrations were within = 9% of nominal
level. The sensitivity of the assay in neat pooled RD serum with or without 100 ng/mL of drug
was estimated to be 2.5 mcg/mL of neutralizing antibody. Significant neutralizing activity was
reliably detected in 8 of 9 individual RD serum samples with belatacept-specific neutralizing
antibody 7F8.

54




Proposed Labeling




i

4.

4.1.

APPENDICES

Pharmacometrics Review

APPEARS THIS WAY ON
ORIGINAL

94




OFFICE OF CLINICAL PHARMACOLOGY:
PHARMACOMETRIC REVIEW

Application Number BLA 125,288

Submission Number (Date) 01 July 2009

Drug Name Belatacept (Nulojix' ")

Proposed Indication Prophylaxis of organ rejection and preservation of a
functioning allograft in adult patients receiving renal
transplants

Clinical Division Division of Special Pathogens and Transplant Drugs

Primary CP Reviewer " | Gerlie Gieser, Ph.D. & Seong Jang. Ph.D.

Primary PM Reviewer Jiang Liu, Ph.D. & Seong Jang, Ph.D.

Secondary CP Reviewer Philip Colangelo, Pharm.D., Ph.D.

Secondary PM Reviewer Pravin Jadhav, Ph.D.

Sponsor Bristol-Myers Squibb

1 SUMMARY OF FINDINGS

1.1 Key Review Questions
The purpose of this review is to address the following key questions.

1.1.1 Did the proposed dose regimen achieve target belatacept concentration?

Yes, more than 80% of the patients receiving the LI and MI dosing regimens in pivotal
studies achieved trough concentrations higher than the target concentration. The target
was derived from in vitro experiments, pre-clinical studies and early phase studies. The
trough concentrations of belatacept were similar in subjects on the LI or MI regimen on
Day 5. The trough concentrations were higher in subjects on the MI regimen between
Day 56 and 168 compared to those on the LI regimen. The trough concentrations were
comparable after Day 168 (Figure 1 and Table 4). Belatacept has a consistent and
predictable PK profile based on population PK analysis.
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Figure 1. Belatacept dose regimens (LI regimen (left) and MI (right)) achieved target

concentration
’ Cmin Distribution with Mi regimen

BEST

o
o o g © o

100 -

o 00 0

POSSIBLE

ElR-wo o o
SR

COPY

s

Trough Concentration (meg/mi)
e

e
-3

001 4

bl

Trough Concentration (meg/ml)
°

0.01

a o
0.001 4

T T T T T T T T T T T T T T T
5 56 70 64 312 168 252 280 308 336 364 $32 728 896 1092

T
56

T T T td T T T T T T T
84 112 168 252 280 308 336 364 532 728 896

Nominal Day
Nominat Day

Note: the three reference lines represent the target trough concentrations in the 2 pivotal studies: 20 ug/mL (for
Month 1 (LI) or Month 1-3 (MI)), 5 ug/mL (for Month 2-4 (LI) or Month 4-6 (MI)) and 2 ug/mL (Month 5
afterward (LI) or Month 7 afterward (MI))

1.1.2

1.1.3

Is there evidence of significant exposure-response relationship for efficacy?

Acute Rejection: Higher belatacept Cyrouen 0n Day 5 was related with a lower
incidence of acute rejection during Month 1 post-transplant. However, the
incidence of acute rejection during Month 1 post-transplant accounted for only
173 of total acute rejection. Overall, no apparent relationship between belatacept
Cuough and acute rejection was observed in pivotal studies, IM103008 and 103027.

Renal function: The percent of patients with a decrease in measured GFR >10
mL/min/1.73 m> from Month 3 to Month 12 (mGFR10) decreased with increasing
average belatacept Cirougn for the same period.

Is there evidence of significant exposure-response relationship for safety?

There was no apparent relationship between belatacept exposure and incidence of safety
endpoints.

Post transplant lymphoproliferative disorder (PTLD): Belatacept Cirougn levels in

patients with PTLD were not substantially different from patients without PTLD.
The conclusion was based on graphical analysis comparing belatacept exposure in
patients with PTLD to overall exposures (Figure 4, Figure 10, Figure 14, and
Figure 15). Due to low incidence of PTLD and lack of a suitable variable to
describe the overall belatacept exposure, time-to-event analysis and logistic
regression analysis were not intensively pursued. The known risk factors for
PTLD, such as recipient EBV-negative status at the time of transplantation, CMV
infection, and the use of T cell depleting therapy, were confirmed in belatacept-
treated subjects (Figure 11). Also higher body weight was associated to higher
average exposure and higher incidence of PTLD. But given the current study
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design and low incidence, the power to detect the exposure-response relationship
for PTLD was low. The analysis also suggested that joint consideration of EBV
status and CMV infection may provide additional information regarding PTLD
(Figure 12). Additional analyses conducted by the Pharmacogenomics reviewers
further suggested that among EBV positive patients, those with CMV negative
serology were more likely to develop PTLD than those who are CMV positive
(see Pharmacogenomic review).

o Infections: Serious infections occurred more frequently in the first 6 months of
belatacept therapy. From Month 2 to Month 6, exposure in subjects on the MI
regimen was generally higher than those on the LI regimen. However, the
incidence of first serious infections did not appear to be substantially different
between the MI regimen and the LI regimen in that period (Figure 13). The
exposure-response analysis (logistic regression and quartile plot) using the serious
infection (first occurrence) data up to Month 1 also confirmed lack of relationship
between belatacept exposure and incidence of serious infection. The incidence of
some infections, such as BK virus and Herpes virus infections, may be higher
with higher belatacept Ciouen. However, overall incidence of these infections was
low to establish exposure-response relationship.

1.1.4 Is the belatac_epf LI regimen acceptable and is there a need for TDM?

Data obtained from pivotal trials, where fixed mg/kg belatacept dosing regimens
were used, were not sufficient to evaluate whether monitoring belatacept Cyougn may be
needed for dose adjustment in de novo kidney transplant patients. However, the findings
from analyses of data from Studies IM103008 and IM103027 (i.e., (a) large between-
subject variability of belatacept Cirougn, (b) a trend for improvement of renal function
(mGFR) associated with belatacept Cyougn in kidney transplant patients receiving standard
criteria donor kidneys, and (c) the incidence of some viral infections (BK virus and
herpes virus) may be higher with higher belatacept Cirougn) would suggest that there may
be a need to further evaluate the need for TDM of belatacept Cyrougn in de novo kidney
transplant patients through additional clinical experience, or additional clinical trials, or
both.

1.2 Recommendations
The LI dosing regimen is acceptable from clinical pharmacology perspective.

1.3 Label Statements

Labeling statements to be removed are shown in red-strikethrough-font and suggested
labeling to be included is shown in underline blue font.
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2 PERTINENT REGULATORY BACKGROUND

This is the original submission that the sponsor is seeking approval of belatacept (BLA
125288) for prophylaxis of organ rejection and preservation of a functioning allograft in
adult patients receiving renal transplants.

Belatacept represents a new class of therapeutic agent in transplant immunosuppression.
It is a recombinant soluble fusion protein targets the blockade of CD28:CD80/CD86
interactions, key costimulatory signals required for T cell activation. Abatacept, the first-
generation of this class of co-stimulation blocker fusion proteins, which differs from
belatacept by 2 amino acids, was approved in the US for the treatment of rheumatoid
arthritis and juvenile arthritis in adults. Belatacept was 3- to 11-fold more potent than
abatacept in human.

The primary efficacy and safety data in support of belatacept comes from 3 similarly
designed core studies in de novo renal transplant recipients: a Phase 2 study (IM103100)
and two pivotal studies (IM 103008 and IM103027). Study IM103008 received renal
transplants from standard criteria donors (SCDs). Study received higher risk renal
transplants from extended criteria donors (ECDs).

3 RESULTS OF SPONSOR’S ANALYSIS

3.1 Belatacept exposure of the proposed dose regimen
The 2 belatacept regimens studied in pivotal studies were:

e The LI regimen of 10 mg/kg of belatacept given IV on Day 1 (the day of
transplantation, prior to implantation), Days 5, 14, 28, Month 2 and Month 3, and
then at 5 mg/kg monthly starting at Month 4 after transplantation.

e The MI regimen of 10 mg/kg of belatacept given [V on Day 1 (the day of
transplantation, prior to implantation), Day 5, 14, 28, 42, and 56, and then every 4
weeks through 6 months after transplantation. Starting at Month 7 after
transplantation, belatacept was administered at 5 mg/kg monthly.

The LI and MI dosing regimens of belatacept investigated in the pivotal studies target
tiered Cirougn Of belatacept over different periods post transplant. The dose rationale of
belatacept was based on 3 sections:

1. In vitro pharmacodynamics of belatacept suggested 2-10 ug/ml concentration of
belatacept was needed to saturate CD86;

2. The primate transplant model suggested belatacept Cyougn Of approximately 3-30
pg/mL would be needed during the initial phase post transplant, while Cyougn of
0.005-1.5 pe/mlL might be needed during the later maintenance phase (after 3
months) to prevent acute rejection;

3. The efﬁcacy results from the phase 2 Study IM103 100 suggested that the targeted

belatacept Cirougn levels of 20, 5, and 2 pg/ml were appropriate Cyougn to achieve
desired levels of immunosuppression during the initial and maintenance phases
post transplant;
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Majority of the patients receiving the LI and MI dosing regimens achieved targeted Cirougn
during both the initial and maintenance phases. Both the LI and MI dosing regimens
provided >85% CD86 receptor occupancy by belatacept during Month 1 post-transplant
while allowing gradual tapering of the CD86 receptor occupancy by belatacept, albeit at
different schedule (Table 1).

Table 1. The observed trough concentration and expected CD86 receptor
occupancy in pivotal studies

Time Post Menth 1 Month 2-4 Month 5-7 Month 7-12
Transplant

LI Dosing Regimen
Target Cmin 20 s 2 2
(ug/mL)
% of Patients >90% >80% >90% >90%
Achieving Cmin )
Expected CD86 >85% ~68% NA NA
Receptor
Occupancy

MI Dosing Regimen
Target Cmin 20 20 5 2
(ug/mL)
% of Patients >90% ‘ >79% >80% >90%
Achieving Cmin :
Expected CD86 >85% ~74% 68% NA
Receptor
Occupancy

NA = not available
Source: the sponsor’s report, Summary of Clinical Pharmacology Studies, page 81.

Reviewer’s comments: The sponsor’s population PK analyses (see appendix) indicated
the PK of belatacept is linear and time-invariant across the therapeutic dose range of 5
to 10 mg/kg for healthy subjects and renal transplant recipients. Key belatacept PK
parameters (CL and VC) increase with increasing baseline body weight, supporting a
weight-based dose of belatacept. TDM was not applied in the drug clinical development
program. The proposed dose approach is acceptable to achieve the target trough
concentrations.

3.2 The Effect of Dose Rbunding on Belatacept Trough Concentrations

The sponsor plans to market belatacept in 20-cc vials each containing 250 mg of
belatacept lyophilized power. Belatacept 250 mg vials will be co-packaged in a 1:1 ratio
with 10/12 mL silicone-free syringes graduated in 0.5 mL intervals through 12 mL.
Belatacept is reconstituted to a concentration of 25 mg/mL by using the syringes
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provided. When dosing, the total amount is calculated using the body weight of the
patient and the dosing amount (in mg) for that day based on either a 5§ or 10 mg/kg dosing
target. The use of syringe provided in the commercial presentation of the product will
render transfer of reconstituted drug to the nearest 12.5 mg. The worst case scenario
would be consistently rounding up or rounding down each time. The maximum possible
effect on belatacept exposure due to dose rounding to the nearest 0.5 mL (12.5 mg) was
simulated using the PPK model (Figure 2) and suggested that dose rounding has minimal
effect on belatacept exposure in RT patients.

Figure 2. Belatacept exposure with dose rounding down to nearest lower 0.5 mL for
LI treatment in RT patients
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The title is the time after the first dose and the target trough concentration for that time period. The first line
of the x-axis label is the day of the trough; the second line is the percentage of subjects above the targeted
trough. The dashed line is the targeted trough for each period for the LI regimen. The thick line in the
middle of the box is the median, the box is the inter-quartiles, and the whiskers are the 5th and 95th
percentiles.

Source: the sponsor’s report, Population Pharmacokinetics and Exposure-Response
Report, page 125. ‘

Reviewer’s comments: Dose rounding to the nearest 0.5 mL will cause ~6.25 mg
absolute dose difference from the recommended dose for a RT patient. Since belatacept
Jfollows linear PK, the percentage change in exposure based on either a 5 or 10 mg/kg
dosing target for an adult patient with normal body weight 60 kg is 2% or 1%
respectively. From the PPK model, the inter-subject variability and intra-subject
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. variability are ~20% which is far beyond the error caused by dose rounding. Hence, we

don’t expect clinical important effect of dose rounding on belatacept exposure in RT
patients on either the population level or the individual level.

3.3 Exposure-Response relationship for acute rejection

3.3.1 Method

A time-to-event E-R analysis was conducted to study relationship between belatacept
exposure and AR using data from IM103008 and IM103027. The E-R for AR was
characterized by a parametric hazard model which is comprised of the three components:

1. abaseline time varying hazard model: Gompertz baseline survival function (an

exponential baseline hazard function #0(£) = €xXp(-B-Af) where 1>0 (, gescribe
the declined risk of AR along time)

2. proportional hazard model that describes the relationship between belatacept
exposure and total hazard (linear effect of time-varying belatacept serum

concentration; Ny (1) = €XD(= By, — M — aC(1)) )

3. covariate models: the effects of all pre-specified covariates (age, body weight,
gender, race, study region, HLA mismatch, donor status, and study trails) on
structural model parameters were evaluated during the model development

3.3.2 Results

HLA mismatches, the study region and baseline body weight were found to be the
covariates affecting the hazard function. The covariate effect was modeled as following:

h(t) = exp[_ Prase — At —aC(t)— By JHLA - BrpoionREGION — Bz [exl{BBBB;’:rq,; - 1] - IJ}

where A,.(f) is the baseline hazard with no covariates included, B... is the baseline
constant, 4 is the time constant, a is the exposure constant and C(¥) is the time-varying
belatacept serum concentration. Table 2 contains the parameter estimates of the time-to-
first AR model. The effect of belatacept concentration is relatively flat with the 95% CI
of the estimated concentration effect includes zero. Hence there is no apparent exposure-
response relationship at the studied dose range.
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Table 2. Final AR model parameter estimates

Name [Units] Estimate  geandard Error (RSE%)”  95% Confidence Interval”
Brase 10.1 0.883 (8.74) 9.23-11.3

A[Y) 0.000520 0.0000595 (11.4) 0.000413 - 0.000650

4 -0.00157 0.00217 (138) -0.00496 - 0.00349

B ~HLA (ref = matched) -1.08 0.868 (80.4) -2.40 - -0.394

B~ REGION (ref = NA/EU) 0.603 0.225(31.3) 0.198 - 1.11

B ~BBWT (ref = 75 kg) -1.77 0.31(17.5) 243 --1.17

Source: /global/pkms/data/IM/103/C02/prd/sz/er/um/Final_Model

? RSE%is the relative standard error (standard error as a percentage of estimate)

b All confidence intervals are from 500 bootstrap runs

Source: the sponsor’s report, Population Pharmacokinetics and Exposure-Response
Report, page 101.

Reviewer’s comments: Model evaluation was performed by visual predictive check and
suggested that the model predictions are fairly consistent with the observed time-to-first
AR. Reviewer’s analyses also confirmed that the incidence of AR does not seem to be
related with belatacept exposure at the doses studied.

3.4 Exposure-Response relationship for renal function

Based on the graphical analysis, there seems to be no relationship between exposure and
cGFR. In Figure 3, cGFR was plotted separately for the Studies IM103008 and
IM103027, as the difference in the organ types (SCD vs. ECD) from the 2 studies
resulted in obvious differences between the cGFRs.
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Figure 3. Measured cGFR on nominal study days by quartiles of Cy,, (1 year after

transplant)
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Source: the sponsor’s report, Population Pharmacokinetics and Exposure-Response

Report, page 113.

Reviewer’s comments: The graphical analysis conducted by the sponsor does not appear
to be sensitive to observe the exposure-response relationship for renal function. In
pivotal studies IM103008 and IM103027, renal impairment was defined as a measured

GFR (mGFR) <60 mL/min/1.73 m’ or a decrease in measured GFR >10 mL/min/1.73 m*
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Sfrom Month 3 to Month 12 (mGFRI10). In those studies, GFR were estimated at Month 3
and Month 12 by measurement of the clearance of a true glomerular filtration marker
(non-radiolabeled iothalamate). The baseline GFR values were substantially variable
among patients. Thus, the exposure-response analysis may need to be conducted with
mGFRI0 because it is not influenced by the observed difference in baseline mGFR values
in each patient.

3.5 Exposure-Response relationship for PTLD

Given the special concern for PTLD, the individual predicted PK profiles of patients with
PTLD are plotted. For PTLD subjects, each individual’s predicted belatacept serum
concentrations were similar to the typical predicted values, suggesting that the there is no
direct relationship between the PTLD events and belatacept exposure (Figure 4).

Figure 4. Observed and predicted (population and individual) belatacept serum concentrations
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Serum concentration [ug/mt]
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Source: the sponsor’s report, Population Pharmacokinetics and Exposure-Response
Report, page 147.

Reviewer’s comments: Given the low incidence of PTLD, the time-to-event analysis for
exposure-response relationship will have very limited power. Comparing belatacept
exposure between subjects with and without PTLD is a reasonable approach to detect
extreme cases (such as concentrations in PTLD subjects are apparently higher than
majority of the subjects). Reviewer’s analysis also confirmed that the incidence of PTLD
does not seem to be related with belatacept exposure at the doses studied.

4 REVIEWER’S ANALYSIS

4.1 Introduction

This is the original submission of belatacept, a new class of therapeutic agent in
transplant immunosuppression. It is extremely difficult to find the optimal belatacept
dosing regimen in the drug development program. During the course of the review, a
number of efficacy and safety events appeared to be associated with belatacept treatment.
A thorough review of the dosing strategy and exposure-response relationships for
efficacy and safety is warranted.

4.2 Objectives

Analysis objectives are:

1. to investigate the ability of the @@ [ and MI dose regimens to achieve

target belatacept trough concentrations in pivotal studies

2. to explore the exposure-response relationship for efficacy to evaluate the
proposed belatacept target trough concentrations

3. to explore the exposure-response relationship for safety to evaluate the proposed
belatacept target trough concentrations
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4. to evaluate the LI dose regimen versus the MI dose regimen and the need for

DM

4.3 Methods

4.3.1 Data Sets

Data sets used are summarized in Table 3.

Table 3. Analysis Data Sets

Study ‘Name
Number

Link to EDR

PPK_ER | pk-all.xpt

\\Cbsap58\M\eCTD_Submissions\STN 125288\0010\m5\datasets\poppk\analysis

PPK_ER | ER_AR.xpt

\\Cbsap58\M\eCTD_Submissions\STN125288\0000\m5\datasets\poppk\analysis

PPK_ER | er_cmin.xpt

\\Cbsap58\M\eCTD_Submissions\STN125288\0000\m5\datasets\poppk\analysis

PPK_ER | adpk.xpt

\Cbsap58\M\eCTD_Submissions\STN 125288\0004\m5\datasets\poppk\analysis

IM103008 | adar.xpt

\\Cbsap58\M\eCTD_Submissions\STN 125288\0000\mS\datasets\im103008\analysis\st

IM103008 | adpi.xpt

\Cbsap58\M\eCTD_Submissions\STN 125288\0000\m5\datasets\im 103008\analysis\st

IM103027 | adar.xpt

\\Cbsap58\M\eCTD_Submissions\STN 125288\0000\m5\datasets\im [03027\analysis\st

IM103027 | adpi.xpt

\Cbsap58\M\eCTD_Submissions\STN 125288\0000\m5\datasets\im 103027\analysis\st

IM103008 | admg.xpt

\\Cbsap58\M\eCTD_Submissions\STN 125288\0000\m5\datasets\im 1 03008\analysis\st

IM103008 | addg.xpt

\\Cbsap58\M\eCTD_Submissions\STN125288\0000\m5\datasets\im 1 03008\analysis\st

PPK_ER | er_cavg.xpt

\\Cbsap58\M\eCTD_Submissions\STN 125288\0004\m5\datasets\poppk\analysis

CSS ptld2.xp

\Cbsap58\M\eCTD_Submissions\STN125288\0010\m5\datasets\css\analysis\interim-
It

CSS adae.xpt

\Cbsap58\M\eCTD_Submissions\STN125288\0000\m5\datasets\css\analysis\interim-
It

4.3.2 Software

SAS, R, and NONMEM were used for the reviewer’é analyses.

4.3.3 Models and Results

4.3.3.1 Observed trough concentrations in pivotal studies

In pivotal studies, belatacept trough serum concentrations were measured at nominal

Days 5, 56, 70 (MI only), 84, 112, 168, 252, 280, 308, 336 and 364. Similar to the
sponsor’s findings, ~80% of the patients receiving the LI and MI dosing regimens
achieved trough concentration higher than the targeted Cirouen at each of the measured
time points. Trough concentrations of belatacept were similar in subjects on the LI or MI
regimen on Day 5, higher on sampling days between Day 56 and Day 168 in subjects on

106




the MI regimen compared with those on the LI regimen and comparable after Day 168

(Figure 1 and Table 4).

Table 4. Belatacept exposure in RT patients during the first year of therapy

LI regimen MI regimen
N<[))rmial Sponsor’s Observed Belatacept Sponsor's Observed Belatacept Cmin
p a{ targeted Crin (mcg/mL) targeted (mcg/mL)
" :Sl;nt Belatacept Mean + SD Belatacept Mean % SD
transp Cmin Median (range) Cmin Median (range)
(mcg/mL) N (mcg/mL) N
37.6+18.5 38.8+17.3
5 20 35.2 (1.4, 268) 20 36.7 (13.6,202)
356 359
11.3%17.3 27.6214.1
56 5 9.4 (0.941, 299) 20 . 26.1 (0.0015, 203)
348 348
26.7¢17.7
70 5 - 20 26.7 (0.0015, 276)
316
11.2422.2 30.0+20.4
84 5 8.04 (0.0015, 279) 20 27.4(7.33,277)
324 331
8.6+4.8 14.0+13.6
112 5 7.54 (0.586, 27.9) 5 11.6 (1.63, 207)
308 301
4.6£2.7 10.5£12.1
168 , 2 4.035 (0.163, 18.8) 5 8.95 (0.0714, 197)
308 306
4.5+3.1 5.244 .1
252 2 4.23 (0.0719, 32.9) 2 4.5(0.0015, 52.4)
301 300
5.24¢8.1 5.1£34
280 2 4.23 (0.0015, 119) 2 4.46 (0.0015, 35.2)
240 241
6.7£15.6 6.4£14.0
308 2 4.015 (0.387, 138) 2 4.23 (0.0247, 152)
262 257
5.14¢5.6 4.8+2.4
336 2 4.46 (0.331,75.9) 2 4.3 (0.00422, 13.9)
229 236
5.24¢8.0 4.9+2.6
364 2 4.24 (0.0015, 112) 2 4.55 (0.0015, 14.2)
211 219
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4.3.3.2 Exposure-Response relationship for acute rejection

Exposure-response analysis using data from IM103008 and IM103027 suggests that
higher belatacept exposure seems to be related with lower incidence of acute rejection
during Month 1 post transplant (Figure 5). However the incidence of acute rejection
during Month | post transplant accounts for only ~1/3 of total acute rejection and there is
no apparent exposure-response relationship for acute rejection after Month 1 post

transplant.

Similar to the sponsor’s findings, baseline body weight was found to be a risk predicting
factor for acute rejection in patients with the belatacept treatment (Figure 6). This
association is unlikely due to lower exposure in high body weight patients since patients
with higher body weight tend to have higher exposure given the mg/kg dosing regimen.
~Similar (but seems weaker) association between acute rejection and body weight has also
been observed with the CsA treatment. However, there is no relationship between body
weight or exposure and graft loss/death. This lack of relationship does not support
potential for long term consequences due to higher acute rejection in heavier patients.

Figure 5. Exploration of exposure effect on acute rejection (Month 1)
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Figure 6. Body weight is associated with the acute rejection rate with belatacept
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Figure 7. Body weight is associated with the acute rejection rate with cyclosporine
treatment
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4.3.3.3 Exposure-Response relationship for renal function

In pivotal trials IM103008 and IM103027, renal impairment was defined as a measured
GFR (mGFR) <60 mL/min/1.73 m” or a decrease in measured GFR >10 mL/min/1.73 m’
from Month 3 to Month 12 (mGFR10). In those studies, GFR were estimated at Month 3
and Month 12 by measurement of the clearance of a true glomerular filtration marker
(non-radiolabeled iothalamate). The exposure-response analysis was conducted with
mGFR10 because it is not influenced by the observed difference in baseline mGFR
values in each patient. Overall, the proportion of patients with mGFR 10 decreased with
increasing belatacept Cyrougn in Studies IM103008 and IM103027 (
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Table 5).
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Table 5. Relationship between belatacept average Cirougn (median; 10- 90
percentlle) and proportlon of patients with a decrease in mGFR 210 mL/min/1.73
m’ from Month 3 to Month 12 (mGFR10)

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Month 1*

‘Median (10-90" percentile) 25.5 329 38.7 49.9
belatacept Crougn (W/mL) | (139_2838) | (30.5-35.5) | (36.5-41.8) | (43.4—62.8)
Percentage of patients with - 224 24.0 25.1 18.0
mGFR10 (%; n/N) (40/179) (43/179) (45/179) (32/178)

Months 2 to 4
Median (10-90™ percentile) 6.1 12.1 223 344
belatacept Crougn (W&/mL) | 36_81) | (9.7-16.0) | (17.8-26.1) | (28.5-49.5)
Percentage of patients with 31.3 23.1 214 19.4
mGFR10 (%; n/N) (57/182) (42/182) (39/182) (35/180)
> Months 6
Median (10-90™ percentile) 2.4 4.0 5.7 85
belatacept Cuougn (W/mL) | (1 1_31) | @a-47 | 50-67) | (73-17.0)
Percentage of patients with 28.4 284 23.5 20.5
mGFR10 (%; n/N) (46/162) (46/162) (38/162) (33/161)
All Months
Median (10-90" percentile) 7.5 113 15.6 27
belatacept Cuough (Hg/mL) | (51 _93) | (0.9-12.8) | 13.9-18.7) | (209-42.7)
Percentage of patients with 314 21.7 - 227 14.1
mGFR10 (%; a/N) (61/194) (42/194) (44/194) 7/192)

Data from de novo transplant patients who received the LI or MI regimens in pivotal
trials IM103008 and IM 103027 were combined for the quartile analysis.

?taken on day 5 post-transplant

Additional analyses were conducted to evaluate the relationship between renal function

" (i.e., mGFR10) and belatacept Cirough (i-€., average of Cirougn from Month 3 to Month 12

in each patient) as a function of belatacept dosing regimen in each pivotal study. In Study
IM103008, the percent of patients with mGFR 10 decreased with increasing belatacept
Cirougn in both the belatacept LI and MI treatment groups (Table 6). It should be noted that
the percent of patients with mGFR10 in the lower quartile of belatacept Cirougn among the
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patients who received the LI regimen (39%) was numerically greater than that in the CsA
treatment group (28%, 60/221).

Table 6. Percent of patients with a decrease in mGFR 210 mL/min/1.73 m’ from
Month 3 to Month 12 (mGFR10) (n/N, %) as a function of average Cyroyugn for the
same periods (Study IM103008)

LI Regimen MI Regimen
Average Ciough Patients with Average Cyrough Patients with
Quartiles (Range) mGFR10 (0/N, %) | Quartiles (Range) mGFR10 (n/N, %)
Q1 (<3.24 pg/mL) 17/44 (39%) Q1 (<6.75 pg/mL) 13/41 (32%)
Q2 (3.24-5.03 9/43 (21%) Q2 (6.75-9.34 10/41 (24%)
ug/mL) pg/mL)
Q3 (5.03-6.5 9/43 (21%) Q3 (9.34-12.3 10/41 (24%)
pg/mL) ug/mL) _
Q4 (>6.5 pg/mL) 10/44 (23%) Q4 (>12.3 pg/mL) | 7/40 (18%)

[n Study IM103027, the relationship between the percent of patients with mGFR 10 and
belatacept Ciougn does not appear to be as clear as in Study IM103008 (Table 7). The
baseline kidney function among the patients who received kidneys from extended-criteria
donors (Study IM103027) may be more variable than among the patients who received
kidney from standard-criteria donors (Study IM103008). This may be a possible reason
for the different observation between Studies IM103008 and IM103027.

Table 7. Percent of patients with a decrease in mGFR 210 mL/min/1.73 m’ from
Month 3 to Month 12 (mGFR10) (n/N, %) as a function of average Cirougn for the
same periods (Study IM103027)

LI Regimen MI Regimen
Average Cirough Patients with Average Cirougn Patients with
Quartiles (Range) mGFR10 (n/N, %) | Quartiles (Range) mGFR10 (n/N, %)
Q1 (<3.92 pg/mL) | 10/30 (33%) Q1 (<7.32 pg/mL) | 7/30 (23%)
Q2 (3.92-6.03 13/28 (46%) Q2 (7.32-9.88 9/29 (31%)
ng/mL) ug/mL)
Q3 (6.03-8.14 6/30 (20%) Q3 (9.88-13.2 3/30 (10%)
pg/mL) ng/mL)
Q4 (>8.14 pug/mL) | 8/29 (28%) Q4 (>13.2 pg/mL) | 5/29 (17%)
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A retrospective analysis of data obtained from pivotal Studies IM103008 and IM103027
showed that the percent of patients with mGFR10 increased as the number of belatacept
Cirougn Samples per patient that were <4 pg/mL increased (Figure 8), partially
substantiating that TDM with belatacept LI regimen may provide better clinical outcome,
at least, in terms of improvement of GFR in kidney transplant patients. [n this analysis, a
threshold Cirough 0f 4 pg/mL was estimated as approximately 25 percentile Cirough in
patients who received the LI belatacept regimen (Table 6 and Table 7).

Figure 8. Percent of patients with decrease in mGFR>10 mL/min/1.73m? from Month
3 to Month 12 as a function of the number samples of belatacept Cirougn <4 pg/ml
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4 pg/ml, was estimated as approximately 25 percentile Cy,,g, in patients who received the LI belatacept
regimen

The clinical pharmacology reviewer’s exposure-response analysis showed that the
incidence of CAN measured at Month 12 significantly decreased with an increase in
belatacept average Ciougn from Month 6 to Month 12 in Study IM 103008 (Figure 9).
However, no apparent relationship between the incidence of CAN and belatacept average
Cirough Was observed in Study 103027, where patients received kidneys from extended-
criteria donors (data not presented). In Study 103027, the incidence of CAN measured at
Month 12 may have been confounded with the baseline (i.e., pre-transplant) kidney
pathological status. For these analyses, data from the LI and MI treatment groups were
combined. Average Cirougn from Month 6 to Month 12 were used because the belatacept
doses during this period were same between the LI and MI regimens, in addition to the

- presumed relatively stable clinical status of the patient after Month 6 of renal
transplantation.
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Figure 9. Incidence of CAN at Month 12 as a function of average Cyyougn from Month 6
to Month 12 (Study IM103008)
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Data from the LI and MI treatment groups were combined. Logistic regression was performed using average
Cirougn from Month 6 to Month 12 per patient as a continuous variable and the incidence of CAN as a binary
variable (yes or no). The solid line represents the regression fit. Subsequent to the logistic regression, the
response rates in each of the 4 quartiles of C,,g, (closed circles) are plotted to assess the goodness-of-fit.

4.3.3.4 Exposure-Response relationship for PTLD

There are 13 belatacept PTLD (8 Ml and 5 LI) incidences in the 3 core studies (3 in
IM103100, 5 in IM103008, and 5 in [IM103027). Up to Month 12, the incidence of PTLD
was similar in the belatacept LI and MI groups (4 [0.8%] subjects in each group). Given
the low incidence of PTLD and the complicate dosing strategy, the direct analysis for
exposure-response relationship is not very meaningful. Here, we applied graphical
analysis individually comparing belatacept exposure in patients with PTLD to exposure
of the entire studied population. As shown in Figure 10 and Figure 16, there is no evident
difference in exposure between subjects with and without PTLD. Hence, we consider the
incidence of PTLD does not seem to be related with belatacept exposure at the studied
doses.

Similar to the sponsor’s findings, the known risk factors for PTLD, such as recipient
EBV-negative status at the time of transplantation, CMV infection, and the use of T cell
depleting therapy, were confirmed in belatacept-treated subjects (Figure 11). Also higher
body weight seems to associate to higher average exposure and-higher incidence of
PTLD. But given the current study design and the small number of events, there is no
power of detect the exposure-response relationship for PTLD. The sponsor proposed to
only market belatacept in patients whose status is EBV-positive. Our analysis suggests
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that checking the CMYV infection negative status in EBV-positive patients can further
reduce the PTLD incidence rate from 0.62% to 0.29% (Figure 12).

Figure 10. Comparison belatacept serum trough concentration for subjects with and

without PTLD
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Figure 11. Recipient EBV status, the use of T cell depleting agent (TCDA), and CMYV infection are
associated with the incidence of PTLD with Belatacept Treatment
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Figure 12. The PTLD incidence rate further reduce to 0.29% in patients who are
CMY infection negative (from 0.62% in patients who are already EBV status
positive)
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4.3.3.5 Exposure-Response relationship for serious infection

Data from the 3 core studies (IM103100, IM103008 and IM103027) were used to explore
the exposure-response relationship for serious infection. As shown in Figure 13, up to
Month 12, first serious infection (same as serious infection) happened more frequently in
the first 6 months. As mentioned in 4.3.3.1, from Month 2 to Month 6 exposure in
subjects on the MI regimen is generally higher than those on the LI regimen. However,
the incidence rate of first serious infection does not seem to be different between the MI
regimen and the LI regimen in that period. The exposure-response analysis (logistic




regression and quartile plot) using the first serious infection data up to Month 1 also
confirm there is no apparent relationship between belatacept exposure and incidence of

serious infection.

Figure 13. Comparison of incidence of first serious infection among treatments by
months post transplant
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5 LISTING OF ANALYSES CODES AND OUTPUT FILES

File Name Description Location in
\\cdsnas\pharmacometrics\Reviews\Ongoing
PM Reviews\
run3.mod PPK analysis (final model) \Belatacept BL.A125288 JL\PPK
Analyses\Final Model
ER.mod PPK ER analysis and \Belatacept BLA 125288 JLAER
bootstrap for AR Analyses\Final Model NM
pk_test.sas check the observed trough \Belatacept BLA 125288 JL\ER Analyses
concentrations for L1 and Ml
regimen in pivotal studies
adpk_ar.sas explore the E-R relationship \Belatacept BLA 125288 JL\ER Analyses
for AR
cminAr.r do logistic regression and plot | \Belatacept BLA 125288 JL\ER Analyses

the E-R correlation for AR

adweight_ar 008.sas

explore the weight effect on
AR in Study 008

\Belatacept BLA 125288 JL\ER Analyses

weightAROS.r

do logistic regression and plot
the weight-Ar correlation in

\Belatacept BLA 125288 JLAER Analyses
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Study 008

adweight_ar_027.sas

explore the weight effect on
AR in Study 027

\Belatacept BLA125288 JL\ER Analyses

weightAR27.r

do logistic regression and plot
the weight-Ar correlation in
Study 027

\Belatacept BLA125288 JL\ER Analyses

adPK_mGFR10_008.sas

explore the E-R relationship
for mGFRI10 in Study 008

\Belatacept BLA 125288 JL\ER Analyses

adpk_CAN.sas

| explore the E-R relationship

for CAN

\Belatacept BLA 125288 JLAER Analyses

adpk PTLD.sas

explore the E-R relationship
for PTLD

\Belatacept BLA125288 JL\ER Analyses

cminPTLDplot.r

plot trough concentration for
patients with/without PTLD

\Belatacept BLA125288 JLAER Analyses

ptld_freq.sas

explore the risk factors of
PTLD

\Belatacept_BLA 125288 JL\ER Analyses

ptldcns_freq.sas

explore the risk factors of
CNS PTLD

\Belatacept BLA 125288 JL\ER Analyses

adPK_AE.sas

explore the E-R relationship
for serious infection

\Belatacept BLA 125288 JL\ER Analyses
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6 APPENDIX

6.1 Population PK Analyses of Belatacepte

The PPK analyses for belatacept were performed with data from 5 clinical studies, 2
Phase 1 studies in healthy subjects (IM103001 and IM103024), and 1 Phase 2
(IM103100) and 2 pivotal studies in RT subjects (IM103008 and IM103027). A total of
984 subjects and 13014 PK samples were included in the PPK analysis dataset.

6.1.1 Methods
The population PK model of belatacept is comprised of the following components:

1. astructural pharmacokinetic model (linear 2 compartments)

2. an interindividual variability (IIV) model (lognormal distributed random effect on
CL, VC, and VP with a full block correlation matrix of all the random effects)

3. aresidual error model (combined additive and proportional model)

4. covariate models: The effects of all pre-specified covariates on structural model
parameters were evaluated during the model development (Table 8).

Table 8. Covariate - PK parameter relationships evaluated in the full model

Covariate Clearance Central Inter-compartmental  Peripheral Time-
(CL) Volume (VC) Clearance (Q) Volume (VP) varying

Age + ¥ . no
Gender ¥ + ' no
Race 7 no
Body weight v v v ¥ yes
Albumin \/ no
GFR v yes
Diabetes 4 no

. Subject type v y A no
Dose (5 mg/kg vs. v yes
10 mg/kg)

Source: the sponsor’s report, Population Pharmacokinetics and Exposure-Response
Report, page 53.

The relationship between the typical value of a parameter (P7y) and a continuous valued
covariate (R) was tested using the relationship: :

120




R
| R
IR
ref

where P1v,refand Pt are fixed effect parameters, and Rrefis the reference value of the
covariate.

Time-varying continuous valued covariates were assessed by evaluating the effect of both
the baseline value of the covariate, as well as the effect of the change from baseline:

R R
o (2] 22
ref b

where PTv,ref, P1, and P2 are the fixed effect parameters, and Rs is the baseline value of
the time-varying covariate for each individual, and R(¢) is the time-varying covariate.

The relationship between the typical value of a parameter and a categorical covariate (R)
was tested using the following relationship:

M-1
PTV = PW,an(exp(PmIm))
' m=1
where P1v,ref, and Pi (i=l, ..., M-1) are fixed effect parameters, Im are indicator variables
where Im=1 for the m* category and 0 otherwise.

Time-varying categorical covariates were assessed by the following relationship:
M-1

Py (8) = Pry e ] [ (exp(B, 1, (D))
’ m=]

where P1v,ref, and Pi(i=1, ..., M-1) are fixed effect parameters, Im(¢) are indicator
variables where Im(£f)=1 for the m" category and 0 otherwise.

6.1.2 Results

Baseline body weight, time-varying body weight, age and patient type were found to be
the covariates affecting PK parameters (Table 9). Key belatacept PK parameters (CL and
VC) increase with increasing baseline body weight, supporting a weight-based dose of
belatacept. As the increase in belatacept CL is less than proportional to the increase in
body weight, belatacept exposure tends to increase with body weight for RT patients
given body weight normalized doses of belatacept. However, the increase in exposure is
not expected to be clinically important. Belatacept CL decreases with age, but the
magnitude of the age effect on belatacept PK is unlikely to be clinically meaningful.
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Table 9. Parameter estimates for the Final PPK model

Name [Units} Estimate Standard Ell;ror 95% ConM:nce
(RSE%) Interval

Fixed Effects
CLzy, re[L/h} 0.0366 0.000308 (0.34) 0.0360 - 0.0372
VCryelL] 3.59 0.0326 (0.91) 3.52-366
Qrar rgr[LM] 0.0568 0.00168 (2.96) 0.0537 - 0.0599
VPr.glL] 511 0.151 (2.95) 4.82-540
CL ~BBWT (ref =75 kg) 0.736 0.0348 (4.73) 0.668 - 0.804
VC ~ BBWT (ref = 75 kg) 0.708 0.0408 (5.76) 0.632-0.784
VP ~BBWT (ref = 75 kg) 0.854 0.058 (6.79) 0.741 - 0.967
Q~BBWT (ref = 75 kg) 0.464 0.107 (23.1) 0.250-0.678
Q~BWT 2.07 0.311(15.0) 144-2.70
CL~ AGE (ref= 50 y1) -0.185 0.0192 (104) -0.222 - -0.148
XP“I&YF;“PE (ref= 0335 0.0311 (9.28) 0.274-0396
Random Effects
ZCL{] 0.0456 (0.214) 0.00258 (5.66) 0.0404 - 0.0508
zZre ] 0.0313 (0.177) 0.0035 (11.2) 0.0246 - 0.0380
ZVP[] 0.0830 (0.288) 0.00782 (942) 0.0674 - 0.0986
2CL:Zve 0.0258 (0.683) 0.00254 (9.84) 0.0207 - 0.0309
ZCL:ZVyP 0.0167 (0.271) 0.00341 (20.4) 0.00998 - 0.0234
ZVe:zvp 0.0277 (0.543) 0.0036 (13.0) 0.0207 - 0.0347
Residual Error
Gmrorl-] 0.246 0.00463 (1.88) 0.237-0.255
8.0 [ng/mL] 0.143 0.0256 (17.9) 0.0936 - 0.192

Source: /global/pkms/data/IM/103/C02/prd/sz/pk/nm/Final Model
2 Random Effects parameter estimates are shown as variance (standard deviation) for diagonal elements (ZP) and
covaniance (correlation) for off-diagonal elements (ZP:ZP;) '
b RSE% is the refative standard error (standard egror as a percentage of estingate)
¢ Confidence intervals of Random Effiects parameters are for variance or covariance, all confidence intervals are from
500 bootstrap runs
Source: the sponsor’s report, Population Pharmacokinetics and Exposure-Response
Report, page 83.

Reviewer’s comments: Sponsor’s population PK analysis acceptable. The percent of Eta
shrinkage is small (<20%) compared to the population model estimated IIV, implying
there is sufficient PK information from individual subjects to provide reliable individual
parameter estimates for majority of the patients. The PK of belatacept is time-invariant.
Body weight based dosing of belatacept is appropriate given the dependence of
belatacept clearance on body weight.
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Figure 14. Comparison belatacept serum trough concentration for subjects with and

without PTLD (continued)
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Figure 15. Comparison belatacept serum trough concentration for subjects with and

without PTLD (continued)
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Figure 16. The PTLD incidence rate further reduce to 0.58% in patients who are
TCDA No (from 0.62% in patients who are already EBV status positive)
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CLINICAL PHARMACOLOGY GENOMICS GROUP REVIEW

NDA/BLA Number T BLA 125288

Applicant Name Bristol-Myers Squibb Company
Submission Date 30-June. 2009
Generic Name Belatacept
L Submission for prophylaxis of organ rejection and
Proposed Indication ' preservation of a functioning allograft in adult
' patients receiving renal transplants
Genomics Reviewers Shashi Amur, Ph.D. and Li Zhang, Ph.D.
Team Leader ‘ Issam Zineh, PharmD, MPH
1. BACKGROUND

Belatacept (BMS-224818) is a second generation CTLA4Ig fusion protein that differs
from abatacept by 2 amino acids and this difference confers a higher avidity for CD80
and CD86 (B7-1 and B7-2, respectively). Belatacept binds to the B7 complex on the
surface of antigen-presenting cells (APCs), an interaction required for T-cell activation in
the context of antigen presentation and provides immunosupression needed for
preventing allograft rejection.

Clinical efficacy and safety of belatacept in renal transplant recipients was evaluated in
two pivotal Phase 3 studies, IM103008 and IM103027. In addition, a supportive Phase 2
study, IM103100, was conducted for efficacy (see Appendix 1). All the three studies in
de novo renal transplant recipients were partially-blinded, randomized, active-controlled,
multiple-dose, and multicenter studies (Although the Phase 2 and 3 studies were open
label studies with respect to the allocation of subjects to a belatacept-based regimen or a
CsA-based regimen, the studies remained fully blinded with respect to the belatacept
dose regimen assignment). All subjects received basiliximab induction and maintenance
therapy with mycophenolate mofetil (MMF) and corticosteroids. Subjects in each study
were randomized in a 1:1:1 ratio to treatment with belatacept MI (more intensive
regimen), belatacept LI (less intensive regimen), or cyclosporine A (CsA).

In the 3 core studies, 1427 subjects were randomized and received a renal transplant
(intent-to-treat [ITT] population) whose descriptions follow: 477 to belatacept MI, 472 to
belatacept LI, and 476 to CsA. The MI regimen consisted of belatacept (10 mg/kg)
administration.on Day 1 (the day of transplantation, prior to implantation); Day 5, 14, 28,
42, and 56; then every 4 weeks through 6 months after transplantation. Starting at Month
7 after transplantation, belatacept was administered at the maintenance dose of 5 mg/kg
every 4 weeks ( 5 days). The LI regimen consisted of belatacept (10 mg/kg)
administration on Day 1; Day 5, 14, and 28; then every 4 weeks through 3 months after
transplantation. Starting at Month 4 after transplantation, belatacept was administered at
the maintenance dose of 5 mg/kg every 4 weeks (£ 5 days). Subjects received belatacept
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for a median of 2 years in IM103008 and IM 103027, and 5.7 years in IM103100.
Cyclosporine was given twice daily for trough serum 150-300 ng/mL during Month 1 and
100-250 ng/mL thereafter.

Post-Transplant Lymphoproliferative Disorder (PTLD):

The primary risk observed with belatacept was PTLD, with the central nervous

system (CNS) being the predominant site of presentation. Belatacept-treated patients
were found to be at a higher risk for developing PTLD. The incidence of PTLD was
found to be higher in belatacept-treated patients (14/949; 1.48%) than in cyclosporine-
treated patients (2/476; 0/4%) in the Phase 2 and 3 studies. Nine of 14 cases of PTLD in
belatacept-treated patients presented in the CNS and half of these CNS cases were

fatal. At the recommended clinical dose, the frequency of PTLD was 1.27% (6/472); 3 of
these cases presented in the CNS, 1 of which was fatal. With the MI regimen, the
frequency of PTLD was 1.7% (8/477). The purpose of this review is to assess risk
factors for belatacept-associated PTLD.

BLA CONTENT RELATED TO PTLD

Adverse events

The frequencies of AEs and treatment-related AEs were similar across treatment groups
at Month 12 and up to database lock. Common AEs usually occurred within the first year
of transplant, and often within the first 3 months after transplant. Within the first 12
months after transplantation, the most commonly reported AEs (i.e., incidence >10%)
among belatacept-treated subjects were anemia, constipation, and urinary tract infection.
The number of deaths was lower in the belatacept LI group than in the belatacept MI and
CsA groups. Similarly, the frequency of SAEs was lower in the belatacept LI group than
in the belatacept MI and CsA groups. The proportion of subjects with AEs leading to
treatment discontinuation was lower in both belatacept groups than in the CsA group at
12 months and up to database lock.

Malignant Neoplasms

Up to Month 12, the frequency of all malignant neoplasms was lower in the belatacept LI
compared with the belatacept MI and CsA groups (Table 2.1.5.1A). Up to database lock,
the cumulative frequency of all malignant neoplasms was similar in the belatacept LI
group and CsA groups, and lower in the belatacept LI group compared with the
belatacept MI group. There was an imbalance of PTLD incidence in both belatacept
arms relative to CsA (Table 2.1.5.1A).
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Table 2.1.5.1A: All Malignant Neoplasms (Pooled Core Studies)

Number of Subjects (%)

Day 0-12 Months Day 0-Database Lock
M LI CsA Ml LI CsA
N=477 N=472 N=476 N =477 N=472 N =476

All mafignant neoplasr® ~ 17G.6)  10Q1) 1634 | 48300 2665  31(65)
Malignant neoplasms ~~ 12(2.5) 9(1.9) 11(23) | 3267 2349  23(48)

excluding non-
melanoma skin cancers
PTLD 4(0.8) 408 1(0.2) 8.7 5(1.) 2(04)
Non-melanoma skin '
cancer 5(.0) 1(02) 51 153.1) 6(1.3) 112.3)

[

2 Subjects counted once in the All malignant neoplasm row could be counted in more than 1 row
appearing below it.
Source: ISS Appendices 8.4.3,84.4,84.11,84.15,84.45,8449

Please note that a new PILD case was observed gfter nearly ¥ years afier transplant in
belatacept LL recipient (FBV positive, CMV positive) arnd is not included in the table.

Post Transplant Lymphoproliferative Disorder

PTLD is assessed in this section as a composite term encompassing the following
MedDRA PTs: lymphoproliferative disorder, hematological malignancy, lymphoma,
CNS lymphoma, hepatosplenic T-cell lymphoma, EBV-associated lymphoproliferative
disorder and B-cell lymphoma (ISS Appendix 15.4).

Overall, a total of 16 cases of PTLD were reported in the 3 core studies (8 [1.7%], 6
[1.3%], and 2 [0.4%] in the belatacept MI, LI, and CsA groups, respectively). Nine of the
16 PTLD cases presented with CNS involvement (6 belatacept MI, 3 belatacept LI; none
in the CsA group). At the time of database lock, however, 13 cases of PTLD were
observed in belatacept-treated patients (8 in the belatacept M1, and 5 in the LI groups).
Thus, the sponsor has used 13 cases of PTLD in their analyses.

KEY QUESTIONS AND SUMMARY OF GENOMICS FINDINGS

3.1 Is EBV status sufficient to predict PTLD? What other factors (clinical and
biomarkers) predict PTLD?

Spousor Analysis:

EBV-negative recipient status was the most significant risk factor for PTLD. Other risk
factors included use of T cell depleting therapy and CMV disease. The incidence of
PTLD in the belatacept database was also compared with a large epidemiologic database
maintained by the USRDS, compiled from linked UNOS and Medicare data. Comparison
of belatacept clinical study and USRDS data showed an increased risk of PTLD for EBV-
negative belatacept-treated subjects. Among EBV positive recipients, the incidence rate
was consistent with that observed for patients in the USRDS database. In the 3 core
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studies, CNS presentation occurred more frequently in the belatacept MI group compared
with the belatacept LI group. Six deaths were reported in the 13 belatacept-treated
subjects with PTLD (4 M1, 2 LI). Four of these fatal cases (3 MI and 1 LI) had CNS
involvement. Both of the subjects with renal PTLD in CsA-treated subjects were fatal.

Across the 3 core studies up to Month 12, 4 cases of PTLD in IM103008, 3 cases in
[IM103027 and 2 cases in IM103100 were reported. The frequency of PTLD was higher
in the belatacept LI group (4 [0.8%] subjects) compared with the CsA group (1 [0.2%]
subject), and similar in the belatacept LI and MI groups (4 [0.8%] subjects in each group)
(Table 2.1.5.2A). Four additional cases of PTLD were reported after Month 12 in the
belatacept MI group, 2 additional cases in the LI and 1 in the CsA groups, respectively.
Accordingly, up to database lock, a total of 15 cases of PTLD were reported in all 3 core
studies (Table 2.1.5.2A). The cumulative frequency of PTLD (8 [1.7%], 5 [1.1%], and 2
[0.4%], in the belatacept MI, LI, and CsA groups, respectively), was higher in both
belatacept arms compared with the CsA group, though slightly lower in the belatacept LI
compared with the MI group. Up to database lock, the overall frequency of PTLD in
combined belatacept MI and LI groups was 1.4% (13/949) compared with 0.4% (2/476)
for the CsA group.

Belatacept 274

BMS-224818 Suumary of Clinical Sufety

Table 2.1.5.2A: NmotSﬁjmmmesphﬂLymm&NMUphMutilZaldUp‘l’o

Database Lock im Core Studies
Number of Sublects (%)
IM103008 IM103027 IMI103100

> N=219 N=26 N=221 | N=I3§ N=I75 N=I34 | N=714 N=71 _N=71
g PTLD Gucluding CNS)
i Day 0-12 Moaths 109 209 105 | 105 20D 0 2Q7 0 [}
< Day 0-database lock 39 209 105 | 20 340t 0 34D (i 114
° CNS PILD
© Day 0-12 Months 0 0 0 105 105 0 109 (] 0
2 Day 0-database lock 209 0 o__l2ab  2ab 0 L2en 0 0
§ B OnemmtherAmlimmwouem:n&eumanWmeMSGdﬂuﬁzﬂummm
= Sowrce: CSR Addn Table 5.6.10 [-008, -027]"~; CSR Table 5.6.3 [-100]° ad LTE CSR Appendix 12.5{-100]’
o

All observed belatacept PTLD events up to database lock occurred during the first 18
months post transplant. Over 50% of subjects had more than 2 years of exposure to
belatacept These data suggest a declining hazard over time, consistent with that reported
in the literature.

PTLD Subject Characteristics:

Among belatacept-treated subjects with PTLD, the mean age was 41 to 53 years; the
majority of subjects with PTLD were males. Among the 15 subjects with PTLD, 8
subjects had EBV-negative and 5 subjects had EBV-positive serologies at baseline and in
2 subjects, EBV status was unknown. The predominant histological PTLD phenotype
was of B cell origin, with the exception of one subject in the belatacept LI group that had
a predominant T cell PTLD.
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Among the 8 belatacept cases with CNS PTLD, 5 occurred in EBV-negative subjects and
3 occurred in EBV-positive subjects (Table 2.1.5.2D). A total of 4 subjects with CNS

- PTLD died: 2 subjects with EBV-positive serologies (1 belatacept MI and 1 belatacept

LI) and 2 subjects with EBV-negative serologies (both in the belatacept MI group) (ISS
Appendix 8.1.1). A new PTLD case was observed after nearly 4 years after transplant in
belatacept LI recipient (EBV positive, CMV positive) and is not included in the table.

Table 2.1.5.2D: PTLD by Recipient EBV Status and Site of Presentation from
Randomization Through Database Lock in Core Studies

Number of Subjects With PTLD

u . CsA
N N

B

(-]
W
~

PTLS Site/EBV serclogy status N
Renal
EBV-negative
EBV-positive
EBV-unknown
Fatal
CNS
EBV-negative
EBV-positive
(Pl
Sowce: 155 Appendix8.11

JW O & =0 = g
e e DO O N W
© O © O N = O = |y

Risk Factors for Developing PTLD

There are several known risk factors for PTLD, including recipient EBV-negative
recipient status at the time of transplantation, CMV disease, and use of T cell depleting
therapy. A comprehensive evaluation of risk factors for the development of PTLD
among belatacept subjects was performed by the sponsor. The risk factor analysis was
performed only on belatacept-treated subjects since the number of PTLD cases with CsA
was small (2 subjects).
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Univariate analysis: The
effects of gender,
belatacept dose (MI vs L),
biopsy proven acute
rejection (BPAR) and
steroid treatment for AR on
disease risk were also
examined. The univariate
analysis showed that
recipient EBV-negative
status was the most
significant risk factor for
PTLD (Table 2.1.5.2E).

Reviewer comments:
Based on the sponsor’s
analysis, the EBV status
does appear to be the most
significant risk factor for
PTLD. However, use of T-
cell depleting agents (HR
2.97), male gender (HR
2.94) and CMYV disease
(HR 2.14) also appear to be
significant factors.

Multivariate analysis: The
most significant risk factor

BEST POSSIBLE COPY

Belatacept 274
BMS-224818 Sworznazy of Ciinical Safsty
Table 2.1.5.2E: Univariate Risk Factor Assessinent for Post-transplant
Lymphoproliferative Disorder in Belatacept-treated
Subjects
Number of PTLDY Number Hazard Rafis
Risk Factors Afrisk . O CD
Age ovp
Age 260 at o am 128 (040,409
Age <60 at transplare 9727 -
Gendar
Female 230 034008, 151
Male L1647 -
Recipient EBV Starus®
Negative 798 12580 (419, 39.12)
Positive 5805 -
Yes 5230 207 8.68. 633)
No $719 -
Steroid treatmens fr Actoe Rejection”
Yes 2153 037 (.07 2.00)
Mo , 413 -
T Cell Degleting Agests .
Yes 4118 2.97 093,947
No 9/831 -
CMV Disease
Yes 4133 214(0.68.67)
No 9816 -
Belatacept Dose Regimen
u S4T2 0.33 (007, 145)
M 8477 -

* One subject had unimows EBV secclozy

® Analysis exciuded IMI103100 stady poplation since steroid tresouent for AR wis not Gfferentiand
from maimenance steroids. Sebjects oust have bad a suspected rejection episode o be inchuded in 1ke
m&ﬁmmmf@maﬂmhmn}xﬁmmwwhm

agalysis.
Sowrce: ISS Appeodices 3.15,8.16,8.1.8,819,81.12,.8.1.19, .04 8.2.20

for belatacept PTLD and for CNS PTLD was EBV-negative recipient status (Table
2.1.5.2F). Other independent risk factors were T cell depleting agents and CMV disease.
The sponsor analysis showed that gender and age were not significantly associated with
development of either PTLD or CNS PTLD in multivariable analyses.

Table 2.1.58.2F: Multivariate Rizk Factor Assessment for Post-transplant

Lymphoproliferative Disorder Based on Pooled ITT

Belatacept-Treated Subjects

ARt Belatacept PTLD Belatacept CNS PTLD
Risk Facfors Hazard Ratio 5% CDH) Hazard Ratio 5% CI)
Age =60 1.99 @59, 6.73) 205 (0.47. 5.9
Gecder (female vs male) 0.16 (0.02. 1.2 All cases in
males

Recipient EBV-Negatite 532 4.65. 5049) 19.72 {3.44, 87.61)
T Cell Dapleting Agmnts 5.02 (1AL 17.7h 587 (1.32, 261
CMV Disease 3343 (1.11, £3.285) 7.14 (1.9, 30.22)
Belatacept Dose Rezimen 0.38 (0.27, 2.89) 037 {0.07.1.85)
(LE ws M)

Source: 1SS Appendix 81.12 and 8.1.13
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Number of risk factors: The strongest risk factor identified for PTLD was EBV-negative
recipient status. The impact of the presence of multiple risk factors was further explored

in subjects stratified by EBV status. EBV-negative recipients with no other risk factors
had a relative hazard of developing PTLD and CNS PTLD of 6.22 (95% CI = 1.56,
24.91) and 8.34 (95% CI = 1.39, 49.95), respectively, in comparison to EBV-positive
recipients. EBV-negative subjects with one additional risk factor (either T cell depleting
therapy or CMV disease) had a relative hazard of developing PTLD and CNS PTLD of
25.6 (95% CI=17.21, 91.23) and 39.02 (95% CI = 7.85, 94.11), respectively, compared
with EBV-positive subjects (ISS Appendices 8.1.11, 8.1.12, 8.1.13, and 8.1.20). This
further suggests that the risk for PTLD is increased in the presence of several risk factors.

Table 2.1.5.2G: Praportion of Subjects who Developed PTLD by the Number

of Risk Factors
Number of Subjects with Risk Facter
" a MI u CsA
Number of Risk Factors N=477 N=472 : N=476

0 1/321(0.3) 2/326 (0.6) 1/312(0.3)
1 2129 (1.6) 3/129 (2.3) 1142 0.7
2 5/27(18.5) 0/16 0/22
3 0 01 0

2 Risk factors include use of lymphocyte depleting agents, CMV disease and EBV-negative recipient
Source: ISS Appendix 8.1.1 and 8.1.16

Leviewer Commenss:

PTLDs are relatively uncommon life threatening complication of both solid organ and
allogenic bone marrow transplantation and occur in 1-10% of transplant patients [1].
Several risk factors/predisposing factors such as EBV status, CMV status, use of
immunosuppression especially T-cell depletive therapies and genetic predisposition of
recipients have been reported to be associated with PTLD [2]. The latter include
polymorphisms in IL-10, TGF-beta, deletions/gains in genes such as BCL2 and PAXS
and human leukocyte antigen (HLA) haplotypes [1, 3- 5]. In addition, microsatellite
instability and alterations of c-MYC, BCL-6, p53, DNA hypermethylation and aberrant
hypermutation of protooncogenes have been reported to be associated with PTLD [6].
Recently, EBV load (true positive viral load) has been suggested to be a possible
clinically useful biomarker for assessing PTLD risk in seropositive patients [7]. [n
addition, detection of transcripts specific for type III latency has been reported to
differentiate between latent and productive EBV infection in transplant recipients with
high virus load [8].

In the current submission, EBV status, CMV disease and lymphocyte-depleting agents
have been tested as possible risk factors for PTLD. From the Sponsor’s analysis, three
risk factors (EBV negative serology, CMV disease, and use of T-cell depleting therapy)
appear to be correlated with higher risk in the MI regimen and only EBV status in the LI
regimen.
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Leviewers’ independent analyses.

PTLD-associated risk factor analysis:

We employed receiver operating characteristic (ROC) curve analysis to evaluate the risk
factors associated with PTLD associated in belatacept-treated patients. Data from studies
IM103100, IM103008 and IM103027 were used to generate ROC plots. Table 1 below
summarizes the results of the ROC analyses.

EBYV serostatus was the most significant single risk factor, followed by CMV serostatus.
A combination of these two risk factors was more informative than either variable alone.
Consideration of EBV and CMV serostatus was more informative than consideration of
EBYV serostatus + CMV infection or NRISK (the sponsor’s risk score that does not take
into account CMV serostatus), suggesting that the joint consideration of EBV and CMV
serology could be a convenient approach to gauging patients’ PTLD risk prior to
initiation of belatacept therapy.

ROC Curve

Source of the Curve

—EBV

——— CMV

— EBV+CMV

- CMVDIS
EBV+CMVDIS

— AGECAT

- SEX

— TCELL

= NRISK

— Reference Line

Sensitivity

0.0 - A — =
0.0 0.2 0.4 086 08 10

1 - Specificity

Figure 1: Correlates of PTLD risk in belatacept-treated patients

EBV: Epstein-Barr virus serostatus; CMV: Cytomegalovirus serostatus; CMVDIS: CMYV infection prior to PTLD
diagnosis; AGECAT: Age category (below or above 60 years); SEX: Female/Male; TCELL: Lymphocyte depletion
prior to PTLD through treatment with T-cell depleting agents; NRISK: A combination of risk factors; AGECAT,
EBV, TCELL and CMV DIS.

Table 1: ROC results for PTLD risk factors in belatacept-treated patients

Test Result Variable(s) ROC Std. Error P-value
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EBV 719 085 007
lcmy 666 079 039
EBV+CMV 806 065 <.0001
lcMvDIS 584 087 296
EBV+CMVDIS 794 070 <.0001
AGECAT | 48 084 370
SEX 378 065 132
TCELL 593 087 247
NRISK 799 071 <0001

Analysis was limited to belatacept-treated patients that had complete data for the above parameters. N= 13 patients
treated with belatacept developed PTLD (data for all variables available): N= 884 patients did not develop PTLD.

Risk factors for PTLD in EBV positive, belatacept-treated patients:

The sponsor has decided to restrict the use of belatacept to EBV positive transplant
patients and contraindicate the use of belatacept in EBV negative patients. However, 6/13
PTLD cases were found in EBV positive, belatacept-treated patients. The EBV status is
not available for one PTLD case. This observation suggested that additional risk factors
may be responsible for the occurrence of PTLD in belatacept-treated transplant patients.
To that end, we carried out chi-square analyses to examine the impact of CMV serostatus
on PTLD risk when limiting the analysis to EBV positive, belatacept-treated patients
(Table 2). The PTLD case for which the EBV status was not available, was excluded
from our analyses. Among EBV positive patients, those with CMV negative serology
were more likely to develop PTLD than those who are CMYV positive (1.91% vs
0.34%), representing an approximately 6-fold higher risk (OR 5.75 [1.05-31.66];
univariate association of CMV serostatus to PTLD p=0.023). Of note, among EBV
negative patients, those with CMV negative serology were only marginally more likely to
develop PTLD than those who were CMV positive (8.16% vs 6.38%), representing a
non-significant 30% higher risk (OR 1.3 [0.23-7.87]).

Table 2: PTLD rates among EBV seropositive belatacept-treated patients based on
CMYV serostatus

PTLD by CMV serostatus in EBVseropositive belatacept-treated population
PTLD Total
No Yes
CMV + 590 2 (0.34%) 592
- 205 4 (1.91%) 209
Total 795 6 (0.75%) 801

Consistent with what is previously known about CMV disease (vis-a-vis serology) as a
PTLD risk factor, our analyses also demonstrated PTLD risk in EBV positive patients to
be higher among those with CMV disease vs. no disease (2.68% vs 0.43%), representing
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6-fold higher risk (OR 6.33 [1.26- 31.77]). This association was not significant among
EBV negative patients (6.67% vs 7.41%).

Among EBV positive patients on the LI regimen, those with CMV negative serology
were more likely to develop PTLD than those who were CMV positive (3.16% vs
0.33%), [Table 3] representing an approximately 10-fold higher risk (OR=9.75, 0.89 -
242.03); univariate association of CMV serostatus to PTLD p=0.047.

Table 3: PTLD rates among EBYV seropositive belatacept-treated patients on the
recommended regimen (LI) based on CMYV serostatus

PTLD by CMV serostatus in EBVsero positive belatacept-treated population on
the recommended regimen (L1)
PTLD Total
No Yes
CMV + 299 1 (0.33%) 300
- 92 3 (3.16%) 95
Total 391 4 (1.01%) 395

Conclusions on PTLD risk factors in belatacept-treated patients:

We found EBV serostatus (EBV negative recipients) to be the most significant risk factor
PTLD in belatacept-treated patients, consistent with the sponsor’s analysis. In addition,
we identified CMYV serostatus (CMV negative recipients) as a risk factor for PTLD. In
combination with EBV, CMV was identified as an important risk factor for PTLD in
belatacept-treated patients on the basis of ROC analyses and on the imbalance of PTLD
in EBV positive, CMV negative individuals. The results suggest that a combination of
EBV and CMYV serostatus is a better predictor of PTLD than EBV serostatus alone in
belatacept-treated patients. Of note, neither CMV serostatus nor CMV disease appear to
be robust risk factors for PTLD in EBV negative, belatacept-treated patients.

PTLD with CNS involvement (CNS-PTLD)-associated risk factor analysis:

We performed similar analyses as described above, but with a focus on CNS-PTLD.
Consistent with the analysis for all PTLD events, EBV serostatus was the strongest risk
factor CNS-PTLD (Table 4). Joint consideration of EBV and CMV serostatus only
marginally improved predictions when looking at the “all-comer” belatacept population.

Table 4: ROC results for CNS-PTLD risk factors in belatacept-treated patients

Test Result Variable(s) Area Std. Error | P-value

EBV | 727 101 019
lcmv 635 097 162
EBV+CMV 77 .089 .004
|[CMVDIS 653 .104 114
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EBV+CMVDIS .850 064] <.0001
AGECAT 398 101 290
SEX 340 .066 .098
TCELL .606 105 274
NRISK .886 .038] <.0001

Analysis was limited to belatacept-treated patients that had complete data for the above parameters. N=9
patients treated with belatacept developed CNS-PTLD (data for all variables available); N= 888 patients
did not develop PTLD.

Risk factors for CNS-PTLD in EBV positive, belatacept-treated patients:
Consideration of CMV serostatus provided additional information regarding CNS-PTLD
risk in EBV positive patients. Specifically, among EBV positive patients, CMV
seronegative patients are more likely to develop CNS-PTLD than those who are CMV
positive (0.96% vs 0.34%) [Table 5], representing an approximately 3-fold higher risk
(OR 2.79 [0.286-28.47]) in CMV negative population. Though not statistically
significant likely owing to small numbers of events, the directional association between
CMV serostatus and CNS-PTLD risk in EBV positive patients is similar to that of overall
PTLD risk in this population as described above. ‘

Table 5: Belatacept CNS-PTLD rates among EBYV positive patients based on CMV
serostatus

CNS-PTLD by CMV serostatus in EBV positive belatacept-treated population
" PTLDCNS
~ No Yes Total
CMV Positive 590[ 2(0.34%) 592|
Negative 207 2 (0.96%) 209
Total v 7971 4 (0.50%) 801

CMV disease itself was significantly associated with CNS-PTLD risk among EBV
positive patients. Among EBV positive patients, only those with CMV disease developed
CNS-PTLD (2.68% vs 0.15%. p<0.001. However, because CMV disease is a late post-
transplant sequella, the clinical utility of CMV disease as a prognosticator for PTLD risk
is limited.

Conclusions on CNS-PTLD risk factors in belatacept-treated patients:

The association between CMV serostatus and CNS-PTLD was directionally consistent
with the results for the overall PTLD analysis. Since CNS cases represented a subset of
total PTLD burden, the results did not reach statistical significance.

Does the literature support the possibility of CMYV serostatus being a risk factor for
PTLD?
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Two studies from Germany did not find a correlation between CMV status, while four
studies from US do support a role for CMV status to PTLD. Schubert et.al., (9) reported
that age, EBV infection after transplantation and use of T-cell depleting agents were risk
factors for PTLD in pediatric heart transplant patients, whereas CMV mismatch and
CMYV infection were not risk factors. In a large retrospective study from Germany also,
Opelz et al., (10) reported that EBV status, age, CMV disease were important risk factors
in kidney and heart transplant patients, but not CMV serostatus. In a study reported from
Mayo clinic, EBV status, CMV status and T-cell depleting agents were reported to be
associated with PTLD and CNS-PTL in liver, heart, lung and kidney-pancreas transplants
(11). Inanother study with pediatric heart transplant patients, EBV status, and CMV
status were found to be associated with PTLD (12). Marginal significance of CMV status
was reported in heart and heart-lung transplant patients, while age of recipients and
donors below 18 years and number of rejections were found to be significantly associated
with PTLD (13). Stronger support for the involvement of CMV serostatus comes from a
study of 59,560 kidney recipients from the OPTN/UNOS database. EBV serostatus,
CMYV serostatus and induction with thymoglobulin were identified to be statistically
significant risk factors for PTLD (14).

The risk factors for PTLD may be different depending on the organ transplanted, age of
the patients, co-medications, number of acute rejection episodes, etc. The risk factors for
PTLD may be different in the context of the drug/biologic also. Based on the data in the
BLA submission for belatacept, and some support from the literature, EBV and CMV
status appear to be important risk factors for PTLD in kidney transplant patients.

Is the involvement of CMYV status in development of PTLD biologically plausible?

EBV and CMV are members of the human herpes virus (HHV) family. EBV belongs to
the gamma subfamily that has oncogenic potential whereas CMV belongs to the beta
family that is problematic specifically in immunocompromised populations. However, 27
virro evidence that CMV may promote neoplastic transformation is available (15-17).
Also, CMV has been reported to be associated with a tumor suppressor gene, p53, and
may play a permissive role in PTLD development (13). "

While EBV serostatus is a well established risk factor for PTLD, the exact clinical
significance of CMV serology as a risk factor for PTLD remains fo be determined. It is
possible that CMV seropositive donors may cause CMV infection/disease in CMV
seronegative recipients. Moreover, CMV seronegative individuals could have latent
CMYV infection. This latent infection (viral genome maintained as an extrachromosomal
plasmid in a small number of hematopoietic progenitor cells) may be reactivated when
patients are immunocompromised. CMV may also have indirect effect(s) on PTLD. For
example, CMV infection in CMV negative transplant patients could increase EBV
replication, B-cell infection and shedding of virus in the oropharynx and contribute to
PTLD development. Human CMV infection has also been shown to induce transcription
and secretion of TGF-B1 (Walker1995).

Based on these reports, it appears that the involvement of CMV status in PTLD
development is biologically plausible.
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COMMENTS

1. Our results confirm the sponsor’s analysis results that EBV is the most significant risk
factor for development of PTLD in belatacept-treated patients. We newly identified
that CMV serostatus was also a significant risk factor for PTLD.

. Our analyses indicate that among EBV positive patients (the population to which
belatacept is likely to be restricted if approved), a significant imbalance of PTLD was
observed in the CMV negative patients (6-fold higher risk vs. CMV positive [OR
5.75 [1.05-31.66]]), suggesting that CMV negative serostatus should be considered as
an additional risk factor when considering belatacept as a treatment option.

3. Epidemiological and mechanistic support for association of CMV status to PTLD risk

is available in the literature. '

4, We recommend the label language in section 6 below be added to the belatacept

product label.

5. We recommend that any PMCs or PMRs related to PTLD risk with belatacept

elucidate the differential risk of PTLD based on CMYV status in EBV positive
transplant recipients.

N

RECOMMENDATIONS

The Office of Clinical Pharmacology genomics reviewer has reviewed the belatacept
BLA. It is recommended that the label language in section 6 below be incorporated in the
belatacept product label and that any PMCs/ PMRs related to PTLD risk of belatacept
investigate the effect of CMV status on PTLD risk..

LABEL RECOMMENDATION
Section 5.1

(b) (4)
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Appendix: Brief Summary of Relevant Belatacept Clinical Trials

Phase 3 Studies

IM103008 (N = 666) is a 3-year study in subjects who received a kidney from a
living donor or a standard criteria deceased donor. Approximately 2 years (median
follow-up of 24.8 months) of data have been collected in this study in which the
primary endpoint was at 12 months.

IM103027 (N = 543) is a 3-year study in subjects who received a kidney from a
donor with extended criteria. These criteria were based in part on those issued by the
United Network of Organ Sharing (UNOS); they also included other features widely
used to identify potentially compromised organs, such as those from donors with
“cardiac death (DCD) or with prolonged cold ischemia time (CIT). Approximately

2 years (median follow-up of 26.5 months) of data have been collected in this study in
which the primary endpoint was at 12 months.

Phase 2 Study

IM103100 (N = 218) was a 12-month study, with a long-term extension, in subjects
undergoing renal transplant. This study enrolled recipients of living and deceased
renal allografts. A total of 128 subjects completed the 12-month study and continued
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on their respective therapy and dose schedule in the optional long-term extension. Up
to 7 years of data (median follow-up 3.2 years) have been collected in the 12-month
study and long-term extension period combined.
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