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e
Advanced Melanoma:

Approved Agents Prior to 2011

DTIC IL-2
N=117 N=270
Median Age (yrs) 95 42
Efficacy
Median OS (months) 5.6 11.4
1 year survival (%) 24 43
2 year survival (%) 10 21
Safety (Grade 3-4 Toxicity)
Hypotension (%) — 45
Renal insufficiency (%) — 39
Thrombocytopenia (%) 6 17

DTIC: Avril et al (2004) JCO.; IL-2: Atkins et al. (1999) JCO
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No Significant Improvement in OS on DTIC
Over Time
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Immunotherapy Approved in the US

* 1992

— |L-2 for the treatment of renal cell cancer

* 1996

— Interferon for the treatment of adjuvant melanoma

* 1998

— BCG for the treatment of bladder cancer
— |L-2 for the treatment of advanced melanoma

* 2009

— Sipuleucel-T for the treatment of prostate cancer
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Ipilimumab: Blocks CTLA-4, Potentiates T-Cell

Function o
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Ipilimumab Development Milestones

Preclinical science i Clinical science
: * Primary endpoints of two
Treatment of Phase lll trials changed to OS
B7-1and B7-2 are mouse tumours * No OS interim analyses
CTLA4 ligands with CTLA4
T Phase Il
Immune-regula- ! * Novel responses Phase Il | | Regulatory
Cloning of tory role of First patient * Delayed separation positive || approvalin
CTLA4 gene CTLA4 in mice treated of KM curves for OS on OS the USA

1985 1990 1995 1997 2000 2002 2004 2005 2006 2008 2009 2010 2011 2015

CIC founded to solve CIC workshop showing | | CIC and BMS:
methodological delayed separation of immune-related
problems of the curves for Phase ll| response critria
immunotherapy field immunotherapy trials

CVCTWG workshop suggesting
new response kinetics and criteria

[] Pre-clinical science milestones

] Conventional clinical milestones

[1 Novel clinical science milestones

[ CIC workshops driving changes in clinical science
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Ipilimumab Development Milestones (cont’'d)

 MDX010-20 was the first trial that shows OS benefit in 30 years

* Previously treated and untreated metastatic melanoma
— US approval: March, 2011

* Previously treated metastatic melanoma

— EU approval: July, 2011
— NICE appraisal: December, 2012

* Previously untreated metastatic melanoma

— EU approval: November, 2013
— NICE appraisal: July, 2014
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Key Clinical Evidence
MDX010-20: Phase 3 Study Design

> 1 Re-induction
Screening Induction in eligible patients
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Key Clinical Evidence
MDX010-20 Study Design History

Original Study Design Revised Study Design (before unblinding)
* Contribution of components * Survival superiority
— Early phase Il data — Additional phase Il data
* Durable responses * BORR inadequate
* No OS data * Long-term survival
— Primary endpoint: BORR — Primary endpoint: OS

Ipi + gp100 Ipi + gp100

/ /
Primary Comparison Primary Comparison
gp100 + placebo PSS |p| + placebo

gp100 + placebo

Ipi + placebo
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MDX010-20 Ipilimumab in Previously Treated
Stage llI/IV Melanoma (Overall Survival)
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Cancer Immunology Research: Cancer Immunology at the Crossroads

AACGR
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* |pi/gp100 vs. gp100
— HR: 0.68 (0.55,0.85)
- P<0.001

* Ipi vs. gpl00
— HR: 0.66 (0.51,0.87)
— P<0.003

* No added benefit of
gpl00
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Challenges

* No direct comparison between ipilimumab and frequently used
chemotherapies

* The standard of care for metastatic melanoma has been referral to
clinical trials due to lack of efficacy

* Key clinical evidence compared ipilimumab 3 mg/kg to gp100

* In the absence of head to head comparison between ipilimumab 3
mg/kg against other therapies,
— NMA was conducted to inform treatment selection

— Additional analysis conducted to show similarity between gp100 and
chemotherapy treatment effect
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Medline®, Embase, and
Medline” In-Process

Cochrane Library

NMA: Study Selection

Additional references identified from meta-analyses,

BMS CSR, and conference websites: (3)

References excluded (see box 1 for criteria): (1613)
Patient population out of scope (505)
Intervention out of scope (95)

Trial design out of scope (1013)
Duplicates (3)

References excluded (see box 1 for criteria): (99)
Patient population out of scope (11)

Intervention out of scope (41)

Comparison out of scope (1)

Outcomes out of scope (10)
Trial design out of scope (31)
Not found/abstract only (2)

38 study reports reviewed
5 studies for pretreated population
33 studies for mixed population
(including 1 conference abstract)
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Studies excluded (see box 1 for criteria): (46)
Treatment-naive population (31)
Unknown line treatment (15)

25 studies showed
OS KM curves

15 studies to form one

interlinked network

* A systematic literature

review to synthesize
available OS evidence of
systemic therapies

Box 1. Scope of systematic literature review

Population: pre d adult patients with unresectable /1) melanoma,
with or without BM. Studies which included a proportion of pretreated patients
and systemic treatment-naive patient «ed line population) were also

= /IFN-a2b, interleukin-2 (IL-2),

> (DTIC), temolo carboplatin, paclitaxel,
fotemustine, melanoma vaccin

Comparators: studies that com
each other as n combination therapies with one another,
combination therapies with another agent not listed under “Interventions” (ie,
not of interest), or supportive care

Outcomes: survival endpoints reported at interim time points such as median
OS, percentage of patients alive, or hazard ratio

Study designs s, including open-labe nsions and crossover stud
phas and above. Full-text publications from peer-reviewed journal, clinical
study reports (CSRs), or conference abstracts should be available, and in
English

ASCO 2011
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NMA: Network

Ipilimumab 10 Chemotherapy

Biochemotherapies

mg/kg mono mono
\_ J \_ J \_ J
4 N\ 4 N\ 4 N\

Ipilimumab 0.3 Immunotherapy Chemotherapy

mg/kg mono combinations combinations
\_ J \_ J \_ J
4 N\ 4 N\

Ipilimumab 3

: Immunotherapy
mg/kg mono or in
o mono

Combination

\_ J \_ J
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Second Ipilimumab study included in the NMA:

Ipilimumab in Patients with Previously Treated
Advanced Melanoma

Wolchok JD (2010) Lancet Oncology. .
100 «—— Ipilimumab 0-3 mg/kg

= =+ = Ipilimumab 3.0 mg/kg

=t 3= |pilimumab 10 mg/kg
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NMA Methodology

* Parametric network meta-analysis™ (NMA) of treatment effect
— Shape parameter
— Scale parameter

* Parametric modeling potentially addresses non-proportionality

 Estimation of parameters was carried out using a fixed-effects and
random-effects Weibull and Gompertz models

* Models were compared using Deviance Information Criterion (DIC)
* Fixed-effects Gompertz model was selected
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Hazard Ratio Over Time:
Fixed-Effects Gomperiz NMA Model
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Overall Survival:
Fixed-Effects Gomperiz NMA Model
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Probability of Greatest Survival Benefit Over
time: Fixed-Effects Gompertz NMA Model
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Findings from NMA

* 3 mg/kg ipilimumab is expected to have greater OS compared to
other existing therapies for the management of pretreated patients
with unresectable stage Ill or IV melanoma

* Limitations
— Compatibility of studies included in NMA
— Inclusion and exclusion of studies in NMA
— Grouping of studies by class in NMA

WHO ARE /(L WORKING FOR? &5 Bristol-Myers Squibb



..
Key Question: GP100 Treatment Effect (OS)

* An analysis was performed by BMS
— To understand the effect of gp100 on OS

— To evaluate results in this arm relative to historical data for patients with
advanced melanoma

* The objective of this analysis was to show that the observed OS in
gp100 arm was representative of that from chemotherapies in the
absence of a randomized comparison

* A prognostic model for advanced melanoma (Korn et al.) was adopted
to estimate the OS had the same group of patients been treated with
chemotherapies
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Meta-Analysis Methodology (Korn et al.)

* Objective:
— Develop benchmarks for OS and PFS for future studies

e Materials and Method:

— 1278 patients in 42 cooperative group trials across different regiments from 1975 to
2005 were included

— Multivariate analyses were performed to fit the key prognostic factors

* A multivariate analysis presented in the paper identified the following
factors as predictors (key prognostic factors) for OS:

— Individual patient baseline characteristics: performance status, presence of visceral
metastases, and gender

— Trial-level characteristics: the inclusion of central nervous system (CNS) metastases
or not

* Reference curve was produced to allow prediction of OS based on the
distributions of key prognostic factors
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Survival Probability
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Predicted vs. Observed Overall Survival

- MDX010-20 6100 A * BMS app||Ed the Korn model to
) generate the predicted OS curve
for the gp100 arm of

* The resulting predicted survival
curve was consistent with the
observed OS data in the gp100 arm

 Survival results from this arm were
not different from what would be
expected in this population (one
sample log-rank p = 0.25)
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One-Year Milestone Survival

e The 95% confidence bounds

+ ioisar™ suggest that no trial arm has a

statistically different rate from
: . o the overall mean 1-year rate of
e |7 - PhEion, 25% (524 of 2,075 patients).
.| . * The 1-year milestone survival
S ETT e T "= rate from MDX010-20

L] ~ Ipilimumab+gp100: 0.436

ool - — Ipilimumab: 0.456

T T - Gp100: 0.253
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Estimated Overall Survival Adjusted for
Prognostic Factors

—gp100

100 ,
— Ipilimumab 3 mg/kg
90 - — |pilimumab 3 mg/kg + gp100
— Ipilimumab 0.3 mg/kg
2 80 — Ipilimumab 10 mg/kg
. — Paclitaxel 100 mg/m?
= Paclitaxel 80 mg/m? + carboplatin 200 mg/m?
2 60 — Placebo
_E; Paclitaxel 225 mg/m? + carboplatin AUC 6 + placebo
E 50 - — Paclitaxel + carboplatin + sorafenib
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Estimated Expected Efficacy from 25 Studies

Expected survival, % patients % patients
survival, months  months alive al alive al

Treatment {95% Crf) {95%Crl)  12months 24 months

Pretreated population
Ipdimurmaly 10 mghg
s ETTTTTETT—T—
Ipdlimumab 3 mgfg + gp100 162(114.231) 10714 458 215
Ipdlirumab 0.3 mg/fkg 132(856,206) 8(511) 378 178
Pachitaoel 225 mg/m’ + carboplatin AUC 6 + placebo 11606148 9@11) 40.3 121
Placebo 10.5 (8.5, 13.6) 76,9 30 113
Packitesl 225 mg/m” + carboplatin ALC 6 + sorafenib 400 mg 104(688,135 &7, 100 36.1 87
ap100 + placebo 10.1(69,149 75 10 321 106
Paclitaed 80 mg/m’ + carboplatin 200 mg/n 29(1.1,128) 10.3) 6.7 28
Pachtaoe 100 mg/m” 2109, 243) 10,2 74 47

Mied (treatment-naive and pretreated) population
Ipdimumat Ipdimumab 3 mgkg + DTIC 250 mg/m’ 215(129,347) 14(E.249) 56.1 329
combinations Ipdimumab 10 mgkg + budesonide 8 mg 142(11.1,189) 118, 14) 474 19.2
Chemotherapy DTIC: 1200 migim’ 12 (5.6, 37.5) 500,13) 308 163
alone DTG 250 mg/m’ 85(5.2,19.9) 52,9 25.7 93
Chemotheragy DTIC 220 mg/rt* + cisplatin 35 mg/m” + carmustine 150 mg/m’ + tamoodfien 20 mg/m’ 17.7(13.0,264) 120,16 50.1 267
combnrations OTIC Z20 mg/m” + cisplatin 25 mg/nT + carmusting 100 mg/mr’ -+ tamdodfen 40 mg 57 (4.2.89) 43.6 131 1.6

DTIC 220 mg/m + cisplatin 35 mg/m’ + carmustine 150 mg/m’ + tamaooifen 20 mg/m” +

Biochemaotherapy IL-2 + IFN-cx 163129, 21.8) 120,16 526 242
combinations :T;:ﬁ‘rnu?:.W+ﬁﬂhﬂnﬁnmﬁ+m1mw+Mmm+ 47356 4G5 40 0.0
Immunotherapy IL-2 720,000 MILVm’ 11378186 95,13 388 120
alone IL-2 9 or 2 MILVm’ 85(7.3,10.3) 6(5,7) a2 6.3
Immunotherapy IL-2 4.5 MILUm + IFN-2a 3 MILVm® 97 (7.1,14.4) 64,9 308 10.1
combinations IL-2 18 MILSm® + IFN-co 10 MR 82077123 B(6.9 308 4.7
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Conclusion

Network Meta-Analysis

* NMA was not included in NICE STA for Ipilimumab in previously treated
melanoma patients

* Subsequent NMA was conducted by grouping 15 studies in 8 treatment
classes

* Limitations of NMA include grouping of treatments and selection of studies
Benchmark Meta-Analysis Modeling (Korn et al.)

* Predicted OS adjusting for key prognostic factors showed OS benefit
compared to chemotherapies

* Some key prognostic factors such as LDH not captured
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Reference (in chronological order)
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* Avril MF, Aamdal S, Grab JJ, et al. Fotemustine Compared With Dacarbazine in Patients With Disseminated Malignant Melanoma: A
Phase Il Study. J Clin Oncolo 2004;22:1118-1125.

e Korn EL, Liu PY, Lee SJ et al. Meta-analysis of phase Il cooperative group trials in metastatic stage IV melanoma to determine
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* Hodi FS, O’Day SJ, McDermott DF et al. Improved survival with ipilimumab in patients with metastatic melanoma. N Engl J Med
2010;363:711-723.
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* Quwens M, Philips Z, Jansen JP. Network meta-analysis of parametric survival curves. Res Synth Methods 2010;1:258 —271.

« KotapatiS, Dequen P, Ouwens M et al. Overall survival (OS) in the management of pretreated patients with unresectable stage
[1I/1V melanoma: A systematic literature review and meta-analysis. J Clin Oncol 2011;29(15 suppl):8580.
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Survival Comparing 3 mg/kg Ipilimumab With Alternative Therapies in the Management of Pretreated Patients With Unresectable
Stage Il or IV Melanoma. The Oncologist 2012;17:1376-1385.

e Chen, T-T. (2015). Milestone Survival: A Potential Intermediate Endpoint for Immune Checkpoint Inhibitors. Journal of the National
Cancer Institute, 107(9): djv156.
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