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CLINICAL STUDY PROTOCOL SYNOPSIS

A First-in-Human Study of Repeat Dosing with REGN2810, a
Monoclonal, Fully Human Antibody to Programmed Death — 1
(PD-1), as Single Therapy and in Combination with Other Anti-
Cancer Therapies in Patients with Advanced Malignancies

Title

Site Locations Up to 10 sites in the United States

Objectives The primary objective of the study is to characterize the safety,
tolerability, and dose limiting toxicities (DLTs) of REGN2810
administered intravenously (IV) as monotherapy, or in combination
with targeted radiation (with the intent to have this serve as an
immuno-stimulatory, rather than primarily tumor-ablative therapy),
low-dose cyclophosphamide (a therapy shown to inhibit regulatory
T-cell responses), or both in patients with advanced malignancies.

The secondary objectives of the study are:

e To determine a recommended phase 2 dose (RP2D) of
REGN2810 as monotherapy and in combination with
other anti-cancer therapies (targeted radiation, low-dose
cyclophosphamide, or both)

e To describe preliminary antitumor activity of
REGN2810, alone and with each combination partner

e To characterize the pharmacokinetics (PK) of REGN2810
as monotherapy and in combination with other anti-
cancer therapies (targeted radiation, low-dose
cyclophosphamide, or both).

e To assess immunogenicity of REGN2810

Study Design This is a phase 1, open-label, multicenter, dose-escalation study of
REGN2810 alone or in combination with radiation therapy,
cyclophosphamide, or both in patients with advanced malignancies.
Safety will be assessed in separate, standard 3 + 3 dose escalation
cohorts (in monotherapy, combination with radiation therapy,
combination with cyclophosphamide, and combination with radiation
therapy plus cyclophosphamide).

The choice of combination therapy with radiation, cyclophosphamide,
or both will be based on investigator assessment of the best choice of
therapy for an individual patient in consultation with the sponsor. To
be enrolled in a radiotherapy cohort, a patient must have a lesion that
can be safely irradiated and for which radiation at the limited,
palliative doses contemplated would be considered medically
appropriate, and at least one other lesion suitable for response
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evaluation. A patient will be allowed to enroll only if a slot is
available in the cohort for the chosen treatment.

Patients will undergo screening procedures to determine eligibility
within 28 days prior to the initial administration of REGN2810.
Following enrollment of patients into a REGN2810 monotherapy
cohort, enrollment of subsequent cohorts will be determined by
occurrence of DLTs in prior cohorts (ie, no DLT in a cohort of

3 patients, or no more than 1 DLT in an expanded cohort of

6 patients), and the availability of patient slots. The planned
monotherapy dose levels are 1, 3, or 10 mg/kg administered IV every
14 days (2 weeks).

Once one or both of the 1 mg/kg or 3 mg/kg REGN2810
monotherapy cohort DLT observation periods are completed without
a DLT in a cohort of 3 patients or with no more than 1 DLT in an
expanded cohort of 6 patients, patients can be enrolled into a cohort
combining cyclophosphamide or radiotherapy with REGN2810 at
that monotherapy dose level. Patients can be enrolled into a
combination REGN2810 + cyclophosphamide/radiotherapy cohort
once the DLT observation periods for both the cohort for that
REGN2810 dose level + cyclophosphamide and the cohort for that
REGN2810 dose level + the same radiotherapy regimen are
completed with no DLT in a cohort of 3 patients, or no more than

1 DLT in an expanded cohort of 6 patients. Once the 3 mg/kg
REGN2810 monotherapy cohort DLT observation period is
completed with no DLT in a cohort of 3 patients, or no more than

1 DLT in an expanded cohort of 6 patients, a 10 mg/kg REGN2810
monotherapy cohort may also enroll.

Study Duration

Patients will receive up to 48 weeks of treatment, after which there
will be a 24 week follow-up period. A patient will receive treatment
until the 48 week treatment period is complete, or until disease
progression, unacceptable toxicity, withdrawal of consent, or meeting
of another study withdrawal criterion. After a minimum of 24 weeks
of treatment, patients with confirmed complete responses (CR) may
elect to discontinue treatment and continue with all relevant study
assessments (eg, efficacy assessments) as scheduled per protocol.
After a minimum of 24 weeks of treatment and after consultation with
the investigator and the Sponsor, patients with tumor burden
assessments of stable disease (SD) or partial response (PR) that have
been unchanged for 3 successive tumor evaluations may also elect to
discontinue treatment and continue with all relevant study
assessments (eg, efficacy assessments) as scheduled per protocol.

Population
Sample Size:

Up to 60 adult patients are expected to be enrolled. The total number
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Target Population:

of patients enrolled will depend upon observed DLTs.

Patients with advanced malignancies that are incurable and have
failed to respond to or showed tumor progression despite standard
therapy, or patients who are not candidates for standard therapy,
unwilling to undergo standard therapy, or for whom no available
therapy is expected to convey clinical benefit.

Treatments
Study Drug
Dose/Route/Schedule:

e REGN2810 at 1 or 3 mg/kg administered IV over
30 minutes every 14 days for 48 weeks, alone or in
combination with:

— Radiotherapy (30 Gy administered as 5 doses of 6 Gy
over 1 week) given 1 week after the first dose of
REGN2810 OR

— Radiotherapy (27 Gy administered as 3 doses of 9 Gy
over 1 week) given 1 week after the first dose of
REGN2810 OR

—  Low-dose cyclophosphamide (200 mg/m” IV)
approximately once every 14 days for 4 doses,
starting day —1, and given 1 day prior to each of the
first 4 REGN2810 doses, OR

— Radiotherapy (30 Gy administered as 5 doses of 6 Gy
over 1 week) given 1 week after the first dose of
REGN2810 plus
low-dose cyclophosphamide (200 mg/m” IV)
approximately once every 14 days for 4 doses,
starting day —1, and given 1 day prior to each of the
first 4 REGN2810 doses, OR

— Radiotherapy (27 Gy administered as 3 doses of 9 Gy
over 1 week) given 1 week after the first dose of
REGN2810 plus
low-dose cyclophosphamide (200 mg/m” IV)
approximately once every 14 days for 4 doses,
starting day —1, and given 1 day prior to each of the
first 4 REGN2810 doses,

e REGN2810 10 mg/kg administered IV over 30 minutes
every 14 days for 48 weeks.

REGN2810 3 mg/kg and 10 mg/kg monotherapy cohorts will enroll
only after the requisite number of patients in the prior monotherapy
dose cohort (ie, 1 mg/kg and 3 mg/kg, respectively) have cleared the
28 day DLT observation period without a maximum tolerated dose
(MTD) being demonstrated for that dose level. A REGN2810

1 mg/kg combination treatment cohort will enroll only after
completion of the DLT observation period for the 1 mg/kg
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monotherapy cohort. Combination cohorts receiving 3 mg/kg
REGN2810 will enroll only when the requisite number of patients in
the respective 1 mg/kg REGN2810 combination cohorts have cleared
the DLT observation period without demonstrating a MTD. Triple
combination cohorts combining REGN2810 with cyclophosphamide
and a radiation regimen will enroll only when the requisite number of
patients in both corresponding double combination cohorts at that
dosage level have cleared the DLT observation period without a MTD
being demonstrated.

Assignment of a patient to a treatment cohort will be determined by
occurrence of DLTs/establishment of a MTD in prior cohorts, the
investigator’s assessment of the appropriateness of therapies for the
patient, and the availability of patient slots.

Variables
Primary: Primary safety variables include incidence of DLTs, incidence and
severity of treatment-emergent adverse events (TEAEs), and
abnormal laboratory findings through 48 weeks of treatment
Secondary: Key secondary variables include the following:
e Serum concentration and pharmacokinetics (PK) of

REGN2810

e Antitumor activities assessed using the appropriate
criteria for the indication:

— Response Evaluation Criteria in Solid Tumors
(RECIST) criteria measured by computed
tomography (CT) or magnetic resonance imaging
(MRI)

—  Other assessment criteria should also be used for
specific tumors in which RECIST measurements are
not the standard.

— Immune-Related Response Criteria (irRC) applied to
RECIST measurements.

In all cases, irRC will be the governing tool to determine
progression of disease (PD), SD, CR, or PR. Standard
RECIST data will also be collected for information purposes.
e Anti-REGN2810 antibodies
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Tumor imaging (CT or MRI) will be performed to measure tumor
burden and to characterize the efficacy profile of study treatments
using irRC.

Procedures and Assessments

Physical examination, laboratory tests, vital signs, electrocardiogram
(ECG), pregnancy test for women of childbearing potential, and
recording of AEs and concomitant medications will be performed to
ensure patient safety and to characterize the safety profiles of study
treatments.

Other assessments will include:
e PK/pharmacodynamic samples
e  Optional tumor biopsies

e Biomarkers (cellular and molecular) as well as tumor and
genomic genetic markers related to REGN2810 treatment
exposure, clinical activity, or underlying disease

Statistical Plan The study dose ;scalation is based on a traditional 3 + 3 desigr} with 3
to 6 patients assigned per dose level. The exact number of patients
enrolled in the study will depend on the number of protocol-defined
DLTs observed, and the need to expand currently defined dose levels,
or open additional cohorts at lower dose levels. After the required
initial enrollment to the next cohort in the dose escalation has
occurred, enrollment to each of the previous cohorts below the MTD
for that treatment will be expanded (if not previously expanded
during escalation) to a total of 6 patients.

Data will be summarized using descriptive statistics only. In general,
data will be summarized by dose levels and combinations. The safety
summaries and analyses will be performed on the safety analysis set
(SAF). The primary analysis of safety will be based on treatment-
emergent AEs (TEAEs).
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LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS

ADL Activities of Daily Living

AE Adverse event

AESI Adverse event of special interest

ALP Alkaline phosphatase

ALT Alanine aminotransferase

ANA Antinuclear antibody

ANC Absolute neutrophil count

aPTT Activated partial thromboplastin time

ARISg Pharmacovigilance and clinical safety software system

AST Aspartate aminotransferase

AUC Area under the concentration—time curve

BAL Bronchoalveolar lavage

BUN Blood urea nitrogen

CPA Cyclophosphamide

CR Complete response

CRF; eCRF Case report form (electronic or paper); electronic case report form

CRO Contract research organization

CRP C-reactive protein

CT Computed tomography

CTLA-4 Cytotoxic T-lymphocyte antigen 4

CTV Clinical target volume

(NCI-) CTCAE (National Cancer Institute) Common Terminology Criteria for Adverse Events

DLT Dose-limiting toxicity

Dmax Maximum radiation dose

EC Ethics committee

ECG Electrocardiogram

EDC Electronic data capture

FACS Fluorescence-activated cell sorting

FDG-PET "®F-fluorodeoxyglucose positron emission tomography

FFPE Formalin-fixed, paraffin-embedded

FNA Fine-needle aspirate

fx Fraction(s)

GCP Good clinical practice

GBM Glioblastoma multiforme
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GTV
HLA
ICF

ICH

IHC

INR
irRC
IRB
irAE
ITV.
IUD

v

LC

LD

LE

LDH
LDL
LLOQ
mAb
Max Vol
MedDRA
monoRX
MRI
MTD
NCI-CTCAE
NOAEL
NSCLC
PBMC
PD-1
PD-L1, PD-L2
PET

PK

PR

PT

PTV
RBC

Gross target volume

Human leukocyte antigen
Informed consent form
International Conference on Harmonisation
Immunohistochemistry
International Normalized Ratio
Immune-related response criteria
Institutional Review Board
Immune-related adverse event
Internal target volume
Intrauterine device

Intravenous

Local control

Longest diameter

Local enlargement

Lactate dehydrogenase
Low-density lipoprotein

Lower limit of quantification
Monoclonal antibody

Maximum (tissue) volume
Medical Dictionary for Regulatory Activities
Monotherapy

Magnetic resonance imaging

Maximum tolerated dose

National Cancer Institute-Common Terminology Criteria for Adverse Events

No-observed-adverse-effect level
Non-small-cell lung cancer
Peripheral blood mononucleated cell
Programmed death-1 (receptor)
Programmed death ligand 1, programmed death ligand 2
Positron-emission tomography
Pharmacokinetic

Partial response

Preferred term

Planning target volume

Red blood cell
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RCC
RECIST
Regeneron
RF
RILD
RP2D
SAE
SAF
SAP
SAS
SCHNC
SOC
SSA
SSB

th2
TEAE
TSH
WBC
XRT

Renal cell cancer

Response Evaluation Criteria in Solid Tumors
Regeneron Pharmaceuticals, Inc.
Rheumatoid factor

Radiation-induced liver disease
Recommended phase 2 dose

Serious adverse event

Safety analysis set

Statistical analysis plan

Statistical Analysis Systems (software)
squamous-cell head and neck cancer
System organ class

Sjogren's syndrome A antigen
Sjogren's syndrome B antigen
Beta-phase terminal half life
Treatment-emergent adverse event
Thyroid-stimulating hormone

White blood cell

Radiotherapy
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1. INTRODUCTION AND RATIONALE

1.1. Introduction

Enhancement of the anti-tumor immune response with cancer immunotherapy agents has
emerged as a highly effective and complementary approach to the therapeutic mainstays of
surgery, cytotoxic drugs, targeted therapeutics, and radiation. Moreover, induction of durable
and extensive tumor regressions suggest that immunotherapy may convert previously fatal
diseases into chronic, manageable ones for some patients.

Under chronic stimulation, T cells lose proliferative and effector function capacity, often due to
signal down-modulation via the increased expression of proteins such as PD-1, an inhibitory
checkpoint receptor of the CD28 receptor family. The ligand for the PD-1 receptor, PD-L1, is
expressed in a variety of human malignancies (Zou 2008), and its high level of expression has
been previously correlated with poor patient prognosis and resistance to treatment in non—
small-cell lung cancer (NSCLC; Creelan 2014), glioblastoma multiforme (GBM; Wei 2014), and
squamous-cell carcinoma of head and neck (SCCHN; Zandberg 2014). Binding of ligand
(PD-L1 or PD-L2), often expressed on tumor cells, to PD-1 imparts an inhibitory signal to the T
cell, thus down-modulating the anti-tumor T-cell response (Francisco 2010).

Blockade of the PD-1/PD-L1 T-cell checkpoint pathway is an effective and well tolerated
approach to stimulating the immune response, and has achieved significant objective responses
in advanced, melanoma, renal cell cancer (RCC), and NSCLC (Topalian 2010). However,
optimal therapy will likely require combining anti-PD-1 monoclonal antibody (mAb) treatment
with conventional therapies and novel immunotherapy approaches. Combinatorial approaches to
stimulate convergent aspects of host immunity by employing complementary immunomodulators
as well as immune-stimulatory aspects of conventional modalities such as radiation and
chemotherapy may result in the development of more effective cancer therapies. Combination
blockade of PD-1 and the cytotoxic T-lymphocyte antigen 4 (CTLA-4) is effective in controlling
growth of syngeneic mouse tumors of ID8-VEGF ovarian carcinoma and CT26 colon carcinoma
cell lines in immune-competent mice, providing support to this notion (Duraiswamy 2013).
Furthermore, adding blockade of CTLA-4 to PD-1 blockade in melanoma patients achieves
response rates twice of that achieved with anti-PD-1 alone (ie, >50%; Wolchok 2013). In a
subset of patients with PD-L1+ tumors, preliminary results demonstrated an enhanced systemic
response when treatment with an anti-PD-L1 antibody (MPDL3280A) coincided with palliative
local irradiation (Sagiv-Barfi, 2014).

REGN2810 is a high-affinity, fully human, hinge-stabilized IgG4P antibody directed to the PD-1
receptor that potently blocks the interaction of PD-1with its ligands, PD-L1 and PD-L2. In
syngeneic tumor models in immunocompetent mice humanized for PD-1, the antitumor activity
of REGN2810 delivered as a monotherapy against a mouse colon adenocarcinoma tumor line is
similar to that observed with antibodies generated in house based on the publically available
genetic sequences of pembrolizumab and nivolumab, anti-PD-1 antibodies approved for the
treatment of melanoma, and in late-stage development for use against several other malignancies.
(See the Investigator’s Brochure for further details of nonclinical pharmacology and antitumor
activity of REGN2810).
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This first-in-human protocol is designed to assess the safety of REGN2810, as monotherapy at
different dose levels and in combination with selected other anti-tumor agents that may augment
the potency and durability of anti-tumor immune response. Based on the premise that select
combination therapies may be more active than PD-1 blockade monotherapy, therapies initially
combining REGN2810 with cyclophosphamide, radiation therapy, or both will be tested in
patients with advanced malignancies for whom a standard curative therapy does not exist.

Additional background information on the study drug and development program can be found in
the Investigator’s Brochure.

1.2. Rationale

1.2.1. Rationale for Study Design

The 3 + 3 model for the dose-escalation phase of this first-in-human study is designed to permit
evaluation of the safety of REGN2810, both as monotherapy at different dose levels, and in
combination with immune-enhancing treatments: cyclophosphamide; limited, targeted radiation
delivered in 1 of 2 dosing regimens; or combined radiation and cyclophosphamide.

The initial planned treatment with REGN2810 will be every 14 days for up to 48 weeks, with

24 weeks of follow-up observation. Radiation will be administered a week after the first dose of
REGN2810. Low-dose cyclophosphamide will be administered to patients assigned to
cyclophosphamide 1 day before each of the first 4 doses of REGN2810. After a minimum of

24 weeks of treatment, a patient with a confirmed complete response (CR) may elect to
discontinue treatment and continue with all relevant study assessments (eg, efficacy assessments)
as scheduled per protocol. After consultation with the investigator and the Sponsor and after a
minimum of 24 weeks of treatment, a patient with a tumor burden assessment of stable disease
(SD) or partial response (PR) that has been unchanged for 3 successive tumor evaluations also
may elect to discontinue treatment and continue with all relevant study assessments (eg, efficacy
assessments) as scheduled per protocol.

Combination with Cyclophosphamide

Cyclophosphamide, particularly when administered in relatively low doses, has been shown to
augment both the immunologic and clinical responses of anticancer vaccines. This immune
enhancement may be achieved by increased expression of class I human leukocyte antigen
(HLA) in the tumor microenvironment or on cancer cells themselves, as well as by selectively
depleting T regulatory (Treg) cells (Ghiringhelli 2004). By reducing Treg cells, the likely
mediators of tumor tolerance, anti-tumor CD8+ cytotoxic effector T cells can be activated and
expanded (Le 2012, Emens 2012, Hermans 2003).

Low-dose cyclophosphamide has been shown to improve antitumor immune responses in various
animal tumor models and in patients with metastatic melanoma (Cerullo 2011). In PROb
tumor-bearing rats, a single administration of cyclophosphamide depletes CD4+CD25+ T cells,
delaying PROb tumor growth, and curing rats with established PROb tumors when followed by
an immunotherapy that is ineffective as monotherapy (Ghiringhelli 2004). Low-dose
cyclophosphamide also decreases Tregs in patients treated with an oncolytic adenovirus without
compromising induction of antitumor or antiviral T-cell responses (Cerullo 2011).
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Combination with Radiotherapy

Nonclinical studies suggest that radiotherapy may sensitize tumor cells to immune-mediated
attack (McFarland 2012) by prompting release of soluble tumor antigens from killed cells as well
as by increasing tumor cell surface expression of antigens and receptors mediating T-cell
recognition and/or killing and enhanced efficiency of professional antigen-presenting cells
(Ferrara 2009, Kershaw 2013). Together with the observation that radiation may induce
expression of chemokines needed for T-cell trafficking (Kershaw 2013, Hellevik 2014), these
data suggest that radiation can function as an immune adjuvant to help reverse the suppression of
tumor immune responses.

As a crucial tumor immune-evasion mechanism, however, Treg-mediated immunosuppression
may be a key obstacle for successful tumor immunotherapy in general, and following radiation in
particular. Following sublethal irradiation of antigen-primed mice, antigen-specific immune
suppression mediated primarily by CD4+ CD25+ Tregs develops over several weeks. The
proportion of Treg to T effector populations is skewed, with higher numbers of Tregs
(McFarland 2012). The influx of Treg cells into an irradiated tumor microenvironment therefore
may counteract any benefit obtained from increased antigen release, enhanced antigen
presentation, or influx of T effector cells.

Data from mice also suggest that tumor cells may counterbalance this effect by upregulating
PD-L1 in response to radiation (Deng 2014). Importantly, administration of an anti-PD-L1
antibody was able to greatly enhance radiation-induced tumor regression and survival in this
study, providing strong support to the notion that PD-1/PD-L1 blockade may overcome
immunosuppression mediated by radiation-induced PD-L1 upregulation.

Combination with Radiotherapy and Cyclophosphamide

In a syngeneic TSA cell line breast cancer model in BALB/c mice, the combination of low-dose
cyclophosphamide and fractionated radiation was able to elicit regression of tumors significantly
better than either modality alone (Dewan 2012). By counterbalancing radiotherapy-induced
increases in Tregs, combining cyclophosphamide with radiation therapy and REGN2810 may
improve tumor responses relative to those obtained with any agent alone.

1.2.2. Rationale for Dose Selection

REGN2810:

The starting dose chosen for this first-in-human study is based on the similar in vitro and in vivo
potency of REGN2810 compared to antibodies generated based on publically available
sequences of 2 approved anti-PD-1 antibodies, nivolumab and pembrolizumab. When compared
to REGN1672 (primary sequence identical to nivolumab) and REGN2626 (primary sequence
identical to pembrolizumab) in both in vitro and cell-based assays, REGN2810 demonstrated
similar in vitro PD-1 binding affinity, blocking efficiency for PD-1/PD-L1 and PD-L2
interactions in vitro, and ability to antagonize PD-1-induced T-cell inhibitory signaling in a
cell-based bioassay. Additionally, REGN2810 demonstrated similar in vivo anti-tumor efficacy
to REGN1672 and REGN2626 in humanized-PD-1 mouse tumor model bioassays. Furthermore,
the pharmacokinetic (PK) profile for REGN2810 in monkeys is similar to that of nivolumab
(Wang 2014). These results suggest that clinical activity of REGN2810 will be similar to those
of pembrolizumab and nivolumab at equivalent doses.
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In pharmacokinetic studies in cynomolgus monkeys administered 1, 5, and 15 mg/kg
REGN2810, estimates of the beta-phase terminal half life (t,,) of REGN2810 were comparable
across dose groups: 9.84, 10.9 and 12.4 days, respectively. Accordingly, REGN2810 will be
administered every 14 days in this study to maintain targeted serum concentrations over the
dosing interval.

In a 4 week toxicology study in monkeys at the no-observed-adverse-effect level (NOAEL) of
50 mg/kg per week, the area under the concentration—time curve (AUC) over the last dosing
interval was estimated at 6170 daysmg/mL, a greater than 12-fold higher exposure than
steady-state exposures predicted with 1 mg/kg, and a 14% higher exposure than that anticipated
with 10 mg/kg administered to human patients every 14 days. Based on preclinical activity and
toxicology data and greater than 10-fold exposure margin over 1 mg/kg REGN2810, in addition
to the clinical efficacy and safety data from other anti-PD-1 mAbs at similar doses/dosing
intervals, a dosage of 1 mg/kg REGN2810 every 14 days is expected to be both safe and active,
and was therefore chosen as a starting dosage, with plans to de-escalate if necessary. If safety of
1 mg/kg REGN2810 is confirmed in the first cohort, the dosage may be successively escalated to
3 mg/kg and then to 10 mg/kg.

Experience with other anti-PD-1 antibodies suggests that REGN2810 dosage can be escalated
safely. In an open-label expansion cohort of a phase 1 trial of intravenous (IV) pembrolizumab
in patients with advanced melanoma previously treated with ipilimumab, treatment at 2 mg/kg or
10 mg/kg every 3 weeks was well tolerated, with similar safety profiles across dose groups, and
no drug-related death (Robert 2014). In a 3 + 3 dose-escalation study of nivolumab in patients
with advanced melanoma, NSCLC, RCC, castration-resistant prostate cancer, or colorectal
cancer, a maximum tolerated dose (MTD) was not reached with dose levels of 1, 3, or 10 mg/kg.
A limited dose—response exploration for REGN2810 monotherapy is planned to examine the
potential for dose-dependence of anti-tumor activity, and also to rule out potential for toxicity as
a consequence of any unexpected differentiating features of REGN2810. Three dosages are
planned for this first-in-human study of REGN2810: 1, 3, and 10 mg/kg, administered every

14 days.

In patients with advanced melanoma receiving nivolumab, the majority of responses emerged
before 24 weeks, and were noted to be durable in those patients who required discontinuation of
treatment due to toxicity (Topalian 2014). Responses with the combination of ipilimumab and
nivolumab appeared to occur faster, more frequently, to a greater depth, and with greater
durability as compared to his