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ABSTRACT

Immuno-oncology drug development is complex
and requires a thorough understanding of both the
immune system’s role in cancer development and
the unique challenges associated with evaluating

therapeutic response.
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Present-day advances in immuno-oncology

can be attributed to a paradigm shift in the

understanding of cancer.

Introduction

Over the past decade, immuno-oncology has become one of the most
promising and fastest-growing areas of cancer research and drug
development. Present-day advances in immuno-oncology can be
attributed to a paradigm shift in the understanding of cancer.

Up until the late 1990s and early 2000s, cancer was considered

a disease of genetic origin, with hallmarks including sustained
proliferation, resistance to apoptosis, the ability to promote
angiogenesis, and the ability to promote invasion and metastasis.
However, this view failed to take into account the dynamic nature of the
interactions between the tumor and its microenvironment - not just the
normal cells in the surrounding tissue, but also the immune system.

Advances in our understanding of the dual role that the

immune system plays in cancer have led to the development of
immunotherapies that target both the tumor and its microenvironment.
In this white paper, we explore the role of the immune system in cancer
development, as well as the history and challenges of developing
immunotherapies for cancer.
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Background

The history of cancer immunotherapy dates back to the discovery of the dendritic
cell'in the 1970s. In the early 1990s, Bacillus Calmette-Guérin (BCG), a vaccine used to
prevent tuberculosis, was approved as an immunotherapy for early bladder cancer!
This was followed by the approval of high-dose interleukin (IL)-2 for melanoma and
renal cell carcinoma and the discovery of checkpoint inhibitors.

Recent years have seen an acceleration in the development of immuno-oncology
drugs, with the approval of:
= Sipuleucel-T for prostate cancer in 2011

= |pilimumab, a checkpoint inhibitor, for advanced
melanoma in 201

= Pembrolizumab and nivolum ab for advanced
melanoma in 2014

= Nivolumab for non-small-cell lung cancer (NSCLC) in 2015
= Pembrolizumab for PD-L1+ NSCLC in 2015

Immuno-Oncology Drug Development premier-research.com 3



Tumor immunology

A thorough understanding of the underlying tumor biology
is critical for the development of immuno-oncology drugs.

Immune response to tumors

At a high level, tumor immunology can be broken down into
three steps:

1.

To initiate immunity, dendritic cells (DCs) must sample
antigens derived from the tumor, which can be ingested
in situ or delivered exogenously as part of a therapeutic
vaccine, making DCs a potential site for therapeutic
intervention.

Upon antigen encounter, the DCs would also have to
receive a suitable activation (or, maturation) signal,
allowing them to differentiate extensively to promote
immunity, as opposed to tolerance.

Next, in lymphoid organs, tumor antigen-loaded DCs
must generate protective T cell responses. The precise
type of T cell response needed is unknown, but must
include the production of CD8+ effector T cells with
cytotoxic potential. DCs may also trigger antibody and
natural killer/natural killer T (NK/NKT) cell responses,
which may contribute to tumor immunity.

Immuno-Oncology Drug Development
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Tumors go to great lengths to evade the immune
response, and systematic studies have identified
multiple mechanisms that cancers employ to defeat
the immune response:

- Immunosuppressive cytokines, e.g., transforming
growth factor (TGF)-B, IL-4, IL-6, IL-10

- Immunosuppressive immune cells, e.g., regulatory
T cells (Treg cells) and macrophages

- Disruption of immune activation signaling, e.g., loss of
major histocompatibility complex (MHC) receptor or
indoleamine?3-dioxygenase (IDO) production

Figure 1. Activation of dendritic cells and generation of protective T cell responses”
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3. Finally, cancer-specific T cells must enter the tumor bed
to perform their function. Here, there is the challenge
of immune suppression. Presumably by skewing DC
maturation, tumors may:

- Prevent immunization
- Trigger the “wrong” immune response, or

- Enable the local accumulation or expansion of Treg
cells that would oppose the activity of effector T cells

Infiltration of Treg cells correlates with poor prognosis
in a variety of epithelial tumor types. Tumors may
downregulate their expression of MHC class | molecules
or their expression of target tumor antigens. They can
also produce a variety of surface molecules, such as
programmed death-ligand (PD-L) 1 or PD-L2, which
engage receptors on the surfaces of activated T cells
(e.g., programmed cell death (PD)-1 protein), causing
T cell anergy or exhaustion. Expression of such
suppressive ligands can be associated with oncogenic
mutations seen in many cancers, for example
phosphatase and tensin homology (PTEN) loss.

Immuno-Oncology Drug Development

Differentiation of CD4+
helper T cell subsets

The differentiation of CD4+ helper T cell subsets is
determined by cytokines.

Many of the immuno-oncology targeted therapies activate
one of the four main types of T cells:

= Helper T cells (CD4+)

= Cytotoxic T cells (CD8+)

= Suppressor T cells (CD4+ CD25+ Foxp3+ Treg cells)
= Memory T cells (CD4+ or CD8+ CCR7+ CD45R0)

CD4+ T cells, which are key regulators of the immune
system, differentiate into various T helper (Th) cell lineages
with distinct biological functions, depending upon how they
are activated.

In the presence of IL-6, IL-21 and TGF-B3, CD4+ T cells
differentiate into CD4+ T helper 17 (Th17) cells, a phenotype
which is characterized by expression of the transcription
factors retinoic acid receptor-related orphan receptor-gt
(RORgt) and signal transducer and activator of transcription
3 (STAT3). IL-1b and IL-23 cytokines can promote and
stabilize this phenotype during cell expansion. Once
programmed, these Th17 cells secrete IL-17A, IL-17F, IL-21,
and IL-22, which play key roles in enhancing autoimmunity
and host defense.

Cytokines IL-12, IL-4, and TGF-B and transcription factors
T-bet, GATA3, and FOXP3 have been shown to regulate Thi,
Th2, and Treg cell development, respectively. These distinct
subsets regulate immune response to foreign, self, and
tumor antigens.
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Tumors go to great lengths to evade
the immune response, and systematic
studies have identified multiple
mechanisms that cancers employ to

defeat the immune response.
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Understanding the

immunoediting hypothesis

The notion that the immune system not only protects
the host against tumor formation but also shapes
tumor immunogenicity is the basis of the cancer
immunoediting hypothesis.

........ R Accumulated data from animal models and human cancer

IL-2 + TGF-B Lf_Fl-ggllLL-ZG;)r IL-21 patients strongly supports the concept that the immune
H system can identify and control nascent tumor cells in a
i V process called cancer immunosurveillance. In addition,
TGF-B IL-4 :H;@ the immune system can promote tumor progression
:t%g :'I::i3 IL-22 through chronic inflammation, immunoselection of poorly
STATE STATG A immunogenic variants, and suppression of anti-tumor
FOXP3 GATA3 STAT3 immunity. Together, the dual host-protective and tumor-
RORvt promoting actions of immunity are referred to as cancer
Suppresses tumor Promotes tumor Intracellular Controversial immunoediting, which is thought to comprise three
immunity immunity pathogens tumor immunity distinct phases: 202

1. Elimination. In this phase, transformed cells are

Intracellular Allergy Breaks immune :
pathogens destroyed by a competent immune system.

Promotes immune

tolerance tolerance

2. Equilibrium. Sporadic tumor cells that manage to survive
elimination enter this phase, where editing occurs.

Maintains lymphocyte Drives autoimmunity Asthma Extracellular bacteria
homeostasis 3. Escape. In this phase, immunologically sculpted
Autoimmunity tumors begin to grow progressively, become clinically
apparent, and establish an immunosuppressive tumor
Figure 2. Differentiation and function of CD4+ helper T cell subsets19 Adapted from Bailey SR, et al. microenvironment.
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Figure 3. Cancer immunoediting??
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Development of
immunotherapy molecules

The development of immunotherapy molecules over the
past 20 years has been an exciting journey, beginning
with high-dose IL-2 therapy, one of the first immune

therapies to gain regulatory approval.

High-dose IL-2 therapy

While high-dose IL-2 therapy benefits approximately
six to 10 percent of patients with metastatic melanoma
or renal cell carcinoma, its use is limited by its toxicity
and its delivery method.?% High-dose IL-2 must be
delivered as an inpatient procedure, and its use remains
limited to select patients treated at experienced centers.
Effort to develop more tolerable regimens have been
unsuccessful, and efforts to better select patients

who might benefit from high dose IL-2 therapy have
shown only modest advances. While high dose IL-2
provides proof of principle that immunotherapy can
produce durable benefit in patients with cancer, newer
immunotherapies are needed.

Cancer vaccines: current status

Cancer vaccines come in two formats: prophylactic
and therapeutic.

Prophylactic (or preventative) vaccines have been
used with considerable success in preventing cancers
of viral origin, such as hepatitis B virus (HBV) and
human papillomavirus (HPV), where the etiologic
agent is known.
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In contrast, the development of therapeutic vaccines to treat
existing disease has proven problematic.

To date, the only approved therapeutic cancer vaccine

is sipuleucel-T (marketed as Provenge®) for prostate
cancer.? Sipuleucel-T received FDA approval in April

2010 for the indication of advanced prostate cancer.
Originally assumed to be an autologous DC-based vaccine,
sipuleucel-T comprises an incompletely characterized,
complex mixture of peripheral blood mononuclear cells
(PBMCs) supplemented with a cytokine and tumor-derived
differentiation antigen.

The Phase Ill clinical results of sipuleucel-T showed little
evidence of tumor shrinkage or delay in disease progression.
By standard Response Evaluation Criteria in Solid Tumors
(RECIST) criteria, only one of the 341 patients in the active
arm exhibited a partial response. Nevertheless, a 4.1-month
improvement in median overall survival was achieved (25.8
months vs. 21.7 months), which was deemed significant by
the FDA in a patient population that has few, if any, other
effective therapeutic options.?

Immuno-Oncology Drug Development

Cancer vaccines: challenges

There are a variety of challenges associated with the
development of therapeutic cancer vaccines:

= The vaccine initially induces an immune reaction against
the vaccine itself, not the tumor

= The antigens are different for each tumor

= Most immune-responsive tumors auto-vaccinate, but
immune regulation prevents an effective response

Based on the foregoing issues, vaccines are unlikely to
have a major anti-tumor effect in the absence of immune
checkpoint control.

Evolution of immune checkpoint
inhibitors in solid tumors

The development of immune checkpoint inhibitors is an
exciting turning point in immunotherapy.

Immune checkpoints refer to a plethora of inhibitory
pathways in the immune system that are crucial for
maintaining self-tolerance and modulating the duration and
amplitude of physiological immune responses in peripheral
tissues to minimize collateral tissue damage. It is now clear
that tumors co-opt certain immune checkpoint pathways
as a major mechanism of immune resistance, particularly
against T cells that are specific for tumor antigens.?
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Figure 4. CTLA-4 and T cell function??
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T cell responses are regulated via multiple co-stimulatory
and inhibitory interactions. T cell response to antigen is
mediated by peptide-MHC recognized by the T cell receptor.
The B7 family of membrane-bound ligands binds both
co-stimulatory and inhibitory receptors. Targeting cytotoxic
T-lymphocyte-associated antigen (CTLA)-4 and PD-1
inhibitory receptors has been a major clinical focus.”’

Anti-CTLA-4 immunotherapeutic
antibodies

Ipilimumab is a member of the novel class of Anti-CTLA-4
immunotherapeutic antibodies.

CTLA-4 is a key negative regulator that is recruited to

the plasma membrane upon T cell activation. It binds to
members of the B7 family of accessory molecules expressed
by DCs and other antigen-presenting cells. CTLA-4 ligation
effectively inhibits further activation and expansion,

thereby controlling the progress of an immune response
and attenuating the chances for chronic autoimmune
inflammation. The negative regulation is overcome by use of
a blocking antibody, such as ipilimumab.

The fundamental importance of CTLA-4 to controlling

T cell function is well illustrated by the phenotype of
CTLA-4 knockout mice, which die of an aggressive
lymphoproliferative disorder at a young age. Interestingly,
CTLA-4 ligation is also important for the immune-
suppressive function of Tregs, further assisting to dampen
T cell responses. Thus, Treg function is also thought to be
blocked by anti-CTLA-4.8
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The rationale for using anti-CTLA-4 in cancer therapy was
to unrestrain pre-existing anti-cancer T cell responses
and possibly trigger new responses. It is well known that
tumor-infiltrating lymphocytes exist for melanoma (and
other diseases), and that they can bear specificity for
tumor antigens.

In a Phase Ill study, ipilimumab, with or without a
glycoprotein 100 (gp100) peptide vaccine, showed improved
overall survival compared to gp100 alone in patients with
previously treated metastatic melanoma.l0 On March 25,
2011, ipilimumab (marketed as Yervoy®) was approved for
treatment of unresectable or metastatic melanoma.?

PD-1 pathway inhibitors

Blocking the interaction between the PD-1 protein and one
of its ligands, PD-L1, has been reported to have impressive
anti-tumor responses.*°

PD-L1 can be expressed on tumor cells either
endogenously or induced by adaptive immune
resistance.®* The interaction between PD-1and PD-L1
results in T cell suppression (i.e., anergy, exhaustion,
death). In melanoma, renal cell carcinoma, and other
tumors, PD-L1 expression has been associated with adverse
clinical and pathological features, such as more aggressive
disease and shorter survival.s

Immuno-Oncology Drug Development

Figure 5. Clinical development of PD-1immune checkpoint inhibitors
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To date, tumors that have been shown to respond to
anti-PD-1 or anti-PD-L1 therapy include melanoma, renal
cell carcinoma, non-small-cell lung cancer, bladder cancer,
head and neck cancers, and lymphomas. Pembrolizumab
(marketed as Keytruda®) and nivolumab (marketed as
Opdivo®) were the first of this anti-PD-1 pathway family of
checkpoint inhibitors to gain accelerated approval from the
FDA for the treatment of ipilimumab-refractory melanoma.*®
Pembrolizumab has also been approved as a single agent
for the first-line treatment of patients with metastatic
NSCLC whose tumors have high PD-L1 expression, and
nivolumab has also been approved for patients with
metastatic squamous NSCLC who have progressed on or
after platinum-based chemotherapy.

Rationale for combination therapies
Combination therapies may combine:
= Agents that act at the effector stage (e.g., anti-PD-1

or inhibitors of immunosuppression) by re-energizing
pre-existing T cells

= Agents that act at the proliferation/activation stage
(e.g, anti-CTLA-4) to not only enhance pre-existing
responses, but also stimulate de novo responses

= Agents that act on other co-stimulatory or
inhibitory pathways

Immuno-Oncology Drug Development

= Standard of care (e.g., chemotherapy, tyrosine kinase
inhibitors, vascular endothelial growth factor inhibitors,
radiation therapy)

= Epigenetic therapy

Combining anti-CTLA-4 with anti-PD1 makes sense
biologically, as the two agents remove the brakes from T
cell activation at two distinct stages: proliferation (CTLA-4)
and effector function (PD-1). Yet, both might be expected
to exhibit similar adverse events, underscoring the need to
carefully define the potential for serious toxicity.

In theory, these agents could also well work in conjunction
with a vaccine approach, whether exogenous or
endogenous.

However, we have yet to see clinical data that supports the
use of either type of vaccine.

Evidence is emerging that tumor cells can die in multiple
ways, with some forms of apoptotic death leading to

the enhancement of an anti-tumor immune response.
So-called immunogenic cell death is characterized in part
by the release of ATP and high-mobility group protein B1,
which could activate local-infiltrating myeloid cells and DCs
via a purinergic receptor or TLR-4, respectively. Cytotoxic
agents that elicit this death fingerprint may have the
ability to help induce anti-tumor immune responses and
therefore be better candidates for combination therapy
with immunologically active agents.
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Figure 6. Comparison of immune-related response criteria

irRC 2009

irRECIST 213

RECIST 1.1

premier

iRECIST 2017

Lesion
Measurement

Baseline Lesion
Size

Baseline Lesion
Number

Appearance of
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Response

Confirmation
After First
Assessment

Bidimensional

Unidimensional

Unidimensional

Unidimensional

Unidimensional

5mm X5 mm

=10 mm

=10 mm

=10 mm

10 lesions total, 5 per organ

5 lesions total, 2 per organ

5 lesions total, 2 per organ

5 lesions total, 2 per organ

Incorporated into TTB

Incorporated into TTB

Always represents PD

iUPD

CR = disappearance of all lesions
PR = 50% decrease from baseline TTB

SD = when neither PR nor PD can be
established

PD = 25% increase in the nadir of TTB

CR = disappearance of all lesions
PR = 30% decrease from baseline TTB

SD = when neither PR nor PD can be
established

PD = 20% increase in the nadir of TTB
(minimum 5 mm)

CR = disappearance of all lesions
PR = 30% decrease from baseline TTB

SD = when neither PR nor PD can be
established

PD = 20% increase in the nadir of TTB
(minimum 5 mm)

CR = disappearance of all lesions
PR = 30% decrease from baseline TTB

SD = when neither PR nor PD can be
established

PD = 20% increase in the nadir of TTB
(minimum 5 mm)

Yes

Yes, wait up to 12 weeks to confirm
PD to account for flare

Yes, 4-8 weeks

\ v

Most trials today evaluate response using irRECIST and RECIST 1.1 Will be used most going forward
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Eva|uating response to Figure 7. Confirming disease progression using iRECIST
immunotherapies
P | iRecist describes data management, collection, and use |
It is important to note that, with anti-CTLA-4 antibodies
and other immunotherapies, the disease can get worse /\ /\
before it gets better. ( \( \
30

Generally, four distinct response patterns are associated - -iupD -iUPD
with favorable overall survival:*4 20 -
1. Response in baseline lesions

(i.e., a typical RECIST response) 10
2. Stable disease with slow decline in tumor volume o
3. Response following an initial increase in tumor volume Baseline TP1 >
4. Response following the appearance of new lesions -10
A clinical challenge with ipilimumab relates to the kinetics -20
of the anti-tumor response. In contrast to conventional
cytotoxic therapies that may trigger rapid tumor shrinkage -30
due to direct killing of cancer cells, the stimulation of T cell
responses with ipilimumab may take several months to -40
occur. Tumors may increase in size during this period, )
and some component of this growth may reflect the Target = Non Target New Lesion
consequences of an evolving inflammatory reaction. Indeed, S
as many as 10 percent of patients treated with ipilimumab TREATMENT

who were scored with progressive disease using the

modified WHO criteria for tumor size were shown to achieve

disease stabilization and prolonged survival. PD: progression | iSD: stable disease | iPR: partial disease | iUPD: unconfirmed progression | TP: timepoint
Note: With iRECIST, the bar resets if RECIST progressive disease (PD) is followed at the next time point (TP)

by tumor shrinkage, as occurs at TP2 in the figure, so iSD and iPR occur after iUPD. The appearance of a new
lesion at TP5 triggers iUPD, which must be confirmed with at least 20 percent increase from in the nadir of

total tumor burden (TTB).

This unusual pattern of treatment response has led to the
proposal of new immune-related response criteria that
may aid clinical decision-making regarding continuation
of therapy.
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Introduction of iRECIST

Response and efficacy of oncology agents is measured by
RECIST version 1.1 (RECIST 1.1), a set of published rules that
define when cancer patients improve, stay the same, or
worsen. Unfortunately, these criteria do not easily apply in
immuno-oncology.

As seen with ipilimumab, novel immunotherapeutics
trigger different response patterns in tumor than classic
chemotherapy drugs. Only applying RECIST 11 to
immunotherapy trials can result in:

= Premature termination of therapy
= Unnecessary removal of patients from clinical trials

= |naccurate interpretation of response

To address questions about the assessment of changes

in tumor burden in immunotherapy trials, a consensus
guideline - iIRECIST - was developed by the RECIST working
group comprised of members of industry, academia, the
FDA, and the EMA. iRECIST calls for the use of modified
RECIST 1.1in cancer immunotherapy trials and describes a
standardized approach to solid tumor measurements and
definitions for objective change in tumor size for use in
such trials.** iIRECIST also introduces a new response criteria
called immune unconfirmed progression of disease (iUPD).

premier

When to use iRECIST

iRECIST has not yet been validated and should not be used
as a guideline for treatment decisions. A sponsor should
keep in mind that RECIST 1.1 remains the gold standard

for defining treatment response-based endpoints in solid
tumors for pivotal registration trials. However, iRECIST

can be used in conjunction with RECIST 11in later-phase
studies, and may be used as primary response criteria in
exploratory, early-phase studies because assessment is done
via RECIST 1.1 until progression.
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Conclusion

Immuno-oncology drugs, particularly immune checkpoint
inhibitors, can produce durable anti-tumor responses and
are changing the landscape of cancer therapy. Successful
development of immunotherapies requires a thorough
understanding of tumor immunology, as well as careful
planning that takes into account the differences between
immuno-oncology drugs and conventional chemotherapy
treatments, including selection of combination therapies,
evaluation of disease progression, and management of
immune-related adverse events.

Immuno-Oncology Drug Development
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