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CTLA-4 antibodies in cancer immunotherapy

Abstract

Activating human immune system to battle cancer has been a focus of cancer immunotherapy
research from quite some time. After decades of disappointment, the tide has finally
changed with some recent successes in clinical trials. The first such approach with clinical
success is cytotoxic T lymphocyte antigen-4 (CTLA-4) antibody therapy which aims to
relieve the immune suppressive effects of CTLA-4 on T cells which are specifically aimed
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to fight cancer. CTLA-4 antibody therapy has enhanced the survival of patients suffering

from late stage refractory metastatic melanoma. The success of CTLA-4 antibody therapy
has cemented cancer immunotherapy potential in patients and even swayed away skeptics.
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Introduction

Cancer immunotherapy is a way of treating cancer by harnessing
the immune system potential to fight cancer. Recent advances in
understanding the biology of tumor and immune system has identified
checkpoints that modulate the immune system from presenting a
strong anti-tumor immune response. Naturally, these checkpoints are
considered as attractive alternate targets to fight cancer in addition
to the current approaches such as chemotherapy, radiotherapy, and
surgery. Checkpoint blockade therapies potentially differ from other
treatment approaches as they do not directly attack tumor cells but
rather produce tumor specific immune response by relieving the
immune system inhibition. One such approach is targeting an immune
modulator cytotoxic T lymphocyte antigen (CTLA-4) expressed
on activated T cells. Antibodies that target CTLA-4 have received
clinical validation and now emerged as major advancements in cancer
immunotherapy.

Immune modulation by CTLA-4

CTLA-4 is an immunosupressor involved in regulatory feedback
inhibition of activated T cells through inhibition of CD28 dependent
T cell co-stimulation.! In a typical cancer-immunity cycle, the cancer
antigens during the process of oncongenesis are presented by antigen
presenting cells (dendritic cells) on their surface MHC receptors.
MHC receptors presenting antigens interact with T cell receptor
(TCR) on the surface of T cells initiating a first/primary signal of the
T cell activation.? Activation of T cells also require a secondary (co-
stimulatory) signal facilitated through interaction of CD28§, a master
T cell co-stimulator expressed on T cells, and CD80 (B7.1) or CD 86
(B7.2) expressed on antigen presenting cells.* When TCR is already
engaged with MHC presenting antigen, CD28 engagement with B7.1/
B7.2 further amplifies the TCR signaling leading to T cell proliferation
and differentiation into tumor antigen specific CD4+ helper T cells
or CD8+ cytotoxic T cells.>® The regulation of T cell response is a
complex process where activation event can be countered by tumor
cell initiated inhibition events to limit the anti-tumor immune
response. CTLA-4 is one such inhibitory receptor expressed on the
activated T cells and interacts with higher affinity to B7.1 & B7.2 than
CD28, and thus out competes CD28 binding leading to suppression of
anti-tumor response.’*

The pathway through which CTLA-4 inhibits T cell activation is
under active research. Trivol, et al.” and Waterhouse, et al.!” found
that CTLA-4 gene knockout mice presents a lethal hyper immunity
response indicating that CTLA-4 activity is required for inhibition of
immune response (Immune tolerance).”!° Rudd et al in 2009 showed
that CTLA-4 dependent inhibition of T cell activity requires activation
of phosphatase such as SHP2 and PP2A, whose expression counters
the kinases signaling induced by CD28 and TCR." In addition,
CTLA-4 expression interferes with the TCR initiated synapse that is
required to maintain continuous interactions between TCR and MHC
presented antigens.'? CTLA-4 dependent inhibition is initiated mainly
in differentiated T cells and its expression is absent in naive T cells and
memory T cells where CD28 is predominantly expressed. CTLA-4
expression is quick and happens generally within one hour of antigen
engagement with TCR. CTLA-4 suppressive effects are initiated
primarily in secondary lymphoid organs where T cell activation occur
rather than in the tumor microenvironment (TME) because of the
limited B7.1 and B7.2 expression on non-hematological tumor cells.
However, recent evidences suggest anti-tumor effects of CTLA-4
inhibition happens even when T lymphocytes movement to TME from
secondary lymphoid organs is blocked, indicating at least some direct
CTLA-4 role in tumor micro environment. In addition, regulatory T
cells (Treg cells) present in tumor micro environment to counteract
the T cell function also express CTLA-4 and thus present another
evidence of direct role of CTLA-4 in tumor microenvironment.

Inhibition of CTLA-4 activity as a cancer treatment
strategy

Our conventional wisdom underlying the inhibition of CTLA-4
is to release the feedback inhibition of antigen encountered T cells.
James Allison group in 1996 has first ever attempted work in this
direction. They found tumor rejection, including the pre-established
tumors in multiple tumor murine models when CTLA-4 activity is
blocked by CTLA-4 antibody. In addition, antibodies also provided
immunity to secondary exposure of animals to tumor cells.”*'® This
discovery garnered further interest in testing the approach in clinical
trials and ultimately led to the development of Ipilimumab, a fully
human IgG1 anti-CTLA-4 antibody used for clinical testing.

Clinical trials to test this approach were attempted based on
the results in the preclinical studies and the success of these trials
ultimately led to the approval of Ipilimumab by FDA in 2011.
Ipilimumab was tested in clinical trials for patients suffering with
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late stage metastatic melanoma who failed to respond to the standard
therapies. Phase 11 data for these patients showed an improved clinical
activity with long tern survival benefit."*** Based on positive phase
I data, a length Phase III clinical trial was initiated on patients
suffering from relapsed metastatic melanoma. Ipilimumab was given
to patients either as monotherapy or in combination with glycoprotein
100 (gp100) vaccines. Patients receiving Ipilimumab either alone
or in combination with gpl00 vaccine showed approximately two
fold increase in median survival rate (10.1 months) relative to the
control group that received only gp100 vaccine (median survival 6.1
month). The Ipilimumab response is found to be durable even after
2.5 years.?! In another phase III clinical trial, patients were given a
standard decarbazine therapy and later treated with Ipilimumab.?
Patients treated with Ipilimumab showed a median survival rate of
11.2 months relative to 9.1 months observed for patients that received
only decarbazine care. In addition, patients that received Ipilimumab
along with standard therapy showed a 21% survival after 3 years
which was higher compared to 12% survival with standard therapy
alone.”? The improved clinical activity was found to be associated
with increased tumor antigen specific T cells, increased pretreatment
levels of tumor infiltrating lymphocytes and increased mutation load.
Ipilimumab represented the first ever phase III clinical success data
for late stage metastatic melanoma and is now a popular treatment in
advancing patients survival.

The improved clinical activity of Ipilimumab is associated
with some side effects such as serious grade (3 or 4) colitis and
dermatitis.”® This toxicity may be expected because inhibiting this
immune suppressor over activates the T cells leading to inflammatory
pathology. Observation of the inflammatory effect at distant sites from
tumor microenvironment suggests the role of CTLA-4 in peripheral
tolerance. Another limitation of this therapy is that it takes long time
to build an anti-tumor response as it focuses on improving the immune
response rather than directly targeting the tumor cells. During the
wait time between Ipilimumab treatment and immunity build up,
there is a great chance that tumors might increase in their size. It
was shown that almost 10% of the patients have increased disease
progression after the treatment, although disease stabilization and
prolonged survival was achieved later.?* Ipilimumab is also associated
with toxic effects on endocrine glands. The most notable endocrine
toxicity is hypophysitis (pituitary dysfunction) and is found to occur
to a variable degree (0-25%) in metastatic melanoma patients after
2-4 months of treatment. Secondary to hypophysitis, other endocrinal
side effect such as hypothyroidism and adrenal insufficiency may
also occur. Corticosteroids and hormonal replacement are the current
treatment choices for these patients when the above mentioned
endocrine dysfunctions are diagnosed.** Despite these limitations
Ipilimumab provides a realistic hope for patients suffering from late
stage metastatic melanoma who failed to respond to other treatment
strategies.

In a broader way, anti-CTLA-4 therapy has provided a clinical
validation to the cancer immunotherapy. The approval of Ipilimumab
has generated enough curiosity for researchers to work on other
potential immune suppressive receptors. One such receptor is PD-1
which inhibits T cell activity directly in tumor micro environment.'7-2?
Recently drugs targeting PD-1 such as pembrolizumab (against
metastatic melanoma) and nivolumab (against metastatic melanoma,
renal cancer, and non-small cell lung cancer) gained FDA approval
taking another step forward in treating patients with immunotherapy
approach.’*3! Many clinical trials are also in progress to test if the
anti CTLA-4 antibody therapy either alone or in combination with
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PD-1 antibodies holds promise for other types of cancers such as
prostate and renal cancers. Also, researchers are testing the hypothesis
of further extending the survival rates by combining the immune
modulating anti-CTLA-4 therapy with other treatments that directly
target tumor growth and angiogenesis (targeted therapies).*

In addition to IgG1 type of anti-CTLA4 antibody (ipilimumab),
clinical trials are also attempted with IgG2 isotype of CTLA-
4 antibody, tremelimumab, for metastatic melanoma. Although
phase I and II trials with tremelimumab for metastatic melanoma
showed some response, phase III trials did not show any improved
clinical anti-tumor activity which lead to subsequent termination of
trials.*® Researchers are still investigating tremelimumab either as
monotherapy against metastatic mesothelioma or in combination with
other immunotherapeutic drugs for multiple cancers, including non-
small cell lung cancer, squamous cell carcinoma of the head and neck,
bladder, pancreatic, gastric and liver cancers. Recently, tremelimumab
monotherapy phase IIb trial results for metaststic melanomas were
published where the therapy did not demonstrate survival benefit.**
However, the same group also published a positive clinical outcome
for tremelimumab in combination with durvalumab (PD-1 antibody)
for non-small cell lung cancer in a phase Ib study.*

Conclusion

Immune checkpoint therapy such as anti-CTLA-4 therapy has
provided cancer patients with another treatment approach in addition
to the conventional chemotherapy, radiotherapy, and surgery. The
major advantages of this therapy are specificity, adaptability, and
memory response to subsequent exposures leading to efficient and
durable responses to treat cancer. Despite these advantages, tumor
immunotherapies don’t help everyone, and researchers are actively
seeking the reason for it. However, for physicians accustomed to lose
patients with advanced melanoma, this has become a success story
and has opened a new door in the treatment.
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