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The future of immune

checkpoint therapy
Padmanee Sharma’’”* and James P. Allison’

Immune checkpoint therapy, which targets regulatory pathwaysin T cells to enhance
antitumor immune responses, has led to importantclinical advances and provided a new
weapon against cancer. This therapy haselicited durable clinical responses and,in a
fraction of patients, long-term remissions where patients exhibit no clinical signs of cancer
for many years. The way forward for this class of novel agentslies in our ability to
understand human immuneresponsesin the tumor microenvironment. This will provide
valuable information regarding the dynamic nature of the immune responseand regulation
of additional pathways thatwill need to be targeted through combination therapies to
provide survival benefit for greater numbersof patients.

he field of immune check-

point therapy has joined the
ranks of surgery, radiation,
chemotherapy, and targeted
therapy as a pillar of cancer

therapy. Three new immune check-

point agents have now been ap-
proved by the U.S. Food and Drug
Administration (FDA) for the treat-
ment of melanoma, and there is a
high expectation that these agents,
and others in this class, will also
be approved over the next several
years for treatmentof patients with
lung cancer, kidney cancer, bladder
cancer, prostate cancer, lymphoma,
and many other tumortypes. The
antibodyagainst CTLA-4 ipilimu-
mab was approved in 2011, and
two antibodies against PD-1 (pem-
brolizumab and nivolumab) were
approved in 2014. These drugs rep-
resenta radical and disruptive change
in cancer therapy in two ways. First,
they do not target the tumorcell,
but target molecules involved in
regulation of T cells, the soldiers

of the immunesystem. And, perhaps in a more
radical shift, the goal of the therapy is not to
activate the immune system to attack particular
targets on tumorcells, but rather to remove in-
hibitory pathways that block effective antitumor
T cell responses. Immune checkpoint therapy,
with anti-CTLA-4 having longer follow-up than
other agents, leads to durable clinical responses
that can last a decade and more, but only in a
fraction of patients. There are ongoing studies
to identify predictive biomarkers with which to

select patients for treatment with a particular
agent, but the complexity of the immuneresponse
has madethis difficult.
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Fig. 1. Activation of T cells requires two signals. T cell activation occurs
only after interaction between T cell receptor (TCR) and antigenin the context of
MHC(signal 1) plus CD28 costimulation (signal2).

In the past two decades, remarkable advances

in basic science have led to new strategies for
the treatment of cancer, which are justifiably
generating optimism that it may soon be pos-
sible to cure a subset of patients with some types
of cancer. We now havedetailed knowledge
of the molecular basis of cancer to allow a more

“personalized” treatment based on genomic se-
quencing of an individual's cancercells to identify
specific mutations in genes. These mutations
can then be targeted with compoundsto block
the downstream pathways that drive cancer
development and progression. Therefore, each
specific mutation serves as the predictive bio-
markerfor selecting patients for treatment with
a given agent. For example, patients with mela-
noma whose tumors harbor the BRAFV600E
mutation, which enables constitutive activa-

tion of the BRAFsignaling pathway, would be
selected to receive treatment with an agent

 
NoTcell

proliferation

that inhibits BRAF (J, 2). These targeted ther-
apies have led to promisingclinical responses,
albeit generally of short duration, in patients
whose tumors express the appropriate target
biomarker.

Theclinical success of genomically targeted
agents laid the foundation for other cancer ther-
apies, including the prerequisite to identify pre-
dictive biomarkersfor selection of patients for
treatment. Eventually, as the field of cancer im-
munotherapy foundclinical success with agents
based on a greater understanding of how to
unleash T cell responses by targeting immune
checkpoints, it became clear that the frame-
work used for identification of predictive bio-
markers for genomically targeted agents would
present a challenge. As opposed to mutated genes
in tumors that permanently mark a tumor, the
immuneresponse is dynamic and changes rap-
idly. Therefore, the issue facing the field of can-

cer immunotherapy may not be the
identification of a single biomarker
to select a subset of patients for treat-
ment. Instead, we must assess the
effectiveness of an evolving immune
response, define the immune re-
sponse that contributes toclinical
benefit, and then, hopefully, drive
every patient’s immune response
in that direction through combi-
nation therapies.

 

 T cell

proliferation Tumor microenvironment:
Cancercells and host

immune responses

, Tumors are composed of manycell
types, including the cell of origin
with genetic alterations and a myr-
iad of othercells, such as fibroblasts,
endothelial cells, and eventually, per-
haps, a variety of immunecells. Ini-
tially the immuneinfiltrates may be
scarce, but eventually may contain
natural killer (NK) cells and mac-
rophages with lytic capacity and,
perhaps most importantly, T cells.
T cells attack tumorcells that ex-

press tumor-specific antigens in the form of com-
plexes of tumor-derived peptides bound to major
histocompatibility complex (MHC) molecules on
the cell. The tumor antigens can be derived from
oncogenic viruses, differentiation antigens, epige-
netically regulated molecules such as cancer testes
antigens, or neoantigens derived from mutations
associated with the process of carcinogenesis (3).
T cells survey the microenvironment and become
activated when tumor antigens are recognized.
They then proliferate and differentiate, ultimate-
ly leading to the T cell’s ability to attack and de-
stroy cells that express relevant antigens. However,
regulation of T cell responses is an extremely
complex process consisting of both stimulatory
and inhibitory cell intrinsic signaling pathways,
which limit T cell responses against cancer and
prevent eradication of tumors.

Recognition of antigen-MHC complexes by
the T cell antigen receptoris not sufficient for
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