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The immunocheckpoints in
modern oncology: the next
15 years

Francesco Massari, Matteo Santoni, Chiara Ciccarese & Daniele Santini'
“University Campus Bio-Medico, Medical Oncology, Rome, Italy

The notion that the immune system can act as a key factor in controlling
cancer cell proliferation and thus its stimulation may be an important
resource for cancer therapy has long been known. Tumors can elude the
immune system by deploying proteins that shut down the immune response
by binding to specific surface receptors on immune cells. Several promising
strategies have been designed to overcome cancer cells’ ability to suppress
the immune surveillance. Immune checkpoint molecules that block cytotoxic
T-lymphocyte associated antigen-4 (ipilimumab) or the programmed death-
1/programmed death-ligand 1 axis (i.e., nivolumab and pembrolizumab)
promote antitumor immunity, reactivating T-cell proliferation and activity.
This efficient strategy currently represents one of the major oncological
breakthroughs, with impressive clinically durable responses observed in
cancer patients, particularly in melanoma, renal cell carcinoma, NSCLC and
more recently in bladder cancer patients. Fifteen years ago, we replaced the
IL-2 and INF-o. for molecular targeted therapies. Today, we believe that
immune therapy will represent the future, perhaps as part of a combination
of different therapeutic strategies that act synergistically in each tumor and
individual patient.

Keywords: anti-programmed death-1 and programmed death-ligand 1, immunocheckpoints,

immunoediting, ipilimumab
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It has been about 60 years since Dr Farber first intuited the role of a folic acid
antagonist as an anti-metabolite to inhibit DNA synthesis in leukemia [1]. In the
following years, chemotherapy has galvanized oncologists, convinced that the indis-
criminate destruction of abnormally proliferating cells could be the turning point
for defeating cancer. Since the late 90s, the focus shifted to the molecular agents
targeting a specific driver mutation, aimed to enhance the antitumor efficacy
towards the so-called ‘stupid’ tumors (dependent on a single mutation) and to
reduce systemic side effects. The peculiar wretched ability of cancer cells to develop
resistance mechanisms to treatments and the preponderance of ‘smart’ diseases with
a high mutational load, however, makes the battle against cancer far from being over
and letting cancer to remain the untamed plague of our century.

The notion that the immune system can act as a key factor in controlling cancer
cell proliferation and thus its stimulation may be an important resource for cancer
therapy has long been known.

Cytokines (IL-2 and IFN-o) have been used for decades, principally in patients
with renal cell carcinoma (RCC) and melanoma, albeit with a limited activity and
a significant toxicity profile. Undil recently, cancer immunotherapy was considered
as an overpromising but underdelivering strategy.

Tumors arise from an uncontrolled proliferation of transformed cellular clones
harboring a remarkable number of somatic mutations. Cancer cells express antigens
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recognized from the immune system as being foreign (non-
self). Tumor antigens are products of mutated, deregulated
or viral transforming genes, not expressed in autologous tis-
sues prior to tumor development or expressed at levels
unlikely to induce tolerance, which may elicit specific
immune responses. According to the profile of expression,
distinguished in
antigens — exclusively expressed on tumor cells - and tumor-
associated antigens — shared by normal and tumor cells and

tumor antigens are tumor-specific

expressed on tumor cells surface abnormally for quantity,
site and time. Therefore, although originating from host cells,
cancer cells are able to evoke an immune response. The
immune system should inhibit tumor growth through the rec-
ognition of tumor antigens by the suitably activated immune-
competent cells (concept known as immune-surveillance).
Surprisingly, it that encoded by
‘passenger’ mutations — cancer cell mutations not directly

seems neo-antigens
contributing to carcinogenesis — play a key role in tumor
immunity [2]. Tumor antigens have been explored as vaccines,
as targets for monoclonal antibodies, and as targets for adop-
tively transferred cytotoxic T cells [3].

Unfortunately, cancer cells develop different mechanisms
to escape from the immune response (a process defined as
immunoediting) [4]. Several mechanisms contribute to cancer
immunoediting: i) a decreased expression of the MHC class 1
molecules on tumor cells, so as to preclude their recognition
by cytotoxic T lymphocytes (CTL); ii) the inability of the
tumor to evoke a CTL-mediated response, since most of the
tumor cells do not express co-stimulatory (CD80 or CD86)
or MHC class II molecules; iii) the production of tumor fac-
tors (i.e., TGF-B) that negatively regulate the antitumor
immune response; iv) the induction by tumor antigens of
immunological tolerance; v) the loss of tumor immunogenic
antigens; vi) the M2 polarization of tumor-associated
macrophages, which enhances the expression of programmed
death-1 (PD-1) and promotes the development of regulatory
T cells (Treg) [5]. It is important to emphasize that mutations
or deletions in genes encoding tumor antigens are quite
common, given the high rate of mitosis and the genetic insta-
bility that characterize cancer cells, especially in case of tumor
neo-antigens not essential for the initiation and maintenance
of the tumor phenotype.

Usually, clinically apparent cancers arise in immunocom-
petent patients in part as a consequence of the cancer-induced
immunosuppression. Immunosuppression is partly mediated
by cytotoxic T-lymphocyte associated antigen-4 (CTLA-4)
and PD-1, two immunomodulatory receptors expressed on
T cells that trigger inhibitory pathways dampening T-cell
activity (Figure 1). CTLA-4 is expressed on recently activated
T CD4" and CD8" lymphocytes. It inhibits T-cell activation
upon binding with B7-1 and B7-2 (co-stimulatory molecules
present on antigen-presenting cell surface), counteracting
CD28-mediated signals. Similarly, the interaction between
the receptor PD-1 (expressed on T cells and on other immune
cells of the inflamed tumor microenvironment) and its ligands

PD-L1/L2 (expressed on myeloid dendritic cells, activated
T cells, some non-hematopoicetic tissues and tumor cells)
determines a downregulation of T-cell effector functions:
this event minimizes the tissue damages, prevents the develop-
ment of auto-immunity through the promotion of tolerance
to self-antigens and, in cancer patients, inhibits the antitumor
immune response.

Tumors can elude the immune system by deploying
proteins that shut down the immune response by binding to
specific surface receptors on immune cells (Figure 1). Several
promising strategies have been designed to overcome cancer
cells ability to suppress the immune surveillance. Immune
checkpoint molecules that block CTLA-4 (ipilimumab) or
the PD-1/PD-L1 axis (i.e., nivolumab and pembrolizumab)
promote antitumor immunity, reactivating T-cell prolifera-
tion and activity. This efficient strategy currently represents
one of the major oncological breakthroughs, with impressive
clinical durable responses observed in cancer patients [6.7],
particularly in melanoma (s-10, RCC (11,12, NSCLC [13] and
more recently in bladder cancer patients [14].

However, many questions remain unanswered. Reply will
mean expanding the rational experimentation and use of
immunotherapy. For example, is immunotherapy really the
best weapon to fight cancer? And if it is, is it suitable for all
cancer types and patients?

Cancers harboring a high rate of somatic mutations seem to
have greater chance of responding to checkpoint blockade.
The reason may lie in the predominant role, in tumor immu-
nity, of neo-antigens — product of passenger mutations — that
are highly represented in these malignancies [15,16].
A particular case is related to classic Hodgkin’s lymphoma,
in which we can observe alterations in chromosome
9p24.1 that increase the abundance of the PD-1 ligands,
PD-L1 and PD-L2 and promote their induction through
Janus kinase signal transducer and activator of transcription
signaling. For these reasons, in a recent ongoing study, nivo-
lumab demonstrated a substantial therapeutic activity and an
acceptable safety profile in patients with previously heavily
treated relapsed or refractory Hodgkin’s lymphoma [17].
Therefore, the current narrow spectrum of cancers in which
PD-1 pathway blockade has significant clinical activity might
be expanded in the next future horizons beyond melanoma,
lung, renal and urothelial cancers.

Interestingly, tumor-specific mutant antigens can function
as important targets of checkpoint inhibitors, but can also
be used to develop personalized cancer-specific vaccines,
rekindling the interest towards a therapeutic option almost
abandoned for the disappointing results reported until now.
Therefore, should we really drop out the stimulation of
immune response by using antigen-specific vaccines? s active
immunotherapy really over? Maybe we will respond to these
questions in the next 15 years.

Moreover, is it possible to identify a cohort of patients
most likely to benefit from checkpoint blockade? And
which biomarkers may help us in predicting treatment
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Figure 1. Regulation of T-cell response by multiple co-stimulatory and inhibitory interactions.
CTLA4: Cytotoxic T-lymphocyte associated antigen 4; ICOS: Inducible T-cell co-stimulator; IL: Interleukin; MHC: Major histocompatibility complex;
PD-1: Programmed death-1; PD-L1: Programmed death-ligand 1; TCR: T-cell receptor; TIM3: T-cell membrane protein 3.

response and guiding treatment decisions? Among all possi-
ble tumor features investigated, the expression of PD-L1 on
cancer cell seems to be the single characteristic that most
closely correlates with worse clinical outcome and with
response to PD-1 pathway inhibitors [18-20].
However, conflicting results compromise the prognostic

tumor

significance of tumor PD-L1 expression and its role as a
predictor of therapeutic response [21-23]. More recently, can-
cer research has focused on the association between the
expression of PD-L1 on tumor-infiltrating immune cells
and response to treatment [142425]. Tumeh er al. showed
that an elevated density of pre-existing CD8" T cells at
the invasive tumor margin, together with the presence of
immune cells expressing PD-1 and PD-LI, enabled PD-1
blockade to mediate tumor regression. The accumulation
of CD8" T cells suggest that tumors that have already
been recognized by the immune system, and therefore con-
taining infiltrating immune cells, show a higher sensibility
to checkpoint inhibitors.

As previously said, immunotherapy seems to be more
effective in highly mutagenized tumors, as a result of a
constant — albeit ineffective - stimulation of the immune sys-
tem from neo-antigens arising from genetic mutations. To
further support this hypothesis, data from a genomic analysis
of melanoma patients treated with the anti-CTLA-4 antibody
ipilimumab have been recently presented [26]. The higher was
the tumor mutational load, the greater were the clinical bene-
fit of checkpoint blockade and the overall survival. Moreover,
using genome-wide somatic neo-epitope analysis and patient-
specific HLA typing, the authors identified a neo-antigen
landscape specifically present in tumors with a strong response
to CTLA-4 blockade, providing a rationale for examining
exomes of patients treated with anti-CTLA-4 agents. There-
fore, genetic biomarkers may help in predicting the probabil-
ity that tumors contain antigens recognized by T cells able to
mount a relevant anticancer immune response [27].

Despite considerable progresses, the way to select patients
whose cancer is sufficiently immunogenic and whose immune
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system is sufficiently reactive to mediate an effective anti-
tumor response is still far from over. Efforts should be aimed
at delineating a predictive model of treatment response that
integrates features of the tumor (with its mutational load),
of the host’s immune system, and of their mutual interactions.

To date,
overcome tumor immune evasion are under investigation,
including T-cell checkpoint inhibitors or agonists for T-cell-
activating pathways, novel cytokines such as IL-12 and

several immunotherapeutic approaches to

IL-15, therapeutic vaccines and elimination of immunosup-
pressive cells. But what is the potential efficacy and safety of
combining different treatments including immunomodula-
tory molecules, cytotoxic drugs and molecular targeted
agents? Combining immunotherapies with other established
or investigational anticancer strategies may represent a novel
interesting frontier to achieve greater therapeutic benefit in
cancer patients [28]. Immuno-oncology combinations include:
combining or sequencing immunotherapies that target
distinct immune pathways (additional agents aiming to
reverse T-cell dysfunction such as other immune checkpoint
inhibitors; vaccines, toll-like receptor agonists, type I IFN
and oncolytic viruses that enhance antigen presentation;
agents targeting other immune inhibitory mechanisms, such
as inhibitors of indoleamine dioxygenase, Treg and myeloid-
derived suppressor cells, that for example could be targeted
by cyclosporine or G-CSF) or combining immunotherapies
with established therapeutic modalities (chemotherapies,
targeted agents or radiotherapy). The integration of immune-
and radio/chemotherapy will allow not only to exploit the
tumor shrinkage of cytotoxic/cytostatic agents, but also to
potentiate the immune activity through radio/chemother-
apy-induced modifications of the tumor microenvironment
and release of novel tumor antigens. Similarly, targeted thera-
pies may sensitize tumor cells to immune-mediated destruc-
tion, promoting effective maturation of dendritic cells,
T-cell priming/activation/differentiation into long-lived
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