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Endogenous antitumor immunity is an integral part of the treatment of cancer patients

The field of cancer therapeutics has been greatly advanced via remarkable progresses in cancer immunology and
immunotherapy. The ‘immunoediting theory’ provided convincing preclinical evidence in support of the notion
that endogenous antitumor immunity is shaped by the immune system and determines tumor evolution [1]. Ac-
cumulating clinical evidence suggested that anticancer therapies prior to induce effective and long lasting clinical
responses should reinstate the endogenous immunity (1. Our knowledge about regulation of endogenous antitu-
mor immunity has been greatly enhanced through the discovery of immune checkpoint inhibitors (e.g., CTLA-4,
PD-1) followed by the generation of monoclonal antibodies targeting such inhibitory receptors and their ligands.
Immunotherapy based on immune checkpoint inhibition has uncovered the indispensable role of the endogenous
immunity for controlling tumor growth. By interrupting the interaction between the checkpoint inhibitory re-
ceptors and their cognate ligands, a robust and sustainable antitumor adaptive immune response can be elicited.
These findings strongly suggest that patients’ immune system has the capacity to specifically react against their
autologous tumors upon recognition of tumor-specific antigens. The precise immune pathways that dictate tumor
control are yet not thoroughly characterized, although several markers, including PD-L1 expression, mutational
burden (mostly in tumors with microsatellite instability and somatic mutation-associated neoantigens) as well as
immune infiltrates have been evaluated in certain tumor types [2]. Cumulative data highlighted these determinants
as predictive biomarkers for immunotherapy efficacy, and potentially crucial targets for targeted immune therapy
interventions. The success of checkpoint inhibition-based therapies in cancer patients with high immunoscores or
with PD-L1-expressing tumors underlines the notion that tumor-specific T cell responses pre-exist in some patients
and are kept under tight control via immune modulatory mechanisms. Most patients who have endogenous tumor
responses maintain durable disease control upon immune checkpoint inhibition, although 30-40% of them relapse.
The cellular and molecular mechanisms of acquired resistance to checkpoint blockade therapy are currently only
poorly understood, but their description will allow for designing effective combination immunotherapy approaches.

The CD8* T cell / PD-1-PD-L1 / HLA-l / T cell inflamed tumors axis for successful

immunotherapies

Endogenous antitumor immunity comprising mostly CD8™ T cell immune infiltrates within the tumor microen-

vironment is of paramount importance as a significant prognosticator for patients’ clinical outcome, but also for

predicting responses to therapeutic treatments and for helping to discover new therapeutic modalities. Tumors

overpopulated by cytotoxic CD8™ T cells are characterized by a series of traits including: increased immunogenic-

ity through the production of immunogenic endogenous peptides; microsatellite instability with high mutational

load; and high PD-1/PD-LI expression [2]. Such immunogenic tumors usually will respond to immunotherapies

mostly in the form of immune checkpoint (anti-PD-1/anti-PD-L1) blockade and even to targeted therapies or

conventional therapies that can activate CD8" T cells through various mechanisms including immunogenic cell .
death or reversing tumor-induced suppression. Therefore, cytotoxic CD8™ T cells are the forefront of the immune ~ FUture Ty
attack against the tumor making the effective killing of tumor cells by activated CD8* T cells the ultimate goal ~Medicine ™
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to achieve during cancer immunotherapies. The CD8" T cell-dependent killing of cancer cells requires efficient
presentation of tumor antigens by human leukocyte antigen class I (HLA-I) molecules. The antitumor activity of
immune checkpoint blockade depends on CD8" T cell and HLA class I-restricted immune activity with distinct
HLA supertypes being associated with extended or poor survival [3]. Moreover, HLA class II genes were found
to be differentially expressed between responders versus nonresponders during immune checkpoint therapies (4],
which are in line with the requirement of HLA-II dependent T cell help for optimal activation of CD8" T cell
cytotoxicity. However, tumor cells evade immune surveillance by CD8 T cells variously, including defective IFNy
signaling and downregulation of their HLA-I molecules. There is also a direct correlation between intratumoral
levels of tumor HLA-I expression and the degree of T cell infiltrates (5]. Hence, immunotherapeutic modalities
in cancer should aim at restoring these deficiencies, thereby enhancing tumor recognition and killing by CD8™
T cells. Prostate tumors are characterized by high levels of HLA-I downregulation or loss [6] resembling with
immune surveillance escaping non-T cell-inflamed tumors characterized by weak CD8™ T cell infiltration and low
PD-1/PD-L1 expression. Combination therapeutic modalities including immunotherapies and targeted therapies
may be utilized to induce clinical benefit for patients with the non-T cell-‘cold’ tumors. The current trend of novel
strategies (e.g., immune checkpoint blockade and chimeric antigen receptor T cell therapy) to induce or promote
antitumor T cell immunity in the setting of the non-T cell-inflamed tumors ultimately may result in functional
renaissance of immune mechanisms advancing endogenous T cell responses. Reactivation of endogenous adaptive
immunity in tumors already infiltrated by immune lymphocytes may result in the mutual activation of both innate
and adaptive immunity followed by the production of cytokines including interferons with induction of suppres-
sor circuits. Such a negative feedback regulation of antitumor immunity will induce adaptive immune resistance
via IDO release by and expression of PD-L1 on the tumor cells [7]. Therefore, when applying immunotherapies
or targeted therapies, it is important to combine those with agents blocking pathways leading to immune resis-
tance to achieve durable clinical responses. Recruitment of tumor-specific T lymphocytes ‘cold” tumors may also
generate effective antitumor immunity provided that such tumors will harbor mutations coding for immunogenic
neoantigens [7]. Also, in this case combinatorial treatments will be needed to inhibit induction of immune resistance
mechanisms by the tumor cells (8]. These data support the notion that non-T cell inflamed tumors do indeed express
candidate antigens and so therapeutic vaccines targeting such neoantigens could also induce tumor infiltration by
neoantigen-specific T cells. This would represent an additional intervention aiming at initiating a T cell-inflamed
tumor microenvironment de novo.

The paradox in prostate cancer immunotherapy

Prostate cancer presents a confounding issue regarding its immunogenicity. A cellular therapeutic cancer vaccine
(sipuleucel-T) demonstrated a significantly extended overall survival (OS) in a Phase III trial, and there are many
reports on clinical benefits from other smaller studies based on therapeutic vaccines which indicate prostate tumors
could be immune responsive, and therefore amenable to immunomodulation in combination trials 9. In contrast,
survival benefits from clinical trials with immune checkpoint inhibitors including PD-1 and PD-L1 targeting,
yielded modest clinical results [9]. Regarding ipiliumumab, results of a Phase I/II study, chemotherapy-naive or
chemotherapy-pretreated patients with metastatic CRPC (mCRPC) showed antitumor activity in this clinical
setting, with durable prostate-specific antigen responses independent of prior chemotherapy [10]. However, when
tested in Phase III trials, ipilimumab did not improve OS in mCRPC patients although detectable increases in
progression-free survival and prostate-specific antigen response rates suggested antitumor activity at least in a
small cohort of patients [10]. Markedly, when ipilimumab was applied plus androgen-deprivation therapy before
surgery in patients with localized prostate cancer, significant increases in PD-L1 as well as in tumor-infiltrating
immune cells, including CD4", CD8", ICOST, CD45RO™, granzyme-B* and CD68™ cells could be detected
by immunohistochemistry in post-treatment tumors which were not seen in the control group treated with
androgen-deprivation therapy alone [11]. More important, VISTA, another immune checkpoint, was also increased
in the tumor microenvironment. Thus, in the tumor microenvironment, ipilimumab could promote an immune
response across multiple subsets with a concomitant upregulation of PD-L1 and VISTA as adaptive immune
resistance mechanisms. Recent data have suggested that sustained IFNYy signaling in the tumor microenvironment
contributes not only to PD-L1 expression but also to PD-L1 independent adaptive immune resistance via the
expression of additional immune checkpoints [12]. Therefore, the expression of multiple immune checkpoints as a
result of a massive intratumoral immune response may pose a significant barrier to clinical efficacy using immune
checkpoint inhibition. This underlines the complexity of an induced adaptive immune response against the tumor
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with a variety of immune suppressor mechanisms, which need to be counteracted via combination therapies. Based
on this and from a broader perspective of view, immunotherapies must employ modalities that promote intratumor
immune cell infiltration and, at the same time, protect these cells from being suppressed or exhausted when they
reach the various tumor compartments. Therefore, it will be important to evaluate the effect of immunotherapies
within the tumor microenvironment, and to identify potentially relevant regulatory or resistance mechanisms. The
tumor microenvironment could present an anatomical site where, dependent on the context, various successive
mechanisms of immune resistance will result in sequential upregulation of multiple immune checkpoints. This
could propose the existence of heterogeneous immunological milieu within each single patient at the various
metastatic sites. Such a pluralism of immune checkpoints could then provide a serious obstacle for achieving
clinical benefits, even if the underlying immunotherapy can increase lymphocyte infiltration and drive increased
PD-L1 expression intracumorally.

Current treatments for prostate cancer: is there room left for immunotherapies?

Recent advances in prostate cancer biology have significantly moved forward the field of therapy in this particular
type of cancer. Drug developments suppressing androgen biosynthesis and blocking the androgen receptor used
in combination have remarkably improved treatment options in patients with advanced disease [13]. These clinical
improvements have resulted in new guideline recommendations, and are likely to change the standard-of-care for
prostate cancer. Nevertheless, and despite this progress, prostate cancer remains incurable mostly due to the lack
of long-lasting clinical responses. Activating pre-existing adaptive immune memory may be necessary to provide
substantial clinical benefit for patients with prostate cancer. Recent studies suggest that pre-existing immunity in the
form of tumor infilerating memory CD8" T cells represent a mandatory prognostic and predictive biomarker for
colorectal cancer and other types of cancer [1,2]. In addition, tumor mutation burden and expression of neoantigens
are associated with tumor infiltration by immune cells and with favorable clinical response to checkpoint inhibitor
treatment [2]. Evidence from several clinical trials suggests that the strength and durability of the immune response
against the tumor correlates with the presence of such neoantigens [14].

However, the field is still under intense investigation given that currently no pretreatment biomarker has been
validated to be included in part of the standard-of-care decision-making for anti-PD-1/PD-L1 therapy. This
may derive from the fact that epigenetic modifications increase as the tumor evolves, making heterogeneous
neoantigen expression more likely than clonal expression. Prostate cancer has a comparatively low proportion
of tumor-specific neoantigens suggesting that it may be less likely to respond to treatments addressing immune
checkpoint inhibitors [15]. On the other hand, recently published data have shown T cell receptor diversity within
individual metastatic lesions, which may suggest that the neoantigen expression is heterogenous within the tumors
meaning that different cells may express different sets of neoantigens [16,17]. To this end, we may hypothesize
that certain checkpoints are more relevant in certain anatomic sites than in others (e.g., lymph nodes vs tumor
microenvironment) which implies the existence of abundant regulatory mechanism blunting the activity of anti-
PD-1/PD-L1 therapies. Nonetheless, in view of the strong survival advantage provided by therapies with immune
checkpoint inhibitors in different cancer types, the potential benefits of immunotherapy are also being evaluated
in prostate cancer [10,11,18]. In addition, assessing for the expression of immunologic signals that mobilize immune
lymphocytes within the tumor could apparently help to identify patients who might respond to immunotherapies
in prostate cancer. To this end, we should put efforts to define selected groups of patients who will benefit from
immune checkpoint inhibition. One potential biomarker conferring sensitivity to this type of immunotherapy
includes PD-L1 expression. Increased PD-L1 expression has been reported in patients with aggressive primary
tumors acting as independent prognostic factor of disease progression following radical prostatectomy [19] and
suggesting an association of PD-L1 with evasion of primary tumors from immunosurveillance. Castrate-resistant
patients, who progressed upon antiandrogen therapies, also had increased PD-L1 expression [20] which drives to the
hypothesis that PD-L1 expression on prostate tumor cells might reveal a mechanism of resistance to antiandrogens
independent of androgen receptor signaling. Another strategy for developing effective immunotherapies in prostate
cancer would be to elucidate mechanisms for resistance to immune checkpoint inhibition, which would help us
in the design of combination therapies overcoming immune evasion. For instance, primary resistance could be
reversed through vaccination for inducing T cell infiltration in the tumor concurrent with immune checkpoint
blockade for reversing suppression. Adaptive resistance could be reversed via sequential or combined treatment with
immune checkpoint inhibitors (Figure 1). It will be also useful to precisely characterize the setting of treatment,
considering immune therapies a part of combination with other therapies. The other aim for future studies is to
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Figure 1. Combining therapeutic vaccination or targeted therapies with anti-PD-1 or anti-PD-L1 blocking antibody
leads to enhanced antitumor response in prostate cancer. (A) Prostate tumors have a non-T cell inflamed phenotype
that leads to immune escape through downregulation of MHC-I and prostate antigens, low PD-1/PD-L1 expression,
low CD8™" T cell infiltration and an imbalanced immunosuppression (IS) (high) to type I/l interferons (low). (B)
Treatment with anti-PD-1 or anti-PD-L1 may reverse CD8" T cell exhaustion, but still these cytotoxic cells in the hostile
tumor microenvironment (high IS, low MHC-I, low proinflammatory cytokines) will not be able to exert their
functional program by attacking and lysing tumor cells, with no clinical benefits for the patients. (C) Addition of
therapeutic vaccine treatment (e.g., sipuleucel-T) or targeted therapies (e.g., PARP targeting agents) leads to
enhanced MHC-I and prostate antigen expression, a sustained increase in CD8" T cell infiltrates, low IS and high type
I/1l interferons, with a more favorable tumor microenvironment (PD-1 and PD-L1 expression are increased but are
inhibited by blocking antibody) conducive to increased cancer cell death. Together, these data suggest that
vaccination and targeted therapy may synergize with immune checkpoint blockade to maximize immunologic and
clinical response.

IS: Immunosuppression.

find reliable biomarkers that can select patients who will most likely respond to immunotherapies. The discovery of
such biomarkers could be useful for advancing personalized therapies in prostate cancer, and for better sequencing
of immunotherapies with other therapeutic modalities.

Perspectives in the field

The field of therapeutics for advanced prostate cancer has scored major advances in the past few years. The OS in
metastatic hormone-sensitive prostate cancer patients has been significantly prolonged upon androgen depriva-
tion therapy combined with abiraterone acetate or docetaxel treatment [21] and the efficacy of these compounds
will be soon tested in earlier stages of the disease. However, even in the light of these advances, recurrences will
occur relatively fast due to the absence of immunogenic modulation which is essential for durable clinical effi-
cacy. Immunotherapies-induced tumor-specific immune memory is an option for durable clinical responses. Yet,
except for sipuleucel-T, single-agent immunotherapies in patients with prostate cancer have not demonstrated a
clear progression-free survival or OS improvement in large clinical trials. It is therefore important to determine
factors, including the clinical setting and patients clinicopathological characteristics which could positively impact
clinical responses to immunotherapies. Furthermore, by applying combination therapies and also selecting patients
most likely to develop clinical responses to such therapies, we may overcome tumor evasion of the immune re-
sponse. Given the low toxicity of therapeutic vaccines, investigating vaccination regimens in the setting of localized
and biochemical recurrent prostate cancer may be advantageous. Immune checkpoint inhibitors are usually well
tolerated and produce less toxicity when compared with cytotoxic chemotherapy, but, nevertheless, there are clinical
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cases to report an association of these agents with serious immune-related adverse events. PD-1/PD-L1 inhibitors
have demonstrated improved tolerability over CTLA-4 inhibitors, but caution should be exercised particularly
with a patient population expected to have extended survival. Combining immunotherapy with chemotherapy
is also an option for inducing antitumor activity and clinical efficacy, given that chemotherapy (e.g., docetaxel)
by suppressing tumors and blocking immunosuppressive cell populations, may help overcome the tumor-induced
immune tolerance. Hormonal therapies blocking either androgen production (abiraterone acetate) or signaling
(enzalutamide) have demonstrated immunomodulatory capacities and combined with immunotherapies may also
maximize clinical benefits. There are some questions that remain unaddressed with respect to other therapies
administered with an immunotherapy: what will be the most effective chemotherapy or hormonal therapy? Which
is the most effective combination to induce synergism? And what is the appropriate sequencing of application to
foster maximum clinical benefit? And most important, can counteracting tumor promoting pathways and activating
antitumor immunity lead to efficient immunoselection minimizing tumor heterogeneity with improved clinical
outcomes? Current work on the discovery of prognostic and predictive biomarkers will certainly provide the clues
for applying more effective therapeutic regimens in the near future.

Conclusion

Although there is an FDA-approved immunotherapy for mCRPC (sipuleucel-T), still prostate cancer is not con-
sidered as an immune-responsive tumor. Survival benefits from clinical studies with immune checkpoint inhibitors
are limited and have yet to be maximized. For this, it will be essential to evaluate the effects of immunotherapies
within the tumor microenvironment to be able to improve clinical results by counteracting acquired immune
resistance induced during immune checkpoint therapy. Moreover, heterogeneity of neoantigen expression versus
clonal neoantigen expression within the tumor microenvironment may also substantially influence the outcome
of immunotherapies. Therefore, it will be essential to apply multiple treatment strategies in combination with
immunotherapies to augment their potential. The upregulation within the tumor microenvironment of multiple
regulatory immune checkpoints which could hinder any clinical responses also points to multiple immune check-
point inhibition as an alternative option for combination therapies in prostate cancer. Although there is increasing
tendency for combining various therapeutic modalities, the vast majority of studies in prostate cancer use single
checkpoint inhibition with limited survival advantage, missing the opportunity for strong clinical benefit if multiple
immune checkpoint inhibitors would be evaluated in sequence or in combination with other agents. Immunogenic
modulation will provide the rationale for combinatorial strategies to be developed in future trials. Furthermore,
appropriate patient selection based on predictive biomarkers and the mutational burden is also an option to improve
the outcome of studies testing checkpoint inhibitors in prostate cancer. In the light of oncoimmunology trials in
the various types of cancer, accumulating knowledge will allow for better design of clinical therapeutic protocols
for prostate cancer to be applied in the appropriate clinical setting and potentially enhance clinical outcomes.
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