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1. Introduction

During the last decade, there has been significant progress in the field of prostate cancer
therapeutic treatments based on androgen receptor-axis-targeted therapies, which resulted
in improved clinical outcomes. Notwithstanding this progress, recurrences frequently occur,
mostly because such therapeutic modalities do not modulate patients” immune systems to
generate long-lasting, tumor-specific immune memory, which is of paramount importance
for inducing durable clinical responses. This consideration highlights the importance of
immunotherapy in the field of prostate cancer therapeutics. However, prostate cancer is
characterized by low tumor mutational burden (TMB), weak programmed death-ligand
1 (PD-L1) expression, and low frequencies of intratumoral T cells, all of which provide
obstacles to effective immunotherapeutic treatments [1]. Nevertheless, there are subgroups
of prostate cancer patients whose tumors display immunogenic profiles with increased
PD-L1, high TMB, or microsatellite instability and mismatch repair deficiencies, provid-
ing superb responses to immunotherapies [2,3]. It is therefore conceivable to determine
predictive biomarkers that could assist in selecting prostate cancer patients most likely to
respond to immunotherapies. Given the capacity of therapeutic cancer vaccines to generate

check for rigorous antitumor cellular immunity along with immune memory, applying vaccination
updates . . . . . .
regimens in the appropriate clinical setting could be advantageous, as, for example, in
patients with low tumor burdens having not yet generalized tumor-induced suppression
(i.e., patients with recurrent localized disease) [4]. Inmune checkpoint inhibitors are not
widely explored in terms of function and timing in prostate cancer. Nonetheless, they have
been demonstrated to improve the efficacy of therapeutic vaccines when administered
in a combined fashion [5-7]. The combination of immunotherapy with chemotherapy
is also an option for generating antitumor immune reactivity and clinical efficacy, given
that chemotherapeutic drugs (i) may circumvent tumor-induced immune suppression
by counteracting immune suppressor circuits, and (ii) may stimulate robust antitumor
immunity by inducing immunogenic cell death [8,9].
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published maps and institutional affil-  have been demonstrated to possess immunomodulatory functions, which supports their
iations. combined application with immunotherapies [2,10]. Despite the variety of immune-based
combination treatments for prostate cancer therapy, there are still important aspects that
need to be precisely addressed to maximize their clinical effects. These include, but are not
= restricted to, (i) the selection of the most effective chemotherapy or hormonal therapy to
be administered along with immunotherapies; (ii) the sequencing of administration; and
(iii) the capacity of the combined treatments to select for clonal tumor variants, thereby
decreasing tumor heterogeneity and achieving significant and long-lasting remissions.
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of prostate cancer. They emphasize the fact that the main achievement of most approaches
to cancer immunotherapy is to activate T lymphocytes specifically binding tumor antigen-
derived peptides, which will recognize and lyse tumor cells upon migration to the tumor.
However, the highly suppressive tumor microenvironment, along with the low frequencies
of intratumoral T lymphocytes, hamper the effectiveness of immunotherapies in prostate
cancer. Nevertheless, there is a small percentage of prostate cancer patients who have
increased TMB and PD-L1 expression responding to immunotherapies. The authors discuss
various studies in which immunotherapy has been explored in prostate cancer as monother-
apy and in combination with other immunotherapies, chemotherapies, and hormonal
therapies. They discuss data on clinical outcomes which clearly show that, although the
majority of the patients do not exert meaningful responses, there is still an appreciable
percentage of patients exerting significant clinical benefits. This finding is of particular
importance as it stimulates studies for the discovery of biomarkers predicting responses
to immunotherapies for prostate cancer that are urgently needed for the selection of re-
sponding patients. To this end, the authors present six ongoing phase III clinical studies
that will evaluate the therapeutic efficacy of immune checkpoint inhibitors (anti-PD-1) in
combination with chemotherapy, hormonal therapy, targeted therapy, or anti-CTLA4.

The review is written in an elegant way to highlight the important aspects of prostate
cancer immunotherapy with emphasis placed on mechanisms that may hamper clinical
responses. The authors take advantage of these suppressive mechanisms to explore combi-
natorial treatments that could reverse immune suppression and could lead to the discovery
of biomarkers that might aid in the prediction of patient responses to immunotherapy.
To this end, through this review, the authors make clear that immunotherapy remains
an appreciable therapeutic option to control the progression of prostate cancer. Therefore,
through immunotherapy-based clinical trials, it will be important to elucidate how to
maximize T lymphocyte activation and at the same time diminish intratumoral immuno-
suppression. These are the two most vital aspects dictating the success of immunotherapy.
Tumor-induced immunosuppression provides an obstacle to proper T lymphocyte acti-
vation during immunotherapy. However, along with neutralizing immunosuppressive
pathways, T lymphocyte activation with subsequent tumor killing should also be posi-
tively regulated. For this, combinatorial treatments are needed to target different stages of
the dynamic and continuous interactions between tumor cells and immune lymphocytes.
Addressing immunosuppressive pathways in conjunction with antitumor T lymphocyte
immunity during the progression of prostate cancer should therefore help to develop
combination treatment modalities that act in synergy to improve clinical responses. Such
combinatorial treatments should progress via immune checkpoint blockade, with any of
the standard therapies, including radiation therapy, anti-androgens, and conventional
chemotherapy, concurrent with personalized vaccinations. As prostate cancer progresses, it
acquires various mechanisms to evade immune surveillance. These involve multi-stage
cellular interplays in which cancer cells polarize various components of the tumor stroma
to develop a suppressive tumor microenvironment. Moreover, during prostate cancer evo-
lution, tumor heterogeneity develops based on somatic mutations and epigenetic changes
which modify various signaling pathways, thus conferring resistance to treatments.

In conclusion, the therapeutic targeting of prostate cancer in its early stages to avoid
high levels of tumor heterogeneity is crucial for increasing the possibility of inducing
robust clinical efficacy. In addition, a better understanding of the mechanisms underlying
responsiveness to immunomodulatory schedules will add to improvements in clinical
responses via the design of novel therapeutic strategies.
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