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Abstract
Purpose  Prostate cancer (PCa) is the most common malignancy in men and the cause for the second most common cancer-
related death in the western world. Despite ongoing development of novel approaches such as second generation androgen 
receptor targeted therapies, metastatic disease is still fatal. In PCa, immunotherapy (IT) has not reached a therapeutic break-
through as compared to several other solid tumors yet. We aimed at highlighting the underlying cellular mechanisms crucial 
for IT in PCa and giving an update of the most essential past and ongoing clinical trials in the field.
Methods  We searched for relevant publications on molecular and cellular mechanisms involved in the PCa tumor microenvi-
ronment and response to IT as well as completed and ongoing IT studies and screened appropriate abstracts of international 
congresses.
Results  Tumor progression and patient outcomes depend on complex cellular and molecular interactions of the tumor with 
the host immune system, driven rather dormant in case of PCa. Sipuleucel-T and pembrolizumab are the only registered 
immune-oncology drugs to treat this malignancy. A plethora of studies assess combination of immunotherapy with other 
agents or treatment modalities like radiation therapy which might increase its antineoplastic activity. No robust and clinically 
relevant prognostic or predictive biomarkers have been established yet.
Conclusion  Despite immunosuppressive functional status of PCa microenvironment, current evidence, based on cellular and 
molecular conditions, encourages further research in this field.
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Introduction

Despite promising results of immunotherapy (IT) in genitou-
rinary malignancies such as urothelial and kidney cancer, IT 
has not turned out to be a meaningful player in the treatment 
armamentarium of advanced prostate cancer (PCa) yet. The 
only registered agent in the field, sipuleucel-T, an immu-
nostimulant based on dendritic cells, has shown a benefit in 
overall survival (OS) of almost 4 months compared to pla-
cebo in metastasized castration-resistant PCa (mCRPC) [1]. 
However, a serious drawback was that a viral vector-based 
IT approach reported in the PROSTVAC-trial could not 
show any positive effect on OS in the most recent update [2]. 
In addition, development of novel treatment strategies such 
as androgen receptor targeted therapies (ART) has shifted 
the clinical focus somewhat away from IT in advanced PCa.

Bearing in mind the robust advances made with the 
development of programmed cell death ligand-1 (PD-L1) 
and programmed cell death-1 receptor (PD-1) inhibitors in 
a number of solid malignancies, immune oncology remains 
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an essential part of the current research activities in PCa, 
despite the fact that PCa is considered a non-immunoreac-
tive and a “cold” tumor with an immunosuppressive tumor 
microenvironment (TME) and low infiltration burden of 
T cells. For instance, pembrolizumab is presently under 
investigation in combination with several other standard of 
care regimens such as secondary ARTs (ClinicalTrials.gov: 
NCT02787005) or poly(ADP-ribose) polymerase (PARP) 
inhibitors (ClinicalTrials.gov: NCT03834519).

Within the complexity of the immune system and 
involvement of a multitude of immune cells, key enzymes 
and receptors, the immunotherapeutic approach remains a 
highly appealing strategy to optimize treatment for patients 
with PCa. In this review, we highlight the current underlying 
mechanisms of immunotherapy in cancer, with a focus on 
PCa. Furthermore, we provide an overview of the relevant 
clinical trials that have the potential to reshape the landscape 
of PCa treatment in the near future.

Materials and methods

Between June 26 and July 11, 2020, we searched Medline, 
Embase and other databases as well as the Google web 
search engine for peer-reviewed articles and published 
abstracts from international congresses in English using the 
terms “prostate cancer” and “immune therapy”, “immuno-
therapy”, “immune-oncology drug”, “vaccine” as well as 
“checkpoint inhibitor”. Furthermore, we searched Clinical-
Trials.gov for clinical trials evaluating immunotherapy in 
PCa that have been recently completed, are ongoing or are 
actively recruiting participants.

Molecular aspects of the immune contexture 
in prostate cancer

Tumor microenvironment and infiltrating immune 
cells

Cancer formation and progression strongly depend on the 
TME in which it develops [3]. Besides tumor cells, solid 
malignancies are composed of a number of other cells 
including fibroblasts, endothelial cells, innate and adaptive 
immune cells, extracellular matrix as well as extracellular 
soluble molecules like cytokines, chemokines, growth fac-
tors and metabolic products [4]. Importantly, PCa is known 
to be a "cold" tumor with a low T-cell infiltration. Thereby, 
effective immune response counteracting tumor progression 
presupposes activation of cancer-combatting host immune 
cells, their enrichment at the tumor sites and overcoming 
the dormant impact of tumor-associated immunosuppressive 
cells on the TME, mediated by secreted and cellular factors 

[5]. In an attempt to establish a tumor-agnostic, prognostic 
and predictive biomarker based on the immune contexture, 
“Immunoscore” has been developed in the area of colorectal 
cancer [6–8]. It relies on the quantification of lymphocyte 
populations, in particular CD3+ and CD8+ T cells, counted 
at the tumor center and at the invasive margin. Thereby, 
increasing score correlates with a longer patient survival 
[3] and was also supposed to predict response to immune 
checkpoints inhibitors targeting PD-1/PD-L1 or CTLA4 [7, 
9]. Another approach to predict response to immunotherapy 
is the “tumor inflammation signature” (TIS). This 18-gene 
signature measures the level of T-cell inflammation as an 
immune-phenotyping tool across different histologically 
defined tumor types [10]. Analysis of 9,083 samples of 32 
cancers, including PCa, demonstrated that tumors with a 
known clinical sensitivity to PD-1 blockade had a higher TIS 
average [10]. On the whole, utilization of these tools allows 
to classify solid malignancies into T-cell inflamed/“hot” and 
non-T-cell inflamed/“cold tumors” [5, 10].

Immune contexture determined by the density, com-
position, functional state and organization of the tumor 
infiltrating immune cells can yield information relevant 
for prognosis and treatment response [11]. For example, a 
positive association of the level of stromal tumor infiltrat-
ing lymphocytes (TILs) with adjuvant chemotherapeutic 
response in ovarian high-grade serous carcinoma has been 
observed [12]. Moreover, Shibutani and collaborators pre-
sented evidence for a significantly higher chemotherapeutic 
response rate and better progression-free survival in patients 
with stage IV colorectal cancer revealing a high number of 
TILs [13]. Indeed, the presence of cytotoxic and helper T 
cells within the tumor center or invasive margin has been 
linked to favorable outcomes in a plethora of malignancies 
[5, 11]. Idos et al. reported favorable outcomes in colon can-
cer when high levels of TILs, presence of CD3+, CD8+ and 
FOXP3 + cells at the tumor center and CD3+ at the invasive 
margin of the tumor, were observed [14]. In line with this, 
an association of a high tumor CD8+ T-cell density with a 
longer overall survival in non-small cell lung cancer has 
been demonstrated [15]. However, opposing results have 
also been reported. Kim and coauthors have recently demon-
strated that a high CD8+ expression predicted independently 
for a shorter disease-free survival of breast cancer patients 
[16]. Triozzi et al. postulated a crucial role of CD8+ regula-
tory T cells in fostering uveal melanoma disease progres-
sion, while TIL infiltration correlated with a worse prognosis 
in this disease [17]. Thus, impact of CD8+ TILs might be 
entity specific or depend on additional factors.

Tumor microenvironment and prostate cancer

Observations regarding prognostic value of CD8+ TIL 
infiltration in PCa are contradictory. Ness and coauthors 
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demonstrated that a high density of CD8+ TILs in the pri-
mary PCa specimens is an independent negative prognostic 
factor for biochemical failure-free survival [18]. In concert 
with this, a high density of CD8+ TILs and PD-L1 expres-
sion by tumor cells has been associated with a higher risk 
of clinical progression in men with node-positive PCa [19]. 
On the contrary, Yang et al. recently demonstrated that a 
high number of CD8+ TILs at prostatectomy is indepen-
dently associated with improved survival in this majority 
of a high-risk PCa population [20]. In line, Vicier and col-
laborators reported that a high PD-L1 and low CD8+ TIL 
density are markers for poor prognosis and biochemical and 
metastatic relapse in PCa [21]. Thus, aside CD8+, additional 
parameters seem to be important for prognosis. Indeed, the 
ability of CD8+ effector T cells to promote tumor regres-
sion is largely dependent on their cytokine secretion pro-
file and their ability to self-renew [22]. Emerging evidence 
demonstrates that the TME can provoke emergence of dys-
functional CD8+ T cells with a limited cytotoxic function 
[22]. Furthermore, senescent, regulatory, and dysfunctional 
stem-cell like memory CD8+ T-cell phenotypes, which do 
not exert antitumor activity, might coexist. Thus, a deeper 
profiling of the functional status and subsets of infiltrating 
immune cells, beyond a general surface labelling, and their 
spatial distribution, is required to utilize TILs as a predictive 
or prognostic marker.

The same holds true for different types of tumor-associ-
ated macrophages. PCa cells and cancer-associated fibro-
blasts stimulate monocyte recruitment toward tumor cells 
and their trans-differentiation into anti-inflammatory and 
tumor-promoting M2 macrophage phenotype [23]. Comito 
and collaborators yielded evidence for a more favorable 
biochemical recurrence-free survival of PCa patients with 
M1 macrophage (pro-inflammatory and tumor-suppressive) 
prevalence in prostatectomy specimens, compared to those 
with M2 macrophage prevalence [23]. TGF-beta, typically 
secreted by M2 macrophages, promotes various tumorigenic 
processes like recruitment of mesenchymal stem cells, their 
activation into cancer-associated fibroblasts, or PI3K-AKT 
signaling, fostering migration of PCa cells [24, 25]. As TGF-
beta is important for immune exclusion, it might represent 
one essential aspect of a reduced infiltration of TILs and 
immunosuppressive TME in PCa [26].

Tumor mutational burden and PD1/PD‑L1 signaling

PCa is characterized by a low tumor mutational burden 
(TMB), thus revealing a poor collection of neoepitopes 
crucial for immune cell attraction to the tumor sites, 
epitope–MHC interactions and activation of TILs by anti-
gen-presenting cells [5, 27]. PCa has distinctly fewer muta-
tions (0.7 per Mb) than breast (1.2 per Mb), bladder (7.1 
per Mb) and colorectal cancer (3.1 per Mb), or melanoma 

(12.1 per Mb) [28]. Even in castration-sensitive or -resist-
ant disease, TMB is only as high as 2.08 and 4.02 per Mb, 
respectively [29]. Due to a low TMB and T-cell-mediated 
inflammation, the probability that PCa responses to anti-
PD1/PD-L1 treatment is weak [30].

It has been speculated that PCa in general is associated 
with a low expression of PD-L1 due to few effector T cells 
secreting proinflammatory cytokines [31]. Analysis of 
primary PCa specimens by Xian and coworkers revealed 
only 17.9% PD-L1 positivity [32]. In males with advanced 
tumor stage, lymph node metastasis, and high Gleason score 
more PD-L1+ tumors were found. Moreover, Haffner et al. 
demonstrated that PD-L1 positivity counts 7.7% in primary 
PCa, while it increased to 31.6% in mCRPC [33]. Bishop 
and coauthors showed that patients progressing on enzalu-
tamide had a higher number of PD-L1/2+ dendritic cells in 
blood compared to those naïve or responding to treatment, 
and a high frequency of PD-1 + T cells [34]. In contrast 
to this, tumor specimens from men with intermediate- to 
high-risk PCa pretreated with abiraterone acetate prior to 
radical prostatectomy yielded less CD8+ T cells and a trend 
for decreased PD-L1 positivity (7% vs. 21%; p = 0.062), 
compared to untreated PCas [35]. Thus, there are consider-
able differences in the expression of PD-1/PD-L1 in PCa 
depending on tumor stage, previous treatment, and methodo-
logical issues. Further research is warranted to clarify and 
generalize prognostic and predictive value of these immune 
checkpoints.

HLA alteration

Attenuating HLA class I proteins, which are commonly 
abundant on nucleated cells and present intracellular pep-
tides to T lymphocytes, is an established escape mechanism 
of tumor cells from cytotoxic T cells in different cancers, 
and associated with unfavorable clinical course and resist-
ance to immunotherapy [36]. A complete loss and, in case 
of individual allelic expression, a minimal estimated down-
regulation of HLA class I in 34 and 85% of primary PCas 
and in 80 and 100% of lymph node metastases, respectively, 
has been shown [37]. Moreover, downregulation of several 
components of HLA class I antigen processing machinery 
and association with a higher Gleason score and an early 
disease recurrence has been reported in PCa [38]. Interest-
ingly, treating PCa cells with IFN-γ, crucial for efficient 
antitumor immune response and normally secreted by cyto-
toxic T lymphocytes, resulted in upregulation of HLA class 
I [39, 40]. Similarly, reversion of defects in HLA class I 
expression and survival improvement by IFN-γ treatment 
in a mouse model of PCa was demonstrated [41]. Whether 
therapeutically induced augmentation of the expression of 
HLA class 1 proteins in humans may shift the functionally 
immunosuppressive TME with a low TIL density towards 
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immunoactive setting remains questionable [5]. Taken 
together, tumor progression and patient outcomes depend 
on complex cellular and molecular interactions of the tumor 
with the host immune system [42].

Clinical utilization of immunotherapy 
in prostate cancer and future directions

Currently, IT is used for patients with specific mutations but 
also for general PCa population, alone or in combination. A 
selection of phase 2 and 3 studies is shown in Table 1.

Vaccines

Active cellular ITs, named therapeutic cancer vaccines, have 
been tested as PCa therapy. Sipuleucel-T is a personalized 
therapy, made from patient’s peripheral blood mononuclear 
cells incubated with a fusion protein consisting of a common 
prostate cancer antigen (prostatic acid phosphatase) linked 
to an adjuvant (granulocyte–macrophage colony-stimulat-
ing factor). Infused into the patient, it induces CD4+ and 
CD8+ immune cells against the tumor antigen. The main 
phase 3 trial randomly assigned 512 patients with mCRPC 
and an expected survival of at least 6 months to receive sip-
uleucel-T or placebo [1]. With 34.1 months median follow-
up, OS was 25.8 months in the sipuleucel-T group vs 21.7 in 
placebo group. However, there was no difference regarding 
the time to objective disease progression (14.6 in sipuleucel-
T vs 14.4 months in placebo groups, respectively). These 
results were consistent with two previous phase 3 studies 
[43, 44]. To date, sipuleucel-T remains the only approved 
vaccine therapy for PCa. Importantly, this medicine is with-
drawn from the use in Europe. All-in-all, its complex admin-
istration, high price, supply problems due to a limited manu-
facturing capacity and uncertainty about the reimbursement 
status hampered its prescription resulting in bankruptcy of 
its owner Dendreon [45].

PROSTVAC utilizes recombinant poxviruses that express 
PSA with immune-enhancing costimulatory molecule to 
stimulate immune response. A phase 2 trial showed a median 
survival improvement of 8.2 months (p = 0.0061) although 
this was not the primary endpoint [46]. Subsequently, a 
phase 3 trial [2] did not support the initially positive signal 
of the phase 2 study with no effect on OS and progression 
free survival (PFS) in mCRPC patients.

GVAX consists of two metastatic prostate cancer cell 
lines transfected with a human GM-CSF gene. GVAX injec-
tion breaks immune tolerance to antigens expressed by pros-
tate cancer and induces antitumor immune responses. Two 
phase 3 trials have been initiated (VITAL1 and 2) to com-
pare GVAX to docetaxel plus prednisone in asymptomatic 

and symptomatic metastatic prostate cancer patients but 
were both stopped for futility and an increase in mortality.

Checkpoint inhibitors

Ipilumumab is a CTLA-4 inhibitor. A phase 2 trial enrolled 
30 patients with mCRPC [47]. With a median follow-up 
of 45.5 months, median radiographic PFS and OS were 
3 months and 24.3 months, respectively. Overall, 28% of 
patients receiving treatment experienced grade 3 adverse 
effects (AE) without any grade 4–5 cases. A favorable cohort 
has been identified expressing a higher density of cytotoxic 
and memory T cells in the tumor and an increased expres-
sion of IFN-γ signaling suggesting the potential role of these 
biological markers as theranostic factors.

Ipilimumab has also been evaluated in a phase 3 trial 
(CA184-095) randomizing 602 chemonaïve patients with 
asymptomatic or minimally symptomatic mCRPC without 
visceral metastasis to receive ipilimumab or placebo in a 
2:1 ratio [48]. No significant difference in OS was observed 
between arms (27.8 vs. 29.7 months, respectively). However, 
ipilimumab was associated with a longer median PFS (5.6 vs 
3.8 months). AEs grade 4–5 were observed in 27% patients 
in ipilimumab group versus 2% in the placebo arm. This 
large trial did not conclusively demonstrate an ipilimumab-
driven benefit for OS.

Loss of function in mismatch repair (MMR) genes has 
been associated with favorable responses to PD-1 blockade 
immunotherapy in different cancer types including PCa [49]. 
In a case series, anti PD1/PD-L1 was used in 11 men with 
mCRPC. Overall, five patients had durable clinical benefit, 
five had no benefit, and one had stable disease for approxi-
mately 6 months [50].

Pembrolizumab has been assessed in the phase 2 KEY-
NOTE-199 study among 258 patients with mCRPC previ-
ously treated with docetaxel and at least one hormonal ther-
apy [51]. Cohort 1 and 2 included any measurable disease 
with PD-L1 positive and PD-L1 negative patients, cohort 3 
included patients with bone predominant disease, regardless 
of PD-L1 expression. Median follow-up was 16.8 months. 
Objective response rate (ORR) was 5% in cohort 1 and 3% 
in cohort 2 with a median OS of 9.5 and 7.9 months, respec-
tively. Median OS in cohort 3 was 14.1 months. Pembroli-
zumab monotherapy showed encouraging results for antitu-
mor activity and disease control with an acceptable safety 
profile, pushing for additional investigations. Based on these 
results, Food and Drug Administration (FDA) approved 
pembrolizumab for the treatment of mCRPC with MMR 
deficiency or high microsatellite instability.

Avelumab is a PD-L1 inhibitor. The phase 1 trial reported 
in mCRPC patients included 18 patients, while seven had 
stable disease after 24 weeks of treatment [52]. Avelumab 
was safe and tolerable with 15 patients experiencing grade 
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1–2 AEs and only one grade 3 AE. Immune analysis and 
other studies are awaited to determine which patients would 
benefit most from this treatment.

Combinations

Immunotherapy combination

Nivolumab, a PD-1 inhibitor, has been combined with ipili-
mumab in different cancers. CheckMate 650 is a phase 2 
study of nivolumab plus ipilimumab for the treatment of 
mCRPC [53]. This study involved two cohorts. The first 
cohort included asymptomatic or minimally symptomatic 
patients who progressed after second generation hormone 
therapy (no prior chemotherapy) and the second cohort 
included patients who progressed after taxane-based ther-
apy. Objective response rate (ORR) was 26% in cohort 1 
and 10% in cohort 2. PSA decline > 50% was observed 
in 21% of cases in cohort 1 and 13% of cases in cohort 
2. A PD-L1 ≥ 1% expression, the presence of DNA dam-
age repair, a homologous recombination deficiency, or an 
above-median tumor mutational burden were associated 
with higher ORR. Grade 3–4 AEs occurred in 39 and 51% 
of patients in cohorts 1 and 2, respectively, with one death 
reported in each cohort.

Another phase 2 trial used nivolumab plus ipilimumab for 
patients with ARV7+ mCRPC [54]. Overall, 15 patients were 
enrolled. With a median follow-up of 8.4 months, 7% had 
PSA response rate and ORR was 25%. OS was 9.5 months, 
whereas patients with DNA repair deficient tumors had a 
more favorable biochemical and radiographic PFS. This 
combination revealed acceptable safety and encouraging 
efficacy, particularly in men with DNA repair deficient 
tumors.

CTLA-4 blockade could enhance antitumor immu-
nity when combined with cancer vaccines. A phase 1–2 
trial included 28 patients with asymptomatic chemonaive 
mCRPC treated with a combination of GVAX and ipili-
mumab [55]. OS was 29 months and 32.1% patients had a 
PSA response.

Pre-treatment high levels of CD4+
, CTLA-4+, 

CD4+PD-1+, non-naive CD8+ and low frequencies of CD4+ 
or regulatory T cells were associated with a significantly pro-
longed OS. OS was extended when treatment induced > 25% 
increase in lymphocyte counts, > 30% increase in non-naive 
(memory) CD4+ T cells, CD4+ and CD8+ T-cell activation.

ART and immunotherapy

ART such as enzalutamide might improve IFN-γ levels 
and sensitize tumor cells to immune-mediated cell-killing. 
Immunotherapy associated with enzalutamide seems to be 
an interesting combination for patients with PCa.

Atezolizumab is a humanized monoclonal antibody which 
inhibits the interaction between PD-L1 and its receptor. The 
combination of atezolizumab and enzalutamide has been 
examined in the phase III randomized trial IMbassador250 
evaluating the combined treatment vs enzalutamide alone 
in 759 mCRPC or locally advanced CRPC patients who had 
progressed on abiraterone and docetaxel, or who were not 
candidates for a taxane regimen. Overall survival was not 
different between arms discouraging the use of the combi-
nation [56].

In the above-mentioned multicohort phase 2 study KEY-
NOTE-199, the cohorts 4 (measurable disease) and 5 (bone 
predominant disease) received a combination of pembroli-
zumab and enzalutamide [57]. After a median follow-up of 
13.7 months, most patients had disease progression. Disease 
control rate was 51%. ORR for patients with measurable 
disease was with 12% relatively low. However, duration of 
response was almost 6 months in 60% of responders.

Immunotherapy and PARP inhibitor

Durvalumab is a human IgG1-K monoclonal antibody that 
targets PD-L1. Olaparib is a PARP inhibitor approved for 
patients with mCRPC carrying homologous recombination 
repair gene alteration. Preclinical data have suggested a syn-
ergistic effect between PARP and checkpoint inhibitors. A 
phase II, open-label trial has assessed this combination in 
multiple cohorts of heavily pretreated mCRPC patients [58]. 
Seventeen patients were enrolled and received durvalumab 
plus olaparib. Median rPFS was 16.1 months. The 1-year 
PFS rate was 83.3% for patients with alteration in DNA dam-
age response gene vs. 36.4% for those without mutations 
(p = 0.031). Most common treatment-related grade 3 or 4 
AEs were anemia, lymphopenia, infection, and nausea.

Immunotherapy and local treatments

Radiation treatment may have a systemic role by activating 
the immune system, stimulating immune priming (abscopal 
effect), and improving response to immunotherapy.

A phase 1–2 study assessing ipilimumab ± radiotherapy 
in mCRPC disease showed a 29% rate of non-progressive 
disease with the treatment combination after a median fol-
low-up of 15.7 months [59]. In this trial, metastasis-directed 
radiotherapy was given at a single dose of 8 Gy per target 
bone lesion (for up to three lesions per patient) at 24–48 h 
before the first ipilimumab dose.

A phase 3 study included patients with post-docetaxel 
mCRPC and bone metastasis and randomized patients to 
receive bone-directed radiotherapy with ipilimumab or placebo 
[60]. All patients received a single dose of radiotherapy of 
8 Gy for at least one, and up to five, bone lesions. Radiotherapy 
was done within the 2 days before initiation of the study drug 
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regimen, and palliative radiotherapy was allowed for any bone 
lesion while on study. The median follow-up was 9.9 months 
in ipilimumab group and 9.3 months in placebo group. Median 
overall survival was 11.2 and 10.0 months [HR 0.85], respec-
tively, without significant difference (p = 0.053). Median PFS 
was 4.0 months for ipilimumab group vs. 3.1 for placebo 
group [HR 0.70, p < 0.001]. Post hoc analysis suggested that 
ipilimumab might provide the most benefit in patients with 
favorable prognostic features, specifically in patients without 
visceral metastasis. The rates of grade 3–4 AEs were 59% for 
ipilimumab group vs 41% for placebo group.

Cryotherapy might also help to increase the immuno-
genicity of PCa. A pilot trial has evaluated the role of pros-
tate cryotherapy, short term androgen deprivation and pem-
brolizumab in oligometastatic PCa [61]. After 1 year, 42% of 
patients had a PSA level below 0.6 ng/mL for a median PSA-
PFS of 14 months. Median systemic therapy-free survival 
was 17.5 months. No grade 3 or more AEs was observed.

Ongoing trials

Multiple clinical trials are ongoing assessing immuno-
therapy drugs and vaccines for the management of prostate 
cancer (Table 2). IT is currently evaluated alone or in com-
bination with life-prolonging or investigational drugs, from 
localized to late-stage mCRPC.

However, to date, even if many strategies are promising, 
sipuleucel-T and pembrolizumab remain the only IT strate-
gies approved by the FDA without widespread use in routine 
practice. Management of metastatic PCa is a rapidly evolv-
ing field. Recently, several drugs have been proven to be life-
prolonging, including new hormone therapies, theranostic 
radioligands and PARP inhibitors. The choice of the ideal 
treatment for an individual patient will be probably guided 
in a close future by the validation of predictive factors of 
response/resistance to avoid ineffective therapy and to pro-
long tumor response. By considering that perspective, the 
use of immunotherapy could be driven by the quantification 
of lymphocytes populations with the example of the immu-
noscore developed in colorectal cancer [6–8]. The level of 
expression of immunoregulators in tumor tissue could be 
also relevant to anticipate response to immune checkpoints 
inhibitors targeting PD-1/PD-L1 or CTLA4. However, to 
date, no biological or immunological signature has been 
validated in PCa to guide this immunotherapy choice.

Conclusions

The relevance of IT strategies in the treatment course of 
PCa is still ambiguous. Progress in translational research and 
results from ongoing large 2 and 3 trials are urgently awaited 
to draw clinically applicable conclusions.
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