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In recent years, immunotherapy has become an important treatment alternative in the treatment of many cancers. Research on immunotherapy 
in prostate cancer has been accelerated by obtaining Food and Drug Administration (FDA) approval of sipuleucel-T for asymptomatic or minimal 
symptomatic metastatic castration-resistant prostate cancer (CRPC). Despite all these developments, the patients in whom these agents should be used, 
sequential use and combination strategies remain unclear. In this review, mechanisms of action and survival outcomes of different immunotherapeutic 
agents and therapeutic cancer vaccines in mCRPC are discussed.
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Introduction

In recent years, treatment alternatives for metastatic castration-
resistant prostate cancer (MCRPC) have significantly increased 
and nowadays, many agents that have been proven to prolong 
overall survival in this population have been introduced. In 
addition to docetaxel, which is the backbone of the MCRPC 
chemotherapy, cabazitaxel provides an additional conventional 
approach. New generation antiandrogens targeting androgen 
inhibition such as enzalutamide and abiraterone offer a better 
toxicity profile. Radium-223 is aradiopharmaceutical and a 
unique option for patients with symptomatic bone metastasis.

The Food and Drug Administration (FDA) approval of sipuleucel-T 
in asymptomatic or minimally symptomatic MCRPC initiated 
the modern era of cancer immunotherapy.

In the progressive process, persistent improvements in survival 
with checkpoint blockers in patients with different solid tumors 
resulted in a change in treatment practices. However, although 
the response rates and survival benefits of checkpoint blockers 
in prostate cancer have been inadequate so far, the symptoms 
associated with clinical benefit suggest that these agents should 
not be abandoned. Strategic patient selection and tactical 
combination approaches can be a key to unlock immunotherapy 
in this disease.

Checkpoint Inhibitors

CTLA-4 Inhibitors

Ipilimumab is the first checkpoint inhibitor approved by the 
FDA in 2011. Ipilimumab is an antibody that blocks cytotoxic 

T-lymphocyte antigen-4 (CTLA-4) and showed remarkable 
improvement in overall survival in advanced stage melanoma 
(1,2). This drug, a complete human IgG monoclonal antibody, 
inhibits the binding of B-7 on antigen presenting cells (APC) 
with CTLA-4. Inhibition of CTLA-4/B-7 interaction reveals T cell 
activation and proliferation. Early ipilimumab clinical trial data 
from the MCRPC caught a glimpse of clinical activities in this 
population and provided a justification for additional research.

The first study evaluating Prostat specific ontigen (PSA) 
modulation and efficacy of ipilimumab in MCRPC was reported 
by Small et al. (3). As a result of this monotherapy pilot study, 
a decrease in PSA >50% was observed in two patients for 
135 days and 60 days, respectively. A decrease in PSA <50% 
was reported in the remaining eight patients. Although PSA 
response is not a good indicator of radiographic response and 
clinical benefit, these improvements suggested that further 
evaluation of ipilimumab is needed.

There are two large phase III studies evaluating the effect of 
ipilimumab on survival in the MCRPC. In the first study, 799 
patients with docetaxel-resistant prostate cancer and at least 
one bone metastasis were divided into 10 mg/kg ipilimumab 
and placebo groups after radiotherapy (4). The primary outcome 
of the study was overall survival (OS). In the ipilimumab arm, 
OS was 11.2 months and 10 months in the placebo arm (HR: 
0.85, 95% CI: 0.72-1.00; p=0.053). Although this study did not 
meet the primary outcome, there was no OS benefit in the post-
hoc subgroup analyzes with poor prognostic factors in patients 
with visceral metastasis, high alkaline phosphatase or low 
hemoglobin levels, whereas OS benefit was found in the good 
prognostic group (p=0.0038). This post-hoc analysis result 
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contributed to evidence that patients with good prognostic 
factors would benefit more from immunotherapy (5,6,7).

In another phase III study, non-chemotherapy-treated 
asymptomatic or minimally symptomatic MCRPC patients 
without visceral metastasis were randomized to ipilimumab and 
placebo groups in a two: 1 ratio (8). Overall survival, the primary 
outcome, did not show a statistically significant difference 
between the two groups. The median OS was 28.7 months in 
the ipilimumab arm and 29.7 months in the placebo arm (HR: 
1.11; 95% CI: 0.88-1.39; p=0.3667). However, progression-free 
survival (PFS) was 5.6 months in the ipilimumab arm and 3.8 
months in the placebo arm (HR: 0.67; 95.87% CI: 0.55-0.81), 
while the PSA response was 23% in the ipilimumab arm and 
8% in the placebo arm. Significant toxicities were identifiedand 
the most common side effects associated with the treatment 
were diarrhea, rash, itching, fatigue, nausea/vomiting and 
decreased appetite. In the ipilimumab arm, nine treatment-
related deaths were reported, while no death was observed in 
the placebo arm. It is emphasized that this situation requires 
further research.

Tremelimumab, another anti-CTLA-4 agent, was evaluated 
in clinical trials of patients with different solid organ tumors. 
In 11 patients with prostate cancer with PSA recurrence, 
safety and PSA kinetics were evaluated following short-term 
androgen suppression treatment with tremelimumab (9). In 
this small population study, no change in PSA was observed. 
However, in three patients who had been on tremelimum for 
months following treatment, prolonged PSA doubling time 
was observed immediately after two doses. Although the PSA 
response with CTLA-4 inhibitors is interesting, further analysis is 
needed because of the hopeless results and the accompanying 
toxicity with ipilimumab monotherapy in prostate cancer.

PD-1/PDL-1 Inhibitors

FDA-approved PD1/PDL-1 inhibitors, nivolumab, pembrolizumab, 
durvalumab, atezolizumab, and avelumab have so far been less 
pronounced in prostate cancer compared to the impressive 
results in other solid organ tumors.

In one of the first studies evaluating nivolumab in solid tumors 
including 17 prostate cancer patients, no objective response 
was reported (10). In the phase Ib study in which pemrolizumab 
was evaluated in 23 patients with MCRPC and PDL-1 expression 
level >1%, partial response was observed in only three patients 
(11). The median response time was 59 weeks (28-62 weeks) 
and the overall response rate was 13% (95% CI: 3-34%). 
Although the response rate was moderate, the response time 
was promising.

In 18 patients with MCRPC in whom PDL-1 inhibitor avelumab 
was evaluated, no objective response could be obtained (12). 
However, in a small subgroup of five patients who received 
enzalutamide therapy with elevated PSA, three patients had 
stable disease lasting more than 24 months.

Clinical studies evaluating checkpoint blockers in prostate 
cancer have suggested that the use of these agents alone will 
result in less improvement than optimal in OS. However, these 
studies provide a perspective in terms of efficiency and should 
not be completely abandoned in this population. By combining 

with vaccines, hormonal agents or other modalities, further 
studies will help to understand the optimal approach to the use 
of checkpoint inhibitors in antitumor activity.

Therapeutic Cancer Vaccines

Sipuleucel-T showed improvement in OS in asymptomatic 
or minimally symptomatic MCRPC (13,14). Ultimately, it 
was the first cancer-approved therapeutic cancer vaccine of 
the FDA. These studies that change the practice have shown 
that prostate cancer is susceptible to immunotherapy and 
vaccination treatment is an effective and safe approach.

DCVAC/PCa

DCAVAC/PCa is an autologous vaccine and contains activated 
dendritic cells stimulated with killed PSA-positive LNCaP cells. 
The combination of DCVAC/PCa with standard dose docetaxel 
and prednisone was evaluated in 25 patients with MCRPC in a 
phase I/II, open label, single-arm clinical trial (15). The primary 
and secondary outcomes of the study were identified as safety 
and immune responses. The most common side effects were 
fatigue, back pain and paresthesia (all of them were gr1 or 
2). As part of the safety assessment, OS was compared to the 
predicted values through the previously developed nomograms. 
OS with DCVAC/PCa regimen was 19 months and this result 
was reported to be significantly longer than the 11.8 months 
and 13 months predicted in the Halabi and MSKCC nomograms 
(HR: 0.26, 95% CI: 0.13-0.51).

The phase III study, VIABLE, is currently under way to further 
explore the potential of this promising treatment. VIABLE study 
was a randomized, double-blind, placebo-controlled, parallel 
group study and examined the efficacy and safety of placebo 
in 1200 patients with docetaxel + DCVAC/PCa versus docetaxel 
+ placebo. The primary outcome is OS and the estimated end 
date of the study is June 2018 (16).

PROSTVAC

PROSVAC is a poxviral-based vaccine that encodes three 
co-stimulatory molecules (B7.1, ICAM-1 and LFA-3) together with 
PSA as the target antigen. In the phase II randomized, double-
blind study with 125 patients with MCRPC, the PROSTVAC 
prime-boost regimen showed significant improvement in OS 
(17,18). The median OS with PROSTVAC was found to be 25.1 
months and 16.6 months in the control arm (HR: 0.56, 95% CI: 
0.37-0.85; p=0.0061).

In another study, the immune effect induced by PROSTVAC 
administration in 104 patients was evaluated (19). T-cell 
responses were compared before and four weeks after 
vaccination. Overall, 59/104 patients (57%) showed an increase 
in PSA-specific T-cell response, and 19/28 (68%) patients were 
shown to develop immune responses to tumor-associated 
antigens that were not present in the patient, and this concept 
is known as antigen spread.

These promising results paved the way for phase III study 
called PROSPECT (20). PROSPECT study is a double-blind study 
in asymptomatic or minimally symptomatic 1297 MCRPC 
patients, and patients were randomized to the PROSTVAC, 
PROSTVAC + GM-CSF or placebo arms. In the interim evaluation 
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conducted in September 2017, the primary outcome, OS, could 
not be reached and the study was terminated (21).

Although the results are disappointing, prospects for 
immunotherapy in prostate cancer may lie beneath the 
combination strategies. Studies on the combination of 
PROSTVAC with other immunotherapeutic agents or early cure 
of the disease continue.

GVAX-PCa

GVAX-PCa vaccine consists of cells derived from LNCap and 
PC3 cell lines and genetically modified to secrete GM-CSF. In a 
phase I/II dose escalation study performed on 80 patients with 
MCRPC, the vaccine was shown to be well tolerated and the 
most common side effect was erythema at the injection site 
(22). A significant proportion of 89% of the high dose group 
(p=0.002) has been reported to have an antibody against one 
or two cell lines.

Two phase III studies evaluating safety and OS were completed. 
In the first study, docetaxel + prednisone was compared to 
GVAX in MCRPC patients without chemotherapy (23). The 
study was terminated early because it did not meet the primary 
outcome, OS. The median survival in 626 patients analyzed 
was 20.7 months in the GVAX arm and 21.7 months in the 
control arm (HR: 1.03, 95% CI: 0.83-1.28; p=0.78). Grade III 
and above side effects were reported in 8.8% of the GVAX arm 
and in 43% of the docetaxel arm, and researchers reported that 
GVAX had a better toxicity profile. On the other hand, phase 
III study comparing GVAX + docetaxel with docetaxel alone in 
408 MCRPC patients was terminated early due to imbalance 
in patient deaths (67 in vaccine group and 47 in docetaxel 
alone) (24). The imbalance was also reflected to the OS, and it 
was 12.2 months in the vaccine arm and 14.1 months in the 
chemotherapy arm (p=0.0076). Further analysis is required on 
the subject.

CV9104

CV9103 is a MRNA vaccine that encodes PSA, PSCA, PSMA 
and STEAP1 antigens (25). In a phase I/IIa study, 26 of 33 
patients developed immune responses (25). OS was found to 
be significantly longer in patients who developed an immune 
response to multiple antigens than patients with no response 
or response to only one antigen (HR: 0.41, 95% CI: 0.17-0.95, 
p=0.017).

Second generation CV9103 formulations also encode PAP and 
MUC1 antigens in addition to the former (26). In phase IIb 
study, the improvement in primary outcome, OS, was not met 
in patients with asymptomatic or minimal symptomatic MCRPC 
(27).

Combination Strategies

The results regarding the effectiveness of the checkpoint 
inhibitors alone in the MCRPC have been disappointing so far. 
The mechanism behind this resistance must be clarified. Recent 
studies suggest that the tumor mutation load is predictive of a 
good response to PD1/PDL-1 (28,29,30) and CTLA-4 inhibitors 
(31). Prostate cancer is known to have a low mutation load 
(32). For this reason, it would seem that further evidence 

would support this hypothesis. Interestingly, in one study, it 
was concluded that the results obtained following a PD-1/
PDL-1 inhibitor with CTLA-4 inhibitor were independent of the 
mutation load (28).

In a strategy, nivolumab with ipilimumab was evaluated in 
patients with advanced prostate cancer with androgen receptor 
mutation (33). As expected, a reduction of 50% PSA was 
achieved in one of 15 patients with accompanying toxicity, and 
in three out of 15 patients, persistent PFS was achieved (33).

Vaccines and Checkpoint Inhibitors

It is accepted that tumors with high PDL-1 expression in the 
tumor microenvironment tend to respond better to PD-1/
PDL-1 inhibitors (34). In a study by Rekoske et al., it was shown 
that PDL-1 expression was increased in circulating tumor cells 
following the PAP-encoding DNA vaccine, and it was thought 
that there was a relationship between PDL-1 up-regulation 
and PFS (35). The researchers also found a trend with the 
sipuleucel-T vaccine targeting PAP.

In the phase I study consisting of 30 MCRPC patients and 
evaluating the safety and tolerability of ipilimumab and 
PROSTVAC, the most reported side effects were injection 
site reaction, colitis, rash, elevation in aminotransferases and 
endocrine side effects (36). The median OS was 34.4 months 
for all patients and two-year OS was reported as 73%. These 
results were found to be better than the previous vaccine alone 
and sipuleucel-T phase III studies. In particular, evidence has 
been obtained from this study for the spread of antigen by the 
immune response generated against tumor-associated antigens 
that are not present in the vaccine. Antigen spread may allow a 
more permanent and adaptive immune response that leads to 
improvement in long-term clinical outcomes (37).

In sipuleucel-T + ipilimumab study in nine patients, it was found 
that combination was well tolerated, and that postsipuleucel-T 
IgG and IgG-IgM levels were increased for PAP (p<0.001 and 
p<0.0001, respectively) and PA2024 (p=0.0001 and p<0.000, 
respectively) compared to baseline levels. Furthermore, it was 
reported that IgG and IgG-IgM levels for PAP (p<0.001 and 
p=0.002, respectively) and PA2024 (p<0.0001 and p=0.001, 
respectively) increased from postsipuleucel-T to postipilimumab. 
OS, spuleucel-T and PA2024 and PAP-specific immune responses 
were previously evaluated and considered to have the potential 
for clinical benefit of the checkpoint vaccine regimen (38).

Immunotherapy and Enzalutamide

Enzalutamide competitively inhibits androgen binding, nuclear 
translocation of the androgen receptor and its interaction with 
DNA. Immunological characteristics of this second generation 
antiandrogen, which has the advantage of survival in MCRPC, 
have been characterized (39,40). TRAMP mice were exposed 
to enzalutamide alone or in combination with the therapeutic 
vaccine by Ardiani et al. (41) and they reported increased 
thymic T-cell production and OS improvement in combination 
therapy compared to other therapies.

In the Phase II STRIDE study, 52 patients with MCRPC 
were randomized to either the concurrent or subsequent 
enzalutamide plus sipuleucel-T arms (42). According to the 
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results of intermediate immuno-analysis, the PA2024-specific 
T cell response was increased in both arms (p<0.001) (43). 
In both arms, cytokines such as INF-gamma, TNF-alpha and 
IL-2 were increased. There was no difference in toxicity in 
concurrent and subsequent applications.

Bishop et al. (44) have shown that patients with progression 
under enzalutamide treatment have more PD-L1/2 positive 
dendritic cells than patients who respond to enzalutamide or 
who are enzalutamide-naive.

When pemrolizumab was administered to patients who were 
under enzalutamide treatment, more than 50% PSA reduction 
was achieved in for out of 20 patients (45).

Immunotherapy and Abiraterone

Preclinical evidence suggests that abiraterone is also 
immunomodulatory, like enzalutamide (46). In a phase 
II study in 69 MCRCP patients comparing concurrent or 
subsequent abiraterone + prednisone and sipuleucel-T, the 
primary outcome was defined as cumulative antigen-presenting 
cell activation, and it has been shown that ex-vivo antigen-
presenting cell activation and peripheral immune response 
increased in both arms compared to baseline (p<0.05) (47). 
This study also showed that low-dose prednisone did not affect 
the immunogenicity of sipuleucel-T.

In the phase I/II study where the primary outcome was safety, 
the combination of abiraterone + prednisone with ipilimumab 
was evaluated (48). The study was terminated due to toxicities 
such as grade 3 hypokalemia, dehydration and transaminase 
elevation.

Immunotherapy and PARP Inhibition

Olaparib is a PARP inhibitor and shows clinical activity in 
patients with MCRPC and DNA repair defect (49). Mutations 
in DNA repair genes such as BRCA1/2, ataxia-telangiectasia, 
Fanconi anemiagenes, and CHEK2 are observed in 1/3 of the 
patients. In patients with treatment-resistant MCRPC, the 
effect of olaparib and durvalumab is evaluated in the ongoing 
single-arm pilot study (50). In the intermediate analysis, it 
was reported that the combination had an acceptable toxicity 
profile in 10 patients and a PSA decrease of more than 50% 
was observed in 5/7 (71%) of the patients. Although the 
patient population has been less so far, the results of this study 
are particularly interesting given that they are given in an 
unselected population.

Conclusion

In large-scale studies other than sipuleucel-T, single-agent 
immunotherapies have not been shown to provide significant 
PFS and OS benefits in patients with MCRPC. The results of 
multiple phase III studies including ipilimumab and PROSTVAC 
were disappointing and revealed evidence that prostate cancer 
was not immunosensitive. However, benefit has been shown 
in smaller studies and it is thought that it is too early to 
abandon these agents completely. Determination of tumor 
and patient characteristics may be effective in response to 
immunotherapy. Combination strategies can overcome the 

escape from the immune response. The literature on avoiding 
the use of single-agent immunotherapy in MCRPC is increasing. 
Instead, resources should be concentrated on optimal patient 
selection and effective combinations to increase the immune 
response. Because therapeutic vaccines have a relatively low 
side-effect profile, research into their use in localized prostate 
cancer may be more valuable. Prostate cancer, showing 
biochemical recurrence, may be the optimal target population 
for immunotherapy regimens due to better toxicity profiles. 
Although checkpoint inhibitors are better tolerated than 
cytotoxic chemotherapies (51), these agents are associated with 
severe immune-mediated side effects. PD1/PDL-1 inhibitors are 
better tolerated than CTLA-4 inhibitors.
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