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Prostate cancer is one of the leading causes of cancer mortality. The standard systemic treatment for patients with newly diagnosed 
metastatic disease is androgen deprivation therapy with docetaxel or a second-generation anti-hormonal agent. Castration 
resistance inevitably ensues and, although there are six approved therapies that confer a survival benefit in patients with metastatic  

castration-resistant prostate cancer, many patients do not experience durable responses with these therapies. Immunotherapy agents, such 
as checkpoint inhibitors, have had success in the treatment of numerous cancers and although prostate cancer was one of the first tumour 
types in which immunotherapy was explored, more than a decade later, little progress has been made in establishing its use in the routine 
treatment of patients with advanced disease. In light of recent published data, this article will provide an overview of the existing literature 
on immunotherapy in advanced prostate cancer. 
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Prostate cancer is the second most common cause of cancer mortality in men, with most deaths 

occurring as a result of metastatic disease that has become resistant to androgen deprivation 

therapy (ADT).1 Most recently, immunotherapy, in the form of immune checkpoint inhibitors, has 

been successful in the treatment of a variety of advanced common solid tumours, including 

melanoma, lung, kidney and bladder cancer.2 The key benefit, highly durable response, has 

resulted in these drugs being transformative for the lives of some patients whose prognosis 

might otherwise have been bleak. Only a minority attain such benefits, and unpredictable toxicity, 

acquired resistance and high cost burden remain key challenges in its use across the spectrum of 

advanced solid tumours.

Advanced prostate cancer 
Several drugs have been developed to treat metastatic castration-resistant prostate cancer 

(mCRPC), including sipuleucel-T, radium-223, docetaxel, cabazitaxel, abiraterone and enzalutamide.3 

However, median survival gains with each of these agents are in the range of 3–5 months, and 

few patients experience durable disease control. In recent years, the treatment of metastatic  

hormone-sensitive prostate cancer (mHSPC) has evolved, with the earlier use of docetaxel, 

abiraterone, enzalutamide or apalutamide, all leading to further improvements in survival when given 

prior to the onset of castration resistance.4–9 Despite several early positive trials, more than a decade 

later, immunotherapy in the form of sipuleucel-T has only a limited role in the treatment of mCRPC.1,10 

This is a review of the existing literature of immunotherapy agents in treating prostate cancer. 

Immunotherapy modalities
There are a number of ways in which the immune system can be manipulated to target tumours. 

Vaccines can be derived against causative agents (e.g., human papillomavirus and cervical 

cancer) or against tumour antigens themselves. The latter can take the form of vaccines derived 

either directly from peptides, or indirectly through DNA or RNA by targeting either ‘generic’ or 

personalised tumour antigens.11 Immune checkpoint inhibitors are monoclonal antibodies that 

target the non-antigen-specific endogenous modulators of the T cell-mediated immune system, 

thus activating the body’s immune response.11 More recently, therapies have been developed 

that re-programme cellular immunity to directly target tumour antigens, such as chimeric antigen 

receptor (CAR) T-cell therapy. See Table 1 for definitions of commonly used immunology terms.

Prostate cancer vaccines 
Therapeutic cancer vaccines are one of the earlier forms of immunotherapy studied in prostate 

cancer and have ongoing interest, partly due to the numerous tumour-associated antigens in the 

prostate tumour microenvironment, e.g., prostate-specific antigen, prostate-specific membrane 

antigen, prostatic acid phosphatase and prostate stem cell antigen.12,13 These vaccines induce 

T-cell responses via different methods. In addition, several trials have shown signals of activity, 

with one phase III trial demonstrating a survival benefit, leading to drug approval.1 

DOI: https://doi.org/10.17925/EOH.2020.16.1.44 
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Cell-based vaccines
Cell-based vaccines comprise autologous or allogenic whole cells including 

antigen-presenting cells and prostate cancer cells that are modified to 

bear tumour-associated antigens.14 Sipuleucel-T (APC8015) is composed 

of autologous antigen-presenting cells, extracted from the patient by 

apheresis, and cultured ex vivo with fusion protein PA2024, which 

consists of prostatic acid phosphatase linked to granulocyte-macrophage  

colony-stimulating factor (GM-CSF).1 Prostatic acid phosphatase is 

expressed in most prostate cancer cells, and sipuleucel-T stimulates 

a T-cell response to prostatic acid phosphatase.1,15,16 The fresh cellular 

product is re-infused and the cycle repeated up to a total of three rounds.

Small et al. published the results of a multicentre phase III study of  

127 patients with mCRPC in the USA, conducted between 2000 and 2001.15 

Patients were randomly assigned in a 2:1 fashion to receive three infusions 

of sipuleucel-T or placebo intravenously every 2 weeks. There was no 

statistically significant improvement in the primary endpoint of median 

time to progression (TTP) (11.7 weeks in the sipuleucel-T arm compared to  

10 weeks in the placebo arm; p=0.052, hazard ratio [HR] 1.45, 95% 

confidence interval [CI] 0.99–2.11).15 However, although not powered 

to detect a survival difference, survival follow-up was conducted and 

sipuleucel-T showed a 4.5-month benefit in median overall survival 

(OS) (25.9 months compared with 21.4 months [p=0.01, HR 1.7, 95% CI 

1.13–2.56]).15 Sipuleucel-T retained its survival advantage after adjusting 

for prognostic factors, i.e., lactate dehydrogenase, prostate-specific 

antigen, number of bone metastases, body weight and localisation 

of disease.15 The disparity in results of TTP and median OS might 

be explained by the time taken for maximum T-cell reactivity when 

sipuleucel-T is administered, which is thought to be approximately  

8–10 weeks.15 It is estimated that patients with mCRPC with asymptomatic 

bone metastases have a median TTP of about 12 weeks. This would 

account for the marked initial decline in the TTP Kaplan–Meier curves 

seen in both patient groups. Furthermore, immunotherapy trials in 

other tumour types, e.g., lung, head and neck, and urothelial carcinoma, 

have also reported similar results, with an improvement in OS, but not 

progression-free survival (PFS), when compared with chemotherapy.17–20 

This discrepancy suggests that PFS may be a less useful endpoint in 

immunotherapy trials given the time to response in the group of patients 

who do have tumour regression. Rigors, fatigue and pyrexia were the 

most common adverse events, occurring in >25% of patients.15

Following the results of this preliminary study, Kantoff et al. reported 

a confirmatory phase III trial with OS as its primary endpoint.1 The 

IMPACT trial recruited 512 patients between 2003 and 2007, and 

demonstrated a similar survival advantage (25.8 months versus  

21.7 months [p=0.03, HR=0.78, 95% CI 0.61–0.98]) with no difference in 

TTP.1 This led to approval by the US Food and Drug Administration (FDA) 

in 2010. However, a subsequent European marketing authorisation was 

withdrawn due to the absence of a viable European production facility.16 

Critics have scrutinised the trial design, commenting on the worse 

median OS seen in older patients, which had not previously been seen 

as a prognostic factor in mCRPC patients.21 Furthermore, two-thirds 

of the harvested cells from patients in the placebo arm were not re-

infused, which might have led to lymphodepletion. Cells in the placebo 

group were incubated without GM-CSF, and at a lower temperature, 

which may have caused cell death. All these factors may have led to the 

difference in survival outcomes seen between both groups, and biased 

the results to favour the sipuleucel-T group.21 Access to this treatment is 

limited by the necessity to maintain fresh cell cultures throughout, the 

requirement for proximity to a central production facility, and high cost.22 

Some of these issues may be addressed by the VIABLE trial (ClinicalTrials.

gov identifier: NCT02111577), assessing a novel autologous dendritic  

cell-based vaccine that can be stored frozen, and re-infused in aliquots 

to avoid the need for repeated apheresis and shipment of fresh product. 

The vaccine studied in this trial, an autologous dendritic cell vaccination 

(DCVAC/PCa), is an autologous dendritic cell-based vaccine composed of 

activated dendritic cells pulsed with killed prostate cancer cells from the 

LNCaP cell line. This trial has completed accrual and is in follow-up. Other 

formulations of dendritic-cell vaccines pulsed with tumour-associated 

antigens are being developed.

The GVAX® vaccine (Cell Genesys Inc., San Francisco, CA, USA) is 

another example of a cell-based vaccine consisting of irradiated  

hormone-sensitive (LNCaP) and hormone-resistant (PC-3) cancer cell 

lines that constitutively express GM-CSF.23,24 Although earlier trials of 

GVAX were promising, two phase III trials were terminated early because 

of lack of survival benefit (NCT00089856, NCT00133224). VITAL-1 

compared GVAX to docetaxel in patients with mCRPC and VITAL-2 

randomised patients to the combination of GVAX and docetaxel or 

docetaxel alone.23,24 The latter study was terminated early due to safety 

concerns, which led to an early analysis of VITAL-1, indicating futility and, 

Table 1: Definitions of commonly used immunology terms 

Allogenic Cells or tissue derived from the same individual

Antigen-presenting cell A cell that processes foreign material and presents it on the surface to T cells to mediate an immune response

Apheresis Process of removing whole blood from an individual and separating its constituents

Autologous Cells or tissue derived from another individual

Chimeric antigen-receptor T cell A T cell that is genetically engineered to express a receptor that targets specific tumour antigens

Dendritic cell A type of antigen-presenting cell that plays a role in adaptive immunity

Monoclonal antibody A protein made from a single clone of cells, engineered to target an antigen

Natural killer cell A type of lymphocyte that is essential in the innate immune system

Peptide Molecule comprising 2–50 amino acids 

Short-chain variable fragment Fusion protein of heavy and light chains of immunoglobulin, joined by a peptide linker

T-helper cells A type of T cell that plays a crucial role in the adaptive immune response

Transgenes Genes that have been transferred from one organism to another 

Tumour-associated antigen A protein present on the outer surface of tumour cells, that then triggers the immune system. These proteins can also be found  

on the surface of a normal cell

Tumour mutational burden Number of somatic mutations measured in a megabase of the tumour genome 

Vector A vehicle to transport foreign material from one cell to another



Review  Prostate Cancer

46 EUROPEAN ONCOLOGY & HAEMATOLOGY

therefore, trial closure.23,24 Reasons for lack of efficacy may have been 

due to the trial design, which included sub-optimal dosing of both agents 

and the comparison arm being an active treatment rather than placebo.25

Vector-based vaccines
Genetically engineered nucleic acids that encode specific  

tumour-associated antigens transmitted by vectors such as viruses or 

bacterial plasmids have also been studied.26 An immune response is 

generated by the infection of epithelial cells, which lyse and liberate 

antigens that are then taken up by antigen-presenting cells and 

presented to T cells.26 PROSTVAC® (developed by the National Cancer 

Institute and licensed to BN Immunotherapeutics, Mountain View, CA, 

USA) was the most developed example using prostate-specific antigens 

to stimulate a T-cell response and is composed of two live poxvirus-based 

vectors (rilimogene galvacirepvec and rilimogene glafolivec).27,28 Both of 

these contain transgenes for prostate-specific antigens and a TRIad of  

CO-stimulatory Molecules (TRICOM: B7-1, leucocyte function-associated 

antigen-3 and intercellular adhesion molecule-1).27,28 After encouraging 

results in phase II,28,29 the phase III trial, PROSPECT, was stopped early 

due to futility.30 Between 2011–2015, 1,286 patients were randomised 

between PROSTVAC, PROSTVAC plus GM-CSF, or placebo, with median 

OS being 34.4, 33.2 and 34.3 months in the three arms, respectively.30 

Another such virus-based vaccine is Ad5 prostate-specific antigen, an 

adenovirus type 5-based vaccine studied in patients with mCRPC in 

a phase I trial and deemed to be safe with 55% of patients surviving 

longer than predicted by the Halabi nomogram.31 Bacteria can also be 

used as vectors, and one such example of a bacteria-based vaccine 

utilises Listeria monocytogenes, an intracellular pathogen, which is 

engineered to express tumour-associated antigens in order to induce an 

immune response.32 Clinical trials assessing this are currently underway 

(NCT02625857, NCT02325557).

DNA- and RNA-based vaccines
An immune response can be evoked by DNA-based vaccines 

through the incorporation of DNA by the host cell and recruitment of  

antigen-presenting cells. These vaccines can be designed to exploit 

tumour-associated antigens in order to activate tumour antigen-specific 

T cells.33 In a phase II trial of pTVG-HP, a plasmid DNA that encodes 

prostatic acid phosphatase, 99 patients with non-metastatic  

hormone-sensitive prostate cancer were randomised to pTVG-HP with 

GM-CSF or GM-CSF alone.34 Two-year metastases-free survival was not 

different between study arms (41.8% versus 42.3%; p=0.97) nor was 

the change in prostate-specific antigen doubling time.34 In advanced 

prostate cancer, pTVG-HP is being assessed as monotherapy or in 

combination with other immunotherapy agents (NCT04090528). Another 

method of utilising DNA-based vaccines is using neo-antigens instead of  

tumour-associated antigens to stimulate T cells.35 Dendritic and peptide 

neo-antigen DNA vaccines are already being assessed in early phase 

clinical trials.35

RNA-based vaccines have also been studied. CV9104, a messenger 

RNA vaccine encoding several tumour-associated antigens was 

assessed in chemotherapy-naïve patients with mCRPC with no, or 

minimal, symptoms.36 The phase IIb study randomised 197 patients to 

intradermal CV9104 or placebo.36 There was no significant difference in 

OS, radiographic PFS (rPFS) or time to symptomatic progression.36

Peptide-based vaccines
These vaccines use tumour-specific peptides to induce cytotoxic 

T-lymphocyte activation. Noguchi et al. treated 100 patients with 

progressive mCRPC with a personalised peptide vaccine.37 It was 

deemed to be well tolerated and immunoglobulin G and T-cell responses 

were strongly correlated with prostate-specific antigen doubling time 

and OS on multivariate analysis.37 Another personalised peptide vaccine 

was also assessed, combined with estramustine phosphate versus  

standard-dose estramustine phosphate in patients with human leukocyte 

antigen (HLA)-A2 or HLA-A24-positive mCRPC.38 The personalised peptide 

vaccine plus low-dose estramustine phosphate cohort of patients had 

lower rates of prostate-specific antigen progression. OS also favoured 

the personalised peptide vaccine plus low-dose estramustine phosphate 

group (p=0.0328, HR 0.3, 95% CI 0.1–0.91).38 Low-dose estramustine 

phosphate was used due to proven activity in mCRPC and minimal 

effect on immunosuppression. Another example is the phase I study 

of reverse transcriptase subunit of telomerase (hTERT) peptide vaccine 

UV1 in 22 patients with newly diagnosed mHSPC in addition to androgen 

deprivation therapy, which showed an acceptable safety profile.39 Other 

examples of peptide-based vaccines studied in prostate cancer are ITK-1 

and GX301.40,41

Non-vaccine approaches to prostate  
cancer immunotherapy
Chimeric antigen receptor T-cell therapy
CAR T-cell therapy has made significant progress in the treatment of 

haematological malignancies and is being explored in the treatment of solid 

tumours including prostate cancer.42 Autologous T cells are engineered 

ex vivo and comprise an extracellular domain (single-chain fragment 

variable; scFV) involved in identifying tumour-associated antigens, a 

transmembrane domain that links the scFV to a T cell, and an intracellular 

zone that comprises the immune receptor tyrosine-based activation motif 

that is important in signal transduction and T cell activation.42 Limited 

clinical work on CAR T cells has been published in the treatment of solid 

organ malignancies, but it has been shown to be deliverable in patients 

with prostate cancer.43 Numerous studies are currently ongoing, most of 

which are assessing CAR T cells directed at prostate-specific membrane 

antigen (NCT04227275, NCT04249947). See Figure 1 for non-vaccine 

approaches in treating malignancies.

Bispecific T-cell engager therapy
Another form of immunotherapy using bispecific T-cell engagers (BiTEs) 

has been explored recently. BiTEs mount a T-cell response by using 

two linked scFVs from two different antibodies, one targeting a specific 

antigen on the surface of cancer cells and the other binding to a cell 

surface molecule on T cells, e.g., CD3.42 Pre-clinical models have shown 

tumour regression, one example being AMG-160, a fully human BiTE 

targeting prostate-specific membrane antigens in prostate cancer cells 

and CD3 in T cells.44 Another BiTE, AMG-212 (pasotuxizumab), has shown 

clinical activity and an acceptable safety profile in a phase I study of 16 

patients with mCRPC.45

Immune checkpoint inhibitors
Cytotoxic T-lymphocyte antigen-4 inhibitors
Checkpoint inhibitors are approved in numerous solid malignancies 

with cytotoxic T-lymphocyte antigen-4 (CTLA-4), a vital checkpoint 

and negative regulator of T cells, first discovered in the 1990s.46  

Co-stimulatory molecules are needed for immune activation, and the 

interaction of B7 on the antigen-presenting cell with CTLA-4 on the  

T cell leads to downregulation.47 Ipilimumab, a CTLA-4 inhibitory 

antibody, promotes T-cell activation and infiltration. Prostate cancer 

was one of the first diseases where this agent was tested in pre-clinical 

models.47 Small et al. conducted a pilot study of ipilimumab in patients 

with mCRPC showing a prostate-specific antigen decline of ≥50% in 

2/14 patients.48 
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At this time, there was interest in the combination of radiotherapy and 

immunotherapy (potentially enhancing the abscopal effect, where 

radiotherapy at one site induces response at distant sites by a presumed 

immune mechanism). Pre-clinical models demonstrated enhanced  

anti-tumour activity of checkpoint inhibitors with radiotherapy by releasing 

tumour antigens and promoting local infiltration of immune cells into the 

tumour.49 In a phase II trial by Slovin et al., 50 patients were treated with 

one of the following regimens: ipilimumab 10 mg/kg every 3 weeks for 

four cycles, or radiotherapy to up to three bone sites prior to ipilimumab 

administration.50 Some of these patients were chemotherapy naïve. 

Almost 25% of patients had a ≥50% prostate-specific antigen decline.50 

This led to two placebo-controlled phase III trials assessing ipilimumab in 

patients with mCRPC. The first, published in 2014, included 799 patients  

who, between 2009–2012, had progressed during or within 6 months 

of receiving the last cycle of chemotherapy.51 All were given a single 

fraction of radiotherapy to any site of metastasis within 2 days of starting 

placebo or ipilimumab 10 mg/kg every 3 weeks for four cycles, followed 

by maintenance every 3 months.51 The median OS was 10 months versus 

11.2 months for placebo and ipilimumab, respectively (HR 0.85, 95% CI 

0.72–1.00, p=0.053).51 Despite this, a post-hoc subgroup analysis showed a 

significant survival benefit favouring ipilimumab in patients with favourable 

prognostic features (alkaline phosphatase <1.5 x upper limit of normal, 

haemoglobin <110 g/L and no visceral metastases).51 In this subgroup, 

median OS in the ipilimumab arm was 22.7 months versus 15.8 months 

with placebo (HR=0.62, 95% CI 0.45–0.86, p=0.0038).51 In the second trial, 

ipilimumab was assessed in asymptomatic or minimally symptomatic 

patients with chemotherapy-naïve mCRPC with a 2:1 randomisation to 

ipilimumab or placebo, but without the use of radiotherapy.52 Six hundred 

and two patients were randomised between 2010–2015 and again, no 

improvement in OS was seen (28.7 months in the ipilimumab arm versus 

29.7 months in the placebo arm [HR 1.11, 95% CI 0.88–1.39, p=0.3667]).52 

However, there was an increase in PFS and prostate-specific antigen 

response rate. Despite the overall negative findings, it has been reported 

that two patients in these phase III trials have had a sustained complete 

response more than 4 years after randomisation.52

Programmed death 1/programmed death-ligand 1 inhibitors
Topalian et al. first showed promising activity of nivolumab in patients 

with melanoma, non-small-cell lung cancer (NSCLC) and renal cell 

cancer in 2012.53 Seventeen patients with castration-resistant prostate 

cancer were included in the study with no objective responses seen.  

The KEYNOTE-028 basket trial showed a 17.4% objective response rate 

(ORR), with 34.8% achieving stable disease and a median duration of 

response of 13.5 months in patients with mCRPC receiving pembrolizumab 

10 mg/kg administered every 2 weeks.54 Of the 23 patients included, 

73.9% had received at least two prior therapies for metastatic disease.54 

Given these positive results, KEYNOTE-199 was a multi-cohort phase II 

trial in patients with mCRPC. The first cohorts to be reported included 

patients exposed to ≥1 prior targeted endocrine therapy and 1–2 prior 

chemotherapy regimens, including docetaxel, who were grouped in 

three separate cohorts. Cohort 1 were programmed death-ligand 1  

(PD-L1)-positive, cohort 2 were PD-L1-negative, and cohort 3 had 

detectable bone metastases regardless of PD-L1 status.56 Cohorts 1 and 

2 had response evaluation criteria in solid tumours (RECIST) measurable 

disease. A total of 258 patients were enrolled, with an ORR of 5% and 

3% in cohorts 1 and 2, respectively.55 Two patients in cohort 1 achieved a 

complete response.55 Treatment-related adverse events (TRAEs) occurred 

in 60% of patients, with 15% of the total cohort experiencing grade 3–5 

TRAEs.55 Median OS was 9.5, 7.9 and 14.1 months in each of the three 

cohorts, respectively.55 These results showed that PD-L1 was not a positive 

predictive biomarker for response to pembrolizumab, nor were defects 

in DNA damage repair (DDR) genes.55 Paradoxically, there was a higher 

response rate in patients in whom DDR defects were absent.56 In addition 

to nivolumab and pembrolizumab, the efficacy of avelumab has also been 

assessed in the expansion cohort of the phase I JAVELIN trial. Patients who 

had progressed on an androgen receptor antagonist received avelumab 

10 mg/kg every 2 weeks.57 There were no objective responses seen, and 

7/18 patients had stable disease >24 weeks after treatment.57 

Combination regimen
Several combination regimens have been explored to enhance  

anti-tumour activity by combining two immunotherapy agents or by the 

addition of chemotherapy, second-generation anti-hormonal agents, or 

poly(adenosine diphosphate-ribose) polymerase (PARP)-inhibitors to a 

checkpoint inhibitor. 

Vaccine-based therapies plus CTLA-4 inhibitors: PROSTVAC has 

been used in combination with ipilimumab in patients with mCRPC, 

with a phase I trial showing a median OS of 31.6 months, and 14/24 

chemotherapy-naïve patients having a prostate-specific antigen decline.58 

Trials combining vaccine-based therapies and checkpoint inhibitors or 

chemotherapy are ongoing.

Figure 1: Summary of non-vaccine approaches to immunotherapy
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MHC = major histocompatibility complex; PD-1 = programmed death 1; PD-L1 = programmed death-ligand 1; TAA = tumour-associated antigen; TCR = T-cell receptor.
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PD-L1 plus CTLA-4 inhibitors: Dual checkpoint inhibitor use, e.g., 

nivolumab and ipilimumab, has conferred a survival benefit in patients 

with melanoma, renal cell cancer and NSCLC.59–61 CheckMate-650 

assessed this combination and showed an ORR of 26% in 78 patients 

with mCRPC who had progressed after second-generation anti-hormonal 

therapy, and 10% in those who had progressive disease after  

taxane-based chemotherapy.62 Response rates were higher in patients 

with PD-L1 expression ≥1%, presence of DDR defects, homologous 

recombinant defects or above median tumour mutational burden.62 

Of the 62 patients with evaluable disease, four patients experienced a 

complete response, and durable responses were observed. The main 

limitation, as demonstrated in previous combined checkpoint inhibitor 

trials, was toxicity, with only half of the patients receiving all four cycles 

of ipilimumab and nivolumab, and grade 3–5 adverse event rates in the 

order of 40–53% with one-third of the total number of patients having 

to discontinue study treatment.62 Furthermore, four patients had TRAEs 

leading to death. NEPTUNES, a phase II trial assessing nivolumab and 

ipilimumab in the treatment of patients with immunosignature positive 

mCRPC (NCT03061539), is currently ongoing.

PARP inhibitor plus PD-L1 inhibitor: Pre-clinical models with DDR defects 

are characterised by immune cell infiltration. PARP inhibition, which 

leads to accumulation of DNA mutations, attracts immune cells to the 

tumour site.63 Since DDR defects lead to genomic instability and higher 

tumour mutational burden, a rationale exists for the combined use of 

checkpoint and PARP inhibitors.64 Karzai et al. assessed the combination 

of durvalumab and olaparib in 17 patients with mCRPC who had received 

prior enzalutamide and/or abiraterone.65 This demonstrated a median 

rPFS of 16.1 months with a 12-month rPFS rate of 51.5%, and median PFS 

of 7.8 months.65 The KEYNOTE-365 trial of pembrolizumab and olaparib 

in 41 docetaxel pre-treated patients showed a 7% (2/28) confirmed ORR 

and 32% (9/28) disease control rate in those with measurable disease.66 

None of these patients had homologous recombinant defects and 27% 

were PD-L1 positive. This trial is also assessing docetaxel or enzalutamide 

in combination with pembrolizumab in two separate cohorts. A similar 

phase II study (CheckMate 9KD) is being conducted using nivolumab with 

similar regimens (rucaparib in place of olaparib).67 Preliminary results 

in the nivolumab and docetaxel arm showed an ORR of 36.8%, with 

one complete response.67 The phase III CheckMate 7DX assessing this 

combination in patients with mCRPC who have been previously treated 

with second-generation anti-hormonal agents, is ongoing (NCT04100018).

Androgen receptor-targeted therapy combinations: It has been 

shown that patients progressing on enzalutamide had significantly 

increased PD-L1/2-positive dendritic cells and T cells compared with  

enzalutamide-naïve patients or those responding to treatment; in 

addition, these patients are sensitised to T-cell mediated lysis.68,69 This 

supported the idea that the lack of significant response seen in patients 

with prostate cancer, to anti-programmed cell death protein 1 (PD-1) 

therapy, may be due to the lack of PD-L1 expression,68 and created the 

platform to launch early studies in which pembrolizumab was added 

into the treatment regimen of chemotherapy-naïve patients who had 

progressed on enzalutamide.70 Partial responses were seen in 25% (3/12) 

of patients, and median OS was 22.2 months. No predictive biomarkers 

were elucidated.71 The results of cohort C of the KEYNOTE-365 trial were 

reported in 2019; 69 patients were enrolled and the ORR was 20% (5/25).72 

Recently, results were presented for cohorts 4 and 5 of the KEYNOTE-199 

trial, which included patients who were progressing on enzalutamide as 

their only prior therapy for mCRPC, and showed an ORR of 12% (10/12) 

in cohort 4, with 2 complete responses.55 Sixty per cent of responses 

were ongoing at 6 months. Ongoing treatment effect was observed  

post-discontinuation, and disease control rates for all patients were 

51% in both cohorts.55 In enzalutamide-resistant patients, it appears 

that adding pembrolizumab, rather than switching to pembrolizumab 

monotherapy, confers a higher response rate. KEYNOTE-641, the phase III  

trial assessing this combination, is currently recruiting (NCT03834493). 

Another phase III trial, IMbassador250, evaluated atezolizumab in 

combination with enzalutamide in patients with mCRPC after failure of 

a second-generation anti-hormonal agent and failure of, ineligibility for, 

or refusal of a taxane chemotherapy. There were no differences found in 

rPFS or OS and the trial was terminated early.73

Limitations of immunotherapy
There exist plenty of rationales for the use of immunotherapy in treating 

prostate cancer, and numerous studies have shown response. However, 

results to date have not mirrored the positive findings seen in other 

tumours, and several proposed theories may explain this. Prostate 

cancer has been described as a ‘cold tumour’. The prostate cancer 

tumour microenvironment is immunosuppressive, with downregulation 

of tumour immunity due to recruitment of regulatory T cells and Th17, low 

cytolytic activity of natural killer (NK) cells and higher transforming growth  

factor-beta levels, which inhibits NK and T cell function.74,75 Prostate cancer 

is not an immunologic solid tumour compared with other tumour types, 

and is not known to have a high tumour mutational burden, ranking 20th 

out of 27 tumour types according to median somatic mutation frequency.76 

Specific treatments, such as CAR T-cell therapies, have limitations in 

treating solid organ tumours such as prostate cancer where metastases 

are predominantly skeletal, including a lack of penetration to bone, the 

lack of durability of T cells and the need for a higher concentration of 

T cells because of their engulfment by the reticuloendothelial system.77 

Furthermore, drug delivery with vaccine-based therapies pose logistical 

and financial challenges and are resource intense.77

Patient selection
The lack of robust anti-tumour activity of immunotherapy agents 

in prostate cancer necessitates better patient selection based on 

clinical, pathological and genomic features to clearly identify predictive 

biomarkers. Existing literature suggests that mismatch repair defects 

(MMRd) in prostate cancer predict a biochemical response to checkpoint 

inhibitors.78,79 Among 1,033 patients with prostate cancer undergoing 

treatment at a single centre, 3.1% had microsatellite-high (MSI-H) or 

MMRd, with 21.9% of these having a pathogenic germline mutation 

in a Lynch-syndrome associated gene.78 Although uncommon, the 

National Comprehensive Cancer Network guidelines suggest testing 

all patients with prostate cancer, in the context of the FDA approval of 

pembrolizumab for MSI-H tumours, regardless of histology, based on 

the KEYNOTE-158 basket trial, which included 233 patients, of which 

six had prostate cancer.80 Deleterious germline DDR mutations such as 

BRCA, CHEK2, ATM, RAD51D and PALB2 are seen in 12% of patients with 

mCRPC.81 Current trials assessing immunotherapy in combination with 

PARP inhibitors are either enriching for these subgroups, including those 

with DDR defects, or stratifying for these.79 PD-L1, another well-studied 

biomarker, is expressed in 8% of primary prostate cancer and 32% in 

mCRPC samples.82 In the KEYNOTE-199 trial, response was independent 

of PD-L1 expression in the pembrolizumab-alone arm. However, higher 

response rates were seen in patients who were PD-L1-positive in the 

CheckMate-650 trial. Ongoing phase III trials are exploring the predictive 

properties of this biomarker.

Inactivating cyclin-dependent kinase 12 (CDK12) mutations are found 

in 6–7% of mCRPC cases.83 In a retrospective study conducted by 

Antonarakis, 58 men were identified with a somatic loss-of-function 
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CDK12 mutation including 48% with biallelic inactivation.84 Eight men 

received a PD-1 inhibitor as fourth- to sixth-line treatment for mCRPC, 

with 38% having a prostate-specific antigen response and median 

PFS of 6.6 months. In comparison, median PFS for those on first-line,  

second-generation anti-hormonal agents was 4.3 months, and only 

4.0 months for those receiving a taxane agent in the first-line setting. 

These findings suggest that prostate cancer with loss of function 

CDK12 mutations are aggressive in nature, with poor response to 

standard approved therapies of taxane-based chemotherapy and  

second-generation anti-hormonal agents.83,84 There is promising activity 

in favour of PD-1 inhibitors in this subgroup.85,86 

 

Other unknown factors in the use of immunotherapy include the 

optimal timing of administration. There is evidence to suggest, over time, 

exposure and resistance to second-generation anti-hormonal agents 

increases PD-L1 expression and hence response to checkpoint inhibitors, 

but whether these agents should be given pre- or post-chemotherapy in 

the mCRPC setting, at time of biochemical relapse or even earlier in the 

neoadjuvant setting are all being explored.68,87 The choice of treatment 

and combination of agents to use are far from being established. 

Treatments that can restore NK and T cell function, in addition to trials 

investigating the combination of immunotherapy with radiotherapy, are 

required. Not only is it key to understand the reasons for lack of response 

and resistance to immunotherapy, but selecting fit patients who are 

suitable for these potentially toxic agents is crucial to reduce the risk of 

increased morbidity and mortality from immune-related adverse events. 

Duration of response
One of the key attractions of immunotherapy – as seen in other solid 

tumours – has not been the proportion of patients who respond, but the 

duration of that response, which brings with it the prospect of long-term 

disease control. To date, relatively scarce data have been reported in 

prostate cancer, but those that have suggest that duration of response 

may be shorter than that seen with other therapies in prostate cancer, 

such as endocrine therapies. The underlying reason for this short 

duration of response to immunotherapy needs to be understood if novel 

approaches are to be developed to combat this.

In conclusion, immunotherapy trials in advanced prostate cancer have 

been ongoing for more than a decade, and it is clear that at least some 

cases are amenable to an immunotherapeutic approach. However, apart 

from pembrolizumab approved for MSI-H tumours and sipuleucel-T, no 

other immunotherapy agents have established a role in treating patients 

with metastatic prostate cancer, and immunotherapy is yet to have the 

same impact in prostate cancer, as has been seen in other solid tumours. 

Key to future success is the development of effective predictive markers 

for current therapies; in particular, markers of durable response to 

immune checkpoint inhibitors, but also, through a deeper understanding 

of biology, to the development of novel immune therapeutic approaches 

that will bring the profound benefits of immunotherapy currently 

experienced by the minority to all patients where there is an unmet need. 

These are all areas of ongoing research, which will endeavour to provide 

more insight. 

1. Kantoff PW, Higano CS, Shore ND, et al. Sipuleucel-T 
immunotherapy for castration-resistant prostate cancer.  
N Engl J Med. 2010;363:411–22.

2. Cancer Research Institute. FDA approval timeline of active 
immunotherapies. 2020. Available from: www.cancerresearch.
org/scientists/immuno-oncology-landscape/fda-approval-
timeline-of-active-immunotherapies (accessed 10 August 2020).

3. Teo MY, Rathkopf DE, Kantoff P. Treatment of advanced prostate 
cancer. Ann Rev Med. 2019;70:479–99.

4. Sweeney CJ, Chen YH, Carducci M, et al. Chemohormonal 
therapy in metastatic hormone-sensitive prostate cancer.  
N Eng J Med. 2015;373:737–46.

5. James ND, Sydes MR, Clarke NW, et al. Addition of docetaxel, 
zoledronic acid, or both to first-line long-term hormone therapy 
in prostate cancer (STAMPEDE): survival results from an 
adaptive, multiarm, multistage, platform randomised controlled 
trial. Lancet. 2016;387:1163–77.

6. Fizazi K, Tran N, Fein L, et al. Abiraterone acetate plus 
prednisone in patients with newly diagnosed high-risk 
metastatic castration-sensitive prostate cancer (LATITUDE): 
final overall survival analysis of a randomised, double-blind, 
phase 3 trial. Lancet Oncol. 2019;20:686-700.

7. James ND, de Bono JS, Spears MR, et al. Abiraterone for 
prostate cancer not previously treated with hormone therapy. 
N Eng J Med. 2017;377:338–51.

8. Chi KN, Agarwal N, Bjartell A, et al. Apalutamide for 
metastatic, castration-sensitive prostate cancer. N Eng J Med. 
2019;381:13–24.

9. Armstrong AJ, Szmulewitz RZ, Petrylak DP, et al. ARCHES: a 
randomized, phase III study of androgen deprivation therapy 
with enzalutamide or placebo in men with metastatic 
hormone-sensitive prostate cancer. J Clin Oncol. 2019;37: 
2974–86.

10. Guinan P, Crispen R, Baumgartner G, et al. Adjuvant 
immunotherapy with bacillus Calmette-Guérin in prostatic 
cancer. Urology. 1979;14:561–5.

11. Riley RS, June CH, Langer R, Mitchell MJ. Delivery technologies 
for cancer immunotherapy. Nat Rev Drug Discov. 2019;18: 
175–96.

12. Patel PH, Kockler DR. Sipuleucel-T: a vaccine for metastatic, 
asymptomatic, androgen-independent prostate cancer.  
Ann Pharmacother. 2008;42:91–8.

13. Westdorp H, Sköld AE, Snijer BA, et al. Immunotherapy for 
prostate cancer: lessons from responses to tumor-associated 
antigens. Front Immunol. 2014;5:191.

14. Srivatsan S, Patel JM, Bozeman EN, et al. Allogeneic tumor cell 
vaccines: the promise and limitations in clinical trials.  
Hum Vaccin Immunother. 2014;10:52–63.

15. Small EJ, Schellhammer PF, Higano CS, et al. Placebo-controlled 
phase III trial of immunologic therapy with sipuleucel-T 
(APC8015) in patients with metastatic, asymptomatic hormone 
refractory prostate cancer. J Clin Oncol. 2006;24:3089–94.

16. Handy CE, Antonarakis ES. Sipuleucel-T for the treatment of 
prostate cancer: novel insights and future directions.  
Future Oncol. 2018;14:907–17.

17. Motzer RJ, Escudier B, McDermott DF, et al. Nivolumab versus 
everolimus in advanced renal-cell carcinoma. N Eng J Med. 
2015;373:1803–13.

18. Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus 
docetaxel in advanced nonsquamous non–small-cell lung 
cancer. N Eng J Med. 2015;373:1627–39.

19. Ferris RL, Blumenschein G Jr., Fayette J, et al. Nivolumab for 
recurrent squamous-cell carcinoma of the head and neck.  
N Eng J Med. 2016;375:1856–67.

20. Bellmunt J, de Wit R, Vaughn DJ, et al. Pembrolizumab as 
second-line therapy for advanced urothelial carcinoma.  
N Engl J Med. 2017;376:1015–26.

21. Huber ML, Haynes L, Parker C, Iversen P. Interdisciplinary 
critique of sipuleucel-T as immunotherapy in  
castration-resistant prostate cancer. J Natl Cancer Inst. 
2012;104:273–9.

22. Itoh K, Yamada A. Personalized peptide vaccines: a new 
therapeutic modality for cancer. Cancer Sci. 2006;97:970–6.

23. Higano C, Saad F, Somer B. A phase III trial of GVAX 
immunotherapy for prostate cancer versus docetaxel plus 
prednisone in asymptomatic, castration-resistant prostate 
cancer (CRPC). Presented at: Proceedings of the 2009 
Genitourinary Cancer Symposium, American Society of Clinical 
Oncology (ASCO), Orlando, FL, USA. 26–28 February 2009.  
Abstr. LBA150. 

24. Small E, Demkow T, Gerritsen WR, et al. A phase III trial of 
GVAX immunotherapy for prostate cancer in combination with 
docetaxel versus docetaxel plus prednisone in symptomatic, 
castration-resistant prostate cancer (CRPC). Presented at: 
Proceedings of the 2009 Genitourinary Cancer Symposium, 
American Society of Clinical Oncology (ASCO), Orlando, FL, USA. 
26–28 February 2009. Abstr. 7.

25. Drake CG. Immunotherapy for prostate cancer: walk, don’t run. 
J Clin Oncol. 2009;27:4035–7.

26. Rice J, Ottensmeier CH, Stevenson FK. DNA vaccines: precision 
tools for activating effective immunity against cancer. Nat Rev 
Cancer. 2008;8:108–20.

27. Arlen PM, Skarupa L, Pazdur M, et al. Clinical safety of a 
viral vector based prostate cancer vaccine strategy. J Urol. 
2007;178:1515–20.

28. Kantoff PW, Gulley JL, Pico-Navarro C. Revised overall survival 
analysis of a phase II, randomized, double-blind, controlled 
study of PROSTVAC in men with metastatic castration-resistant 
prostate cancer. J Clin Oncol. 2017;35:124–5.

29. Kantoff PW, Schuetz TJ, Blumenstein BA, et al. Overall  
survival analysis of a phase II randomized controlled 
trial of a Poxviral-based PSA-targeted immunotherapy in 
metastatic castration-resistant prostate cancer. J Clin Oncol. 
2010;28:1099–105.

30. Gulley JL, Borre M, Vogelzang NJ, et al. Phase III trial of 
PROSTVAC in asymptomatic or minimally symptomatic 
metastatic castration-resistant prostate cancer. J Clin Oncol. 
2019;37:1051–61.

31. Lubaroff DM, Konety BR, Link B, et al. Phase I clinical trial of 
an adenovirus/prostate-specific antigen vaccine for prostate 
cancer: safety and immunologic results. Clin Cancer Res. 
2009;15:7375–80.

32. Shahabi V, Reyes-Reyes M, Wallecha A, et al. Development of a 
Listeria monocytogenes based vaccine against prostate cancer. 
Cancer Immunol Immunother. 2008;57:1301–13.

33. Yang B, Jeang J, Yang A, et al. DNA vaccine for cancer 

immunotherapy. Hum Vaccin Immunother. 2014; 
10:3153–64.

34. Liu G, Fong L, Antonarakis ES, et al. Randomized phase II  
trial of a DNA vaccine encoding prostatic acid phosphatase 
(pTVG-HP) versus GM-CSF adjuvant in patients with  
PSA-recurrent prostate cancer. J Clin Oncol. 2019;37 
(15 Suppl.):5037.

35. Carreno BM, Magrini V, Becker-Hapak M, et al. Cancer 
immunotherapy. A dendritic cell vaccine increases the breadth 
and diversity of melanoma neoantigen-specific T cells. Science. 
2015;348:803–8.

36. Stenzl A, Feyerabend S, Syndikus I, et al. Results of the 
randomized, placebo-controlled phase I/IIB trial of CV9104, 
an mRNA based cancer immunotherapy, in patients with 
metastatic castration-resistant prostate cancer (mCRPC).  
Ann Oncol. 2017;28(Suppl. 5):v408.

37. Noguchi M, Moriya F, Koga N, et al. A randomized phase II 
clinical trial of personalized peptide vaccination with 
metronomic low-dose cyclophosphamide in patients with 
metastatic castration-resistant prostate cancer.  
Cancer Immunol Immunother. 2016;65:151–60.

38. Noguchi M, Kakuma T, Uemura H, et al. A randomized 
phase II trial of personalized peptide vaccine plus low dose 
estramustine phosphate (EMP) versus standard dose EMP in 
patients with castration resistant prostate cancer.  
Cancer Immunol Immunother. 2010;59:1001–9.

39. Lilleby W, Gaudernack G, Brunsvig PF, et al. Phase I/IIa clinical 
trial of a novel hTERT peptide vaccine in men with metastatic 
hormone-naive prostate cancer. Cancer Immunol Immunother. 
2017;66:891–901.

40. Fenoglio D, Traverso P, Parodi A, et al. A multi-peptide,  
dual-adjuvant telomerase vaccine (GX301) is highly 
immunogenic in patients with prostate and renal cancer. 
Cancer Immunol Immunother. 2013;62:1041–52.

41. BrightPath Biotherapeutics. Announcement on the results 
of the phase III clinical trial for cancer peptide vaccine ITK-1 
in patients in Japan with prostate cancer. 2018. Available at: 
http://pdf.irpocket.com/C4594/N9qg/yjsf/UnhG.pdf  
(accessed 25 June 2020).

42. Schepisi G, Cursano MC, Casadei C, et al. CAR-T cell therapy: a 
potential new strategy against prostate cancer. J Immunother 
Cancer. 2019;7:258.

43. Slovin SF, Wang X, Hullings M, et al. Chimeric antigen receptor 
(CAR+) modified T cells targeting prostate specific membrane 
antigen (PSMA) in patients (pts) with castrate metastatic 
prostate cancer (CMPC). J Clin Oncol. 2013;31(6 Suppl.):72.

44. Tran B, Horvath L, Dorff TB, et al. Phase I study of AMG 160, a 
half-life extended bispecific T-cell engager (HLE BiTE) immune 
therapy targeting prostate-specific membrane antigen (PSMA), 
in patients with metastatic castration-resistant prostate cancer 
(mCRPC). J Clin Oncol. 2020;38(6 Suppl.):TPS261.

45. Hummel H-D, Kufer P, Grüllich C, et al. Phase 1 study of 
pasotuxizumab (BAY 2010112), a PSMA-targeting Bispecific  
T cell Engager (BiTE) immunotherapy for metastatic  
castration-resistant prostate cancer (mCRPC). J Clin Oncol. 
2019;37(15 Suppl.):5034.

46. Leach DR, Krummel MF, Allison JP. Enhancement of antitumor 
immunity by CTLA-4 blockade. Science. 1996;271:1734–6.

https://www.cancerresearch.org/scientists/immuno-oncology-landscape/fda-approval-timeline-of-active-immunotherapies
https://www.cancerresearch.org/scientists/immuno-oncology-landscape/fda-approval-timeline-of-active-immunotherapies
https://www.cancerresearch.org/scientists/immuno-oncology-landscape/fda-approval-timeline-of-active-immunotherapies
http://pdf.irpocket.com/C4594/N9qg/yjsf/UnhG.pdf


Review  Prostate Cancer

50 EUROPEAN ONCOLOGY & HAEMATOLOGY

47. Bashyam H. CTLA-4: From conflict to clinic. J Exp Med. 
2007;204:1243.

48. Small EJ, Tchekmedyian NS, Rini BI, et al. A pilot trial of  
CTLA-4 blockade with human anti-CTLA-4 in patients with 
hormone-refractory prostate cancer. Clinical Cancer Res. 
2007;13:1810–5.

49. Hodge JW, Guha C, Neefjes J, Gulley JL. Synergizing radiation 
therapy and immunotherapy for curing incurable cancers. 
Opportunities and challenges. Oncology. 2008;22:1064–70.

50. Slovin SF, Higano CS, Hamid O, et al. Ipilimumab  
alone or in combination with radiotherapy in metastatic 
castration-resistant prostate cancer: results from an open-label, 
multicenter phase I/II study. Ann Oncol. 2013;24:1813–21.

51. Kwon ED, Drake CG, Scher HI, et al. Ipilimumab versus  
placebo after radiotherapy in patients with metastatic 
castration-resistant prostate cancer that had progressed 
after docetaxel chemotherapy (CA184-043): a multicentre, 
randomised, double-blind, phase 3 trial. Lancet Oncol. 
2014;15:700–12.

52. Beer TM, Kwon ED, Drake CG, et al. Randomized, double-blind, 
phase III trial of ipilimumab versus placebo in asymptomatic 
or minimally symptomatic patients with metastatic 
chemotherapy-naive castration-resistant prostate cancer.  
J Clin Oncol. 2017;35:40–7.

53. Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, and 
immune correlates of anti-PD-1 antibody in cancer.  
N Eng J Med. 2012;366:2443–54.

54. Hansen AR, Massard C, Ott PA, et al. Pembrolizumab 
for advanced prostate adenocarcinoma: findings of the 
KEYNOTE-028 study. Ann Oncol. 2018;29:1807–13.

55. Antonarakis ES, Piulats JM, Gross-Goupil M, et al. 
Pembrolizumab for treatment-refractory metastatic  
castration-resistant prostate cancer: multicohort, open-label 
phase II KEYNOTE-199 study. J Clin Oncol. 2020;38:395–405.

56. De Bono JS, Goh JC, Ojamaa K, et al. KEYNOTE-199: 
Pembrolizumab (pembro) for docetaxel-refractory metastatic 
castration-resistant prostate cancer (mCRPC). J Clin Oncol. 
2018;36(15 Suppl.):5007.

57. Fakhrejahani F, Madan RA, Dahut WL, et al. Avelumab in 
metastatic castration-resistant prostate cancer (mCRPC).  
J Clin Oncol. 2017;35(6 Suppl.):159.

58. Madan RA, Mohebtash M, Arlen PM, et al. Ipilimumab and 
a poxviral vaccine targeting prostate-specific antigen in 
metastatic castration-resistant prostate cancer: a phase 1 
dose-escalation trial. Lancet Oncol. 2012;13:501–8.

59. Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Combined 
nivolumab and ipilimumab or monotherapy in untreated 
melanoma. N Eng J Med. 2015;373:23–34.

60. Motzer RJ, Tannir NM, McDermott DF, et al. Nivolumab plus 

ipilimumab versus sunitinib in advanced renal-cell carcinoma. 
N Eng J Med. 2018;378:1277–90.

61. Hellmann MD, Paz-Ares L, Bernabe Caro R, et al. Nivolumab 
plus ipilimumab in advanced non–small-cell lung cancer.  
N Eng J Med. 2019;381:2020–31.

62. Sharma P, Pachynski RK, Narayan V, et al. Initial results from a 
phase II study of nivolumab (NIVO) plus ipilimumab (IPI) for the 
treatment of metastatic castration-resistant prostate cancer 
(mCRPC; CheckMate 650). J Clin Oncol. 2019;37(7 Suppl.):142.

63. Chabanon RM, Soria JC, Lord CJ, Postel-Vinay S. Beyond DNA 
repair: the novel immunological potential of PARP inhibitors. 
Mol Cell Oncol. 2019;6:1585170.

64. Chabanon RM, Pedrero M, Lefebvre C, et al. Mutational 
landscape and sensitivity to immune checkpoint blockers.  
Clin Cancer Res. 2016;22:4309–21.

65. Karzai F, VanderWeele D, Madan RA, et al. Activity of 
durvalumab plus olaparib in metastatic castration-resistant 
prostate cancer in men with and without DNA damage repair 
mutations. J Immunother Cancer. 2018;6:141.

66. Yu EY, Massard C, Retz M, et al. Keynote-365 cohort a: 
Pembrolizumab (pembro) plus olaparib in docetaxel-pretreated 
patients (pts) with metastatic castrate-resistant prostate cancer 
(mCRPC). J Clin Oncol. 2019;37(7 Suppl.):145.

67. Fizazi K, Gonzalez Mella P, Castellano D, et al. Efficacy and 
safety of nivolumab in combination with docetaxel in men with 
metastatic castration-resistant prostate cancer in CheckMate 
9KD. Ann Oncol. 2019;30(Suppl. 5):v885.

68. Bishop JL, Sio A, Angeles A, et al. PD-L1 is highly expressed 
in Enzalutamide resistant prostate cancer. Oncotarget. 
2015;6:234–42.

69. Ardiani A, Gameiro SR, Kwilas AR, et al. Androgen deprivation 
therapy sensitizes prostate cancer cells to T-cell killing through 
androgen receptor dependent modulation of the apoptotic 
pathway. Oncotarget. 2014;5:9335–48.

70. Graff JN, Alumkal JJ, Drake CG, et al. First evidence of significant 
clinical activity of PD-1 inhibitors in metastatic, castration 
resistant prostate cancer (mCRPC). Ann Oncol. 2016; 
27(Suppl. 6):vi244.

71. Graff JN, Alumkal JJ, Thompson RF, et al. Pembrolizumab 
(Pembro) plus enzalutamide (Enz) in metastatic castration 
resistant prostate cancer (mCRPC): Extended follow up.  
J Clin Oncol. 2018;36(15 Suppl.):5047.

72. Fong PCC, Retz M, Drakaki A, et al. Keynote-365 cohort 
C: Pembrolizumab (pembro) plus enzalutamide (enza) in 
abiraterone (abi)-pretreated patients (pts) with metastatic 
castrate resistant prostate cancer (mCRPC). J Clin Oncol. 
2019;37(7 Suppl.):171.

73. Sweeney CJ, Gillessen S, Rathkopf D, et al. Abstract CT014: 
IMbassador250: A phase III trial comparing atezolizumab 

with enzalutamide vs enzalutamide alone in patients with 
metastatic castration-resistant prostate cancer (mCRPC). 
Cancer Res. 2020;80(16 Suppl.):CT014.

74. Pasero C, Gravis G, Guerin M, et al. Inherent and tumor-driven 
immune tolerance in the prostate microenvironment impairs 
natural killer cell antitumor activity. Cancer Res.  
2016;76:2153–65.

75. Jiao S, Subudhi SK, Aparicio A, et al. Differences in tumor 
microenvironment dictate T helper lineage polarization and 
response to immune checkpoint therapy. Cell. 2019; 
179:1177–90.

76. Alexandrov LB, Nik-Zainal S, Wedge DC, et al. Signatures of 
mutational processes in human cancer. Nature.  
2013;500:415–21.

77. Slovin SF. Immunotherapy in metastatic prostate cancer. Indian 
J Urol. 2016;32:271–6.

78. Abida W, Cheng ML, Armenia J, et al. Analysis of the prevalence 
of microsatellite instability in prostate cancer and response to 
immune checkpoint blockade. JAMA Oncol. 2019;5:471–8.

79. Mehra N, Gerritsen W. Now the dust has settled over immune 
checkpoint blockade in metastatic prostate cancer. Ann Oncol. 
2018;29:1620–2.

80. Marabelle A, Le DT, Ascierto PA, et al. Efficacy of 
pembrolizumab in patients with noncolorectal high 
microsatellite instability/mismatch repair–deficient cancer: 
results from the phase II KEYNOTE-158 study. J Clin Oncol. 
2020;38:1–10.

81. Sartor O, de Bono JS. Metastatic prostate cancer. N Eng J Med. 
2018;378:645–57.

82. Haffner MC, Guner G, Taheri D, et al. Comprehensive  
evaluation of programmed death-ligand 1 expression in  
primary and metastatic prostate cancer.  
Am J Pathol. 2018;188:1478–85.

83. Wu YM, Cieślik M, Lonigro RJ, et al. Inactivation of CDK12 
delineates a distinct immunogenic class of advanced prostate 
cancer. Cell. 2018;173:1770–82.

84. Antonarakis ES. Cyclin-dependent kinase 12, immunity, and 
prostate cancer. N Eng J Med. 2018;379:1087–9.

85. Antonarakis ES, Velho PI, Fu W, et al. CDK12-altered  
prostate cancer: clinical features and therapeutic  
outcomes to standard systemic therapies, poly (ADP-ribose) 
polymerase inhibitors, and PD-1 inhibitors.  
JCO Precis Oncol. 2020;4:370–81.

86. Schweizer MT, Ha G, Gulati R, et al. CDK12-mutated prostate 
cancer: clinical outcomes with standard therapies and immune 
checkpoint blockade. JCO Precis Oncol. 2020;4:382–92.

87. Hagihara K, Chan S, Zhang L, et al. Neoadjuvant sipuleucel-T 
induces both Th1 activation and immune regulation in localized 
prostate cancer. Oncoimmunology. 2019;8:e1486953.




