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Immunotherapy: a glimmer of hope for metastatic prostate cancer
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Abstract: Prostate cancer was the first cancer in which immunotherapy vaccine was approved by FDA

in 2010 named Sipuleucel-T. No new immunotherapies have been approved since, as phase 3 trials didn’t

show any improvement in overall survival (OS) especially with immune checkpoint inhibitors. Currently

tremendous amount of research is going on, in studying microenvironment of prostate cancer, finding new

targets and biomarkers, and trying different combination therapies. Some of the new targets explored are

VISTA and PARP inhibitors. Combination therapies have shown promising results in early phase trials and

likely in near future we will have an effective immunotherapy for advanced prostate cancer. In this article we

will review the current data and future of immunotherapy in prostate cancer.
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Introduction

Metastatic prostate cancer is the second leading cause
of cancer deaths worldwide. It was the first cancer in
which vaccine immunotherapy was approved by FDA
thus an immune responsive disease. However, the
immunotherapeutic advances in prostate cancers are quite
restricted, as no other drugs have shown clinical results
in phase 3 trials. Still there is glimmer of hope, as active
research is ongoing on combination of different forms of
immunotherapy for prostate cancer. Recently new targets
have been identified for prostate cancer like VISTA and
PARP inhibition. So there are chances that immunotherapy
will evolve as effective therapy in advanced prostate cancer.

Vaccine therapy
Sipuleucel-T (Provenge)

Sipuleucel-T is FDA approved cancer vaccine for prostate
cancer. It is an autologous cellular immunotherapy, in
which immune cells from host are in vitro activated against
specific cancer antigens, to mount an immune response.
In this vaccine, antigen presenting cell (APC) or dendritic
cells are harvested with leukopheresis, these immune cells
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are incubated with fusion protein (PA2024) incorporating
the antigens associated with prostate cancer, prostate acid
phosphatase (PAP) and granulocyte-macrophage colony
stimulating factor (GM-CSF) (1). After processing for
48 hours these activated immune cells are transfused
back into patients to mount an immune response. Total
3 cycles are given to patients every 2 weekly and course was
completed in 1 month (2).

It was approved by FDA in 2010 after phase 3 trial
results of Immunotherapy for Prostate Adenocarcinoma
treatment (IMPACT) (3). In this study 512 patients with
mCRPC (metastatic castration-resistant prostate cancer)
were enrolled. The patients who received Sipuleucel-T
had a median overall survival (OS) of 25.8 months as
compared to 21.7 months with placebo. It was statistically
significant and there was 22% reduction in relative risk for
mortality. However, there was no significant improvement
in progression free survival (PFS). IMPACT also revealed
that the greatest benefit occurs in patients with lower
disease burden. As in this trial there is no improvement
in PFS, short-term outcome and level of prostate specific
antigen (PSA) didn’t decrease, concern was raised regarding
efficacy of Sipuleucel-T. At that time, we were unfamiliar
with immunotherapy, but later on multiple trials on
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Table 1 Sipuleucel-T trials
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No. NCT number Phase of study Interventions Outcome

1 NCT03329742 - Low protein diet, Sipuleucel-T Safety and tolerability, IR, PFS, OS

2 NCT03024216 Phase 1 Atezolizumab, Sipuleucel-T AE, RPFS, OTR, DOR, IR

3 NCT02793765  Phase 2 Docetaxel, Sipuleucel-T PSA-RR, RPFS, PSA, AE

4 NCT02463799 Phase 2 Radium-223, Sipuleucel-T IR, TCP, TCA, AE, PSA progression

5 NCT02159950 Phase 2 Sipuleucel-T, tasquinimod IR, PSA response, AE, IR, ORR, OS, PFS,
PSA progression

6 NCT01981122 Phase 2 Sipuleucel-T, enzalutamide IR

7 NCT01807065 Phase 2 Sipuleucel-T, external beam radiation therapy IR, AE

8 NCTO01706458 Phase 2 Sipuleucel-T, DNA vaccine IR, PFS, RPFS, PSA progression

9 NCT01560923 Phase 2 Indoximod, Sipuleucel-T, placebo IR, ORR, OS

10 NCT01487863 Phase 2 Sipuleucel-T, abiraterone acetate Cumulative CD54 upregulation ratio

11 NCT01431391 Phase 2 Sipuleucel-T, leuprolide acetate IR

IR, immune response; PFS, progression free survival; OS, overall survival; AE, adverse events; RPFS, radiological progression free survival;
OTR, objective tumor response; DOR, duration of response, PSA-RR, prostate specific antigen response rate; PSA, prostate specific
antigen; CK, cytokine activity; TCP, T cell proliferation; TCA, T cell activation; ORR, objective response rate.

immunotherapy have showed similar findings of improved
long term outcome but no short term improvement (4-6). It
has been suggested that Sipuleucel-T slows the progression
of disease over time, as it has to enhance the immune
system and cause proliferation and activation of anticancer
cytotoxic T cells. Therefore, this antitumor effect may
not be apparent initially and may be considered as disease
progression in short term.

To check the immune response after treatment with
Sipuleucel-T, a study was conducted by Fong ez /. In this
study 37 men with localized surgically resectable prostate
cancer were treated with Sipuleucel-T as neoadjuvant
therapy prior to radical prostatectomy (7). Surgical
prostatectomy samples were evaluated for immune response.
There was threefold increase in infiltration of CD4 and
CDS8 T cells as compared to pretreatment biopsy and
twelve patients who didn’t get Sipuleucel-T as neo-adjuvant
chemotherapy did not have similar immune response. This
suggest sipuleucel-T mobilize T cells against the prostate
cancer.

Given its OS benefit, enhanced immune response and
favorable toxicity profile it should be a good option for
patients with asymptomatic or minimally symptomatic
mCRPC. However full three dose treatment is not
cost effective (8), require lot of coordinated effort for
leukopheresis and sample transportation, with no benefit in
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PES and short term outcome. Alone Sipuleucel-T doesn’t
seem to be have bright future, but in combination with
chemotherapy, hormonal therapy or radium 223 it may
have better outcomes (9-12). Currently lot of early phase
studies are going on individual and combination therapies
of Sipuleucel-T, which have been summarized in Table 1.

PROSTVAC (PSA-TRICOM)

PROSTVAC is a prostate specific viral recombinant
antigen targeted vaccine. Basically it has combination of
two viral factors—immunologic priming agent “Vaccinia”
and immunologic boosting agent “Fowlpox” (13). Each
vector carries for PSA and three immunologic molecules-
B7.1 (costimulatory molecule for T cells), ICAM-1
(intracellular adhesion molecule 1) and LFA-3 (lymphocyte
function associated antigen 3) (14). Virus infects the APCs
and induces presentation of tumor associated antigens. It
promotes cell surface protein expression on APC and lead
to activation and proliferation of T cells. Enhanced T cell
function lead to aggravated immune response and promote
degradation of cancer cells (15). PROSTVAC enhances the
avidity of T cells 100 folds (16), this is significant as higher
avidity lead to rapid activation of T cells with even minimal
amount of antigen presentation. As cancers suppress the
immune system, this property is more helpful to have tumor
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No. NCT number Phase Interventions Outcome
1 NCT03315871 Phase 2 PROSTVAC-V, PROSTVAC-F, MSB0011359C PSA progression, AE
(M7824), CV301
2 NCT02933255 Phase 1,2 PROSTVAC-V/F, nivolumab AE, IR, PSA progression, PDL-1 expression
3 NCT02772562 Phase 2 PROSTVAC-V/F, prostatectomy RPFS, AE
4 NCT02649855 Phase 2 PROSTVAC-V, PROSTVAC-F, docetaxel IR, antigen specific response, RPFS, OS
5 NCT02649439  Phase 2 PROSTVAC-V, PROSTVAC-F Growth rate
6 NCT02506114  Phase 2 PROSTVAC V/F, ipilimumab IR, AE
7 NCT02153918  Phase 2 PROSTVAC-V/TRICOM, PROSTVAC-F/TRICOM PSA progression, IR
8 NCT01875250  Phase 2 PROSTVAC-F/TRICOM, PROSTVAC-V/TRICOM, IR, PSA progression
Enzalutamide (Xtandi)
9 NCT01867333  Phase 2 PROSTVAC-F/TRICOM, PROSTVAC-V/TRICOM, 0OS, IR

Enzalutamide (Xtandi)

PSA, prostate specific antigen; AE, adverse events; IR, immune response; RPFS, radiological progression free survival; OS, overall survival.

lysis effect. In this patient receive priming dose on day 1
and then subsequently booster vaccine on day 14, 28 and
then monthly until disease progression.

Various studies have shown the immune response of
PROSTVAC. One trial has shown the twofold increase
in PSA specific T cell response in 57% of patients (17). In
a phase 2 trial (14) of PROSTVAC vs. control vector, it
has been shown the improvement in OS. In PROSTVAC
arm survival improved to 25.1 vs. 16.6 months in placebo
control vector but the decline in PSA was minimal. Phase 3
multicentric study (NCT01322490) of PROSTVAC with or
without GM-CSF wvs. placebo in patients with mCRPC has
recently been concluded and results are eagerly awaited.

Some of the early phase studies of PROSTVAC is going
on which are summarized in 7Table 2.

GVAX

It is a cancer vaccine consists of two allogeneic irradiated
prostate cancer cell lines LNCap and PC-3 which
express GM-CSF (18). Phase 1 and phase 2 studies
showed promising results. In one study done to evaluate
immunogenicity of GVAX on chemotherapy naive mCRPC
patients (19). Patients were distributed in three groups,
radiotherapy alone, GVAX high dose boost and GVAX
low dose boost. The OS was 26.2, 34.9 and 24 months
respectively. This vaccine in early studies was well tolerated
with minimum autoimmune toxicities and improved patient
survival. After that two phase 3 trials were conducted
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VITAL-1 and VITAL-2 which were prematurely terminated
due to no therapeutic effect and increase in mortality
(20,21).

DCVAC/PCa

In this autologous vaccine, dendritic cells are obtained by
leukopheresis and exposed to killed prostate cancer cells
which stimulates patient’s lymphocytes when they are
reinjected into his body. In a phase 1/2 trial 25 patients with
mCRPC received DCVAC vaccine with docetaxel. Patients
also received Toll like receptor agonist to enhance immune
system and cyclophosphamide to reduce regulatory T cells.
The median OS was 19 months in patient who got DCVAC
vaccine, whereas predicted OS was 11.8 months with Halabi
nomogram and 13 months with MSKCC nomogram (22).
After success of phase 1/2 trial, a global Phase 3 trial was
started named as VIABLE trial. In this trial DCVAC/PCa
with first line chemotherapy for mCRPC is studied. The
results of study are awaited (23).

ProstAtak

It is based on gene transfer technology, via adenoviral
vector, herpes simplex virus thymidine kinase is transferred
to prostate cancer cells. Along with ProstAtak, radiation
therapy and valacyclovir are also given. Radiation therapy
will destroy the tumor and due to ProstAtak there will be
enhanced immune response against cancer cells. If given
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in newly diagnosed and localized prostate cancer, it may
prevent recurrence also. In a phase 1/2 trial (24), 9 men with
newly diagnosed localized prostate cancer got ProstAtak
before radiotherapy, and after follow up of 11.3 years,
6 patients were alive and 3 patients passed away due to issues
unrelated to prostate cancer. Now Phase 3 trial is going on
to determine the immune response due to combination of
ProstAtak and radiation therapy in intermediate to high risk
localized prostate cancer. In this study patient will receive
transrectal ultrasound guided injection of ProstAtak after
15 days to 8 weeks of radiation therapy. The primary end
point of study is PFS and secondary end point will be OS
and PSA progression (NCT01436968).

Immune checkpoint inhibitors

Ipilimumab is a monoclonal antibody which acts against
CTLA-4 (cytotoxic T-lymphocyte associated protein 4) and
up regulates the activity of cytotoxic T cells. It was approved
by FDA for melanoma as it improved the survival and
increased antitumor efficacy. CTLA-4 is a protein receptor
that is present on surface of T lymphocytes. When APC
activate T cells to fight against foreign antigens, there are
costimulatory molecules like CD28 and B-7 which enhances
the immune response. But along with that there are immune
check points like CTLA-4 which binds B7, counteract the
costimulatory effect of CD28 and negatively regulate the
immune response (25,26). Cancer cells exploit this property
of CTLA-4, enhances their action and subsides the immune
response. Ipilimumab acts against CTLA-4 and suppress
the immune checkpoints therefore causes activation and
proliferation of cytotoxic T cells which helps in degradation
and lysis of tumor cells (27,28).

In patients with prostate cancer some of early phase
1 trials were conducted investigating effect of CTLA-4
blockage (29-31). Until now two phase 3 trials have studied
the effect of ipilimumab on OS of patients with mCRPC.
The first trial was done to assess the use ipilimumab after
radiotherapy in patients with mCRPC who have progressed
after docetaxel chemotherapy (32). Total 799 patients
were enrolled, in which at least one bone metastasis from
CRPC should be there. Patients were assigned into 1:1
ratio to receive ipilimumab 10 mg/kg or placebo, every
3 weeks for up to four doses with maintenance ipilimumab
or placebo every 3 monthly until progression of disease. The
trial failed to show improvement in OS as it was 11.2 months
in ipilimumab arm and 10 months in placebo arm. But there
was improvement in PFS which was statistically significant
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(ipilimumab 4 months vs. placebo 3 months). The most
common grade 3-4 adverse events were immune related,
occurring in 26% of ipilimumab group and 3% of placebo
group. In this study, subgroup analysis was also conducted
which showed higher chances of benefit from ipilimumab
therapy in patients with absence of visceral metastasis, low
Alkaline phosphatase and hemoglobin more than 11 g/dL.
Second study was done to evaluate treatment with
ipilimumab in chemotherapy naive asymptomatic or
minimally symptomatic mCRPC patients, without visceral
metastasis (33). Patients were assigned in 2:1 ratio to
ipilimumab and placebo therapy. Medial OS was statistically
comparable in both the groups (ipilimumab 28.7 months and
placebo 29.7 months). But the PFS was better in ipilimumab
group (ipilimumab 5.6 months and placebo 3.8 months).
Immune related adverse events occurred in 31% of
ipilimumab arm and 2% of placebo. Above mentioned two
studies have shown that ipilimumab has no benefit in OS, but
it improves PFS and PSA response rate suggest antitumor
activity. So if ipilimumab used in combination with other
therapies it may still benefit mCRPC patients (Table 3).

PD-1/PD-L1 inhibitors

PD-1 is a transmembrane glycoprotein (34), which is expressed
on surface of activated cytotoxic T cells, B cells, dendritic
cells, natural killer (NK) cells and macrophages (35). PD-1
regulates immune response and programmed cell death. It
is basically an immune checkpoint receptor which controls
the inflammatory reaction and reduce T cell activity in
peripheral tissue therefore prevents autoimmunity (36,37).
There are two ligands PD-L1 (programmed death ligand-1)
and PD-L2 (programmed death ligand 2), they are present
on cancer cells, and when these ligands bind with PD-1
they suppress the immune reaction (38). It is one of the
mechanisms of evasion of immunity by cancer cells. PD-1/
PD-L1 inhibitors block these receptors so there is no signal
to suppress immune response (39). It leads to activation and
proliferation of cytotoxic T cells which lead to degradation
and lysis of tumor cells. Recent studies have shown that
PD-1/PD-L1 inhibitors are efficacious in improving OS in
various cancers. FDA approved Nivolumab (PD-1 inhibitor)
in metastatic melanoma, non-small cell lung cancer and
renal cancer and Pembrolizumab (PD-L1 inhibitor) in
treatment of advanced melanoma (40-42).

In phase 1 trial of nivolumab, there was no objective
clinical response in patients with mCRPC. Three phase 1
dose escalation studies were conducted to study the response
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No. NCT number Phase Interventions Outcome

1 NCT03098160 Phase 1 Evofosfamide, ipilimumab R2PD, MTD, AE

2 NCT03333616  Phase 2 Ipilimumab, nivolumab ORR, DOR, PFS, OS

3 NCT03061539 Phase 2 Nivolumab, ipilimumab CRR, OS, PFS, AE

4 NCT02985957  Phase 2 Nivolumab, ipilimumab ORR, OS, PFS, AE, IRAE

5 NCT02601014 Phase 2 Ipilimumab, nivolumab PFS, AE, ORR, PFS

6 NCT02506114 Phase 2 PROSTVAC V/F, ipilimumab AE, CD3+ T cell immune response,
immunologic infiltration

7 NCT02279862  Phase 2 Ipilimumab 3 mg, ipilimumab 10 mg RPFS, IRAE, OS, PSA-PFS, PSA-RR

8 NCT02020070  Phase 2 Degarelix, ipilimumab AE, OS, PFS

9 NCT01832870 Phase 1 Sipuleucel-T, ipilimumab T cell response, PSA progression

10 NCT01804465  Phase 2 Sipuleucel-T, ipilimumab IR, PSA progression, AE

11 NCT01688492 Phase 1 and 2  Ipilimumab, abiraterone acetate, prednisone AE, PFS, PSA

12 NCT01498978 Phase 2 Ipilimumab CO, IR, IRAE, PSA progression

14 NCT01377389 Phase 2 Ipilimumab, leuprolide, goserelin, degarelix PSA progression

15 NCT01194271 Phase 2 Leuprolide acetate, ipilimumab, radical Longitudinal peripheral blood values

prostatectomy

R2PD, recommended phase 2 dose; MTD, maximum tolerated dose; AE, adverse events; ORR, objective response rate; DOR, duration of
response; IRORR, immune related objective response rate; PFS, progression free survival; OS, overall survival; CRR, composite response
rate; IRAE, immune related adverse events; RPFS, radiologic progression free survival; PSA-PFS, prostate specific antigen progression-

free survival; PSA-RR, prostate specific antigen response rate; IR, immune response; PSA, prostate specific antigen.

of nivolumab in mCRPC, total 27 patients were enrolled
but there was no measurable clinical response (43-45).
Thus targeting PD-1 as monotherapy for mCRPC was
curtailed. The most likely reason for failure of monotherapy
of PD-1 inhibitor is, paucity of PD-L1 expression in tumor
microenvironment (46), as expression of PD-L1 in tumor
tissue is associated with immune response (47). Expression
of immune check points is a dynamic process, with more
infiltration of T cells there is upregulation of PD-L1
expression. Sipuleucel-T and Ipilimumab can enhance
the T cell infiltration in the tumor microenvironment
and therefore may increase the efficacy of PD-1/PD-L1
inhibitors. In 2016 Annual Meeting of the European Society
of Medical Oncology, results were presented from an
ongoing phase 2 trial of pembrolizumab in CRPC patients
who progressed on enzalutamide therapy (NCT02312557).
In this study patients were given pembrolizumab 200 mg
IV every 3 weekly for four doses along with enzalutamide
therapy. Out of 20 patients 4 had reduction on PSA more
than 50%. This response rate of 20% is promising and
if it is combined with other forms of therapy results may
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become better. Tzble 4 summarizes the studies going on
monotherapy and combination therapy of PD-1/PD-L1
inhibitors.

PARP inhibition in prostate cancer

PARP [poly (ADP Ribose) polymerase] is an enzyme
which initiate single stranded DNA repair. In patient
with underlying DNA repair problem, if we inhibit PARP
there will be no DNA repair and cell will die. This is the
basic principle of action of PARP inhibitors. One study
showed that genomic testing from bone and soft tissue
metastasis of CRPC has DNA repair alterations. There
are aberrations in androgen receptor (AR), TP53, PTEN,
BRCA1/2 and ATM genes. It also showed that 89% of these
are clinically actionable DNA mutation and frequency of
these aberrations increase with progression of disease (48).
Olaparib is an oral PARP inhibition, which is approved for
BRCA1/2 mutant ovarian cancer (49). As prostate cancer
patients also have this mutation, active PARP inhibition
can be a promising treatment. In a phase 2 study where
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No. NCT number Phase of study Interventions Outcome

1 NCT03338790 Phase 2 Nivolumab, docetaxel, enzalutamide, rucaparib, ORR, RR-PSA, RPFS, TTR, DOR,
prednisone TTP-PSA, OS, AE, SAE

2 NCT03300505 Phase 2 ARRXx, pembrolizumab RPFS, PSA progression, OS

3 NCT03248570 Phase 2 Pembrolizumab, chemotherapy ORR, PFS, IRPFS, AE

4 NCT03093428 Phase 2 Radium-223, pembrolizumab 0S, PFS, AE

5 NCTO03007732 Phase 2 Pembrolizumab, SD-101, radiation brachytherapy, = PFS, AE, PSA progression
combined androgen blockage (CAB)

6 NCT02998567 Phase 1 Guadecitabine, pembrolizumab MTD, AE, PD

8 NCT02861573 Phase 1 Pembrolizumab, olaparib, docetaxel, prednisone, PSA progression, AE, ORR, DCR, RPFS
enzalutamide, dexamethasone

9 NCT02499835 Phase 1 and 2 Pembrolizumab, pTVG-HP plasmid DNA vaccine AE, PFS, ORR, RR-PSA, IR, PDL-1

10 NCT02489357
11 NCT02325557
12 NCT02312557

Phase 1 and 2
Phase 1
Phase 2

Cryosurgery, degarelix, pembrolizumab
ADXS31-142, ADXS31-142 + pembrolizumab

Enzalutamide, pembrolizumab

expression
Proportion of men with PSA <0.6 ng/mL
AE, PFS

PSA-RR, T cell responseg, IR, OS,
PD-1,PDL-1 expression, ORR

ORR, objective response rate; PSA RR, prostate-specific antigen response rate; RPFS, radiographic progression-free survival; TTR,
time to response; DOR, duration of response; TTP-PSA, time to prostate-specific antigen progression; OS, overall survival; AE, adverse
events; SAE, incidence of serious adverse events; IRPFS, immune-related progression-free survival; PFS, progression-free survival; MTD,

maximum tolerated dose; PD, pharmacodynamics; DCR, disease control rate.

mCRPC patients not responding to standard therapy are
treated with Olaparib and mutational status was assessed by
genomic sequencing. It showed that 33% patients have high
response to Olaparib therapy and it was associated with
defect in DNA repair gene. BRCA and ATM mutations
were found in 10% and 12% of patients respectively, out of
49 patients. All patients with BRCA mutations and 80% of
ATM mutations had clinical response to Olaparib. It was a
small study but it prompted a new therapy for CRPC (50).
PARP inhibition leading to absence of DNA repair
and cell death, will increase the antigenicity as there will
be increased cytosolic double stranded DNA (51). And
this enhanced antigenicity will may increase the efficacy
of immune check point inhibitors. Therefore, studies
are going on regarding combination therapy of olaparib
with durvalumab (PD-L1 inhibitor) in prostate cancer
(NCT02484404). At 2017 Annual meeting of American
Society of Clinical Oncology, preliminary results were
presented, which showed >50 reduction in PSA in 43%
patients who got treatment for 2 months (52). Further
studies are going on regarding individual and combination
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therapies of Olaparib, which have been summarized in
Table 5. Two new PARP inhibitors Rucaparib
(NCT02975934) and Niraparib (NCT02854436) are also
under studies for therapy for CRPC.

Combination therapies
Vaccines with immune checkpoint inhibitors

Immune check point inhibitors have significantly failed
in improving clinical outcome in prostate cancer patients.
There was no improvement in OS with ipilimumab and
nivolumab, but the progression free interval improved. It
depicts that, there was response, but not up to that extent
to become statistically significant. The other likely reason
for failure of immune checkpoint inhibitors is not enough
inflammation and T cell infiltration in microenvironment
of the tumor to cause immune activation and destruction of
cancer cells. Vaccine on the other hand didn’t improve PFS
but OS improved and with Sipuleucel-T; there is increase in
T cell infiltration and inflammation in microenvironment
of tumor. Therefore, there should be synergistic effect in

Chin Clin Oncol 2018;7(6):61
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Table 5 Olaparib trials
No. NCT number Phase Interventions Outcome
1 NCT03317392 Phase 1, 2 Olaparib, radiation MTD, RPFS
2 NCT03263650 Phase 2 Cabazitaxel, carboplatin, prednisone, olaparib MTD, RPFS
3 NCT03047135 Phase 2 Olaparib PSA-RR, PSA progression, AE
4 NCT03012321 Phase 2 Olaparib, abiraterone acetate, prednisone PFS, PSA progression, AE
5 NCT02987543 Phase 3 Olaparib, enzalutamide, abiraterone acetate RPFS, ORR, OS, AE
6 NCT02893917 Phase 2 Cediranib, olaparib RPFS, AE, ORR, OS, PSA-RR
7 NCT02484404 Phase 1, 2 Olaparib, cediranib, MEDI4736 ORR
8 NCT02324998 Phase 1 Olaparib, degarelix AE, clinical benefit rate
9 NCT01972217 Phase 2 Olaparib, placebo, abiraterone, prednisone AE, RPFS, PK, OS, ORR
10 NCT01682772 Phase 2 Olaparib RR, RPFS, PFS, AE

PSA, prostate specific antigen; AE, adverse events; IR, immune response; RPFS, radiological progression free survival; OS, overall
survival; RR, response rate; PFS, progression free survival; PK, pharmacokinetics; ORR, objective response rate; PSA-RR, prostate
specific antigen response rate; MTD, maximum tolerated dose; mCRPC, metastatic castration resistant prostate cancer.

combination of vaccines and immune checkpoint inhibitors.

A clinical trial of combination of ipilimumab and
therapeutic cancer vaccine Prostvac has shown preliminary
evidence of improvement in clinical and immunologic
outcome. The median OS was 34.4 months (53) which as
compared to Prostvac alone in contemporary study was
26.3 months (54). There was reduction in PSA in 54% of
patients and PSA decline more than 50% was seen in 25%
of patients. This study suggests potential synergy between
vaccines and Immune check point inhibitors. Further
studies are going on combination therapy of vaccines and
immune checkpoint inhibitors which have been shown in

Tables 1-5.

Combination of immune checkpoint inhibitors

Anti CTLA-4 and anti PD-1 both are immune checkpoint
inhibitors, but act on different receptors and affect the
immune response in different ways, therefore, they may
have synergistic effect when combined together. Ipilimumab
and nivolumab combination therapy have been tested in
Melanoma, which showed improved outcomes as compared
to independent therapies of both. But there were grade 3 to
4, adverse reaction in 55% of population (55,56). Currently
phase 1 and phase 2 studies are going on regarding
combination therapy in CRPC, which have been described
in Tables 3 and 4. But increased efficacy of the combination
has to weighed against increased side effect profile.
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Combination of immunotherapy with standard therapy
(chemotherapy and radiotherapy)

Standard therapy reduces the tumor burden by killing
the cancer cells. This lysis and degradation of cancer cells
release potent cancer antigens which if picked by immune
system can lead to activation of T cells and further lysis
of cancer cells. But this doesn’t happen as cancer cells
modify immune system accordingly and suppress immune
activation. If immunotherapy is used with standard therapy,
suppression of immunity by cancer cells will be reduced and
there will be enhanced activation of immune system which
leads to proliferation of T cells and lysis of tumor. Androgen
deprivation therapy attenuate immune response, enhance
thymic output of naive T cell, promotes T cell trafficking
to prostate and improves tolerance and all of this provides a
prime rationale for synergism with immunotherapy (57-60).
In preclinical studies it has been shown that chemotherapy
(docetaxel) enhances the major histocompatibility complex 1
(MHC-1) and tumor antigen expression and even low dose
of radiotherapy does the same (59,61-64). Currently various
initial phase trials are going on regarding this combination
therapy which have been summarized in Tables 1-5.

Future directions
Vaccine immunotherapy in early stages of cancer

Vaccine immunotherapy is not a direct cancer cell lytic
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therapy, basically it enhances the immune system to fight
against cancer cells and which is a slow process and has to
go through multiple steps. And as cancer progresses it has
suppressive effect on immune system, and with advanced
stages of cancer reactivation of immune system will not be
an easy task. Clinical data involving several tumor types
have shown that vaccine immunotherapy works best in early
stages of disease with limited tumor burden (65,66). It has
been shown that there is threefold increase in inflammatory
cells in tumor microenvironment when they are treated
with Sipuleucel-T prior to radical prostatectomy (7).

Biomarkers

Failure of individual immune check point inhibitors raised
the question whether expression of PD-1/PD-L1/CTLA-4
is biomarker for efficacy of immune checkpoint inhibitors.
Immune biomarkers are required to increase the efficacy
and to reduce the side effect profile. Further studies need to
be conducted to look for more specific biomarkers.

Prostate cancer antigens

Immunotherapy vaccines target the antigens which are
present normally on prostate like PAP, PSA, prostate
specific cell antigen. Prostate cancer undergoes significant
somatic mutations and several mutated proteins can serve
as a neoantigens (67). If we can find and target these new
mutated proteins, efficacy and specificity of vaccine will
significantly improve.

Novel targets for immune checkpoint

Finding new immune checkpoints which creates tumor
resistance will be the key to design new therapies for
cancers. Recently it was discovered that ipilimumab
therapy in prostate cancer had led to high level of T cell
infiltration along with that there is increased expression
of PD-L1 and VISTA (V domain Ig suppressor of T Cell
activation), another immune checkpoint (68). Therefore,
addition of anti-VISTA therapy to previous immune check
point inhibitors can open new frontiers in immunotherapy
for prostate cancer. Some other potential targets for
immunotherapy of solid tumors are under initial stages
of study. Some of them are LAG-3, TIGIT, TIM-3, B7-
H3, B7-H4, CD-27, OX40, IDO, CD39, CD73, STATS3,
CD137, PSMA, FAP/IL-2.

Conclusions

Although prostate cancer didn’t show satisfactory results

© Chinese Clinical Oncology. All rights reserved.
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with immunotherapy like other tumors, but a considerable
amount of progress has been made in developing effective
immunotherapy strategy. Future research options
regarding prostate cancer are wide open. Some of them are
developing biomarkers, starting immunotherapy in early
stages, combinational therapies and developing new targets
for immunotherapy. As novel therapies are advancing
and rational combination therapies are emerging, there is
chance we will soon have effective therapy for advanced
prostate cancer.
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