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Abstract: Background: Prostate cancer is one of the most common cancer threats to men. The incidence rate and mortality rate
are second only to lung cancer in Europe and America. At present, the 5-year survival rate of prostate cancer is only 29% when
metastasis occurs. Prostate cancer seriously endangers the health of male patients. Early prostate cancer surgery and radiotherapy
and chemotherapy effect is better, advanced endocrine therapy effect is better, because of drug resistance, eventually progress to
castration resistant prostate cancer (CRPC). Although new drugs such as abiraterone acetate, enzalutamide, apalutamide and
darutamide have brought new hope to patients with CRPC, when CRPC progresses to metastatic castration resistant prostate
cancer (mCRPC), the effect of endocrine therapy is limited. Objective: Immunotherapy, immunosuppressive checkpoint
inhibitors and molecular targeted therapy bring new hope to patients with CRPC. This article will review the new progress of
immunotherapy and molecular targeted therapy. Methods: A number of clinical and experimental studies were reviewed to
indicate the novel advancement in the progressive therapy of CRPC. Results: Immunotherapy, immunosuppressive checkpoint
inhibitors and molecular targeted therapy can improve median survival time and have a decrease of PSA level. Conclusion: With
the advancements in CRPC therapy made by the researchers, some novel potential methods will occupy more and more
important position in the treatment of CRPC.
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1. Introduction 2. Immunotherapy

Prostate cancer remains the second most common cause of
cancer death in the United States [1]. It is estimated that about
31000 men died this year from metastatic castrated prostate . .
cancer (mCRPC), a deadly form of the disease [1]. Since the prostate cancer vaccine and exposed to the patient's own

approval of radium-223 in 2013, no new treatment has been antigen presenting  cells. .It enters into a fusion pepti.de
approved in this field; however, there has been significant composed of prostate acid phosphatase (Pap) fused with

progress and expansion in the treatment category for merpc. granulocyte and macrqphage colony—.stimulati.ng fac.tor. It has
This review will focus on two new and developing therapeutic been approved for use in asympt.omatlc and mlld patlents with
areas that have the potential to revolutionize the management CRP_C’ and plays a Fherapeutlc role bY inducing f:ellular
of mCRPC: immunotherapy, immunocheckpoint inhibitors, aut01mmu.ne regulatlon: . A randomized, multicenter,
and poly ADP ribose polymerase (PARP) inhibitors targeted double-t?hnd, phase III clinical study cgmpareq the .treatment
therapy. Immunotherapy and the use of PARP inhibitors may ~ Sr0UP with the placebo group. The median survival time of the

change the future prospects and prognosis of mCRPC patients treatment group was 4.1 mopths longer than that of the
[2,3]. placebo group. The 3-year survival rate of the treatment group

was 31.7%, significantly higher than that of the placebo group

Prostate cancer is a disease in which cancer vaccines have
shown a birth advantage, Sipuleucel-T is a personalized
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(23%) [4]. A small sample phase III clinical study with
sipuleucel-T suggests a tendency to prolong the survival of
patients with CRPC [5]. In April 2010, FDA approved the
treatment for patients with mild or asymptomatic mCRPC. Its
advantage is that no matter whether the patient has received
treatment or not, the drug will produce antigen-specific
immune response [6]. However, the complexity of vaccine
preparation process and the slightly expensive drug cost
restrict its wide clinical application.

Virus based vaccine is an immunotherapy strategy, which
uses recombinant virus vector carrying TAA gene sequence to
simulate the natural infection of host immune cells, thus
causing specific immune response against tumor antigen [7].
Proctvac (TRICOM) is a vaccine based on poxvirus. It consists

of recombinant attenuated vaccinia and fowlpox virus enhancer.

It encodes TAAs (PSA) and three costimulatory proteins: B7-1
(CD80), lymphocyte function associated antigen 3 (LFA-3)
(CD58) and intercellular adhesion molecule-1 (ICAM-1)
(CD54)[8]. Gulley et al [9] (results of the recently published
trial; patients were randomly divided into three groups:
PROSTVAC, PROSTVAC + GM-CSF or placebo. The median
overall survival was not affected by either treatment (34.4, 33.2,
and 34.2 months, respectively). The proportion of patients with
no event (AWE) at 6 months was similar (29.4%, 28.0% and
30.3%, respectively). Overall, prostvac is safe, but it does not
affect the overall survival of mCRPC patients or the proportion
of patients with no events [9].

3. Immune Checkpoint Inhibitors

The intensity of immune response mediated by T cells
depends on the balance between CO stimulation and inhibition
signals. Immune checkpoint is a kind of molecular substance
that prevents T cells from over activation in the immune
system. Malignant tumor cells will overexpress these
molecules and further inhibit the killing effect of the immune
system. Immune checkpoint inhibitors inhibit tumor cells by
inhibiting immune checkpoint molecules and reactivating the
killing immunity of T cells [10]. Pembrolizumab is a
monoclonal antibody against PD-1, which can prevent PD-L1
from binding to PD-1 of activated T cells, leading to tumor
cell death. Recent studies support the effectiveness of PD-1
inhibitors in some mcrpc patients. It has been reported that
80% (4 / 5) of merpc patients with MSI-H (highly
microsatellite  instability)  received  nivolumab  or
pembrolizumab, and PSA decreased by more than 50% [11].
A recent study of CRPC and tumor samples from more than
1000 men found that 2.2% of the samples had high MSI sensor
scores, while the other 9% had uncertain dmmr scores. Eleven
MSI-H / dmmr mCRPC patients received anti-PD-1 / PD-L1
treatment. Six men (54.5%) had a decrease of PSA level by
more than 50%, and 4 of them had radiation reaction [11]. In
the keynote-028 study, pembrolizumab has also been tested as
a monotherapy (without enzalutamide) in patients with
advanced PCA. The IB basket trial evaluated the efficacy and
safety of pembrolizumab, involving 477 patients with multiple
cancers, including mCRPC [12]. The prostate cancer cohort

consisted of 23 patients with mCRPC who had to have
measurable disease and tissue PD-L1 expression > 1% (in
tumors or immune cells). In these 23 patients, the objective
response rate was 13% (3 / 23), and 39% of the patients were
stable for more than 12 weeks. In patients with objective
remission, the median duration of remission was 59 weeks
(range, 28-62 weeks). The median OS was 8 months, which
was a reasonable OS considering that 74% of patients had
received two or more systemic treatments for metastatic
CRPC disease [12].

On May 23, 2017, the US FDA announced that it would
accelerate the approval of keytruda, an antibody against PD-1
[13]. Tt is the first time that FDA does not use tumor site as
reference and only relies on biomarkers for the treatment of
advanced or metastatic solid tumors in adults and children
with high microsatellite instability or mismatch repair gene
defects, and the effective rate is as high as 40%. Two of the
most promising strategies for combined immunotherapy of
mcrpc are to combine two different checkpoint inhibitors, or
to combine one checkpoint inhibitor with a novel
antiandrogen, enzalutamide, which has been approved for use
in merpc. Checkmate-650 studied the use of a PD-1 inhibitor
nivolumab in combination with anti CTLA4 antibody
ipilimumab for the second or third line treatment of mCRPC
[14]. In this study, men who had previously received
chemotherapy had an objective response rate of 10% (three
out of 30), but it was more promising that 26% (6 out of 23) of
men at the beginning of chemotherapy had an objective
response rate [14]. In the keynote-365 study, pembrolizumab
combined with enzalutamide was used in patients with
mCRPC resistant to abiraterone (before chemotherapy). The
study included 69 patients. The PSA response rate was 33%
(18 of 54 evaluable patients) and the objective response rate
was 20% (5 of 25 evaluable patients) [15].

4. Molecular Targeted Therapy

In recent years, molecular targeted therapy has become one
of the new research hotspots in tumor therapy. It mainly plays
a therapeutic role by selectively inhibiting tumor specific
molecular targets. Molecular targeted drugs for the treatment
of CRPC are gradually used in clinical practice. The inhibition
of poly ADP ribose polymerase (PARP) leads to the
accumulation of DNA single strand breaks, and eventually
leads to the damage of replication fork. Both PARPI and
PARP2 mediate the repair of single strand breaks through base
excision repair. PARP inhibitors lead to cancer cell death
through "synthetic lethality", that is, the combination of PARP
inhibition and homologous recombination gene mutation in
tumor may lead to the loss of compensatory DNA repair
mechanism, leading to cancer cell death due to irreparable
DNA damage [16]. In normal cells, the cleavage was repaired
by error free homologous recombination. When BRCA fails in
homologous recombination pathway, PARP inhibitors induce
synthesis death by blocking base excision repair [17-19].
PARP inhibitors have been approved for BRCA1 and BRCA2
(BRCA) mutations in breast and ovarian cancer [20, 21].
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Evidence of activity is also shown in patients with metastatic
castration resistant prostate cancer (mCRPC) with BRCA
mutations, based on a good combined lethal effect [3].

In preclinical studies, PARP inhibitors have been shown to
inhibit tumor growth and can be used in hormone insensitive
prostate cancer patients and prostate cancer patients with
distant metastasis. In a toparpii phase I trial, a total of 50
patients with mCRPC were enrolled; all patients had been
treated with docetaxel, 49 (98%) were treated with abitiron or
enzalutamide, and 29 (58%) were treated with carbamazepine.
The primary endpoint was response rate, or a reduction in PSA
levels by at least 50%, or a reduction in circulating tumor cell
count from 5 or more cells per 7.5 ml of blood to less than 5
cells per 7.5 ml of blood. Overall, results of the 49 evaluable
patients, 16 (33%; 95% CI 20-48) responded, of which 12
received study treatment for more than 6 months. Next
generation sequencing found homozygous deletions, harmful
mutations, or both of the DNA repair genes (including
BRCA1 /2, ATM, Fanconi anemia gene, and CHEK?2) in 16
(33%) of 49 evaluable patients. Of the 16 patients, 14 (88%)
responded to olaparib, including all 7 patients with BRCA2
deletion (4 with biallelic loss and 3 with germline mutation)
and 4 / 5 of ATM abnormalities. The specificity was 94%.
This suggests that olaparib, a PARP inhibitor, can lead to a
high response rate in patients with prostate cancer who are no
longer responsive to standard treatment and have DNA repair
gene defects [22]. Recently, a randomized, placebo-controlled
phase II clinical trial compared the use of abiolone alone with
that of abitelone combined with olaparib in 142 male patients
with merpe. It showed a tendency to prefer the combination of
abiraterone and olaparib, and there was no correlation
between the homologous recombination and the treatment
group [23]. Therefore, the general concept is to use adjuvant
therapy to reduce immunosuppressive induced drug resistance
or insensitivity. In a multicenter phase II study [24] of 298
solid tumor patients treated with olaparib, 8 patients with
metastatic CRPC had BRCA1 /2 mutation, and the orr was as
high as 50%. It has been found that patients with metastatic
CRPC with homologous recombination repair (HRR)
mutation can benefit significantly from the targeted therapy of
olaparib [25].

Due to the efficacy of olaparib in the treatment of advanced
prostate cancer, a large number of researchers have devoted
themselves to the combination of PARP inhibitors and other
methods. Preclinical data suggest that PARP inhibitors and
androgen receptor antagonists have potential synergistic
effects regardless of the HRR status of prostate cancer [26]. In
a randomized, placebo-controlled phase II clinical study, the
efficacy of olaparib combined with abiraterone was evaluated
[27]. Tt has been reported that olaparib combined with
abiraterone is beneficial for longer radioprogression free
survival (RPFS) (13.8 vs 8.2 months). The recently updated
keynote-365 cohort (nct02861573) reported that in M1 CRPC
patients after docetaxel treatment, the disease control rate
(DCR) of olaparib combined with pembrolizumab for more
than 6 months was 32% [28]. Rae et al [29] found that the
combination of rucaparib, olaparib and HSP90 inhibitors

(17-DMAG) could inhibit the sensitivity of prostate cancer
cells. Zhang et al [30] also found that platinum combined with
olaparib may be a new treatment option for prostate cancer
patients with MYCN and aurka gene mutations. Based on the
above data, more and more clinical trials have been carried out
to further confirm the efficacy of olaparib monotherapy or
combination therapy for CRPC.

PARP inhibitors initially work well, but they also develop
resistance. One possible mechanism is acquired BRCA2
reverse mutation, in which the former BRCA-2 deficient
tumor cells can reach BRCA2 level due to the constant
selective pressure of PARP inhibition [31]. Serial sequencing
of circulating cell-free (CF) DNA can help to monitor these
reversals in a noninvasive manner. In addition to this
mechanism, the loss of MLL3 / 4 complex protein and PTIP
helps to stabilize the replication fork and protect DNA from
degradation [32].

5. Conclusion

CRPC is the final outcome of most prostate cancer patients.
Molecular targeted drugs, Immune checkpoint inhibitors and
immunotherapy have been used in clinical practice. The
treatment of CRPC will certainly bring more hope for survival
for more and more patients. In the specific treatment, we
should consider the survival expectation, general condition,
economic ability and other factors of patients, and carry out
individualized treatment.
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