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Prostate cancer is the most common cancer in men. About 6% of those
diagnosed will develop metastatic disease. Unfortunately, metastatic prostate
cancer is fatal. Prostate cancer can be castration sensitive or castration resistant.
Many treatments have been shown to improve progression free survival and
overall survival in metastatic castration resistant prostate cancer (IMCRPC). In
recent years, studies have been exploring targeting mutations in the DNA
Damage Repair (DDR) response that may amplify oncogenes. In this paper, we
aim to discuss DDR, new approved targeted therapies, and the most recent
clinical trials in the setting of metastatic CRPC.
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Introduction

Prostate cancer is the most common cancer and second leading cause of cancer-related
death in men (1-3). Androgen receptor signaling drives prostate cancer growth, and a
mainstay of treatment for prostate cancer is androgen deprivation therapy (ADT) which
interrupts the androgen receptor signaling cascade (4). However, some prostate cancers will
progress despite appropriate suppression of testosterone as a result of androgen independent
signaling (4). Despite the early clinical efficacy of ADT, 10-20% of patients will become
resistant to ADT and develop castrate resistant prostate cancer (CRPC) within 5 years (5).

At present, there are multiple treatment options for metastatic CRPC. These treatments
include second generation androgen receptor blockers, inhibition of androgen biosynthesis
with an agent such as abiraterone (6), and taxane chemotherapy with docetaxel or cabazitaxel
(7). There have been studies using mitoxantrone but multiple studies have shown increased
toxicity with response rates between 9-20% (7-10). Radium 223 is also approved for use in
castrate resistant prostate cancer with bone metastases (11). This is a radioactive isotope
which is taken up in the bones and concentrates in areas of high osteoblastic activity (11, 12).

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1150777/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1150777/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1150777/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1150777/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1150777&domain=pdf&date_stamp=2023-03-14
mailto:dianavmaslov@gmail.com
https://doi.org/10.3389/fonc.2023.1150777
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1150777
https://www.frontiersin.org/journals/oncology

Maslov et al.

In March, 2022, [177 Lu]Lu-PSMA-617 was approved for the
treatment of prostate cancer. This works by targeting prostate-
specific membrane antigen (PSMA) which is overexpressed in
prostate tumor tissue. This is the first radiolabeled drug to be
approved for CRPC (13). Despite the clinical benefit seen with
these therapies, most patients will eventually progress. Therefore,
there is an interest in identifying further targeted therapies.

Single nucleotide or oligonucleotide damage is repaired by
either mismatch repair (MMR), base excision repair (BER) or
nucleotide excision repair (NER) whereas larger DNA damage
such as double stranded breaks (DSB) require homologous
recombination (HR) or non-homologous end joining (NHE]).
Compared to NHE]J, HR results in an error free repair because
it involves finding and synapsing with a homologous locus to
prime repair (14). Specific DNA Damage Response (DDR)
pathways are activated depending on the type of DNA insult
and damage (15). If successful repair is not possible, programmed
cell death is activated to maintain genomic integrity. Thus,
mutations in DDR can lead to oncogene amplification and
cancer progression (15). Here, we aim to discuss the clinical
implications of DDR alterations and review the most recent
clinical trials of targeted therapies for DDR mutations in the
setting of CRPC.

Homologous recombination repair
(HRR) mutations

Homologous recombination repair (HRR) is a DNA repair
process in which proteins seek homologous regions of
chromosomes that may be damaged, copy the sequence from the
undamaged strand, and resolve the structure (14). When there are
mutations in these proteins, DNA is not repaired properly, which
can lead to proliferation of cancer cells (14).

Mutations in BRCA1 and BRCA2 are known to be associated
with an increased risk of prostate cancer in men (16). BRCA1
increases the risk of prostate cancer in patients less than 65 years old
by 1.8 fold and BRCA2 by 4.5 times (16). Those with BRCA2
mutations tend to be diagnosed at a younger age, have higher
Gleason grade tumors, and shorter survival (17). The PROREPAIR-
B study found that those with BRCA2 mutation had a disease
specific survival of about half than those without a DDR mutation
(17.4 vs. 33.2 mos, p =.027) (18). Those with BRCA2 also had
significantly lower survival than those with other non-BRCA2
mutations. Therefore, BRCA2 is an independent prognostic factor
for survival in those with mCRPC. This is showing the importance
of utilizing treatments in those with BRCA2 mutation.
Polyadenosine diphosphate-ribose polymerase (PARP) inhibitors
have been studied in multiple trials in patients with metastatic
CRPC and BRCA1 and 2 mutations (19, 20).

PARP inhibitors and HRR mutations

Many of the studies examining the use of PARP inhibitors in
patients with BRCA 1 or 2 mutations also included patients with
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more rare mutations in homologous recombination repair genes.
These genes include PALB2, ATM, CDK12, RAD51, and FANCA.

PALB2 is a gene which encodes a protein that links BRCA1 and
2 to form a surveillance complex (21). ATM works by halting the
cell cycle when data replication is needed to repair. It is primarily
involved in responding to DNA double-stranded breaks. In ATM-
deficient cells, damaged DNA continues to replicate (22). A study
by Neeb et al. (2021) detected ATM loss in 11% of patients with
CRPC. ATM loss did increase genomic instability but did not seem
to result in inferior clinical outcomes for patients (22). The
PROREPAIR-B study found that in a patient population of 419
with mCRPC, 16% had an HHR mutation (BRCA1/BRCA2/ATM/
[PALB2) (18).

The CDK12 gene is a tumor suppressor that encodes for cyclin-
dependent kinase 12 (23). Cyclin dependent kinases (CDKs)
regulate transcription by phosphorylating RNA polymerase which
serves as a platform to recruit other transcriptional factors.
Inhibition or loss of CDKI12 has been shown to result in
dysregulation of homologous recombination DNA repair genes
such as BRCA1, FANCD2 and ATR, leading to genomic
instability, tandem duplications, and gene fusions (23). CDKI12
mutations occur in 4-11% of prostate cancers. The subset of
prostate cancer with CDK12 mutations display more aggressive
disease features such as a shorter time to metastasis and
development of castration resistant disease (23).

RAD?51 appears during S phase and is required to initiate stalled
or broken DNA replication forks. It co-localizes with BRCA2 in
mitotic cells (17). The interaction between BRCA2 and RAD5I1 is
essential for error-free DNA synthesis to take place. RADS51 is
known to be expressed more in aggressive prostate cancers, such as
those with Gleason grades >7 (17).

Homozygous deletions of the FANCA gene occur in about 6%
of prostate cancers, according to some studies (24). In vitro prostate
cancer cells with FANCA deletions seem to have higher sensitivity
to cisplatin and other DNA damaging substances compared to cells
with wild-type FANCA (24). FANCA alterations also seem to
sensitize cells to PARP inhibitors (24).

Clinical trials

The TOPARP-B study was a phase II trial which evaluated two
different doses of olaparib in patients with metastatic CRPC who
had BRCA1 and 2 mutations as well as in patients with mutations in
PALB2, ATM, and CDKI12 (25). The primary endpoint of the
TOPARP-B trial was composite response including radiological
response as defined by RECIST 1.1 criteria, PSA response, and
response in circulating tumor cells. Composite overall response
rates were highest in those with BRCA mutations (83.3%) as
compared to the other mutations. Patients with ATM mutations
had a 36.8% overall response rate, those with CDK12 mutations had
a 25% response rate, and patients with PALB2 mutations had a
57.1% composite overall response rate. Secondary endpoints of
progression free survival and overall survival were also assessed.
Patients with BRCA 1/2 mutations had the longest median
progression free survival (PFS) (8.2 months) and median overall
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survival (OS) (17.7). Those with ATM mutations had a median PFS
of 5.6 months and OS 16.6 months. Patients with CDK 12
mutations had worse outcomes with a median PFS of 2.9 months
and OS 9.5 months. The patients with PALB2 mutations had a
median PFS of 5.3 months and OS 13.9 months. It was therefore
noted in this trial that patients with CDK12 mutations seemed to
have poorer outcomes with treatment with PARP inhibitors and
that while patients with ATM and PALB2 mutations did have some
response to treatment, it was less significant than the patients with
BRCA 1 and 2 mutations.

The phase III PROfound Trial evaluated olaparib versus second
generation hormonal therapy in patients with BRCA mutations as
well as in those with 13 other genes implicated in HRR (26). Many
of these genes are quite rare and only one or two patients with many
of the mutations were included in the trial. The primary endpoint
was progression free survival. Patients with BRCA2 mutations were
again found to have the best response to treatment with olaparib,
with median PFS being 10.84 months versus 3.48 months in the
control arm. Patients with RAD51B mutations had similar
responses with a median PFS 10.89 months as compared to 1.77
months in the control arm. Patients with RAD54L had a median
PES of 7.2 months in the PROfound Trial. Those with mutations in
CDK12, ATM, and CHEK2 all had a median PES of about 5
months. The U.S. Food and Drug Administration (FDA)
approved olaparib for patients who had progression after
treatment with enzalutamide or abiraterone with somatic or
germline mutations in HRR genes (including BRCA1 and 2,
ATM, BARDI1, BRIP1, CDK12, CHEK1, CHEK2, FANCL,
PALB2, RAD51B, RAD51C, RAD51D, or RAD54L) based on this
data (27).

The TRITON-2 study evaluated the use of rucaparib in patients
with HRR deficiency. A separate analysis was performed on the data
for patients with non-BRCA mutations (28). In patients with ATM
mutations, only 2 of 19 patients had radiologic responses and only 2
of 49 of these patients had PSA responses. The patients with CDK12
mutations also had low response rates with 0 of 10 patients having
radiologic responses and 1 of 15 having PSA responses. 1 of 9 patients
with CHEK2 mutations had a radiologic response and 2 of 12 of these
patients had PSA responses. The phase III TRITON3 study plans to
compare rucaparib with abiraterone, enzalutamide, and docetaxel in
patients with metastatic CRPC and HRR mutations (29). Another
study underway at the National Cancer Institute is the CASPAR trial
(30). This is also evaluating the combination of Rucaparib with
Enzalutamide in patients with mCRPC both with and without
HRR mutations (NCT04455750) (30).

Niraparib has also been evaluated in patients with metastatic
CRPC and non-BRCA HRR mutations. This was evaluated in the
phase II GALAHAD trial (31). The trial included 47 patients with
measurable disease and non-BRCA mutations including ATM,
FANCA, PALB2, CHEK2, BRIP1, and HDAC2. The patients with
non-BRCA mutations were assessed as one cohort. These patients
had a lower objective response rate (10.6%) as compared to the
patients with BRCA mutations (34.2%) (31).

The MAGNITUDE trail studied Niraparib in combination with
abiraterone acetate and prednisone (AAP) vs Niraparib alone (32).
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This study is still ongoing but has shown benefit of combination
therapy in both those with specific BRCA1/BRCA2 mutations and
all with HRR mutations. Radiographic PFS is higher in both
subgroups, reducing the risk of progression or death by 47% (16.6
vs 10.9 mos in the BRCA1/2 group) (16.5 vs 13.7 mo in the HRR+
group (32).

Talazoparib is another PARP inhibitor which has been
evaluated in this population. This was evaluated in the phase II
TALAPRO-1 study (33). Objective response rates were again lower
in the patients with PALB2 and ATM mutations as compared to
patients with BRCA mutations (33).

In review of these studies, it seems that PARP inhibitors result
in less dramatic responses in patients with non-BRCA HRR
mutations. However, given a lack of treatments with better data,
PARP inhibitors remain an important therapeutic option for these
patients. Given the relative frequency of non-BRCA HRD
alterations, future trials evaluating responsiveness to PARP
inhibitors will inform clinical management in this population.

There is an interest in evaluating combinations of PARP
inhibitors with other known treatments to improve efficacy. The
PROpel trial is a phase 3 trial studying the use of abiraterone with
olaparib in those with mCRPC in the first line setting. The genes
assessed were ATM, BRCA1, BRCA2, BARD1, BRIP1, CDK12,
CHEK1, CHEK2, FACL, PALB2, RAD51B, RAD51C, RAD51D,
and RAD54L (34). However, patients were enrolled regardless of
HRR mutation status. Patients were classified into three groups:
HRR mutated (28.4%), non mutated (69.3%), and unknown (2.3%).
Those with HRR mutations had slightly more significant
improvement with abiraterone and olaparib. The study found that
median image-based PFS was significantly longer in all patients who
were treated with abiraterone and olaparib vs. abiraterone alone
(24.8 vs. 16.6 months) despite mutation status. Overall survival was
immature. The combination of abiraterone and olaparib has since
been approved by the U.S. FDA (35). This study confirms the
importance of continuing trials studying combination therapy in
both those with and without HRR mutations (34).

PLATI-PARP is a phase II trial being conducted at the
University of Washington studying the effectiveness of docetaxel
with carboplatin followed by rucaparib in the treatment of
metastatic CRPC (36). The study will be analyzing patients with
BRCALI and 2 mutations but will also include ATM gene mutations
(NCT03442556) (36).

A phase II trial called BRCA Away will randomly assign patients
with BRCA 1/2, and ATM mutations to receive either abiraterone,
olaparib, or the combination of abiraterone and olaparib (37). The
study will also assess treatment of patients with more rare types of
DNA repair gene mutations including FANCA, PALB2, RAD51,
ERCC3, MRE11, NBN, MLH3, CDK12, CHEK2, HDAC2, ATR,
PMS2, GEN1, MSH2, MSH6, BRIP1, or FAM175A with olaparib
(NCT03012321) (37). The phase III study TALAPRO-2 is a double-
blinded randomized placebo-controlled trial aimed to compare
talazoparib with enzalutamide versus enzalutamide monotherapy
in mCRPC patients (38).

There is an especially low rate of response to PARP inhibitors in
patients with CDK12 mutations (23). CDK4/6 inhibitors are
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commonly used in the treatment of hormone-receptor positive
breast cancer and have shown anti-tumor effects in preclinical
studies of CRPC cells (39). It is also thought that loss of function
alterations in CDK12 may confer sensitivity to immunotherapy.
Based on this data, there is currently an ongoing phase II trial
evaluating abemaciclib alone versus abemaciclib plus atezolizumab
in patients with CDK12 mutations (39).

Enhancement of PARP inhibitor activity in
HRR mutations

An in vitro study by Zhou et al. (2021) took a different
approach to enhance the efficacy of PARP inhibitors with CRPC
cells (40). Their hypothesis was that the addition of an agent which
downregulates the ATM/ATR, and RAD51 pathways would
enhance the effectiveness of the PARP inhibitors. Previous
research has shown that the proto-oncogene, MET, is highly
expressed in CRPC (41). It has been proposed previously that
MET may phosphorylate regulatory checkpoints pathways. Zhou
et al. examined the growth of prostate cancer cells when MET
expression was silenced using crizotinib. Crizotinib is a tyrosine
kinase inhibitor for MET and other mutations. It is regularly used to
treat other types of cancer such as non-small cell lung cancer (42).
The study found a synergistic antineoplastic effect on colony
formation in migration assays with combination therapy
compared to monotherapy alone. They analyzed the expression
level of DNA damage markers in the prostate cancer cell lines.
Results of immunofluorescence analysis showed increased DNA
damage in those exposed to combination treatment compared to
monotherapy. They also found that ATM, ATR, and RAD51 were
decreased with combination therapy. Therefore, they concluded
that MET silencing downregulated these pathways and enhanced
sensitivity to PARP inhibition. This led to the promising idea of
combination therapy of PARP and MET inhibition in those with the
above mutations.

Other rare DDR pathway mutations
MRN complex

The MRN complex is also part of homologous recombination
repair. This complex is made up of the MRE11, RAD50, and NBS1
enzymes (43, 44). Instead of recognizing sequences that are
damaged and correcting it, the MRN complex can detect DNA
breaks and induce apoptosis of these cells instead of inducing repair.
MREI11 is specifically activated when irreversible DNA damage
occurs and augments apoptosis. A high level of MRE11 expression
in prostate cancer tissue has been associated with poor outcomes,
including increased risk of recurrence and decreased overall
survival (43). There is interest in finding a treatment which
impairs the MRN complex in order to accumulate DNA damage
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in the tumor cell and thus prevent growth. An MRN-ATM pathway
inhibitor, called mirin, has been investigated in vitro for this
purpose. Mirin inhibits MRE11 activity and seems to inhibit
androgen-dependent transcription and thus replication of tumor
cells in prostate cancer (44). NBS1 appears to be a prostate-cancer
susceptibility gene. Mutations in this are more common in familial
types of prostate cancer than sporadic. Additionally, NBS1
mutations seem to be more prevalent in patients who have higher
grade disease (45).

Histone deacetylases (HDAC)

Histones are protein scaffolds that allow genomic DNA to be
systematically wrapped and packaged. Modifications to these
proteins by acetylation or deacetylation control how tightly the
DNA is wound around the histones and thus allows for tight control
of gene expression. Histone deacetylases (HDACs) have been
shown to be overexpressed in prostate cancer (46). Increased
expression of HDACs have been associated with enhanced
tumor cell proliferation, aggressive phenotype, and worse clinical
outcomes such as PSA relapse-free survival. HDAC:s also have non-
histone targets including Ku70, which is a crucial component
of the non-homologous end-joining DNA repair pathway (46).
Additionally, HDACs play a role in HR DNA damage repair.
Thus, HDAC inhibitors are now being investigated in
combination with PARP inhibitors as a way to improve
antitumor efficacy.

Vornistat is a small molecule inhibitor of class I and I HDACs
and has been shown to be effective in inhibiting growth in
preclinical prostate cancer cell lines (47). However, In a phase II
trial evaluating vorinostat in mCRPC patients, there was only best
objective response in 2 patients (7%) and there was significant grade
3 toxicity limiting efficacy assessment (47).

PARP and HDAC inhibitors

In preclinical studies, a PARP inhibitor (veliparib) and
vornistat, a pan-HDAC inhibitor, have been shown to have a
synergistic effect leading to decreased expression and stability of
the HR DNA repair protein BRCA1 (48). Thus, there is an active
phase 1 dose-escalation trial investigating Talazoparib (PARP
inhibitor) in combination with Belinostat (HDAC inhibitor) for
metastatic cancers including mCRPC (NCT04703920) (49).

Conclusion

The treatment of metastatic castrate resistant prostate cancer is
evolving to focus on a more targeted approach. Identifying
treatments for patients with mutations in both HRR and DDR
regulation has led to improved progression free survival and overall
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TABLE 1 Clinical trials investigating DDR mutations in metastatic castration-resistant prostate cancer.

Agent / Trial summary Outcome  Adverse events (%) Clinical outcome

Trial

PARP Inhibitor

Olaparib
TOPARB-B Open-label, single arm, Phase 2, Olaparib Efficacy and = Most common grade 3-4 adverse Confirmed composite response was
400 mg or 300 mg twice daily in mCRPC safety events in both cohorts was anemia (15 achieved in 25 patients (54-3%; 95% CI
patients with DDR aberrations. patients [31%] in the 300 mg cohort 39:0-69-1) in the 400 mg cohort, and 18
(NCT01682772) and 18 patients [37%] in the 400 mg patients (39-1%; 25-1-54-6) in the 300 mg
cohort.) cohort.
One death possibly related to Median radiographic PFS 5.5 months (95%
treatment (myocardial infarction) CI 4.4-8.3) in the 400 mg cohort and 5.6
mo (3.7-7.7) in the 300 mg cohort. Median
0OS 14.3 mo (9.7-14.3) vs 10.1 mo (9.0-
17.7).
PROfound Open-label, Randomized Phase 3, Olaparib Efficacy and = Most common adverse events of any Median progression free survival (7.4
Versus Enzalutamide or Abiraterone Acetate safety grade were anemia, nausea, fatigue or months vs 3.6 month in Olaparib vs
in mCRPC patients with HR gene defieincy. asthenia. control; hazard ratio for progression or
(NCT02987543) 11 cases [4%)] in the Olaparib group death 0.34; 95% confidence interval, 0.25. to
had pulmonary embolism compared to | 0.47; P<0.001)
1 [1%] in the control arm. Median OS 18.5 mo in Olaparib group and
15.1 months in control group.
Rucaparib
TRITON2 Open-label, Single Group Phase 2, Rucaparib | Efficacy and =~ Most frequent grade 3-4 adverse event ORR 43.5% (95% CI, 31.0% to 56.7%) and
in mCRPC patients with HR gene deficiency. | safety was anemia (20/115 patients [25.2%]) 50.8% (95% CI, 38.1%-63.4%) by
(NCT02952534) independent radiology review and
investigators respectively.
Median time to PSA progression 6.5 mo
(95% CI, 5.9-7.8). Median rPFS was 9 mo
(8.3-13.5). OS not yet matured. Estimated
12 mo OS 73% (62.9-80.7).
TRITON3 Open-label, Randomized Phase 3, Olaparib Efficacy and | Active, not recruiting Active, not recruiting
vs physician’s choice of therapy for mCRPC safety
patients with HR gene deficiency.
(NCT02975934)
CASPAR Double-blind, Randomized Phase 3, Efficacy and = Recruiting Recruiting
Rucaparib in combination with Safety
Enzalutamide in mCRPC patients
(NCT04455750)
Niraparib
GALAHAD Open-label, Single Group Phase 2, Niraparib | Efficacy and =~ Most common grade 3-4 adverse event | ORR 34.2% (95% CI 23.7-46%)
in mCRPC patients with DNA-Repair safety was hematologic (anemia 95/289 Median rPFS 8.2 mo (95% CI, 5.2-11.1).
Anomalies (NCT02854436) patients [54%]; thrombocytopenia 47 Median OS 12.6 mo (9.2-15.7) among
[16%]; neutropenia 28 [10%]) patients with biallelic BRCA alterations.
MAGNITUDE | Double-blind, Randomized Phase 3, Efficacy and  Active, not recruiting Radiographic PFS 16.6 mos in BRCA1/2
Niraparib in combination with Abiraterone safety subgroup 95% CI 0.36-0.79), 16.5 mos in all
Acetate and Prednisone in mCRPC patients HRR+ patients (95% CI 0.56-0.96)
with and without gene alterations OS data is immature
(NCT03748641)
Talazoparib
TALAPRO-1 Open-label, Single Group Phase 2, Efficacy and = Most common grade 3-4 adverse ORR 29.8% (95% CI 21.2-39.6%)
Talazoparib in mCRPC with DNA Repair safety events was hematologic (anemia 39/ Median rPFS 5.6 mo (3.7-8.8)
Defects (NCT03148795) 127 [31%]; thrombocytopenia 11 [9%],
neutropenia 10 [8%])
TALAPRO-2 Double-blind, randomized Phase 3 Placebo- Safety and Active, not recruiting Active, not recruiting
controlled study of talazoparib with Efficacy
enzalutamide vs enzalutamide monotherapy
in mCRPC patients (NCT03395197)

(Continued)
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TABLE 1 Continued

Agent / Outcome  Adverse events (%) Clinical outcome

Trial

Trial summary

Combination PARP Inhibitor

PLATI-PARP Open-label, Single Group Phase 2, Induction | Efficacy and | Recruiting Recruiting
Docetaxel and Carboplatin followed by safety
maintenance Rucaparib in mCRPC patients
with HR DNA repair deficiency
(NCT03442556)
BRCAAWAY Open-label, Randomized, Crossover Efficacy and = Recruiting Recruiting
Assignment Phase 2, Abiraterone, Olaparib, safety
or Abiraterone + Olaparib in mCRPC
patients with DNA repair defects
(NCT03012321)
PROpel Randomized double-blind, placebo- Efficacy and = Most common AEs were anemia Investigator assessed image based PFS 24.8
controlled Phase 3, Olaparib + Abiraterone safety [46%], fatigue/asthenia [37.2%)], nausea vs 16.6 mo (HR 0.66, 95% CI, 0.54-0.81)
Relative to Placebo + Abiraterone as first [28.1%]. 15.1% had Grade 3 > anemia. ORR 58.4% vs 48.1% (OR 1.60; 95% CI,
line in mCRPC (NCT03732820) 1.02-2.53) abiraterone and Olaparib vs
abiraterone and placebo arm.
CDK Inhibitor
Abemaciclib Open-label, Randomized, Parallel Efficacy and | Recruiting Recruiting

Assignment Phase 2 Abemaciclib with or safety, dose

without atezolizumab in mCRPC patients limiting
(NCT04751929) toxicity
HDAC Inhibitor
Vorinostat Open-label, Single Group Phase 2 Vorinostat | Efficacy and = Most common AEs were fatigue [81%], = Best ORR 7% [2 patients] was stable
in patients with advanced prostate cancer safety nausea [74%], anorexia [59%], disease.
that have progressed on one prior vomiting [33%], diarrhea [33%], Median time to progression 2.8 months and
chemotherapy (NCT00330161) weight loss [26%)] median OS was 11.7 months.
1 patient had grade 4 thrombosis.
Talazoparib Open-label, Single Group Phase 1 Dose- Recruiting Recruiting
with Talazoparib in Combination with Belinostat Escalation

for Metastatic Breast Cancer, mCRPC, and
Metastatic Ovarian Cancer (NCT04703920)

Belinostat

survival in these patients. Many clinical trials are continuing to  The content is solely the responsibility of the authors and does
target these rare pathways (Table 1). With further research, the

course of disease for those with CRPC may be able to be
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significantly improved.
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