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Abstract: Metastatic castration-resistant prostate cancer (mCRPC) is an aggressive and fatal 
disease with a median survival of 36 months. With the advent of genetic sequencing to identify 
individual genomic profiles and acquired tumor-specific pathways, targeted therapies have 
revolutionized cancer treatment, including the treatment strategy in mCRPC. Poly(adenosine 5ʹ- 
diphosphate) ribose polymerase inhibitors (PARPi) are oral drugs that target mutations in the 
homologous recombination repair (HRR) pathway, which are found in approximately 27% of 
prostate cancer patients. In May 2020, the first PARP inhibitor, olaparib, was approved by the US 
Food and Drug Administration for men with mCRPC with HHR gene mutations based on the 
findings of the Phase III PROfound trial that showed improved overall survival in men with 
mCRPC who received olaparib and whose disease had progressed on a novel hormonal agent. 
This review summarizes the current evidence and clinical utility of olaparib as treatment in men 
with mCRPC. We describe the mechanism of action of PARPi, key clinical trials of olaparib in 
men with mCRPC, and ongoing Phase II and III clinical trials investigating olaparib in combina-
tion therapy and as front-line therapy in mCRPC. 
Keywords: olaparib, PARP inhibitors, prostate cancer, DNA damage repair, homologous 
recombination repair

Introduction
Metastatic castration-resistant prostate cancer (mCRPC) is an aggressive and fatal 
disease with an estimated 34,130 deaths in the US in 2021 and a median survival of 
36 months.1,2 While metastatic prostate cancer is initially treated with androgen 
deprivation therapy (ADT), the majority of metastatic prostate cancers progress to 
mCRPC – a disease state which no longer responds to first-line ADT. There are 
a number of treatment options available for use in mCRPC, including taxanes, 
sipuleucel-T, abiraterone acetate, enzalutamide, and radium-223, but outcomes 
continue to remain poor due to progressive resistance to therapies. In the last 
decade, genetic sequencing has identified new molecular targets in prostate cancer 
in pathways that promote tumorigenesis and can be targeted therapeutically. In 
May 2020, the poly(ADP) ribose polymerase inhibitor (PARPi) olaparib (Lynparza, 
AstraZeneca Pharmaceuticals, LP) was granted approval by the US Food and Drug 
Administration (FDA) for use in mCRPC.3

The purpose of this review is to describe the evidence and clinical utility of 
olaparib as treatment for men with mCRPC. We describe the mechanism of action 
of PARPi, key clinical trials which resulted in the FDA approval of olaparib, and 
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current guidelines and administration recommendations. 
Next, we outline clinical trials of combination therapies 
with olaparib and conclude with ongoing clinical trials and 
areas for future research for the use of olaparib in mCRPC.

Mechanism of Action of PARP 
Inhibition
The PARP family of enzymes repair DNA damage caused 
by single-stranded breaks (SSB) in DNA that arise from 
replication errors or damage from external agents such as 
radiation, free radicals/reactive oxygen species, or toxins. 
Mutations in prostate cancer are commonly found in 
DNA-damage repair (DDR) pathways, and when they 
occur in the homologous recombination repair (HRR) 
pathway specifically, tumors rely on poly(ADP) ribose 
polymerase (PARP) to correct DNA damage and prevent 
cell lysis.4

PARP acts by repairing SSB in DNA and preventing 
progression to double-stranded breaks (DSB) by maintain-
ing the integrity of the replication fork.4 When SSB occur, 
PARP1 acts by recruiting the necessary proteins to repair 
DNA, including proteins to process the damaged DNA, the 
DNA polymerase which fills the gap, and DNA ligase III 
which seals the nick. When DSB occur, DNA is repaired 
by two major mechanisms: non-homologous end-joining 
(NHEJ) and HRR.4 NHEJ repair involves the direct liga-
tion of the free ends of the DNA DSB, whereas HRR 
involves using a homologous chromatid sequence as 
a template. HRR results in more accurate replication 
because it utilizes a homologous template, whereas 
NHEJ does not return DNA to its original sequence result-
ing in less precise replication and is thus error prone.5

PARPi such as olaparib act by trapping both PARP1 
and PARP2 enzymes at damaged DNA.6 PARPi also bind 
to nicotinamide adenine dinucleotide on DNA, which 
further activates the binding of PARP to DNA and pre-
venting PARP function.6 When the PARP enzyme is 
inhibited in normal cells, the HRR pathway can repair 
DSB in DNA which progress from SSB. However, when 
PARPi are present in HRR-mutated cells, DSB accumu-
late. This results in only NHEJ repair being available to 
repair DSB, which is less accurate DNA repair than HRR, 
and leads to the accumulation of damaged DNA. This 
buildup of damaged DNA ultimately leads to apoptosis 
and inhibition of tumor growth.4 This concept of targeting 
two different genetic mutations, in which either alone is 

compatible with viability but in combination leads to cell 
death, is termed synthetic lethality.

Mutations in HRR genes are commonly observed in 
a variety of tumor types, with an estimated frequency of 
17.4% in solid tumors.7 HRR mutations can be inherited 
(eg, a germline mutation) or acquired by a tumor (eg, 
a somatic mutation). The most well-characterized HRR 
genes are BRCA1 and BRCA2; mutations in these genes 
place individuals at increased risk of breast cancer, ovarian 
cancer, prostate cancer, pancreatic cancer, and melanoma. 
There are numerous other HRR mutations that promote 
carcinogenesis in affected individuals due to the reduced 
ability to repair DNA.7

In one study which sequenced 451 patients with locor-
egional, metastatic non-castrate, and metastatic castration- 
resistant prostate cancer, 19% of patients had a germline 
mutation across a number of DDR genes, and 27% had 
either a germline or somatic mutation in BRCA2, BRCA1, 
ATM or CHEK2.8 In mCRPC specifically, the Phase III 
PROfound trial which screened 2792 patients with 
mCRPC for aberrations in 15 DDR genes involved in the 
HHR pathway found that 28% of patients with mCRPC 
have DDR gene defects.9 In patients with mCRPC, 
BRCA2 is the most common (9.7%) germline HRR muta-
tion, followed by CDK12 (7.1%), ATM (6.3%), CHEK2 
(1.6%), PP2R2A (1.5%), and BRCA1 (1.3%).10 Studies 
show that patients with a germline BRCA2 mutation are 
five times more likely to be diagnosed with prostate cancer 
than the general population and BRCA1/2 carriers are 
more likely to have an aggressive tumor with higher risk 
of nodal involvement and distant metastasis.11,12 The 
occurrence of BRCA2 mutations may also have 
a deleterious impact on mCPRC outcomes. For example, 
in the prospective PROREPAIR-B trial, Castro et al found 
that germline BRCA2 mutation is an independent prog-
nostic factor for cause-specific mortality in mCRPC (HR 
2.11; p=0.033) and caused cause-specific mortality to be 
cut in half compared to noncarriers (median, 17.4 vs 33.2 
months; p = 0.027).13 However, the impact of the BRCA2 
mutation may have been affected by the first line of treat-
ment used as a statistically significant interaction between 
the BRCA2 mutation and treatment type was observed.

Evidence for Olaparib for the 
Treatment of mCRPC
Olaparib was first FDA-approved in December 2014 for 
metastatic ovarian cancer in germline BRCA-positive 
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(gBRCAm) patients after studies showed improved survi-
val with olaparib in women who had progressed with three 
or more prior lines of therapy.14 Subsequently, olaparib 
was FDA-approved as maintenance treatment for recurrent 
epithelial ovarian, fallopian, or primary peritoneal cancer 
in 2017, and as monotherapy for gBRCAm, HER2- 
negative, locally advanced or metastatic breast cancer in 
2018.15,16 Olaparib was also FDA-approved in 2019 as 
maintenance treatment of gBRCAm pancreatic adenocar-
cinoma as studies showed olaparib improved progression- 
free survival (PFS).17

The first study to evaluate olaparib in solid tumors was 
a Phase I trial in 2009 which included 60 patients, 22 of 
which with BRCA1 or BRCA2 mutations and 3 patients 
with prostate cancer (Table 1).18 The olaparib dose and 
schedule were increased from 10 mg daily for 2 of every 3 
weeks to 600 mg twice daily continuously. Reversible 
dose-limiting toxicity was seen with dosing schedules 
greater than 400mg twice daily in 3 patients, which 
included grade 4 thrombocytopenia and grade 3 somno-
lence, mood alternation, and fatigue. This established the 
maximum tolerated dose of olaparib at 400 mg twice daily. 
Notably, durable objective antitumor activity was only 
observed in patients with a BRCA1 or BRCA2 mutation. 
Of the three patients with prostate cancer, one who was 
BRCA2-positive was noted to have more than a 50% 
reduction in the prostate-specific antigen (PSA) level and 
resolution of bone metastases.18 Subsequently, a Phase II 
trial established the efficacy of olaparib at 400 mg twice 
daily in patients with germline BRCA1/2 mutations in 
prostate cancer with a tumor response rate of 50.0% 
(95% CI 15.7–84.3).19

These early, promising results of olaparib in prostate 
cancer led to the landmark, multicenter Phase II TOPARP- 
A trial in 2015 which evaluated olaparib in 50 patients 
with mCRPC who progressed after one or two regimens of 
chemotherapy.20 Forty-nine of 50 (98%) patients had 
received a novel hormonal agent (abiraterone or enzaluta-
mide), and 16 of 49 patients (33%) who could be evalu-
ated had mutations in DDR genes, including BRCA1/2, 
ATM, FANCA, CHEK2, and PALB2. The primary end-
point was the response rate, defined either as an objective 
response rate (ORR) according to Response Evaluation 
Criteria in Solid Tumors, version 1.1 (RECIST 1.1), reduc-
tion of at least 50% in the PSA level (PSA50), or conver-
sion of circulating tumor cells (CTC) (to <5 cells per 
7.5 mL of blood).

Treatment with olaparib resulted in a composite 
response rate of 33% (95% CI 20–48) for patients with 
and without DDR mutations combined. Of those with 
a response to olaparib, 14 (88%) had a response by the 
RECIST 1.1 criteria, including all 7 patients with BRCA2 
mutation and 4 of 5 patients with ATM aberrations. 
Radiologic progression-free survival (rPFS) and overall 
survival (OS) were both significantly longer in patients 
with DDR mutations, with median rPFS 9.8 vs 2.7 months 
(p < 0.001) and median OS 13.8 vs 7.5 months (p=0.05). 
Grade 3 or 4 adverse events included anemia (20%), 
fatigue (12%), leukopenia (6%), thrombocytopenia (5%) 
and neutropenia (4%). Based on the TOPARP-A trial, 
olaparib received FDA breakthrough therapy designation 
in January 2016 for patients with mCRPC and BRCA1/2 
or ATM gene mutations who had received prior taxane- 
based chemotherapy and an androgen receptor-directed 
therapy.3

Given the success of olaparib in mCRPC patients with 
DDR genes noted in these previous trials, the Phase II 
TOPARP-B trial in 2020 evaluated olaparib as treatment 
for only DDR-mutated mCRPC patients.21 Ninety-eight 
patients with mCRPC with DDR gene alterations were 
included and randomly assigned to receive either olaparib 
400 mg twice daily or 300 mg twice daily. The primary 
endpoint was response rate as defined by the previously 
mentioned TOPARP-A trial.

Confirmed complete response was observed in 25 of 46 
(54.3%; 95% CI 39.0–69.1) patients in the 400 mg cohort 
and 18 of 46 (39.1%; 25.1–54.6) in the 300 mg cohort. 
Although no statistically significant difference was seen 
between the two groups, only the 400 mg cohort met the 
predefined criteria for success with an efficacy of >50% 
composite response rate. The safety profile was similar to 
that seen in the TOPARP-A trial, with anemia being the 
most common grade 3 or 4 adverse event (31% of patients 
in the 300 mg cohort; 37% of patients in the 400mg 
cohort) and the most common adverse event leading to 
discontinuation. Even though the 400 mg cohort had 
a higher complete response rate, 37% of patients in the 
400 mg cohort reduced their dose to 300 mg due to 
adverse events. The authors of the study also posit that 
the inferior composite response in the 300 mg cohort may 
be due to an imbalance of the CDK12 aberration, which 
had no response to olaparib by RECIST 1.1 or PSA50 

criteria.21

The randomized, Phase III PROfound trial published in 
May 2020 subsequently evaluated olaparib in men with 
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mCRPC with mutations in DDR genes whose disease had 
progressed while receiving first-line treatment with a new 
hormonal agent (eg, enzalutamide or abiraterone).9 The 
trial consisted of two cohorts: cohort A included 245 
patients with at least one alteration in BRCA1, BRCA2, 
or ATM, while cohort B included 142 patients with altera-
tions in any of the other DDR genes (including BRIP1, 
BARD1, CDK12, CHEK1, CHEK2, FANCL, PALB2, 
PPP2R2A, RAD51B, RAD51C, RAD51D, and 
RAD54L). Men were randomly assigned in a 2:1 ratio to 
receive olaparib 300 mg twice daily or to physician’s 
choice of enzalutamide or abiraterone plus prednisone 
(the control).

In cohort A, olaparib resulted in improved objective 
response (33.3 vs 2%; OR 20.86; 95% CI 4.18–379.18, p < 
0.001) and improved PFS (7.4 months vs 3.6 months; HR 
0.34; 95% CI 0.25–0.24) compared to the control. With 
both cohorts combined, olaparib resulted in improved 
objective response (22 vs 4%; OR 5.93; 2.01–25.40) and 
improved PFS (5.8 months vs 3.5 months; HR 0.49; 0.38– 
0.63; p < 0.001) compared to the control. In the final OS 
analysis, cohort A showed a significantly longer duration 
of OS with olaparib compared to cohort B. The median 
duration of OS for cohort A was 19.1 months (HR 0.69; 
0.50–0.97) with olaparib compared to 14.7 months with 
control therapy, whereas the median duration of OS for 
cohort B was 14.1 months (HR 0.96; 0.63–1.49) with 
olaparib compared to 11.5 months with control therapy.22 

In the overall population, the median duration of OS was 
17.3 months with olaparib and 14.0 months with the con-
trol (HR 0.79; 0.61–1.03). Based on the prolonged survival 
in men with HRR gene mutations and acceptable toxicity 
profile, the FDA approved olaparib in May 2020 as treat-
ment for patients with mCRPC with HRR genes who have 
progressed following prior treatment with androgen- 
receptor directed therapy.3

Other PARP Inhibitors
Other PARPi have been developed and are being evalu-
ated for use in mCRPC, although only one other PARPi 
has been FDA-approved for use in mCRPC. Rucaparib 
(Rubraca) is an oral PARP 1/2/3 inhibitor approved for 
use in women with ovarian, fallopian tube, or primary 
peritoneal cancer which was granted accelerated approval 
in May 2020 for use in men with mCRPC patients based 
on the TRITON2 study.23 The Phase II TRITON2 study 
evaluated rucaparib (600 mg twice daily) in patients with 
HHR-mutated mCRPC who progressed on prior Ta
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androgen receptor-directed treatment and taxane-based 
chemotherapy. In the BRCA1 or BRCA2 cohort, ruca-
parib demonstrated significant response rates according 
to RECIST criteria (ORR 43.5%; 95% CI 31–56.7) and 
PSA response (54.8%; 95% CI 45.2–64.1).24 However, in 
patients with DDR genes other than BRCA1/2 including 
ATM, CDK12, or CHEK2, response rates were less 
impressive, with no radiographic or PSA response in 
patients with biallelic ATM loss or ATM germline 
mutations.25 Given that rucaparib primarily showed ben-
efit for BRCA patients, rucaparib is FDA-approved for 
use only in BRCA-mutated mCRPC following both 
androgen receptor-directed therapy and taxane-based 
chemotherapy.

Niraparib (Zejula) is an oral PARP 1/2 inhibitor used 
in women with ovarian, fallopian tube, or primary peri-
toneal cancer that is being evaluated in the Phase II 
GALAHAD trial for mCRPC patients with DDR muta-
tions who progressed on a taxane and an androgen- 
receptor directed treatment. Interim analysis for niraparib 
presented at ASCO in September 2019 showed improved 
ORR by RECIST 1.1 criteria of 41% for patients with 
BRCA1/2 mutations compared to 9% for those without 
BRCA mutations. Composite response rate (defined as 
ORR, CTC < 5/7.5mL blood or PSA50) was also signifi-
cantly better for those with BRCA1/2 mutations (63%; 
95% CI 47.6–76.8) compared to those without BRCA 
mutations (17%; 95% CI 6.6–33.7).26 Thus, the FDA 
granted breakthrough therapy designation for niraparib 
in men with BRCA1/2-mutated mCRPC in 2019 based 
on these initial results.27

Talazoparib (Talenna) is another oral PARP 1/2 inhibitor 
that is FDA-approved for use in gBRCAm, HER2-negative, 
locally advanced or metastatic breast cancer that is under-
going evaluation in the Phase II TALAPRO-1 trial in men 
with mCRPC with DDR genes who previously received 
taxane-based chemotherapy and progressed on at least one 
androgen receptor-directed treatment. Interim analysis pre-
sented at ASCO in May 2020 are also encouraging for this 
PARPi in mCRPC with an ORR of 28.0% for all DDR gene 
mutations and an ORR of 43.9% for BRCA1/2 mutations.28

Each of these PARPi has shown efficacy in BRCA1/ 
2-positive men with mCRPC, but a head-to-head analysis 
comparing the efficacies and toxicity profiles of each of 
these PARPi in mCRPC has not yet been done and is 
unlikely to be done in the near future. There are also 
other PARPi that have been developed that have not 
resulted in as robust a response in mCRPC. For example, 

veliparib showed evidence for activity in BRCA2- 
mutated mCRPC in a Phase I clinical trial with an 
ORR defined as complete response (CR) and partial 
response (PR) of 37% and clinical benefit rate defined 
as CR plus PR plus stable disease for over 6 cycles of 
40%.29 However, other studies investigating combination 
therapy with veliparib have been discouraging. In a Phase 
I study, veliparib plus temozolomide in docetaxel-treated 
patients with mCRPC resulted in a confirmed PSA 
response (decline ≥ 30%) in only 2 of 25 patients.30 In 
a randomized, Phase II trial that examined veliparib 
combined with abiraterone plus prednisone (arm A) ver-
sus abiraterone plus prednisone alone (arm B), there were 
no statistically significant differences between the two 
study arms in PSA RR (63.9 vs 62.7; p=0.27), ORR 
(45 vs 52.2; p=0.51), or median PFS (10.1 months vs 
11.3 months; p=0.95).31

Indications and Selection of Patient
Mutational status should be carefully considered prior to 
starting a patient with mCRPC on olaparib. In the Phase II 
TOPARP-A trial, olaparib showed a significantly 
improved response rate, PFS, and OS in patients with 
DDR gene mutations compared to those who were bio-
marker-negative, and of the DDR mutations, BRCA2 car-
riers had the best response.20 All 7 BRCA2 patients had 
PSA levels that fell by 50% or more from baseline, and 5 
of the 7 BRCA2 patients had a radiologic partial response. 
In addition, 4 of the 5 patients with deleterious ATM 
mutations had a response to olaparib.

TOPARP-B specifically tested olaparib in patients with 
DDR mutations. Secondary analysis by gene subgroup 
found that mutations in BRCA1/2 had the best composite 
overall response (83.3%; 95% CI 65.3–94.4), RECIST 
objective response (52.4%; 29.8–74.3), and PSA reduction 
(76.7%; 57.7–90.1) as well as the longest median rPFS 
(8.3 months) of all the DDR gene aberration subgroups.21 

However, other DDR genes also had strong overall 
response rates, including PALB2 (57.1%; 18.4–90.1), 
ATM (36.8%; 16.3–61.6), CDK12 (25.0%; 8.7–49.1), 
and others (20.0%; 5.7–43.7).

Lastly, as mentioned above, the PROfound trial eval-
uated olaparib in patients with mCRPC with BRCA1/2 and 
ATM mutations (cohort A) compared to those with 12 
other HHR genes (cohort B). Although the trial showed 
improved significant response rates and PFS for cohort 
A and cohort A+B, exploratory analysis of gene subtypes 
showed that the BRCA1 and/or BRCA2 mutation was 
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associated with significantly improved OS compared to 
other DDR gene mutations, with a HR of 0.42 (95% CI 
0.12–1.53) for BRCA1 and a HR of 0.59 (0.37–0.95) for 
BRCA2.22 Non-BRCA gene mutations had a HR of 0.95 
(95% CI 0.68–1.34), and the ATM mutation (which was 
included in Cohort A) had a HR of 0.93 (0.53–1.75). 
Subgroup analysis by gene type also showed that the 
PPP2R2A gene resulted in worse outcomes with olaparib 
(HR 5.11; 95% CI 1.10–35.73). However, the trial notes 
that these exploratory analyses should be interpreted cau-
tiously given that the trial was not powered to detect 
differences in gene subtype.

The findings from the PROfound trial suggest that 
patients with BRCA1 and BRCA2 mutations may have 
the greatest benefit from olaparib, and that olaparib may 
have less promising effects for the other DDR genes. 
Nevertheless, the trial was not sufficiently powered to 
perform this gene subtype analysis, and the separate ana-
lyses of cohorts A and B were generated for predefined 
endpoints with randomization as opposed to exploratory, 
post hoc subgroup analyses.32 Therefore, while we await 
more data, olaparib is strongly indicated for BRCA1/2 
patients, and clinical caution is warranted for the use of 
olaparib in patients with other mutations of HRR genes. 
Olaparib should also be carefully used in patients with the 
PPP2R2A gene given the significantly worse outcomes in 
this subset of patients in the PROfound trial.

In addition to patient selection based on biomarker 
positivity, olaparib is currently indicated as second-line 
treatment for patients with mCRPC. Both the TOPARP- 
A and the TOPARP-B trial included patients who had 
progressed after one or two regimens of chemotherapy, 
whereas the PROfound trial included patients who had 
progressed after a new hormonal agent. However, nearly 
two-thirds of patients (66%) in the PROfound trial had 
also previously received a taxane-based chemotherapy. 
The trial showed efficacy of olaparib regardless of whether 
olaparib was administered before chemotherapy or after 
chemotherapy. Interestingly, subgroup analysis showed 
that olaparib had greater benefit in patients with previous 
taxane use (HR 0.56; 95% CI 0.38–0.84) compared to no 
prior taxane use (HR 1.03; 0.57–1.2), but in exploratory 
analysis patients with BRCA1/2 mutations without a prior 
history of taxane use experienced improved OS (HR 0.30; 
0.10–0.78).22 On the other hand, those with an ATM 
mutation showed benefit from prior taxane use (HR 0.45; 
0.22–0.95).

Genetic Testing Options
Genetic testing for HRR mutations at metastatic prostate 
cancer diagnosis is recommended to identify patients who 
may benefit from targeted treatment. Germline genetic 
testing is recommended for patients with metastatic pros-
tate cancer, a strong family history of malignancy, 
Ashkenazi Jewish ancestry, or family history of germline 
mutations.33 Germline testing can be performed from 
a blood or saliva sample and should involve a genetic 
counselor given the psychological, legal, and ethical con-
sequences to the patient and family. Somatic tumor 
sequencing should also be performed in order to identify 
mutations that evolved in tumor tissue due to genetic 
instability and selective pressure from therapy.34 The opti-
mal choice of sample depends on the availability of tissue, 
with metastatic tissue preferred over archival/primary 
tumor tissue in order to detect the current disease biology. 
When metastatic tissue is unavailable, plasma circulating 
tumor DNA (ctDNA) can be obtained which has demon-
strated high concordance with metastatic tissue biopsy in 
prostate cancer.35 Next-generation sequencing (NGS) 
using tumor tissue or a blood sample may test for as 
many as 300 cancer-related genes and molecular rearran-
gements, including copy number changes, gene rearrange-
ment, and single nucleotide variants.36 If somatic testing 
identifies a mutation in a gene associated with cancer 
predisposition, it may be difficult to identify if the muta-
tion is inherited or acquired; therefore, follow-up with 
genetic counseling is indicated when this occurs.

There are a number of commercial germline testing 
options available, such as BRACAnalysis® by Myriad 
Genetics and ProstateNext® by Ambry Genetics. 
Commercial options also exist for somatic testing, such as 
Foundation Medicine which offers NGS for both tumor 
testing (FoundationOne® CDx) and liquid biopsy for 
ctDNA (FoundationOne® Liquid CDx), Caris Life 
Sciences, and Tempus, for example. Costs among the var-
ious types of genetic tests vary widely, with NGS often 
$3000–6000 per test.37 Given the recent development of 
genetic testing in prostate cancer, insurance policies also 
vary significantly. Currently, most major insurers do not 
universally cover prostate cancer genetic testing, but may 
cover genetic testing if certain approved indications are 
met.36 For example, Medicare covers FDA-approved 
genetic testing for patients with metastatic cancer only if 
the patient has not been previously tested using the same 
genetic test for the same cancer diagnosis previously and 
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decides to seek further treatment.38 For patients without 
insurance, financial assistance programs are often available 
to help alleviate out-of-pocket expenses.

Current Guidelines and Dosing
Olaparib is FDA-approved for patients with HRR muta-
tions in mCRPC who have progressed following prior 
treatment with a new hormonal agent.3 The recommended 
olaparib tablet dose is 300 mg orally twice daily.39 The 
300 mg twice daily dosing regimen was found to be 
effective and less toxic than the 400 mg twice daily dosing 
regimen based on the data from the TOPARP-B trial.21 For 
patients with moderate renal impairment (CrCl 31–50 mL/ 
min), olaparib should be reduced to 200 mg orally twice 
daily. However, currently there are limited data on olaparib 
in patients with severe renal impairment, end-stage renal 
disease, or severe hepatic impairment.39 Olaparib should 
be continued until disease progression or unacceptable 
toxicity.

Olaparib has been incorporated into the National 
Comprehensive Cancer Network (NCCN) guidelines 
for prostate cancer as a Category 1 indication for men 
with mCRPC with HRR gene mutations (including 
BRCA1, BRCA2, ATM, BARD1, BRIP1, CDK12, 
CHEK2, FANCL, PALB2, RAD51B, RAD51C, 
RAD51D, and RAD54L) after prior androgen receptor- 
directed therapy or docetaxel chemotherapy. ADT 
should be continued while on olaparib to maintain cas-
trate levels of serum testosterone (<50 ng/dL). Patients 
with PPP2R2A mutations are excluded from this 
recommendation.33

Adverse Reactions
The most common adverse reactions of olaparib in the 
Phase III PROfound trial were anemia (50%), nausea 
(43%), fatigue or anesthesia (42%), decreased appetite 
(31%), diarrhea (21%), vomiting (20%), and constipation 
(19%).22 Grade 3 or higher adverse events occurred in 
52% of patients. Pulmonary embolism was reported in 
5% of patients in the olaparib compared with 1% in the 
control group, but none were fatal. No reports of myelo-
dysplastic syndrome (MDS) or acute myeloid leukemia 
(AML), toxicities noted in prior PARPi trials, were noted 
during the duration of treatment or the 30-day safety 
follow-up period. Dose reductions due to an adverse reac-
tion occurred in 23% of patients, and 20% of patients 
discontinued olaparib due to an adverse reaction. Fatal 

adverse reactions occurred in 4% of patients treated with 
olaparib.

Although MDS/AML did not occur in patients in the 
PROfound trial, there is a warning label on olaparib for 
MDS/AML as these secondary malignancies arose in 
approximately 7% of patients on olaparib for other solid 
cancers.40 There are also warning labels for the increased 
risk of venous thromboembolic events (which occurred in 
7% of patients in the PROfound trial) and the increased 
risk of pneumonitis in 7% of patients on olaparib 
monotherapy.39

Combination Therapy with 
Olaparib for Treatment of mCRPC
Combination therapies with olaparib are also undergoing 
investigation for mCRPC. Olaparib and androgen-targeted 
treatments have shown synergistic effects in preclinical 
research through androgen receptor signal modulation of 
the HRR pathway.41 This effect was observed in a study 
that treated C4-2 cells, a human prostatic cell line, with 
antiandrogens (bicalutamide and enzalutamide), leading to 
increased PARP activity.41 The study postulated that the 
androgen receptor promotes DNA damage repair and 
homologous recombination through ATM kinase coordi-
nated response. As a result, the addition of both hormonal 
blockade and olaparib led to a lethal synergistic effect on 
cell culture viability as well as volume of tumor xeno-
grafts. Furthermore, when PARP molecules were intro-
duced into androgen receptor-positive prostate cancer 
cells, PARP was recruited to sites of androgen receptor 
function, promoting androgen receptor activity and disease 
progression.42 Subsequently, mouse models showed that 
combination therapy with PARPi and androgen depriva-
tion therapy resulted in the downregulation of androgen 
receptor-regulated homologous recombination gene 
expression, which caused sensitization to PARP inhibition 
and an increase in DNA damage-induced cell death.43

Following these studies in vivo, Clarke et al conducted 
a multicenter Phase II trial (NCT01972217) comparing 
olaparib plus abiraterone versus abiraterone with placebo 
in 142 unselected patients (i.e., no requirement for specific 
DDR mutations) with mCRPC who were previously trea-
ted with docetaxel (Table 1).44 The combination of PARPi 
and androgen-receptor directed therapy showed 
a therapeutic benefit in comparison to androgen-receptor 
directed therapy alone when evaluated by rPFS (HR 0.65; 
95% CI 0.44–0.97). Patients treated with combination 
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therapy had a mean rPFS of 13.8 months versus 8.2 
months in those treated with abiraterone alone. However, 
the patients who received combination therapy also experi-
enced increased rates of grade 3 or higher adverse events, 
most notably anemia (21% versus none).

Based on the improved rPFS of combination therapy 
with olaparib and abiraterone, the international multi- 
center Phase III PROPEL trial is currently underway to 
investigate the combination of olaparib and abiraterone 
compared to abiraterone alone as first-line therapy for 
mCRPC (Table 2).45 Although the trial will not preselect 
for HRR genes, an exploratory analysis will be performed 
to confirm the efficacy of this combination independent of 
HRR status. In addition, the randomized, multicenter 
Phase II BRCAaway trial (NCT03012321) is underway 
to investigate olaparib alone, abiraterone alone, or abira-
terone plus olaparib specifically in patients with BRCA1, 
BRCA2, or ATM mutations.

The immunomodulatory effects of PARP inhibition 
have also been studied and raise the possibility of combin-
ing PARPi with immune checkpoint inhibitors. PARP inhi-
bition leads to the accumulation of damaged DNA in the 
cytosol, which triggers interferons and chemoattractants 
and amplifies the anti-tumor immune response.46 In addi-
tion, PARP inhibition increases expression of programmed 
death ligand 1 (PD-L1) through the IFN-gamma signaling 
pathway by activating cyclic GMP-AMP synthase/stimu-
lation of IFN genes (cGAS/STING).47 Therefore, by com-
bining immune checkpoint inhibition of the PD-L1/PD-1 
axis and PARP inhibition, the anti-tumor immune response 
is up-regulated and immune escape mechanisms may be 
overcome.

The combination of PD-1 blockade and PARP inhibi-
tion is currently being studied in KEYNOTE-365, 
a Phase 1b/2 study evaluating pembrolizumab with ola-
parib versus other therapeutic agents in mCRPC.48 In 
cohort A, which evaluated pembrolizumab with olaparib, 
26% of patients were PD-L1 positive, and HRR muta-
tions were not preselected. The latest data show that the 
composite response rate (ORR RECIST v1.1, confirmed 
PSA response, or decrease in CTC count) was 8 out of 
84 (10%) patients and grade 3–5 adverse events occurred 
in 29 (35%) of patients. This same therapeutic combina-
tion of pembrolizumab and olaparib is also under inves-
tigation in one treatment arm of KEYLINK-010 
(NCT03834519), although notably with a lower dosage 
of olaparib, in patients who have previously failed to 

respond to either abiraterone acetate or enzalutamide 
and to chemotherapy.

Other immune checkpoint inhibitors have also been 
evaluated in combination with olaparib. Durvalumab, 
a human IgG1-K monoclonal antibody that targets PD- 
L1, was tested in combination with olaparib in a limited 
Phase II clinical trial with 17 patients and demonstrated 
a rPFS of 16.1 months (95% CI 4.5–16.1), with a similar 
rPFS in patients with DDR mutations.49 However, patients 
with DDR mutations had a longer 12-month PFS of 83.3% 
(95% CI 27.3–94.5) compared to those without mutations 
(36.4%; 11.2–62.7). An additional Phase II study compar-
ing olaparib plus durvalumab in patients with DDR 
mutations specifically is in progress for recurrent non- 
metastatic prostate cancer (NCT03810105).

Combination therapy with olaparib and chemotherapy 
may also prove clinically effective with a synergistic effect 
seen in preclinical studies; however, as both PARPi and 
chemotherapeutic agents are non-specific, systemic 
adverse effects (particularly myelosuppression) may 
prove too challenging to overcome.50 For instance, the 
combination of veliparib and topotecan was studied in 
a Phase I–II trial for cervical cancer, but over half (59%) 
of the 27 participants developed anemia, 44% thrombocy-
topenia, and 19% neutropenia.51 Nevertheless, a Phase II 
randomized trial (NCT03263650) is currently investigat-
ing olaparib maintenance versus observation following 
cabazitaxel-carboplatin combination therapy in aggressive 
variant prostate cancer (AVPC).

Finally, there are ongoing clinical trials evaluating 
olaparib in combination with other investigational treat-
ments for mCRPC, such as olaparib in combination with 
cediranib (an inhibitor of vascular endothelial growth fac-
tor receptor tyrosine kinase), 177Lu-PSMA-617 (a targeted 
radioligand therapy), AZD6738 (an ATR kinase inhibitor), 
PLX2853 and AZD5153 (BRD4 inhibitors), CYH33 (a 
PI3K inhibitor), radiotherapy, and radium-223, as summar-
ized in Table 2.

Controversies with Olaparib
Although olaparib improves PFS and OS in patients with 
mCRPC and certain HRR genes, controversy exists 
regarding the use and feasibility of olaparib. First, olaparib 
is estimated at $12,000 per month compared to $2600 per 
month of docetaxel.52 Somatic and/or germline testing to 
determine HRR-mutated patients also adds expensive, as 
previously mentioned, and only one-third of mCRPC 
patients have HRR mutations. With the myriad of options 
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Table 2 Ongoing Clinical Trials Involving Olaparib in mCRPC

Study Name Study 
Phase

Study Drugs Patient Characteristics Primary Endpoint

Monotherapy

NCT04038502 II Olaparib vs 
carboplatin

HHR-mutated mCRPC PFS

NCT03434158 II Olaparib as 
maintenance 

treatment

mCRPC previously treated with 
docetaxel

rPFS

Combination Therapy

PROpel 

(NCT03732820)

III Olaparib + 

abiraterone vs 

placebo + 
abiraterone

First-line mCRPC rPFS

BRCAaway 
(NCT03012321)

II Olaparib + 
abiraterone vs olaparib 

vs abiraterone

DDR-mutated mCRPC PFS

KEYLINK-010 III Olaparib + 

pembrolizumab vs 

abiraterone or 
enzalutamide

mCRPC previously treated with 

abiraterone or enzalutamide 

and chemotherapy

1) OS 

2) rPFS(NCT03834519)

NCT02893917 II Olaparib + cediranib mCRPC with at least one prior 
line of systemic therapy

rPFS

NCT03874884 1 Olaparib + 177Lu- 
PSMA

mCRPC previously treated with 
abiraterone and/or 

enzalutamide and/or 

apalutamide

1) Dose limiting toxicities 
2) Maximum tolerated dose 

3) Recommended Phase 2 Dose

NCT03787680 II Olaparib + AZD6738 DDR-mutated mCRPC 1) Rate of response evaluated by RECIST v1.1 or by  

PSA50

NCT04556617 Ib/IIa PLX2853 + olaparib 

+ abiraterone acetate 
+ prednisone

mCRPC without prior 

exposure to a bromodomain 
inhibitor

1) Disease response as defined by at least one the 

following: Objective response by modified RECIST v1.1, 
PSA response, or circulating tumor cell count response 

2) Dose-limiting toxicity 

3) Adverse events

COMRADE 

(NCT03317392)

I/II Olaparib + radium- 

223

mCRPC with bone metastases 1) Maximum tolerated dose of olaparib and radium Ra 

22 dichloride 
2) rPFS

NCT03516812 II Olaparib + 
testosterone

mCRPC previously treated with 
abiraterone and/or 

enzalutamide

1) PSA50 

2) Adverse events

NCT03205176 I Olaparib + AZD5153 Relapsed/refractory malignant 

solid tumors, including mCRPC

1) Dose-limiting toxicity

NCT04586335 Ib Olaparib + CYH33 Advanced or metastatic solid 

tumors, including mCRPC

1) Dose-limiting toxicity 

2) Tumor objective response rate

Abbreviations: NCT, Clinical Trials.gov identifier; HHR, homologous recombination repair; mCRPC, metastatic castration-resistant prostate cancer; PFS, progression-free 
survival; rPFS, radiological progression-free survival; DDR, DNA-damage repair; OS, overall survival; RECIST v1.1, response evaluation criteria in solid tumors, version 1.1; 
PSA, prostate-specific antigen.
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and substantial cost of olaparib use, the question of cost- 
effectiveness of olaparib use for patients with mCRPC 
compared to standard care has been raised. One study 
demonstrated that olaparib treatment has an incremental 
cost-effectiveness ratio (ICER) of $116,903 per quality- 
adjusted life year (QALY) for men with mCRPC and at 
least one gene alteration in BRCA1, BRCA2, and ATM.53 

Depending on the resources available, this estimation may 
be within the willingness-to-pay (WTP) threshold.

Methodological concerns with the PROfound trial have 
also been raised that question whether olaparib should be 
indicated following novel hormonal agents.54,55 For exam-
ple, the control arm of abiraterone or enzalutamide may 
not have been optimal given a true “physician’s choice” 
control arm would have included prior docetaxel, cabazi-
taxel, and/or radium-223.54 As a result, there are currently 
no direct comparisons between olaparib and cabazitaxel, 
radium-223 or re-treatment with docetaxel on improved 
PFS and OS. In addition, 82% of men in the control arm 
were permitted to crossover to the olaparib arm. This may 
have confounded the treatment effect of the control arm 
given that patients in the control arm may have had a delay 
in other effective treatments, such as taxane therapy.54 

Given the uncertain benefit of olaparib compared to other 
agents and the cost-effectiveness of olaparib, the appropri-
ateness of olaparib use in mCRPC has been questioned. As 
such, in February 2021, the United Kingdom’s National 
Institute for Health and Care Excellence (NICE) did not 
recommend olaparib for patients with mCRPC.56

Conclusions and Future 
Perspectives
The efficacy of PARPi and the incorporation of germline 
and tumor sequencing testing in men with mCRPC have 
changed the treatment paradigm for this aggressive dis-
ease. Although olaparib has demonstrated efficacy for men 
with HRR mutations and is currently FDA-approved for 
all HHR mutations, exploratory analysis from the Phase III 
PROfound trial suggests that olaparib may be most bene-
ficial for BRCA1 and BRCA2 mutations.32 Further studies 
to evaluate the efficacy of olaparib in specific genetic 
subtypes are warranted in order to determine which HRR 
mutations benefit most from olaparib and whether men 
without HRR mutations will benefit at all. Although clin-
ical trials may be limited by small sample size for HRR 
mutations other than BRCA1/2, CHEK2, and ATM, meta- 
analyses of all PARPi for mCRPC, retrospective studies, 

and further subgroup analyses by genetic mutation in 
mCRPC may help act as a guide.

Furthermore, while olaparib has shown positive results 
in patients following prior treatment with an androgen 
receptor-directed therapy, the question of whether olaparib 
could be used as first-line therapy or in earlier stages of 
prostate cancer remains unanswered. The results of the 
ongoing clinical trials with olaparib as first-line treatment, 
as monotherapy, and in metastatic castration-sensitive 
prostate cancer will hopefully shed some light on these 
issues. Lastly, combination therapies with olaparib have 
shown synergistic effect in Phase II trials, and we await 
the results of the Phase III PROpel and KEYLINK-010 
trials to determine whether combination treatment with an 
androgen receptor-directed agent or an immune checkpoint 
inhibitor, respectively, will improve outcomes. As targeted 
therapy continues to revolutionize cancer therapies, ola-
parib highlights the importance of multigene molecular 
testing and is becoming a mainstay in the treatment for 
mCRPC.
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