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Abstract

Background: The emergence of olaparib, a poly (adenosine diphos-
phate (ADP)-ribose) polymerase (PARP) inhibitor to treat metastatic
castration-resistant prostate cancer (mCRPC), created a measurable
clinical question on whether the agent positively influences the treat-
ment outcomes and acceptable safety factors. The objective was to
elaborate on the efficacy and safety of olaparib-added regimens in
treating mCRPC patients as compared to the established guideline.

Methods: The literature search was performed on several scientific
databases, e.g., PubMed, Cochrane, and ScienceDirect, by applying
the Boolean Term method. Statistical and risk of bias (RoB) analyses
were calculated through RevMan 5.4.1. to investigate our outcomes,
i.e., progression-free survival (PFS) and overall survival (OS) with
the reported adverse effects (AEs). These outcomes were presented in
hazard ratio (HR) and risk ratio (RR).

Results: Three trials consisting of 1,325 individuals with comparable
baseline characteristics were investigated. The meta-analysis showed
that introducing olaparib into the regimens significantly improved the
PFS (HR 0.59 (0.48 - 0.73); P < 0.05), which disclosed even better
outcomes among mutated homologous recombinant repair (HRR) and
ataxia-telangiectasia mutated (ATM) gene (HR 0.43 (0.30 - 0.62); P <
0.05) in 95% confidence interval (CI). Furthermore, similar outcomes
were observed in OS analysis (HR 0.81 (0.67 - 0.99); P < 0.05), de-
spite olaparib group disclosed higher AEs rate with insignificant dif-
ference in mortality rate.
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Conclusion: The efficacy and safety of olaparib-added regimens in
mCRPC patients need to be explored more extensively in trials be-
cause they are beneficial, particularly among HRR-mutated individu-
als.
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Introduction

Anti-hormonal treatment resistance among prostate cancer
(PC) had established a considerable challenge in modern urol-
ogy practice, since treatment resistance might translate into
aggressive and fatal cancer characteristics with a substantial
effect to prognostic value [1, 2]. As the most prevalent cancer
according to the GLOBOCAN 2020 report with a prominent
fifth leading cause of malignancy-related mortality, explora-
tion of PC treatment options is rapidly progressing, as repre-
sented by the more detailed identification of its cellular aspects
over the last few decades [3].

Although the majority of PC patients initially presented
with localized disease, advanced PC may develop refractory
characteristics toward hormonal-inhibiting agents or proce-
dures, hence termed metastatic or non-metastatic castration-
resistant prostate cancer (mCRPC or nmCRPC). Findings of
prostatic biochemical recurrences after androgen deprivation
therapy (ADT) will eventually translate into limited treatment
options [1, 4, 5]. Shifting from castration-sensitive prostate
cancer (CSPC) to CRPC created an urgency to explore other
approaches by interrupting the cancer cell’s cycle progression
through targeted therapy; despite reliance on androgen recep-
tor (AR) activation, this may still be observable to some extent
[6-8]. These unmet clinical needs are establishing a prominent
clinical question on whether recently introduced drug proved
beneficial to improve the prognosis, considering current sce-
nario of chemotherapy agents involved resistance or adverse
effects (AEs) issues and recognized global intention to avoid
disease progression and prolong patient’s life expectancies [9,
10].

Olaparib, a poly (adenosine diphosphate (ADP)-ribose)
polymerase (PARP) inhibitor, had been approved for mCRPC
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by the US Food and Drug Administration (FDA) in mid-2020,
although it was originally aimed at individuals with mutated
BRCA1/2 pathway when it was introduced more than a dec-
ade ago [11]. A previous meta-analysis on olaparib efficacy to
improve the outcomes of other cancers, e.g., ovarian cancer,
breast cancer, etc., had confirmed that the therapeutic ration-
ale to incorporate olaparib into routine treatment regimen is
justifiable, in which the populations with mutated BRCA gene
might possess much favorable outcomes. BRCA gene muta-
tions, particularly BRCA2, can significantly increase the risk
of hereditary PC. Individuals with a BRCA2 mutation are gen-
erally found to have a lifetime risk of developing PC ranging
from 20% to 40%, and in certain cases, this risk may esca-
late to as much as 60%, according to various research find-
ings [12]. Combination use with new hormonal agent (NHA)
has been recommended by NCCN clinical practice, driving the
current research question to cooperate PARP inhibitor (PAR-
Pi) into mCRPC guideline. Homologous recombinant repair
(HRR) is a method for fixing damaged DNA by bringing in an
undamaged DNA molecule that closely matches the damaged
one. It then uses this undamaged molecule as a guide to rebuild
the damaged section, essentially copying from the undamaged
template to repair the DNA. The prevalence of HRR mutations
can range from 11.8% when examining only germline muta-
tions or 23% when considering solely somatic mutations, to as
high as 33% when assessing both germline and somatic muta-
tions collectively, depending on the testing approach and the
specific genes under evaluation [13, 14].

Objectives

This meta-analysis aimed to establish the role of olaparib in
NHA-based regimen in improving mCRPC therapeutic out-
comes and to compare its influence on treatment-modification
decision within the currently available evidence to date.

Materials and Methods

Study design

Initially, we screened the titles and abstracts according to our
prior eligibility criteria-guided study selection. The inclusion
criteria are phase II/III or controlled trials, investigating the
effect of olaparib-addition on anti-hormonal regimen (e.g., an-
drogen biosynthesis inhibitors (ABIs)) as compared to the lat-
ter regimen alone. We performed the literature search from da-
tabases, e.g., PubMed, ScienceDirect, and Cochrane Review,
to identify eligible studies until October 2022. The Boolean
term method and Medical Subject Headings (MeSH) were ap-
plied to specify the keywords used on title/abstract section, re-
lated to olaparib or PARP inhibitor, as combined to metastatic
castration-resistant prostate cancer (nCRPC) and its derivative
words. Focusing on mCRPC populations is mandatory regard-
less of the status of genetic alteration, e.g., BRCA1/2, ATM,
or HRR, although our secondary analysis included sub-group
evaluation of the latter gene’s mutations along with observ-
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able AEs on both arms. We excluded studies if the trial itself
published interim-specific outcome (i.e., population-based)
analysis. The reported outcomes should be presented in a prog-
nosis-based investigation, e.g., investigator assessed imaging-
based progression-free survival (PFS) and/or overall survival
(OS) in hazard ratio (HR), with 95% confidence interval (CI).
PRISMA reporting tools were utilized as the standard protocol
in the preparation of this study, which has been registered on
PROSPERO for international database reporting of systematic
review under the issued ID of CRD42022376362.

Data extraction

Data were extracted thoroughly to ease the authors in deter-
mining similarity of the included studies by identifying first
author’s last name and study design, population characteristics
or size, administered/compared regimens, detailed patients’
status (age, genetic mutation status, metastasis status and site,
prior treatment either failing treatment during hormone-sen-
sitive prostate cancer (HSPC) stage or ongoing approaches,
prostate-specific antigen (PSA) levels, etc.) and reported out-
comes, preferably the treatment drug efficacy-related param-
eters. The HR of those statistical outcomes with 95% CI was
extracted, concentrating on the olaparib-added arm vs. olapa-
rib-without arm regardless of the genetic mutation proportion
which may reflect population variations among mCRPC pa-
tients. The reported AEs were also extracted, and subsequently
presented as risk ratio (RR) outcomes to determine whether
olaparib administration will demonstrate significantly higher
unexpected events among the population. This secondary anal-
ysis was presented for all grades of reactions, and for severe
reactions only (grade > 3).

Risk of bias (RoB) analysis

The quality of each study was mainly assessed by an author
(NNF) by using the revised Cochrane RoB tool on RevMan
5.4.1 software, consisting of six variables, i.e., selection bias
(random sequence generation and allocation concealment),
performance bias, detection bias, attrition bias, reporting bias,
and other potential bias. The results were internally discussed
between authors on whether there are disagreements of the in-
terpretations; therefore, the quality assessment results will be
presented on summarizing figures.

Statistical analysis

All mathematical analyses were performed by using the Re-
view Manager (RevMan) statistical software version 5.4.1.,
which automatically calculated the log (HR) and standard of
error (SE), and interpreted RR calculations on forest plots. The
AEs analysis will also be presented in a similar way, though we
will also attempt to delineate changes in treatment course dur-
ing the trial’s progression by systematically presenting the out-
comes or AEs-related dose reduction, discontinuation, or even
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Figure 1. PRISMA reporting diagram to identify eligible trials for review.

mortality. The heterogeneity of each analysis was determined
by 12 results, as > 50% of the value may signify studies’ hetero-
geneity, hence random-effects model (REM) was adopted, and
vice versa for the fixed-effect model (FEM). After confirming
the 95% CI analysis on each outcome, the P value of < 0.05
will be considered statistically significant; hence the addition
of olaparib may prove either beneficial or disadvantageous to
the mCRPC population.

Ethical compliance is reviewed by Ethical Committee for
Health Research Universitas Sumatera Utara. Standard protocol
is registered in PROSPERO for international database reporting
of systematic review under the issued ID of CRD42022376362.

Results

From the initially identified 356 studies, we included three
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trials involving 1,325 individuals with mCRPC (726 patients
were allocated to intervention arm), in which the PRISMA
identification flow and its characteristics are presented in Fig-
ure 1 and Table 1 [15-17], respectively. Those trials combined
olaparib (300 mg) per oral (PO) twice a day with abiraterone
(1,000 mg) or enzalutamide (160 mg) PO once a day, plus
prednisone/prednisolone (5 mg) PO twice a day as well. There-
fore, considering the similarity of intervention, the investigat-
ed outcomes were also revolved around regimens’ efficacy in
prolonging PFS and OS duration and rate among patients with
similar baseline characteristics (Table 2) [15-17]. Genetic mu-
tations were reported, in which some subgroup analyses were
conducted to determine whether the mutation might influence
the primary outcomes, implying certain recognizable mutation
will eventually influence the decision to administer olaparib in
those populations.

The RoB analysis disclosed “low risk” on almost all vari-
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Table 1. Summary and Characteristics of the Included Studies

Intervention Maximum
Study and design  Criteria of eligibility =~ Treatment settings  (olaparib- Comparison trial follow- Outcomes
regimen) up (months)
Clarke 2018 (open- Males > 18 years old Patients with Olaparib (300 Placebo + 30 Progression-
label RCT phase II) or older; Histologically = previous taxanes mg) PO bd + abiraterone free
or cytologically treatment were abiraterone (1,000 mg) PO survival,
confirmed mCRPC allowed (1,000 mg) PO qd + prednisone/ overall
qd + prednisone/ prednisolone survival,
prednisolone (5 (5 mg) PO bd adverse
mg) PO bd events
Clarke 2022 Male > 18 years old First-line treatment ~ Olaparib (300 Placebo + 31 Progression-
(RCT phase III) or older (> 19 yearsin  after mCRPC mg) PO bd + abiraterone free
South Korea centers); confirmation abiraterone (1,000 mg) PO survival,
Histologically or (except for ADT); (1,000 mg) PO qd + prednisone/ overall
cytologically confirmed Prior docetaxel qd + prednisone/ prednisolone survival,
CRPC; At least one during neoadjuvant/  prednisolone (5 (5 mg) PO bd adverse
documented metastatic ~ adjuvant treatment ~ mg) PO bd events
lesion on a bone scan for mHSPC
or CT or MRI scan
PROfound: Male > 18 years old or ~ Administered with ~ Olaparib (300 Placebo + 31 Progression-
De Bono 2020 older; Histologically docetaxel as well mg) PO bd + abiraterone free
(open-label RCT or cytologically for treating the abiraterone (1,000 mg) PO survival,
phase III) confirmed mCRPC current mCRPC (1,000 mg) PO qd + prednisone/ overall
qd + prednisone/ prednisolone survival,
prednisolone (5 (5 mg) PO bd adverse
mg) PO bd events

RCT: randomized controlled trial; mCRPC: metastatic castration-resistant prostate cancer; ADT: androgen deprivation therapy; CT: computed tomog-
raphy; MRI: magnetic resonance imaging; mHSPC: metastatic hormone-sensitive prostate cancer.

ables assessed, which are reasonably accepted considering all
of the included trials are preeminent investigations on novel
oncology or PC treatment. We qualitatively present our sum-
marized RoB interpretation (Fig. 2) and no statistical confir-
mation was performed to assess the biases’ magnitude. How-
ever, all studies included are some globally recognized trials
which are supported by significant pharmaceutical companies
as disclosed on the respective studies’ declaration of interest.
Therefore, the biases’ variables, e.g., selection bias, etc., had
been reported thoroughly on the open-access trial protocols
(accessible through each publisher websites) [15-17].

PFS and OS

Our analysis on those three trials demonstrated that olapa-
rib addition into the ABIs plus corticosteroid regimen toward
pooled mCRPC patients possessed better PFS rate with the HR
of 0.59 (0.48 - 0.73) with P < 0.05 (Mantel-Haenszel test, I
= 42%), in 95% CI and REM analysis. Subgroup analysis on
mutated HRR or ATM gene revealed the superiority of olaparib
among those genetic-mutated mCRPC individuals to extend
the PFS, with the HR of 0.43 (0.30 - 0.62) with P <0.05 (Man-
tel-Haenszel test, 1> = 45%) in REM analysis (Fig. 3a). Similar
outcomes were also observed on OS analysis, since we found
that olaparib may positively improve the survival rates of the
mCRPC patients regardless of a preexisting genetic mutation
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or else. We calculated the cumulated HR value of 0.81 (0.67 -
0.99) within 95% CI, P value < 0.05 (Mantel-Haenszel test, I
=0%) in REM analysis (Fig. 3b).

Administered-regimen-related AEs

The AEs were classified into two different sections, i.e., all
grades and severe (grade > 3) AEs, to systematically meas-
ure the unexpected consequences of both regimens (Table 3).
Overall, addition of olaparib into the regimen dramatically in-
creased the RR value of the reported symptoms as seen on both
hematological and non-hematological reactions. For instance,
RR for anemia in all grades was 3.16 (2.06 - 4.84), compared
to grade > 3 with 4.64 (2.96 - 7.28) and both outcomes ap-
peared to be statistically significant (P < 0.05) on 95% CIL.
Nausea, decrease of appetite, and diarrhea also revealed to be
the most in-risk reactions after olaparib administration with the
RR value > 2.0 on all grades (all P <0.05), although the similar
calculations were not shown on severe grade AEs. Among the
grade > 3 reactions, vomiting became the symptom with the
highest RR value of 5.92 (1.77 - 19.82), interestingly higher
than any documented reactions. Quantitatively, the all grades
AEs rates among both arms were similar; however, the num-
ber of significantly different or meaningful RRs was reduced
on grade > 3 reactions, placing olaparib-included regimen on
relatively safe zone regarding this outcome. All P values pre-
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Table 2. The Characteristics of Populations Included in Each Trial

ECOG . PSA con- Confirmed
Metastasis status and . q
Study/arm (n) Age (years) [0 number of bone metasta- R IERt Sl L L LTS
mance sta- . ment (%) at the base- tion and BRCA
tus > 1 (%) e il i () line (ug/L) status (%)
Clarke Olaparib (71) 70 (65-75) 52.1 Bone disease only (46.5); Soft-  Docetaxel 86.0 (23 HRR mutation
2018 tissue disease only (11.3); Bone (100.0); - 194) (15.5)
and soft-tissue disease (42.3); Cabazitaxel
Number of participants with (14.1)
bone metastasis sites > 1 (88.7)
Control (71) 67(62-74) 43.6 Bone disease only (46.5); Soft- Docetaxel 47.0 (21 HRR mutation
tissue disease only (15.5); Bone (100.0); -199) (14.1)
and soft-tissue disease (38.0); Cabazitaxel
Number of participants with (12.7);
bone metastasis sites > 1 (85.9)  Abiraterone
(1.4)
Clarke Olaparib (399) 69 (43-91) 28.1 Bone-related (87.5); Docetaxel 17.9 (6.1 HRR mutation
2022 Distant lymph nodes (46.9); NHA - 67.0) (27.8); BRCAL
(33.3); Locoregional lymph 0.3) (2.3); BRCA2
nodes (20.6); Prostate and 9.5)
adjacent structure (11.8);
Respiratory (including
lung) (10.6); Liver (3.8)
Control (397) 70 (46-88) 31.2 Bone-related (85.4); Docetaxel 16.8 (6.3 HRR mutation
Distant lymph nodes (46.9); NHA - 53.3) (27.8); BRCAI
(30.0); Locoregional lymph 0.3) (2.3); BRCA2
nodes (22.4); Prostate and 9.5)
adjacent structure (11.6);
Respiratory (including
lung) (10.6); Liver (4.5)
De Bono Olaparib (256) 69 (47-91) 48.8 Bone disease only (33.6); Lung NHA (100.0);  68.2 (24.1 BRCAI (3.1);
2020 or liver (26.6); Other (34.4) Taxanes (66.4) -294.4) BRCA2 (31.6)
Control (131) 69 (49-87) 573 Bone disease only (29.0); Lung NHA (100.0);  106.5(37.2  BRCAI (3.8);

or liver (33.6); Other (31.3)

Taxanes (66.4) - 326.6) BRCA2 (35.9)

ECOG: Eastern Cooperative Oncology Group; PSA: prostate-specific antigen; HRR: homologous recombinant repair; NHA: new hormonal agent.

sented in AEs outcomes are presented from Mantel-Haenszel
test to estimate RR based on proportional-odds analysis model.
We implemented the REM analysis to all AEs’ estimation in
concordant with the approximated I? value which is > 50.0%.

Changes of interventions were observed on both arms, as
the AEs might interrupt, reduce, discontinue, or cause death in
some instances. Olaparib in addition to the regimen will theo-
retically have higher rate of treatment modification as seen
on RR of therapeutic interruption (2.03 (1.43 - 2.90), Mantel-
Haenszel test in REM (I2 = 66%); P < 0.05), received dose
reduction decision (4.30 (1.51 - 12.20), Mantel-Haenszel test
in REM (I = 71%); P < 0.05), and therapeutic discontinuation
probably to higher AEs’ grade occurrence on the individuals
(1.84 (1.14 - 2.98), Mantel-Haenszel test in REM (I2 = 57%);
P <0.05) as presented in Figure 4. However, significant differ-
ence on AEs-related mortality was not observed in this study
(RR, 0.99 (0.57 - 1.73), Mantel-Haenszel test in REM (12 =
0%); P=0.98), thus presenting a premise that olaparib addition
into the regimen might not negatively influence the mortality
rate even in its AEs-related complications.
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Discussion

Clinical utility of PARP inhibitors (PARP1) or targeted ther-
apy in general has been associated with the precision medi-
cine revolution, as current global research direction is aimed
to identify the most optimal patient-drug relationship hence
termed personalized approach, rather than solely focusing
on the disease itself. Due to its specific nature in disrupting
cancerous DNA repair by inhibiting PARP pathway, designat-
ing an appropriate setting of PARPI, i.e., olaparib administra-
tion should consider the status of DNA damage repair (DDR)
mutation. Individuals with mutated HRR gene, e.g., BRCA1/2
(mBRCA1/2 or mutated HRR (mHRR)), are at a higher risk to
develop PC at their lifetime regardless of whether there were
germline or somatic changes [11, 14, 18]. Therefore, the cur-
rent NCCN guideline recommends conducting HRR gene test-
ing prior to PARPi administration; considering its mechanism
of action interferes with “alternative” DNA repair mechanisms
in case of double-strand breaks (DSB) after PARP is trapped
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Figure 2. Summary of risk of bias (RoB) assessment of the included studies. All bias variables disclosed as low risk of bias.

by its inhibitor drug, leading to accumulations of genetic ab-
normalities [13, 18].

Identifying the most suitable groups of patients is ulti-
mately the main objective of the popular modern oncologic
approach; however, therapeutic rationale to utilize specific
molecular pathway inhibition in case of option’s unavailability
as evident on mCRPC should be considered as well. There-
fore, even though genetic counseling is highly recommended
for PARPi’s administration, unmet favorable outcomes among
metastatic PC patients are urging olaparib use in practice, re-
gardless of the pathologic genetic testing status, since it theo-
retically benefits prognostic estimation [11, 13, 14, 19-20].

Our study demonstrated that olaparib inclusion into NHA
regimen, e.g., abiraterone or enzalutamide plus glucocorticoid
agents, may positively influence the PFS and OS. Individu-
als with mHRR genes might in fact have better outcomes after
those regimens compared to unaltered populations, hence par-
tially explaining the reasoning of pre-PARPi mHRR detection,
which is supposed to increase the probability of prolonged
PFS/OS [15-17].

In settings of unknown HRR mutation status, synergy be-
tween olaparib and its regimen of NHA/prednisolone is signif-
icantly improving the PFS and OS, thus the mCRPC diagnosis
alone may justify the inclusion of olaparib into the treatment
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Figure 3. (a) Progression-free survival (PFS) as presented in pooled metastatic castration-resistant prostate cancer (nCRPC)
and mutated homologous recombinant repair (mHRR)/ataxia-telangiectasia mutated (mATM) populations. (b) Pooled overall
survival (OS) analysis of the included study.

Table 3. Meta-Analysis of Adverse Effects in Hematological and Non-Hematological System of This Study (All Studies Included)

All grades, % (n/total) Grade > 3, % (n/total)
Olaparib plus Olaparib plus
Adverse effects sC ?NHAP 2?sgli§f;+ RR(95% CI)  Pvalue SC ?NHAP zfsglﬂl";‘ " RR(5%CI)  Pvalue
+ CtS) + CtS)
Hematological
Anemia 44.7 (324/725) 14.4 (86/597) 3.16(2.06 -4.84) <0.05* 17.9 (130/725) 3.5(21/597) 4.64(2.96-7.28) <0.05*
Non-hematological
Nausea 33.8 (245/725) 15.1(90/597) 2.13 (1.71-2.64) <0.05* 0.7 (5/725) 0.5(3/597) 1.05(0.23-4.92) >0.05*
Decreased appetite  20.3 (147/725) 8.5(51/597)  2.05(1.53-2.76) <0.05* 1.0(7/725) 0.2(1/597)  2.95(0.50-17.57) >0.05*
Diarrhea 18.5(134/725) 8.9 (53/597)  2.02(1.48-2.74) <0.05* 0.7 (5/725) 0.3(2/597) 1.67 (0.35 - 8.08) >0.05*
Vomiting 15.7 (114/725) 10.2 (61/597) 1.49 (1.11-2.00) <0.05* 3.4(25/725) 0.5(3/597)  5.92(1.77-19.82) <0.05*
Constipation 18.2 (132/725) 13.7 (82/597) 1.33(1.01 -1.74) <0.05* 0.0 (0/725) 0.2 (1/597)  0.33 (0.01 -8.12) >0.05*
Fatigue 37.0 (268/725) 27.3 (163/597) 1.31(1.12-1.55) <0.05* 2.3 (17/725) 2.5(15/597) 0.82(0.38-1.78) >0.05*
UTI 9.4 (68/725) 8.2 (49/597)  1.15(0.81-1.62) >0.05* 1.8 (13/725) 1.8 (11/597) 0.92 (0.43-1.99) >0.05*
Peripheral edema  11.9 (86/725)  10.1 (63/597) 1.14(0.83 -1.56) >0.05* 0.0 (0/725) 0.2 (1/597)  0.33(0.01,8.12) >0.05*
Back pain 16.7 (121/725) 17.1 (102/597) 1.02 (0.80 - 1.30) > 0.05* 0.8 (6/725) 1.0 (7/725)  0.69 (0.23 -2.06) > 0.05*
Arthralgia 11.4 (83/725) 14.7(88/597) 0.85(0.57-1.28) >0.05* 0.1 (1/725) 0.5(3/597)  0.45(0.07-2.76) >0.05*

*Statistically significant based on the respective analysis model. Cl: confidence interval; CtS: corticosteroid; NHA: new hormonal agent; RR: risk ratio;
UTI: urinary tract infection.
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Olaparib + standard care  Standard care only Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 Interruption of intervention due to AE
Clarke etal 2018 24 71 L] 71O175% 2.67[1.34,5.33) —
Clarke etal 2022 309 398 187 396 50.0% 1.64 [1.46,1.85] ]
PROfound; de Bono et al 2020 115 256 24 130 325% 2.43[1.65, 3.58] ——
Subtotal (95% CI) 725 597 100.0% 2.03[1.43,2.90] L
Total events 448 220
Heterogeneity: Tau®= 0.06; Chi*= 5.81, df= 2 (P = 0.05), F= 66%
Test for overall effect Z= 3.93 (P < 0.0001)
3.1.2 Dose reduction due to AE
Clarke etal 2018 13 71 0 71 11.0%  27.00[1.64, 445.65) _—
Clarke etal 2022 90 398 39 396 505% 2.30[1.62, 3.26] -
PROfound; de Bono et al 2020 57 256 [ 130 385% 5789[2.38 14.09] —&
Subtotal (95% Cl) 725 597 100.0% 4.30 [1.51, 12.20] g
Total events 160 44
Heterogeneity: Tau*= 053, Chi*=6.91, df= 2 (P=0.03), F=71%
Test for overall effect Z= 2.74 (P = 0.006)
3.1.3 Discontinuation due to AE
Clarke etal 2018 21 71 7 71 226% 3.00 [1.36, 6.61] —
Clarke etal 2022 89 398 66 396 48.0% 1.34 [1.01,1.79] HE-
PROfound, de Bono et al 2020 46 256 11 130 29.4% 2.12[1.14, 3.96] ——
Subtotal (95% CI) 725 597 100.0% 1.84[1.14,2.98] -
Total events 156 84
Heterogeneity: Tau*= 0.10; Chi*= 4.69, df= 2 (P=0.10); F=57%
Test for overall effect Z= 2,49 (P=0.01)
3.1.4 Death due to AE
Clarke etal 2018 1 71 0 71 3.0% 300[012 7242
Clarke etal 2022 16 398 17 396 69.1% 0.94 [0.48,1.83]
PROfound; de Bono et al 2020 10 256 5 130 27.9% 1.02[0.35, 2.91]
Subtotal (95% CI) 725 597 100.0% 0.99 [0.57, 1.73]
Total events 27 22
Heterogeneity: Tau®= 0.00; Chi*= 0.50, df= 2 (P=0.78), F= 0%
Test for overall effect Z=0.03 (P = 0.98)

0.01 0.1 10 100

Test for subgroup differences: Chi*=7.55, df=3 (P = 0.08), F=80.3%

Favours Olaparib + SC Favours SC only

Figure 4. Change of intervention course due to adverse effects (AEs).

plan. As the previous study done by Matsumoto et al, the HR
of radiographic progression-free survival (rPFS) in the olapa-
rib arm was 0.41 (95% CI, 0.13 - 1.39) in BRCAI-mutated
subgroup and 0.21 (95% CI: 0.13 - 0.32) in BRCA2-mutated
subgroup. While the trial showed a median OS of 19.1 months
with olaparib [14]. Nevertheless, the impact of mHRR and/or
mATM findings had been statistically proved by HR value in
this analysis (0.43 (0.30 - 0.62) vs. 0.59 (0.48 - 0.73) in 95%
CI on sub-group differences), furtherly confirming the NCCN
guideline on genetic testing recommendation. Progress of in-
corporating PARP1 into advanced solid cancer treatment had
been continuously referred to germline mutation of HRR spe-
cifically BRCA gene since it was first approved by FDA for
ovarian cancer. Hence, extending its approval to non-mutated
HRR mCRPC or at least including somatic mutation should
be an alternative option to increase the prognostication rather
than relying on chemotherapy or NHA alone. Molecular evi-
dence to administer PARPi toward mHRR is centered on its
failure to repair DSB after accumulation of single-strand DNA
breaks (SSB) by PARPi earlier, resulting in higher rate of cell
death since cancerous cell is unable to conduct repair mecha-
nism in HRR-deficient settings [21-24].

Providing an agent that might hinder a cancer cell’s ge-
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netic defect is also a reasonable strategy to utilize PARPi as
a radiosensitizer. Based on the research done by Angel et al,
the combination therapy significantly prolongs survival in
patient populations with favorable prognosis, but not in pa-
tients with unfavorable prognosis. In this study, the safety of
olaparib combined with radionuclide Ra-223 resulted in good
tolerance for the patients and thus showed a 6-month rPFS.
Thus, the advantage and prospect of PARPi is not limited as
a single-use agent or medication-based approach alone, but
might in fact possess a potential to amplify the other treatment
modality [25]. Compared to previous study involving olapa-
rib administration among population with advanced cancer, it
also revealed that its inclusion into the treatment regimen sig-
nificantly improved the outcomes. A meta-analysis by Liu et al
demonstrated that its intervention arms had significantly lower
HR in treating metastatic triple-negative breast cancer (mTN-
BC) notably among BRCA-mutated patients [26]. Another ex-
tensive review by Maiorano et al which evaluated the efficacy
of olaparib in ovarian cancer patients also concluded similar
results with the HR of 0.54 among the studied populations and
quantitatively higher HR in young age population [27].

Our study disclosed that the addition of olaparib might
change the intervention’s course to some extent, as reported
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by AEs-related treatment interruption, dose reduction, or even
discontinuation, with a significantly higher rate in the combi-
nation arm. However, we believe this finding is concordant
with the basic pharmacology theory, which states that more
drugs will translate into more reactions, hence unexpected
events will eventually be more common among the olaparib-
added group compared to olaparib-without group. The mor-
tality rate due to AEs among intervened populations does not
favor either regimen, as the RR value was shown to be 0.99
(0.57 - 1.73), hence placing olaparib into a relatively safe drug
in terms of its life-threatening potential. Reaction-specific
analysis of the AEs rate revealed most of the pooled AEs’ rate,
regardless of its severity, favors the non-olaparib-added group,
especially anemia (RR 3.16 (2.06 - 4.84); P <0.05 in 95% CI).

Concordant to the previously mentioned expectation of
adding an agent, it is reasonable to expect a higher event rate
among the olaparib-added group. Moreover, analysis of grade
> 3 reactions confirmed that the RR difference among both
arms is comparable and statistically insignificant except for
anemia and vomiting, with those reactions’ occurrences valued
at 4.64 (2.96 - 7.28) and 5.92 (2.77 - 19.82) in a similar analy-
sis method. Therefore, this study attempted to mathematically
define the rate of unexpected reactions rate, which definitely
interfered with an individual’s quality of life. It is also general-
ly accepted that minimizing those reactions is one of the main
objectives in onco-pharmacological science, hence, apart from
its favorable influence on a patient’s prognosis, we may expect
nearly similar yet predictable AEs among mCRPC individuals
after olaparib administration.

The estimated HRs of both PFS and OS outcomes were
differed with previous meta-analysis conducted and predicted
to be closely related with each populations’ cancer type. Yang
et al in its meta-analysis focusing on ovarian cancer demon-
strated an insignificant HR of 0.90 (0.75 - 1.08) in 95% CI (P
= 0.56) for OS but significant PFS outcome (HR, 0.49 (0.36
- 0.68) in 95% CI (P < 0.05)). Though they also found that
olaparib will significantly increase the side effects’ occurrenc-
es probability [28]. Another meta-analysis by Liu et al revealed
similar outcomes since TNBC patients might benefit well from
olaparib administration, with considerable increase in mutated
BRCA gene population. This premise had also been confirmed
by Guo et al, in which mutation of the BRCA gene will signifi-
cantly improve the HR of both PFS and OS outcomes [12, 26].

Limitations

This review might hold some limitations that appear to be ad-
missible considering the current research progress on PARPi
and mCRPC. The most significant and distinctive factor is the
number of eligible trials that fulfill our PICO model, as we
were only able to identify three major investigations, justi-
fying our objective to conduct a meta-analysis with clinical-
centered narration within the limited available studies. Com-
bining PARPi with NHA or even the chemotherapy regimens
also prevailed as an issue among uro-oncology physicians,
considering the current state of unmet clinical demand for bet-
ter mCRPC prognosis and focusing on the most effective regi-
men, which can be acquired through in-depth analysis of the
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recently performed trials. Nevertheless, this study is expected
to become one of the cornerstones for PARPi inclusion in the
updated guidelines for PC management, and might provide
some perspectives on the urgency for conducting pathologic
genetic testing prior to targeted therapy administration. Future
investigations should be focused on fully integrating olaparib
into the PC therapeutic strategy (either by combining olaparib
with chemotherapy or another medication) and exploring the
importance of genetic testing prior to PARPi administration.

Conclusion

The addition of olaparib to an established mCRPC treatment
modality which consisted of NHA as reviewed in this study is
confirmed to significantly improve the PFS and OS by 41%
and 19%, respectively. Furthermore, higher but acceptable
AEs rates among olaparib arms were also observed without
any significant influence on the mortality rate due to unex-
pected events caused by olaparib administration.
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