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Purpose: PARP inhibition is an exciting new anticancer strategy. As the first PARP inhibitor
approved for the treatment of advanced BRCA-mutated ovarian cancer, olaparib has proven to
be effective in the treatment of several solid tumors. We performed a meta-analysis of published
randomized controlled trials to evaluate the efficacy and safety of olaparib in cancer patients.
Methods: PubMed, Embase, and oncology-conference proceedings were searched for relevant
studies. End points were overall survival (OS), progression-free survival (PFS), overall response
rate (ORR), and grade 3/4 adverse events. Pooled hazard ratio (HR)/risk ratio (RR) and 95%
CI were calculated using random or fixed-effect models.

Results: Eight trials involving 1,957 patients were ultimately identified. The pooled analysis
demonstrated that olaparib treatment significantly improved PFS (HR 0.62, 95% CI 0.47-0.82;
P=0.001), OS (HR 0.82, 95% CI10.73-0.93; P=0.001), and ORR (RR 1.38, 95% CI 1.16-1.65;
P<0.001) when compared with therapy not containing olaparib. This association was further
confirmed by sensitivity analysis. Additionally, olaparib treatment offered a significant survival
benefit for patients with BRCA mutation. Moreover, treatment with olaparib was associated with
a significant increase in risk of severe anemia.

Conclusion: Olaparib treatment has better treatment response compared with therapy not
containing olaparib, whereas olaparib can increase the risk of severe anemia.
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Introduction

As our knowledge of cancer biology grows, cancer therapy has evolved significantly.
However, with approximately 14.1 million new cancer cases and 8.2 million deaths
according to global cancer statistics in 2015, there is a clear need for continued improve-
ment in cancer therapy. Agents targeting specific molecular defects that characterize
certain cancer cells are a novel cancer therapy to increase treatment efficacy and reduce
toxicities. The discovery of the PARP family of nuclear enzymes, which is recruited
to repair DNA damage in cells, opened the possibility of developing a new class of
antineoplastic drugs. PARPs are a family of enzymes composed of 17 members,' and
PARP1 is the protein that is best described. PARP1 plays a critical role in the base-
excision-repair pathway, controlling the repair of single-strand breaks in DNA.? With
the ability to interfere with the DNA damage repair systems, PARP inhibitors (PAR-
Pis) can effectively eliminate a cell’s capacity to repair single-strand breaks, leading
to double-strand breaks. Other DNA-repair mechanisms, specifically homologous
recombination and the nonhomologous end-joining pathways, have been utilized.*#
However, BRCAI- and BRCA2-mutation carriers are unable to utilize homologous
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recombination fully to repair double-strand breaks and low-
fidelity repair by nonhomologous end joining is activated,
and this absence of an accurate repair mechanism results
in cell death.>¢ Until now, the most investigated PARPi has
been olaparib (AZD2281, KU0059436), which is an orally
available compound with activity against PARP1 and PARP2.
As an important novel agent of anticancer drugs, olaparib
has undergone comprehensive clinical evaluation as single
and combination therapy in several cancer types, like ovarian
cancer, breast cancer, and gastric cancer.”” It is important to
summarize those results, offering evidence-based references
for clinicians. We thus performed this meta-analysis of all
published Phase II-1I1 randomized controlled trials (RCTs)
to evaluate the efficacy and safety of olaparib in the treatment
of various advanced or metastatic cancers.

Methods

Data sources and search strategy

Study selection was conducted according to the Preferred
Reporting Items for Systemic Reviews and Meta-Analyses
statement.'® An independent review of citations from PubMed
and Embase from January 2000 to January 2018 was con-
ducted. We also searched abstracts and meeting presentations
from the annual meetings of the American Society of Clinical
Oncology and the European Society of Medical Oncology to
identify relevant clinical trials. Additionally, we searched the
clinical trial-registration website http://www.clinicaltrials.gov

to obtain information on the registered RCTs. The search was
conducted using the keywords “olaparib”, “AZD2281”, “KU-
0059436, “RCT”, “trial”, and “cancer”, and was restricted
to RCTs published in English. When duplicate publications
were identified, only the most complete, recent, and updated
report of clinical trials was included in the meta-analysis.

Study selection

Clinical trials that met the following criteria were included
in this meta-analysis: prospective randomized controlled
Phase IT and III clinical trails in cancer patients, participants
assigned to treatment with olaparib containing therapy or con-
trol (placebo or chemotherapy), and the study had included
sufficient data for extraction. Phase I and single-arm Phase
II trials were excluded, due to lack of control groups.

Data extraction and quality of studies

Information extracted comprised the study, trial phase,
underlying malignancy, dosage of olaparib, dosing schedules
used in treatment and control arms, median age, median
progression-free survival (PFS) and median overall survival

(OS). Data extraction was performed independently by two
reviewers, and any discrepancies were resolved by consensus.
The quality of clinical trial reports was assessed according to
the five-item Jadad scale, including randomization, double-
blinding, and withdrawals.!" Severe (grade 3 or 4) adverse
events (AEs) were defined according to the third or fourth
version of the Common Terminology Criteria for Adverse
Events (CTCAE) of the National Cancer Institute.

Statistical analysis

The efficacy of olaparib in treating cancers was evaluated by
calculating pooled OS, PFS and overall response rate (ORR),
and 95% Cls based on data from all studies. ORR was defined
as the sum of partial- and complete-response rates accord-
ing to the response-evaluation criteria in solid tumors. To
assess the stability of the pooled results, sensitivity analysis
was performed by sequential omission of individual studies.
Statistical analysis of overall HRs for OS and PFS and RRs
for ORR and grade 3 or 4 AEs was calculated using version
2 of the Comprehensive Meta Analysis (Biostat, Englewood,
NJ, USA) program. For the meta-analysis, both fixed-effect
(weighted with inverse variance) and random-effect models
were considered.'>!* The y2-based Q statistic was applied
to estimate between-study heterogeneity, and inconsistency
was quantified with the I* statistic, which represents the
percentage of total variation across studies that is attribut-
able to heterogeneity rather than chance.!* Heterogeneity
was considered statistically significant when P<0.1. When
substantial heterogeneity was not observed, the pooled
estimate was calculated based on the fixed-effect model. If
substantial heterogeneity existed, data were analyzed using
the random-effect model. Publication bias was evaluated by
Begg’s and Egger’s tests.!>!¢ A two-tailed P-value <0.05 was
considered statistically significant.

Results

Search results

A total of 214 potentially relevant studies were retrieved
electronically. Then, 203 studies were excluded according
to the inclusion and exclusion criteria by screening the title,
abstract and keywords of each record. Finally, eight RCTs
were included after removal of duplicated reports and reports
with both arms receiving olaparib. The detailed selection
process and reasons for exclusion are presented in Figure 1.

Study characteristics
In total, 1,957 patients from eight RCTs™*!72! were available
for the meta-analysis, of whom 786 had ovarian cancer,”-'8-2
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Potentially relevant articles
(n=214)

Selected trials (n=11)

8 RCTs included in the analysis:
-Phase Il trials (n=5)

-Phase lll trials (n=3)

Figure | Flowchart of selection process for trials included in meta-analysis.
Abbreviation: RCTs, randomized controlled trials.

302 breast cancer,’ 649 gastric cancer,®!” and 220 small-cell
lung cancer (SCLC).2! Of the included studies, three were
Phase III RCTs" and five were Phase II RCTs.'72! All stud-
ies reported sufficient data on PFS*172! and OS,*!"?'and
six reported sufficient data on ORR.%*!72° Additionally,
five trials reported sufficient data on efficacy of olaparib in
patients with BRCA mutations,”*!*2° and two trials reported
efficacy data in patients with ATM deficiency.®!” Two sched-
ules of olaparib oral tablets were investigated in the analysis
conducted by Woll et al: 300 mg twice daily or 200 mg thrice
daily.?! Jadad scores are listed for each trial in Table 1. The
mean Jadad score was 4.4 (range 3—-5), indicating that overall
methodological quality of the included studies was generally
good and fair. All trials reported grade 3 or 4 AEs according
to CTCAE version three or four criteria. All selected trials
included patients with an Eastern Cooperative Oncology
Group performance status of <2 and with adequate organ,
coagulation, and hematological functions.

Progression-free survival

All studies reported data on PFS. The combined HR for PFS
was 0.62 (95% C10.47-0.82, P=0.001; Figure 2) indicating a
significant improvement in PFS with olaparib treatment when
compared with control therapy. There was significant hetero-
geneity among trials (’=84.9%, P<0.001), and the pooled HR
was calculated by using the random-effect model. Subgroup

Trials primarily excluded (n=203):
-51 review articles

-81 pharmacokinetic, Phase | trials
-65 single-arm Phase Il studies

-5 case reports or case series

-1 meta-analysis

-2 duplicated reports

-1 all-treatment arm received
olaparib

analysis based on tumor type was conducted to investigate the
source of the heterogeneity (Table 2). We found olaparib treat-
ment significantly improved PFS in ovarian cancer (HR 0.44,
95% CI1 0.30-0.67; P<0.001), gastric cancer (HR 0.83, 95%
CI 0.70-0.99; P=0.036), and breast cancer (HR 0.58, 95%
CI 0.43-0.79; P=0.001), but not for SCLC (HR 0.88, 95%
CI 0.69-1.13; P=0.321). In the BRCA-mutation group, the
pooled HR showed that olaparib-containing therapy signifi-
cantly improved PFS (HR 0.37,95% CI10.22-0.63; P<0.001).

Overall survival

All trials reported data on OS. The pooled HR for OS
favored olaparib therapy, yielding an HR of 0.82 (95% CI
0.73-0.93, P=0.001; Figure 3) using a fixed-effect model
(PP=6%, P=0.385). Subgroup analysis by tumor type showed
that olaparib significantly improved OS in gastric cancer (HR
0.75,95% C10.62—0.90; P=0.002), but not for ovarian cancer
(HR 0.83, 95% CI 0.68-1.02; P=0.075), breast cancer (HR
0.90,95% CI1 0.63—-1.29; P=0.564), or SCLC (HR 0.99, 95%
CI0.71-1.39; P=0.980). Five trials evaluating BRCA-mutated
patients demonstrated a significant improvement in OS, giv-
ing an HR of 0.78 (95% CI 0.62-0.98, P=0.030).

Overall response rate
Six of the eight included trials reported data on ORR, and
the pooled RR for ORR showed that there was a significant

Cancer Management and Research 2018:10

submit your manuscript

2555

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Guo et al

Dove

Table | Baseline characteristics of the eight randomized controlled trials included in the meta-analysis

Phase Underlying Treatmentarm  Controlarm Patients Age (years), Median Median Jadad
malignancy enrolled median oS PFS score
(range) (months) (months)

Oza et al®® I ocC Olaparib 200 mg PC 162 59.0 (27-28) 338 12.2 3
twice daily plus PC

Kaye et al"? I ocC Olaparib 200 mg PLD 32 585 (45-77) NA 6.5 3
twice daily
Olaparib 400 mg PLD 32 53.5(35-76) NA 8.8
twice daily

Bang et al'’ I GC Olaparib 100 mg Placebo/ 124 63.0 (31-77) 13.1 3.9 5
twice daily plus paclitaxel
paclitaxel

Ledermann I ocC Olaparib 400 mg Placebo 265 58.0 (21-89) 297 84 5

et al'® twice daily

Bang et al® 1] GC Olaparib 100 mg Placebo plus 525 58.0 (49-67) 88 37 5
twice daily plus paclitaxel
paclitaxel

Pujade- 11l ocC Olaparib 300 mg Placebo 295 56.0 (51-63) NA 19.1 5

Lauraine et al’ twice daily

Robson et al® n BC Olaparib 300 mg Single-agent 302 44.0 (22-76) 19.3 7.0 5
twice daily chemotherapy

Woll et al?! I SCLC Olaparib 300 mg Placebo 220 64.0 (42-89) 9.9 36 4
twice daily
Olaparib 200 mg Placebo 9.0 3.6

three times daily

Abbreviations: OC, ovarian cancer; SCLC, small-cell lung cancer; BC, breast cancer; GC, gastric cancer; PLD, PEGylated liposomal doxorubicin; PC, paclitaxel-carboplatin;

PFS, progression-free survival; OS, overall survival; NR, not reported.

Table 2 Summary results of pooled PFS, OS, and ORR by subgroup analysis

Studies Pooled PFS Studies Pooled OS Studies Pooled ORR
HR (95% CI) P HR (95% CI) P RR (95% CI) P

BRCA mutation 5 0.37 (0.22-0.63) <0.001 5 0.78 (0.62-0.98) 0.030 3 2.01 (1.42-2.85) <0.001
ATM deficiency 2 0.74 (0.51-1.07) 0.113 2 0.53 (0.26-1.08) 0.080 1.70 (0.89-3.23) 0.107
Cancer type
Ovarian cancer 4 0.44 (0.30-0.67) <0.001 4 0.83 (0.68-1.02) 0.075 3 1.16 (0.92—-1.47) 0.205
Breast cancer | 0.58 (0.43-0.79) 0.001 | 0.90 (0.63-1.29) 0.564 | 2.08 (1.40-3.10) <0.001
Lung cancer | 0.88 (0.69-1.13) 0.321 | 0.99 (0.71-1.39) 0.980 NR NR NR
Gastric cancer 2 0.83 (0.70-0.99) 0.036 2 0.75 (0.62-0.90) 0.002 2 1.51 (1.04-2.21) 0.032

Abbreviations: ATM, ataxia telangiectasia, mutated; HR, hazard ratio; PFS, progression-free survival; OS, overall survival; ORR, overall response rate; NR, not reported;

RR, risk ratio.

improvement for olaparib-containing therapy, with an RR
of 1.38 (95% CI 1.16-1.65, P<0.001; Figure 4). There was
no significant heterogeneity between the trials (”=41.1%,
P=0.132), and the pooled RR was performed using the
fixed-effect model. Additionally, subgroup analysis accord-
ing to tumor type showed that olaparib-containing therapy
significantly improved ORR in gastric cancer (RR 1.51,
95% CI 1.04-2.21; P=0.032) and breast cancer (RR 2.08,
95% CI 1.40-3.10; P<0.001). Although there was a trend
toward improving ORR in ovarian cancer (RR 1.16, 95%

CI10.92-1.47; P=0.205), the pooled RR did not achieve sta-
tistical significance. Moreover, olaparib-containing therapy
showed a significant improvement in ORR (RR 2.01, 95%
CI 1.42-2.85; P<0.001) in BRCA-mutated patients.

Safety

To evaluate the safety of olaparib, pooled analysis of
reported grade 3 and 4 AEs of interest was also performed.
Neutropenia and anemia were the most common severe
AEs, with an incidence of 23.1% (95% CI 10.3%—43.9%)
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Study Statistics for each study HR and 95% CI
HR Lower Upper 7 value P-value
limit limit
Kaye et al'® 0.880 0.503 1.539 —0.448 0.654
Ledermann et al'® 0.350 0.250 0.490 -6.115 <0.001
Oza et al®® 0.510 0.339 0.767 -3.229 0.001
Bang et al'’ 0.800 0.543 1.179 -1.127 0.260
Pujade-Lauraine et al” 0.300 0.220 0.410 —7.587 <0.001
Bang et al® 0.840 0.693 1.018 -1.778 0.075
Robson et al® 0.580 0.425 0.791 -3.439 0.001
Woll et al?! (twice daily) 0.870 0.604 1.253 -0.749 0.454
Woll et al?" (thrice daily) 0.890 0.629 1.259 -0.658 0.511
0.619 0.465 0.824 -3.289 0.001
01 02 05 1 2 5 10
Favors olaparib Favors control
Figure 2 Forest plots of pooled HRs for PFS by random-effect model.
Abbreviations: HR, hazard ratio; PFS, progression-free survival.
Study Statistics for each study HR and 95% CI
HR Lower Upper Z-value P-value
limit limit
Kaye et al'® 0.660 0.275 1.581 -0.932 0.351
Ledermann et al'® 0.730 0.553 0.964 -2.215 0.027
Oza et al?° 1.170 0.791 1.731 0.785 0.432
Bang et al'” 0.560 0.355 0.883 -2.496 0.013
Pujade-Lauraine et al’ 0.800 0.494 1.295 —-0.908 0.364
Bang et al® 0.790 0.645 0.967 -2.287 0.022
Robson et al® 0.900 0.629 1.288 -0.576 0.564
Woll et al?" (twice daily) 0.970 0.645 1.460 -0.146 0.884
Woll et al?" (thrice daily) 1.050 0.588 1.875 0.165 0.869
0.822 0.730 0.925 -3.248 0.001

Figure 3 Forest plots of pooled HRs for OS by fixed-effect model.
Abbreviations: HR, hazard ratio; OS, overall survival.

for neutropenia and 12.5% (95% CI 9.2%—16.7%) for ane-
mia. However, the severity of neutropenia may have been
driven by combination chemotherapy. The pooled incidence
of severe neutropenia was 7.2% (95% CI 4.0%—-12.5%) in
patients treated with olaparib monotherapy, which was sig-
nificantly lower than the incidence of combined olaparib and
chemotherapy (41.9%, 95% CI 27.4%—57.9%). Other less
common olaparib related grade 3 and 4 AEs were fatigue
(4.8%), nausea (2.3%), vomiting (2.2%), thrombocytopenia
(2.1%), diarrhea (1.4%), increased AST (1.8%), increased
ALT (1.5%), decreased appetite (1.0%), headache (0.8%),
and urinary tract infection (0.5%). There was more grade
3 or 4 anemia (RR 2.21, 95% CI 1.53-3.49; P<0.001) and
decreased appetite (RR 3.50, 95% CI 1.08-11.33; P=0.037)
incidents in olaparib-containing therapy when compared
with control therapy. With regard to the risk of grade 3 or

0102 05 1 2 5 10
Favors olaparib Favors control

4 neutropenia, thrombocytopenia, fatigue, nausea, vomit-
ing, diarrhea, increased AST, increased ALT, headache, and
urinary tract infection, equivalent frequencies were found
between the two groups (Table 3).

Sensitivity analysis

Sensitivity analysis was performed to examine the stability
and reliability of pooled HRs and RRs by sequential omission
of individual studies. Our results showed that significance
estimates of PFS, OS, and ORR were not significantly influ-
enced by omitting any single study (Figure 5).

Publication bias

We used Begg’s funnel plot and Egger’s test to assess the pub-
lication bias of literature. Begg’s funnel plots did not reveal
any evidence of obvious asymmetry (P=0.92 for OS, P=0.75
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Study Statistics for each study RR and 95% ClI
RR Lower Upper Z-value P-value
limit limit

Kaye et al"® 1.547 0.679 3.523 1.039 0.299
Ledermann et al'8 2.947 0.642 13.528 1.390 0.164
Oza et al?® 1.106 0.865 1.416 0.804 0.421
Bang et al'” 1.379 0.658 2.890 0.852 0.394
Bang et al® 1.565 1.006 2.435 1.988 0.047
Robson et al® 2.080 1.395 3.101 3.596 <0.001
1.383 1.158 1.653 3.575 <0.001

Figure 4 Forest plots of pooled RRs for ORR by fixed-effect model.
Abbreviations: ORR, overall response rate; RR, risk ratio.

for PFS, P=0.71 for ORR). Egger’s test further confirmed
these results, and did not suggest any evidence of publica-
tion bias (P=0.74 for OS, P=0.65 for PFS, P=0.23 for ORR).

Discussion
As a first-in-class PARPi, olaparib has undergone compre-
hensive clinical evaluation as single and combination therapy
in various malignancies. Olaparib has demonstrated stable
response in diseases like ovarian cancer, breast cancer, and
gastric cancer, and its efficacy seems more marked in patients
with BRCA-mutation tumors.” A previous meta-analysis
demonstrated that the use of olaparib could improve PFS, but
showed no significant efficacy in OS.?2 However, only three
Phase IT RCTs evaluating the efficacy of olaparib in ovar-
ian cancer were analyzed in that meta-analysis. Therefore,
limited information about olaparib treatment was able to be
gained. Recently, several new RCTs studying olaparib in
ovarian cancer, breast cancer, gastric cancer, and SCLC have
finished, and thus the efficacy and safety of olaparib should
be reassessed. As a result, we systematized the information
available to perform this meta-analysis to investigate the
role of olaparib in cancer treatment. Our study, including
1,957 patients from eight RCTs, demonstrated that olaparib
treatment provided substantial benefit in terms of PFS, OS,
and ORR. Moreover, similar risks of severe hematologic
and nonhematologic toxicities were found between olaparib-
containing therapy and therapy not containing olaparib,
except for anemia and decreased appetite.

The main tumor types included in this analysis were ovar-
ian cancer, breast cancer, gastric cancer, and SCLC. Accord-
ing to subgroup analysis, olaparib significantly improved PFS

01 02 05 1 2 5 10

Favors olaparib Favors control

in ovarian cancer, breast cancer, and gastric cancer, but not in
SCLC. PARPis have demonstrated greater efficacy in cancers
with deleterious mutations in BRCA 1 or BRCA2 or when used
in clinical situations where homologous recombination defi-
ciency is operative. Compared with wild-type cells, BRCA1
and BRCA2-deficient cells were up to 1,000-fold more sensi-
tive to PARP inhibition.® Similarly, our analysis found that
patients with BRCA mutations showed significant improve-
ment in OS, but the increased OS did not translate to trials
that did not require patients to be BRCA-mutated (HR 0.91,
95% CI10.57-1.43; P=0.671), which may indicate that muta-
tions in BRCA1/BRCA?2 are a marker for olaparib response.
In addition, it has been reported that the estimated preva-
lence of a BRCA1/BRCA2 mutation in patients with newly
diagnosed high-grade serous ovarian cancer is 20%—25%,
which might be higher in patients with platinum-sensitive,
relapsed ovarian cancer.*** Approximately 5% of unselected
patients with breast cancer carry a germ-line BRCA muta-
tion, which is more likely to be present in patients with a
strong family history of breast cancer, younger patients, and
triple-negative breast cancer patients.” Therefore, the reason
may be that most patients in the ovarian and breast cancer
groups had BRCA mutations, while those in SCLC group
did not. In addition to BRCA mutation, deficiency in ATM, a
key activator of the DNA-damage response to double-strand
breaks, has been associated with increased sensitivity of
olaparib treatment in gastric cancer, lung adenocarcinoma,
pancreatic ductal adenocarcinoma, and chronic lymphocytic

leukemia.?¢-30

Our subgroup analysis demonstrated that
olaparib-containing therapy provided substantial benefit for

gastric cancer in terms of OS, but this benefit was not found
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Table 3 Incidence and relative risk of grade 3/4 adverse events comparing olaparib containing therapy vs control

Studies Olaparib-containing therapy Control Incidence (95% CI) RR (95% CI) P
Anemia 7 136 of 1,004 38 of 746 12.5 (9.2-16.7) 2.21 (1.53-3.49) <0.001
Neutropenia 5 176 of 804 137 of 586  23.1 (10.3-43.9) 1.02 (0.64-1.61) 0.938
Thrombocytopenia 3 10 of 538 Il of 433 2.1 (0.6-7.1) 0.79 (0.34-1.84) 0.583
Fatigue 7 45 of 1,004 21 of 746 4.8 (3.6-6.3) 1.60 (0.95-2.71) 0.076
Nausea 6 18 of 943 18 of 943 2.3 (1.5-3.6) 1.45 (0.61-3.46) 0.403
Vomiting 5 16 of 862 9 of 609 2.2 (1.4-3.5) 1.31 (0.57-3.02) 0.530
Diarrhea 7 Il of 1,004 11 of 746 1.4 (0.8-2.5) 0.83 (0.36-1.90) 0.658
Decreased appetite 2 12 of 343 3 of 334 1.0 (0.3-34) 3.50 (1.08-11.33)  0.037
AST increased 2 8 of 467 6 of 350 1.8 (0.9-3.7) 0.76 (0.22-2.62) 0.659
ALT increased 2 7 of 467 3 of 350 1.5 (0.7-3.1) 1.72 (0.44-6.62) 0.434
Headache 4 40f6l17 3 of 393 0.8 (0.3-2.0) 0.72 (0.19-2.73) 0.626
Urinary tract infection 3 2 of 521 3 of 390 0.5 (0.1-1.7) 0.50 (0.10-2.58) 0.408

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; RR, risk ratio.

in patients with ATM deficiency. However, Bang et al found
the median OS in ATM-negative patients was longer than that
in the overall population.®!” One possible explanation may
be that the ATM-negative population might have been too
small to determine a difference between treatment groups. To
further explore the role of olaparib in the treatment of ATM-
negative patients, future studies with a larger proportion of
ATM-negative patients are recommended.

PARPis work based on the concept of synthetic lethality,
and the synergy effect of a combined PARPi and chemo-
therapy has been well established. For example, PARPis
are highly synergistic when used in combination with
topoisomerase | inhibitors and alkylating agents, such as
temozolomide.’*> However, combinations of PARPis and
chemotherapy agents may lead to overlapping toxicities, such
as myelosuppression. In this analysis, severe neutropenia,
which occurred in 23.1% of patients treated with olaparib,
was the most common AE. Similarly, our previous analysis
found that olaparib was associated with an increased risk
of severe neutropenia.’®> However, those results should be
explained carefully, because the severity of neutropenia may
be driven by combination chemotherapy. With new RCTs
evaluating olaparib monotherapy published, we found the
calculated summary incidence of severe neutropenia was only
7.2%, which is significantly lower than olaparib combined
with chemotherapy. In addition, the use of olaparib treatment
was associated with an increased risk of severe anemia, with
an RR of 2.21 (95% CI 1.53-3.49, P<0.001). Sensitivity
analysis also confirmed these results. Moreover, subgroup
analysis showed the overall incidence of severe anemia was
not significantly influenced by combination therapy, with
an incidence rate of 13.1% for olaparib combined with
chemotherapy and an incidence rate of 12.3% for olaparib
monotherapy. PARPis are well known for interfering with

successful DNA repair, especially for rapidly dividing cell
populations, such as in gut lining and bone marrow. As one
of the most common severe hematologic AEs, anemia can
cause dose discontinuation, interruption, and modification
of olaparib. Early detection and effective management of
hematologic toxicities that can occur with olaparib treat-
ment is crucial for safer use of this drug. To reduce the risk
of olaparib-related hematologic toxicities, drug interactions
should be considered, especially when drugs are coadmin-
istered with other myelosuppressive anticancer agents.
Moreover, CYP3A inhibitors and inducers should not be
used concomitantly with olaparib. As olaparib is primarily
metabolized by CYP3A enzymes, coadministration with
CYP3A inhibitors or inducers may affect metabolic clearance
and alter plasma concentration of this drug.**

According to this analysis, severe fatigue and gastroin-
testinal (GI) toxicities were less common AEs in patients
treated with olaparib. The pooled incidence of severe fatigue
was 4.8%. Although the incidence was relatively low, severe
fatigue can be particularly problematic in cancer patients.
As many patients may have baseline fatigue symptoms
from disease burden, all patients taking olaparib should
be screened for fatigue, and its management should be a
routine part of care. Patients who suffer from severe fatigue
require timely intervention. Nonpharmacologic approaches
include massage, exercise, maintenance of physical fitness,
sleep hygiene, distractions, and other psychosocial methods.
Pharmacological interventions, such as psychostimulants,
sleep-aid medication, and treatment of underlying pain or
depression, may help alleviate fatigue.3>3¢ Additionally, the
experience of severe GI toxicity is one of the challenges for
olaparib treatment.’” Fortunately, the incidence of severe
GI events is relatively low. In our analysis, severe nausea
was one of the most common GI AEs, but <2.5% patients
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A
Study Statistics with study removed HR and (95% CI)
with study removed
Point Lower Upper Z-value P-value
limit limit
Kaye et al'® 0.598 0.440 0.811 -3.305 0.001
Ledermann et al'® 0.665 0.502 0.881 -2.838 0.005
Oza et al?° 0.633 0.462 0.867 —2.850 0.004
Bang et al'” 0.600 0.438 0.822 -3.179 0.001
Pujade-Lauraine et al” 0.680 0.535 0.864 -3.159 0.002
Bang et al® 0.592 0.432 0.811 -3.260 0.001
Robson et al® 0.624 0.450 0.866 -2.821 0.005
Woll et al?' (twice daily) 0.593 0.434 0.810 -3.279 0.001
Woll et al?" (thrice daily) 0.591 0.433 0.807 -3.311 0.001
0.619 0.465 0.824 -3.289 0.001
B
Study Statistics with study removed HR and (95% CI)
Point Lower Upper Z-value P-value with study removed
limit limit
Kaye et al'® 0.825 0.732 0.930 -3.151 0.002
Ledermann et al'® 0.843 0.740 0.961 —2.547 0.011
Oza et al?° 0.793 0.700 0.898 -3.657 <0.001
Bang et al'” 0.845 0.747 0.955 —-2.691 0.007
Pujade-Lauraine et al” 0.823 0.728 0.930 -3.120 0.002
Bang et al® 0.839 0.724 0.971 -2.353 0.019
Robson et al® 0.812 0.716 0.921 -3.240 0.001
Woll et al®! (twice daily)  0.809 0.715 0.916 -3.350 0.001
Woll et al?" (thrice daily)  0.813 0.720 0.918 -3.352 0.001
0.822 0.730 0.925 -3.248 0.001
01 02 05 1 2 5 10
c Favors olaparib Favors control
RR (95% Cl)
Study Statistics with study removed with study removed
Point Lower Upper Z-value P-value
limit limit
Kaye et al'® 1.376 1.147 1.651 3.432 0.001
Ledermann et al'® 1.363 1.144 1.638 3.436 0.001
Oza et al?® 1.764 1.364 2.281 4.327 <0.001
Bang et al'” 1.384 1.152 1.662 3.472 0.001
Bang et al® 1.351 1.112 1.640 3.031 0.002
Robson et al® 1.250 1.025 1.525 2.204 0.028
1.383 1.158 1.653 3.575 <0.001

0102 05 1 2 5 10

Favors olaparib Favors control

Figure 5 Leave-one-out sensitivity analysis of efficacy with olaparib-containing therapy vs control.

Notes: (A) Overall survival; (B) progression-free survival; (C) overall response rate.

Abbreviations: HR, hazard ratio; RR, risk ratio.

experienced it. Counseling patients proactively about the
risk of nausea and vomiting and providing upfront prescrip-
tions for prochlorperazine and lorazepam as needed is key to
helping patients maintain adherence to the prescribed dose of
olaparib. Thorough evaluation and aggressive management
are required in patients with severe diarrhea, dose interrup-

tion, or dose modification of olaparib, and is an acceptable
way to manage significant treatment-related diarrhea.*®
Another concern with combinations of PARPis and che-
motherapy agents is the increased severity of mutations, and
it has been postulated that DNA-damaging chemotherapy in
combination with impaired DNA-repair pathways may prime
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patients for the development of myelodysplastic syndrome/
acute myeloid leukemia. Monitoring of complete blood
counts is warranted for patients receiving PARPis, and further
investigations should be conducted for prolonged hematologi-
cal toxicities. If myelodysplastic syndrome/acute myeloid
leukemia is confirmed, discontinue olaparib.*

Despite PARPi therapy’s clinical promise, resistance
to PARPis remains a challenge for the implementation
of olaparib. Multiple mechanisms of resistance to PARPi
therapy have been identified. The development of second-
ary mutations that restore BRCA functionality is one of the
established mechanisms of resistance to PARPi.*#! The
second mechanism involves upregulation of P-glycoproteins
with consequent increasing PARPi efflux from tumor cells.*
The third mechanism of PARPi resistance is based on loss
of 53BP1, which is able to increase the activity of BRCA1
or BRCA?2 variants encoded by hypomorphic alleles and
rescue of DNA end resection in BRCAI-deficient tumors,
which ultimately leads to reduced sensitivity to PARPi.** The
existence of resistance mechanisms is not unexpected in the
context of increased clinical use of PARPis, and strategies to
overcome acquired resistance will be pertinent.

There are several limitations that need to be considered
in our meta-analysis. Firstly, this analysis was not based on
individual patient data; therefore, confounding variables at
the patient level, such as age, race, and disease status, could
not be assessed properly or incorporated into the analysis. In
addition, there were potential differences among the studies
included, including different types of malignancies, dosage,
and concomitant therapies. All of these would increase the
clinical heterogeneity among included trials, which also
makes the interpretation of a meta-analysis more problem-
atic. Secondly, OS was not the primary end point for most
trials included in this analysis, except for Bang et al,® which
may lead to a question of immature data for OS. As such,
the efficacy of olaparib in cancer patients still needs to be
investigated during the long-term follow-up of these trials.
Thirdly, not all articles had available data on OS, PFS, ORR,
and some adverse effects.

Conclusion

In conclusion, our meta-analysis demonstrates that olaparib
treatment has better treatment response compared with
therapy not containing olaparib. The profile of BRCA muta-
tion may allow expansion of the population able to derive
clinical benefit from PARP inhibition, and should be further
investigated in future trials. Treatment with olaparib is asso-
ciated with an increased risk of developing severe anemia.

Clinicians should be aware of the risk and perform regular
hematological monitoring.
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