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Aims: We aimed to comprehensively assess the risk of gastrointestinal toxicities associated
with poly (ADP-ribose) polymerase inhibitors (PARPis) in the treatment of ovarian cancer
patients.

Materials and methods: We searched several databases for relevant trials. Eligible stud-
ies included prospective Phase II and III trials of ovarian cancer patients on the four PARPis
(olaparib, veliparib, niraparib and rucaparib), describing events of nausea, vomiting, diarrhea,
and constipation. Summary incidence, relative risk (RR), and 95% Cls were calculated employ-
ing fixed- or random-effects models.

Results: A total of 2,286 ovarian cancer patients from 12 trials were included for analysis. Our
results showed that summary incidences of all-grade gastrointestinal events in ovarian cancer
patients were nausea 68.8% (95% CI, 63.5%—73.6%), vomiting 36.2% (95% CI, 30.9%—41.8%),
diarrhea 25.3% (95% CI, 21.2%-29.8%), and constipation 25.3% (95% CI, 17.9%—34.5%). The
RRs of all-grade nausea, vomiting, diarrhea, and constipation were 2.00 (95% CI: 1.79-2.24;
P<0.001),2.12 (95% CI: 1.75-2.58; P<<0.001), 1.20 (95% CI: 1.01-1.44; P=0.044), and 1.20
(95% CI: 0.88-1.80; P=0.21); respectively. While, the RRs of high-grade nausea, vomiting,
diarrhea, and constipation were 3.74 (95% CI: 1.50-9.36; P=0.005), 2.81 (95% CI: 1.17-6.74;
P=0.02), 0.56 (95% CI: 0.22—-1.43; P=0.23), 0.92 (95% CI: 0.34-2.49, P=0.87); respectively.
Conclusion: Our study suggests that the risk of all-grade gastrointestinal toxicities associated
with PARPis, excepting constipation, is significantly increased in ovarian cancer patients. And
the use of PARPIs significantly increased the risk of developing high-grade nausea and vomit-
ing, but not for diarrhea and constipation. Close clinical monitoring is recommended when
administering these drugs.

Keywords: poly (ADP-ribose) polymerase inhibitors, gastrointestinal toxicities, clinical trials,
meta-analysis, targeted agents, gynaecological tumors, systematic review

Introduction

Ovarian cancer is the second most common gynecologic malignancy and is the lead-
ing cause of death from gynecologic cancers worldwide.'? Typically, ovarian cancer
presents with advanced stages at the time of diagnosis.® Although most patients with
advanced ovarian cancer initially receive platinum-based chemotherapy and achieve a
clinical response, the effectiveness of the treatments diminishes over time, and most of
these patients will ultimately relapse.* ¢ The prognosis of these recurrent ovarian cancer
patients is very poor, with a median survival ranging from 12 months to 24 months.’
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Clearly, novel effective drugs or treatment strategies that
can improve long-term disease control in recurrent ovarian
cancer are urgently needed.®

Recent advances in the understanding of the molecular
biology and mechanism of epithelial ovarian cancer have led
to the development of a number of targeted therapies, includ-
ing poly-ADP-ribose polymerase inhibitors (PARPis).*!
PARPis are a novel class of therapeutic agents that target
tumors with deficiencies in the homologous recombination
DNA repair pathway. Until now, three PARPis olaparib,"
niraparib,'? and rucaparib'® have been approved for use in
ovarian cancer by the US Food and Drug Administration.
As these drugs have now entered routine clinical practice,
more and more patients would receive PARPis, and concerns
increase regarding the toxicities associated with the admin-
istration of PARPis. In a previously published meta-analysis
conducted by Zhou et al,'* the authors found that treatment
with the PARPis olaparib, veliparib, and niraparib was asso-
ciated with a significant increase in the risk of developing
hematologic toxicities in cancer patients. Gastrointestinal
(GI) toxicities associated with PARPis have been reported
in clinical trials, but the results are controversial.'>!® As a
result, we conducted the present meta-analysis of all avail-
able trials to comprehensively assess the overall incidence
and risk of selected GI toxicities (nausea, vomiting, diarrhea,
and constipation) associated with PARPis in the treatment
of ovarian cancer.

Materials and methods

Data source

Several databases including PubMed, Web of Science and
Cochrane library were searched for relevant trials. The search
key words were PARPis, olaparib, veliparib, niraparib, ruca-
parib and ovarian cancer. Additionally relevant articles in
the reference lists of recent meta-analyses that investigated
PARPis in ovarian cancer patients were also searched. In
order to avoid duplication, only the most complete or recent
was considered for analysis. All results were input into End-
note X8 reference software (Thomson Reuters, Stamford,
CT, USA) for duplication exclusion and further reference
management. Finally, the most updated package inserts of
olaparib, niraparib, and rucaparib were reviewed to identify
other relevant information. Trials were chosen and reviewed
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement.!’

Study selection
The primary objective of the present study was to evaluate
the overall incidence of PARPis-related GI toxicities and the

risk of GI toxicities in ovarian cancer patients treated with
PARPis; therefore, only prospective phase Il and III trials
evaluating PARPis in ovarian cancer patients with adequate
data on GI toxicities were incorporated in the analysis. Phase [
trials were omitted due to multiple dose level and limited
sample sizes. Clinical trials that met the following criteria
were included as follows: 1) prospective phase Il and III trials,
expanded access protocols (EAPs); 2) participants assigned to
treatment with PARPis (alone or in combination at any dos-
age or frequency); and 3) available data regarding events or
incidence of GI toxicities and sample size. Phase I trials were
excluded because of inter-study variability in drug dosing as
well as the small number of patients in these trials.

Data extraction

Two investigators independently conducted data abstraction,
and any discrepancy between the reviewers was resolved
by consensus. Most of the incorporated trials have used the
common terminology criteria of adverse events version 4.0
for grading of the relevant adverse events. A checklist of
necessary data to be extracted from each study included: first
author’s name, year of publication, phases of trials, number
of enrolled subjects, treatment arms, number of patients
in treatment and controlled groups, median age, median
progression-free survival, and the number of each of the
selected GI adverse events.

Statistical analysis
The primary summary measures were incidence, relative risk
(RR), and corresponding 95% ClIs of all grade (grade 1-4)
and high-grade (grade 3—4) selected GI toxicities. All sta-
tistical analyses were performed by using Version 2 of the
Comprehensive MetaAnalysis program (Biostat, Englewood,
NJ, USA). For the calculation of incidence, the number of
patients with selected GI toxicities in PARPis alone and
the total number of patients receiving PARPis alone were
extracted. To calculate RR, patients assigned to PARPis were
compared only with those assigned to control treatment in
the same trial. Between-study heterogeneity was estimated
using the y*-based Q statistic.'® Heterogeneity was considered
statistically significant when P

heterogeneity

of publication bias was evaluated by using the Begg and

<0.1. The presence

Egger tests.'”?* A statistical test with a P-value <0.05 was
considered significant.

Results

Search results
Our search yielded 240 potentially relevant citations on
PARPis from the searched databases. The details for the study
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Figure | Studies eligible for inclusion in the meta-analysis.

inclusion/exclusion procedure are illustrated in Figure 1. A
total of 12 trials were considered eligible for the analysis,
including three Phase II1 trials?' 23 and nine Phase II trials.?
A total of 2,286 patients were included in this analysis. Most
patients had a performance score between 0 and 2 and com-
petent liver, kidney and bone marrow function. The baseline
patients’ characteristics in each trial are described in Table 1.

Overall incidence of relevant adverse

events
For the incidence analysis, we considered ovarian can-
cer patients receiving PARPis monotherapy. The pooled

Table | Baseline characteristics of included trials

incidence of all-grade nausea, vomiting, diarrhea, and
constipation was 68.8% (95% CI, 63.5%—73.6%), 36.2%
(95% CI, 30.9%—41.8%), 25.3% (95% CI, 21.2%-29.8%),
and 25.3% (95% CI, 17.9%—-34.5%), respectively. There was
significant heterogeneity among trials, and we thus performed
the meta-analysis by using a random-effects model (Table 2).
As for high-grade GI toxicities, the pooled incidence of GI
toxicities associated with PARPis was nausea 3.4% (95% ClI,
2.6%—4.5%), vomiting 2.0% (95% CI, 1.4%-3.0%), diarrhea
1.7% (95% CI, 1.0%-3.0%), and constipation 1.4% (95%
CI, 0.9%-2.3%), respectively. There was no significant het-
erogeneity among included trials, and we thus performed the
meta-analysis by using a fixed-effects model (Table 2).

RR of all-grade relevant Gl toxicities

A meta-analysis of the RR of all-grade adverse events was
performed on the included randomized controlled trials
(RCTs), which contained a direct comparison between
PARPis and control treatment. The RRs of all-grade nausea,
vomiting, diarrhea, and constipation were 2.00 (95% CI:
1.79-2.24; P<<0.001, Figure 2A), 2.12 (95% CI: 1.75-2.58;
P<0.001, Figure 2B), 1.20 (95% CI: 1.01-1.44; P=0.044,
Figure 2C), 1.26 (95% CI: 0.88-1.20); P<<0.001, Figure 2D);
respectively. Thus, patients treated with PARPis had an
increased risk of developing all-grade nausea, vomiting, diar-
rhea, and constipation. The fixed effects model was used for
all the evaluated toxicities, except for constipation.

RR of high-grade relevant Gl toxicities
RCTs directly comparing PARPis with control treatment were
included to calculate RRs of high-grade GI toxicities. The RR

Author Patient enrolled Phase Treatment regimes Median age, Median PFS, No for analysis
years months
Audeh et al, 20107 57 I Olaparib 400 mg bid 54 NR 57
Gelmon et al, 201 1% 65 I Olaparib 400 mg bid 58 7.1 65
Kaye et al, 2012% 97 I Olaparib 200 mg bid 58.5 6.5 64
Pegylated liposomal doxorubicin 53 7.1 33
Ledermann et al, 2012* 265 Il Olaparib 400 mg bid po 58 8.4 136
Placebo 59 4.8 128
Liu et al, 2014 90 I Olaparib 400 mg bid po 57.8 9 46
Coleman et al, 2015% 50 Il Veliparib 400 mg bid po 57 8.18 50
Bell-McGuinn et al, 2016 12 I Iniparib 8 mg/kg NR NR 12
Domchek et al, 2016% 154 Il Olaparib 400 mg bid po 58 NR 154
Mirza et al, 2016 553 1] Niraparib 300 mg qd po 57 21 367
Placebo 58 55 179
Pujade-Lauraine et al, 20172 295 n Olaparib 150 mg bid po 56 19.1 195
Placebo 56 55 99
Swisher et al, 20173 206 I Rucaparib 600 mg bid po NR NR 206
Coleman et al, 20172 564 n Rucaparib 600 mg bid po 6l 16.6 375
Placebo 62 54 189

Abbreviations: NR, not reported; PFS, progression-free survival; Bid, bis in die; Po, per os.
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Table 2 Incidence of adverse outcomes for clinical trials included in the meta-analysis

Adverse outcome Grade Trials Events No of patients Incidence, % (95% CI) 12
Nausea All-grade 12 1,225 1,727 68.8 (63.5-73.6) 76
Grade 3 and 4 12 53 1,727 3.4 (2.6-4.5) 0
Vomiting All-grade 10 611 1,669 36.2 (30.941.8) 76
Grade 3 and 4 10 39 1,669 2.0 (1.4-3.0) 0
Diarrhea All-grade I 433 1,677 25.3 (21.2-29.8) 70
Grade 3 and 4 I 21 1,677 1.7 (1.0-3.0) 38
Constipation All-grade 9 476 1,566 25.3 (17.9-34.5) 92
Grade 3 and 4 9 16 1,566 1.4 (0.9-2.3) 0

of high-grade nausea, vomiting, diarrhea, and constipation
were 3.74 (95% CT: 1.50-9.36; P=0.005, Figure 3A),2.81 (95%
CL: 1.17-6.74; P=0.02, Figure 3B), 0.56 (95% CI: 0.22—-1.43;
P=0.23, Figure 3C), 0.92 (95% CI: 0.34-2.49, P=0.87,

A Studies

Figure 3D); respectively. Thus, patients treated with PARPis

had an increased risk of developing high-grade nausea and

vomiting, but not for high-grade diarrhea and constipation. The

fixed effects model was used for all evaluated toxicities.

Estimate (95% CI) Ev/Trt Evi/Ctrl
Kaye et al, 20122 1.260 (0.886-1.793) 44/64 18/33
Ledermann et al, 20122 1.945 (1.497-2.527) 93/136 45/128 =
Mirza et al, 20162’ 2.090 (1.698-2.574) 270/367 63/179 =
Pujade-Lauraine et al, 20172 2.200 (1.644-2.944) 143/195 33/99 -
Coleman et al, 20172 2.045 (1.679-2.491) 280/375 69/189 e
Overall (I’=45%, P=0.122) 2.002 (1.793-2.235) 830/1,137 228/628 —Q
r ; 1
0.89 1 2 2.94
Relative risk (log scale)
B Studies Estimate (95% ClI) Ev/Trt Evi/Ctrl
Kaye et al, 2012% 1.392 (0.771-2.515) 27/64 10/33 -
Ledermann et al, 20122 2.248 (1.371-3.686) 43/136 18/128 -
Mirza et al, 20162 2.119 (1.476-3.043) 126/367 29/179 -
Pujade-Lauraine et al, 20172 1.918 (1.211-3.037) 68/195 18/99 =
Coleman et al, 20172 2.448 (1.696-3.534) 136/375 28/189 =
Overall (1’=0%, P=0.597) 2.121 (1.747-2.575) 400/1,137 103/628 —_—
T — 1
0.77 1 2 212 3.69
Relative risk (log scale)
C Studies Estimate (95% ClI) Ev/Trt Ev/Ctrl
Kaye et al, 2012% 0.928 (0.485-1.776) 18/64 10/33 L
Ledermann et al, 20122 1.006 (0.645-1.570) 31/136 29/128 L
Mirza et al, 20162 0.923 (0.646-1.317) 70/367 37/179 L
Pujade-Lauraine et al, 20172 1.574 (1.011-2.449) 62/195 20/99 =
Coleman et al, 20172 1.451 (1.065-1.976) 118/375 41/189 L
Overall (I’=35%, P=0.186) 1.202 (1.005-1.438) 299/1,137 137/628 —
rm t 1
0.5 1 1.2 2 2.45
Relative risk (log scale)
D Studies Estimate (95% ClI) Ev/Trt Evi/Ctrl
Kaye et al, 2012% 0.602 (0.315-1.148) 14/64 12/33
Ledermann et al, 20122 1.231 (0.623-2.431) 17/136 13/128 =
Mirza et al, 20162 1.978 (1.439-2.718) 146/367 36/179 i —
Pujade-Lauraine et al, 20172 1.015 (0.629-1.640) 40/195 20/99 L ] i
Coleman et al, 20172 1.523 (1.142-2.032) 136/375 45/189 +
Overall (’=70%, P=0.010) 1.260 (0.881-1.804) 353/1,137 126/628 :
r T t T |
0.32 0.5 1 1.26 2 272

Figure 2 Relative risk of all-grade GI toxicities in ovarian cancer treated with PARPis vs controls.

Notes: (A) Nausea. (B) Vomiting. (C) Diarrhea. (D) Constipation.
Abbreviations: Ev, events; Trt, treatment; Ctrl, controls; Gl, gastrointestine.
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A Studies Estimate (95% Cl) Ev/Trt Evi/Ctrl
Kaye et al, 20122 0.773 (0.136-4.403) 3/64 2/33 =
Ledermann et al, 2012 6.591 (0.344-126.356)  3/136 0/128 =
Mirza et al, 2016%' 2.683 (0.601-11.974) 11/367 21179 L
Pujade-Lauraine et al, 20172 5.612 (0.313-100.476)  5/195 0/99 -
Coleman et al, 20172 7.056 (0.935-53.253) 14/375 1/189 =
Overall (1’=0%, P=0.414) 3.742 (1.496-9.358) 36/1,137 5/628 ———
— T T T T T T ™
0.14 0.2 0.5 1 2 3.745 10 20 50 100
Relative risk (log scale)
Studies Estimate (95% Cl) Ev/Trt Ev/Ctrl
Kaye et al, 20122 0.516 (0.033-7.983) 1/64 1/33 L
Ledermann et al, 2012 2.824 (0.298-26.795) 3/136 1128 L
Mirza et al, 2016%' 3.414 (0.423-27.538) 71367 1179 =
Pujade-Lauraine et al, 20172 2.538 (0.301-21.432) 5/195 1/99 I
Coleman et al, 20172 3.780 (0.873-16.358) 15/375 2/189 — il
Overall (I>=0%, P=0.796) 2.812 (1.174-6.735) 311,137 6/628 —_—
r T T T T —t T T —
0.03 0.05 0.1 0.2 0.5 1 2 281 5 10 20 27.54
Relative risk (log scale)
Studies Estimate (95% Cl) Ev/Trt Ev/Ctrl
Kaye et al, 2012% 0.105 (0.005-2.118) 0/64 2/33 -
Ledermann et al, 20122 0.941 (0.193—4.578) 3/136 3/128 L]
Mirza et al, 2016%' 0.244 (0.022-2.671) 1/367 21179 =
Pujade-Lauraine et al, 20172 2.551 (0.124-52.627) 2/195 0/99 =
Coleman et al, 20172 0.504 (0.072-3.550) 2/375 2/189 L
Overall (1’=0%, P=0.550) 0.564 (0.223-1.431) 8/1,137 9/628 ¢=—
f T T T T T Tt T T T T 1
0.01 0.01 0.02 005 0.1 02 0.5 1 2 5 10 20 50
Relative risk (log scale)
Studies Estimate (95% Cl) Ev/Trt Ev/Ctrl
Kaye et al, 20122 2.615 (0.129-52.945) 2/64 0/33 =
Ledermann et al, 20122 0.942 (0.019-47.102) 0/136 0/128 :
Mirza et al, 2016%' 0.975 (0.089-10.686) 2/367 11179
Pujade-Lauraine et al, 20172 0.073 (0.004-1.397) 0/195 3/99 -
Coleman et al, 2017 1.764 (0.370-8.409) 71375 2/189 L
Overall (2=0%, P=0.411) 0.922 (0.342-2.485) 11,137 6/628 <|>-
— T T T T T —t T T T T n
00.01 0.01 0.02 005 0.1 0.2 05 1 2 5 10 20 50

Relative risk (log scale)

Figure 3 Relative risk of high-grade GI toxicities in ovarian cancer treated with PARPis vs controls.

Notes: (A) Nausea. (B) Vomiting. (C) Diarrhea. (D) Constipation.
Abbreviations: Ev, events; Trt, treatment; Ctrl, controls; Gl, gastrointestine.

Discussion

To the best of our knowledge, this is the most comprehensive
and up-dated meta-analysis to provide an investigation of
overall incidence and risk of GI toxicities in ovarian cancer
patients treated with PARPis. Our analysis of data demon-
strates that the risk of all-grade gastrointestinal toxicities
associated with PARPis is significantly increased in the
treatment of ovarian cancer. In addition, the use of PARPis
in ovarian cancer significantly increases the risk of develop-
ing high-grade nausea and vomiting, but not for diarrhea and
constipation. The four PARPis evaluated within our analysis
are olaparib, veliparib, niraparib, and rucaparib. And three of

them olaparib, niraparib, and rucaparib have been approved
for use in ovarian cancer due to their survival benefits.
Additionally, a number of ongoing Phase II and III studies
are assessing these agents in multiple other solid tumors
indications.**3* Therefore, the use of PARPis is anticipated
to increase in the near future, and clinicians should pay par-
ticular attention to regular monitoring of GI toxicities related
to PARPis during the administration of these drugs.

Until now, GI toxicities are considered an important cause
for treatment interruption and/or permanent discontinuation
in the clinical trials. Although high-grade GI toxicities are
relatively uncommon, there are currently no methods to

Drug Design, Development and Therapy 2018:12
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predict patients at highest risk, and thus regular monitoring
of clinical parameters during the administration of these
drugs is warranted. Generally, administration of supportive
therapy should be undertaken with the earliest manifesta-
tion of nausea and vomiting experienced by ovarian cancer
patients treated by PARPis.

However, as far as we know, there are no specific guide-
lines for the treatment of PARPis-induced GI toxicities due
to lack of controlled studies addressing the subject. The
philosophy of management of anticancer-related GI toxici-
ties extends to employing some nutritional interventions. In
a recent Cochrane review evaluating how to minimize the
frequency of diarrhea associated with pelvic radiotherapy,
the authors found that combinations of modified fat, lactose-
restriction, fat-restriction and fiber supplementation was
recommended to reduce to the frequency of diarrhea.®
Additionally, according to the package insert of approved
PARPis,** 3 if grade three or higher non-hematological
toxicity occurs, temporary dose interruption and/or dose
reduction to half the dose previously administered should
be considered based on tolerability and severity.

A number of limitations are needed to be acknowledged:
first, as with any similar meta-analysis, the pooled results
of our study are significantly affected by the confounding
factors of individual studies that are chosen. Second, this
meta-analysis only includes published trials, and a meta-
analysis of individual level data might define more clearly
treatment benefits in specific subgroups. Third, heterogeneity
is observed in some of the RR analyses. This may be related
to the different PARPis for the RR analysis, and differences
in sample size, although we have tried to minimize its influ-
ence by using the random-effect model. Finally, as the present
meta-analysis excludes Phase I trials, the impact of PARPis
dose/schedules on the risk of gastrointestinal toxicities could
not be fully assessed in this analysis.

Conclusion

Our study suggests that the risk of all-grade gastrointestinal
toxicities associated with PARPis is significantly increased
in ovarian cancer patients receiving these drugs. And the
use of PARPIs significantly increased the risk of developing
high-grade nausea and vomiting, but not for diarrhea and
constipation. Although the rate of clinically high-grade GI
toxicities is very low, clinicians should be aware of these
risks and perform regular assessment for such toxicities
during administration of these drugs. Additionally, further
research into the pathogenesis of these toxicities is still
needed.
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