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ABSTRACT
The past 5 years have seen several fundamental advances 
in ovarian cancer, with important new insights towards 
novel therapeutic opportunities within the DNA repair 
pathway. With the incorporation of poly (ADP-ribose) 
polymerase inhibitors (PARPi) into maintenance treatment 
regimens, the management of short- and long-term 
adverse events are key clinical priorities. Currently, three 
different PARPi are clinically beneficial and have been 
approved for primary and recurrent ovarian cancer: 
olaparib, niraparib, and rucaparib. The duration of 
treatment with PARPi in patients with ovarian cancer 
varies; patients can receive treatment for up to 2 or 
3 years in first-line setting, or continue treatment until 
unacceptable toxicity or progression occurs in recurrent 
disease. Despite their similar mechanisms of action, these 
three inhibitors have specific toxicity profiles, which may 
lead to dose interruptions or discontinuation of treatment. 
This review summarizes the current indications for PARPi, 
including their role in recurrent and first-line maintenance 
treatment for advanced ovarian cancer. We also outline 
dose modifications leading to treatment disruption 
and potential changes in quality of life after prolonged 
treatment. Finally, we highlight the patient groups most 
likely to benefit from each of the three different PARPi.

INTRODUCTION

Over the last 5 years, poly (ADP-ribose) polymerase 
inhibitors (PARPi) have become the most effective 
targeted treatment in ovarian cancer, especially in 
women with mutations in the homologous recom-
bination DNA repair pathway.1–5 Because patients 
with ovarian cancer responded so impressively to 
PARPi, this treatment is now being evaluated in clin-
ical trials enrolling patients with endometrial cancer 
(NCT02208375, NCT03586661, NCT03162627, 
NCT03660826, NCT03981796) and cervical cancer,6 7 
as well as several other non-gynecologic solid tumors. 
Interestingly, alterations in DNA repair also play an 
important role in endometrial, cervical, breast, and 
prostate cancer, suggesting that these groups may 
benefit as well.8–11 Moreover, results of the phase III 
OReO/ENGOT Ov-38 trial (NCT03106987) showed a 
benefit of PARP inhibitor rechallenge in patients with 
platinum-sensitive relapsed ovarian cancer.12

The background to this hypothesis is that inhibiting 
the DNA repair pathway compensates for defective 
double-strand break repair and this rationale can be 
used to treat tumors.13 In this aim, two groups demon-
strated that the absence of the PARP enzyme gener-
ates multiple unrepaired single-strand breaks, which 
subsequently induce double-strand breaks. Bryant et 
al showed that three of five mice with breast cancer 
gene 2 (BRCA2)-mutated tumors responded to 5 days 
of PARPi treatment, and one mouse had a complete 
response.14 Moreover, Farmer et al showed that cells 
lacking wild-type BRCA1 were 133-fold more sensitive 
to PARPi than control, and BRCA2-mutated cells were 
in vitro 1000-fold more sensitive.15 Taken together, 
these findings showed that the non-functional DNA 
repair pathway characteristic of BRCA1/2-deficient 
tumors is susceptible to PARPi treatment.

Clinical biomarkers for ovarian cancer are still an 
area of active research.16–19 Approximately 22% of 
patients with ovarian cancer carry a BRCA1/2 mutation, 
with 15% harboring a germline mutation and 7% with 
a somatic mutation.20 Furthermore, the same study 
showed that 50% of ovarian cancer tumors harbor the 
homologous recombination deficiency signature.20 In 
detail, the absence of BRCA1/2 and other alterations 
of proteins included in the homologous recombina-
tion deficiency signature results in a defective DNA 
double-strand break repair pathway, which leads to 
cell death.21 22 While there is general consensus about 
the patient selection for PARPi therapy,23–25 questions 
remain about the practical management of choosing 
the best agent from the available three candidates—
namely, olaparib, niraparib, or rucaparib.

PARPI THERAPY OPTIONS FOR PATIENTS WITH 
RECURRENT OVARIAN CANCER

Following the emergence of encouraging PARPi pre-
clinical data, several clinical trials have investigated 
PARPi for both treatment and maintenance in settings 
including recurrent and first-line ovarian cancer 
(Table 1).24 25

A series of double-blind, placebo-controlled 
randomized trials have consistently demonstrated the 
high efficacy of olaparib in high-grade serous ovarian 
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cancer, with patients with BRCA-deficient tumors experiencing the 
greatest benefit.5 26 27 The same was observed in a retrospective 
analysis of phase II Study 19 (NCT00753545), in which a sub-group 
of patients with germline or somatic BRCA mutations showed 
a median progression-free survival of 11.2 months versus 4.3 
months with a hazard ratio (HR) of 0.18 (95% CI 0.10 to 0.31).27

Due to the improved progression-free survival regardless of 
BRCA status, with an HR of 0.35 (95% CI 0.25 to 0.49) seen in 
primary analysis, olaparib use was eventually expanded to main-
tenance treatment in all patients with platinum-sensitive recurrent 
high-grade serous ovarian cancer. Following these results, the 
phase III trial SOLO2 (NCT01874353) was initiated, which enrolled 
only patients with tumors harboring BRCA mutations after response 
to platinum.5 This study showed that maintenance PARPi therapy in 
these patients improved median progression-free survival from 5.5 
months to 19.1 months, with an HR of 0.30 (95% CI 0.22 to 0.41).5

After a deeper analysis of ovarian cancer biology, it was found that 
50% of ovarian tumors contain defects in homologous recombina-
tion DNA repair.20 This signature, although not universally defined, 
includes analyses of BRCA1 hypermethylation, EMSY amplifica-
tions, FANCF hypermethylation, and other mutations in homolo-
gous recombination pathway genes such as RAD51, RAD54, DSS1, 
RPA1, NBS1, ATR, ATM, CHK1, CHK2, FANCD2, FANCA, FANCC, 
PTEN.20 Moreover, assessment of genomic loss of heterozygosity 
using Foundation Medicine’s T5 next-generation sequencing assay 
was performed and added to the mutation analyses.20 28

Stratification based on homologous recombination deficiency 
assay was applied in the phase III ENGOT-OV16/NOVA trial 
(NCT01847274) in which the efficacy of a second PARPi, niraparib, 
was explored. In this trial, patients were separated into those with 
somatic BRCA mutations and those with homologous recombina-
tion deficiency evaluated by a commercially available test.4 The 
patients with germline BRCA mutations showed an HR of 0.27 
(95% CI 0.17 to 0.41), while patients with homologous recombi-
nation deficiency positive tumors showed an HR of 0.38 (95% CI 
0.24 to 0.59).4 These results are in favor of the use of niraparib as 

maintenance treatment for patients with platinum-sensitive recur-
rent high-grade serous ovarian cancer.

Finally, approval of rucaparib, a third PARPi for maintenance 
therapy in patients with platinum-sensitive, recurrent high-grade 
serous ovarian cancer, was based on the phase III ARIEL3 trial in 
which the study population was stratified by their loss of hetero-
zygosity score.3 29 Median progression-free survival in patients 
without homologous recombination deficiency or BRCA mutations 
improved from 5.4 to 10.8 months with the use of PARPi, with an 
HR of 0.36 (95% CI 0.30 to 0.45), whereas the median progression-
free survival in patients with homologous recombination deficiency 
tumors (high loss of heterozygosity score) was 13.6 months with 
an HR of 0.32 (95% CI 0.24 to 0.42). BRCA-mutated patients had 
a median progression-free survival of 16.6 months (HR 0.23, 
95% CI 0.16 to 0.34).3 The follow-up study of ARIEL3 was ARIEL4, a 
randomized phase III open-label study assessing rucaparib versus 
platinum-based and non-platinum-based chemotherapy.30 The 
median progression-free survival was 7.4 months (95% CI 6.7 to 
7.9) in the rucaparib group versus 5.7 months in the chemotherapy 
group (HR 0.67 (95% CI 0.52 to 0.86); p=0.0017), which supports 
rucaparib as an alternative treatment option to chemotherapy. 
Recent overall survival data in the intention-to-treat population 
presented at ESMO Meeting 2022 favored chemotherapy while, 
among patients with platinum-sensitive disease, overall survival 
was similar between the treatment groups.31

In light of the anti-tumor activity demonstrated by olaparib, 
niraparib, and rucaparib, clinicians can prescribe one of these 
agents for maintenance therapy in patients with relapsed ovarian 
cancer, independent of BRCA1/2 or homologous recombination 
deficiency status. In addition, rucaparib is Food and Drug (FDA) and 
European Medicines Agency (EMA) approved for patients with BRCA 
mutated tumors after failure of more than two chemotherapeutics 
who are not candidates for another platinum-based chemotherapy, 
and niraparib is FDA approved for patients with homologous recom-
bination deficiency tumors after failure of more than three lines 
of therapy.32–35 In addition, investigators of OReO/ENGOT Ov-38 

Table 1  Summary of efficacy in randomized clinical trials with single-agent PARPi maintenance in primary and recurrent 
ovarian cancer

Primary setting
Olaparib1

Olaparib+bevacizumab33 Niraparib2 Rucaparib6

BRCA1/2 HR 0.30 (95% CI 0.23 to 0.41)
mPFS 36 months longer
HR 0.31 (95% CI 0.20 to 0.47)
mPFS 37.2 vs 17.7 months

– –

HRD/LOH HR 0.33 (95% CI 0.25 to 0.45)
mPFS 28.1 vs 16.6 months

HR 0.43 (95% CI 0.31 to 0.59)
mPFS 21.9 vs 10.4 months

HR 0.47 (95% CI 0.31 to 0.72)
mPFS 28.7 vs 11.3 months

All non-gBRCA – HR 0.70 (95% CI 0.44 to 1.11)
mPFS 13.8 vs 8.2 months

HR 0.52 (95% CI 0.40 to 0.68)
mPFS 20.2 vs 9.2 months

Recurrent setting Olaparib5 Niraparib4 Rucaparib3

BRCA1/2 HR 0.30 (95% CI 0.22 to 0.41)
mPFS 19.1 vs 5.5 months

HR 0.27 (95% CI 0.17 to 0.41)
mPFS 21.0 vs 5.5 months

HR 0.23 (95% CI 0.16 to 0.34)
mPFS 16.6 vs 5.4 months

HRD/LOH – HR 0.38 (95% CI 0.24 to 0.59)
mPFS 12.9 vs 3.8 months

HR 0.32 (95% CI 0.24 to 0.42)
mPFS 13.6 vs 5.4 months

All non-gBRCA – HR 0.45 (95% CI 0.34 to 0.61)
mPFS 9.3 vs 3.9 months

HR 0.36 (95% CI 0.30 to 0.45)
mPFS 10.8 vs 5.4 months

HRD, homologous recombination deficiency; LOH, loss of heterozygosity; mPFS, median progression-free survival.
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reported for the first time a benefit to PARPi rechallenge in patients 
with platinum-sensitive relapsed ovarian cancer regardless of 
BRCA1/2 mutation status.12 The median progression-free survival 
improved from 2.8 months in patients who received placebo to 4.3 
months in those randomized to rechallenge with olaparib among the 
cohort of patients with BRCA-mutant ovarian cancer (HR 0.57 (95% 
CI 0.37 to 0.87); p=0.022). In the non-BRCA-mutant cohort, the 
median progression-free survival improved similarly with olaparib 
rechallenge from 2.8 months in the placebo arm to 5.3 months in 
the olaparib arm (HR 0.43 (95% CI 0.26 to 0.71); p=0.0023).

PARPI THERAPY OPTIONS FOR PATIENTS WITH PRIMARY 
OVARIAN CANCER

PARPi are also approved as single agents or in combination 
with other therapeutics for maintenance treatment of primary 
tumors.36–38 This was demonstrated in several phase III clinical 
trials which showed significant progression-free survival in newly 
diagnosed advanced-stage epithelial ovarian tumors with BRCA1/2 
mutations or a homologous recombination deficiency signature 
following platinum-based chemotherapy.1 2 39 SOLO1, the first trial 
incorporating PARPi into first-line maintenance therapy for patients 
with BRCA1/2 tumors, was started in 2013 and ended in 2018. 
Analysis of the primary endpoint of this study showed an increase 
in progression-free survival for the treatment arm compared with 
the control arm with an HR of 0.3 (95% CI 0.23 to 0.41). In addi-
tion, the median progression-free survival was approximately 36 
months longer in the olaparib group than in the placebo group. 
These impressive results led to the approval of olaparib in 2018 as 
maintenance therapy of 2 years for patients meeting the following 
criteria: completion of primary or interval debulking surgery and 
platinum-based chemotherapy, partial or complete response to 
frontline platinum-based chemotherapy, and proved germline or 
somatic BRCA1/2 mutations. Recently, a sub-group analysis in this 
trial demonstrated patient benefit from olaparib regardless of base-
line surgery outcome, response to chemotherapy, or BRCA1 versus 
BRCA2 mutation.40

Using the most active agents early in the course of treatment 
provides maximal opportunities for clinical benefit, which remains 
fundamental to solid tumor oncology.37 Moreover, the molecular 
profile and response to PARPi as active treatment has been shown 
to be more efficient in earlier lines of therapy. This could be mainly 
explained by the fact that platinum sensitivity is a strong clinical 
predictor of PARPi response and several lines of therapy would 
eventually lead to platinum resistance—and therefore PARPi resis-
tance.41 Determining the optimal order of targeted therapy such as 
PARPi or bevacizumab as front-line or maintenance treatment has 
remained a challenge. To answer this question, the PAOLA-1 phase 
III clinical trial explored the response of patients receiving beva-
cizumab and olaparib maintenance treatment following frontline 
chemotherapy compared with patients who received single bevaci-
zumab maintenance treatment following chemotherapy.39

While the main endpoint of this trial was progression-free 
survival in the overall cohort, the authors performed several 
exploratory analyses including PARPi efficacy in both BRCA1/2 and 
homologous recombination deficiency-positive cohorts. Median 
progression-free survival was 22.1 months in patients receiving 

olaparib plus bevacizumab compared with 16.6 months for patients 
receiving bevacizumab alone, with an HR of 0.59 (95% CI 0.49 
to 0.72). The longest progression-free survival was observed in 
patients with BRCA1/2, with an HR of 0.31 (95% CI 0.20 to 0.47) 
and median progression-free survival of 37.2 versus 17.7 months. 
Progression-free survival was also longer among patients with 
homologous recombination deficiency, with an HR of 0.43 (95% CI 
0.28 to 0.66) and median progression-free survival of 28.1 versus 
16.6 months for the homologous recombination deficiency group 
without BRCA1/2 mutations. Although not included as a stratifica-
tion factor in study design, progression-free survival showed no 
clinical benefit for the homologous recombination proficient group 
of patients. On May 8, 2020 the FDA expanded the indication of 
olaparib to include its combination with bevacizumab for first-line 
maintenance treatment of adult patients with advanced ovarian 
cancer, but only for patients with a proven BRCA1/2 mutation or 
detection of homologous recombination deficiency.

In contrast, niraparib was approved for maintenance treatment 
of adult patients with advanced epithelial ovarian cancer regard-
less of biomarker status. This approval was based on the results of 
PRIMA/ENGOT-OV26/GOG-3012, a phase III trial which randomized 
patients in a 2:1 fashion to receive niraparib or placebo. Patients 
with homologous recombination deficiency tumors who received 
niraparib showed a significantly longer progression-free survival 
with an HR of 0.43 (95% CI 0.31 to 0.59). The progression-free 
survival in the overall population treated with niraparib regard-
less of biomarker status increased as well (HR 0.70, 95% CI 0.44 
to 1.11). Interestingly, progression-free survival in patients with 
homologous recombination proficient tumors also benefited from 
niraparib treatment (HR 0.68, 95% CI 0.49 to 0.94).

This situation was seen exclusively in the case of niraparib 
until, more recently, the phase III ATHENA-MONO trial found that 
maintenance treatment with rucaparib significantly improved 
progression-free survival compared with placebo in patients with 
newly diagnosed advanced ovarian cancer, including those with or 
without homologous recombination deficiency positive disease.42 
In the intent-to-treat population, median progression-free survival 
was 20.2 months (95% CI 15.2 to 24.7) in the rucaparib group 
versus 9.2 months (95% CI 8.3 to 12.2) in the placebo group (HR 
0.52 (95% CI 0.40 to 0.68); p<0.0001). In the homologous recom-
bination deficiency negative population, median progression-free 
survival was 12.1 months (95% CI 11.1 to 17.7) versus 9.1 months 
(95% CI 4.0 to 12.20) (HR 0.65 (95% CI 0.45 to 0.95)).

Taken together, the indication for maintenance therapy in 
primary ovarian cancer includes two PARPi, olaparib monotherapy 
for BRCA1/2 mutation carriers or olaparib in combination with 
bevacizumab for patients with homologous recombination deficient 
tumors. In addition, niraparib can be prescribed for patients regard-
less of biomarkers. At the moment of writing this review there are 
no approvals for rucaparib maintenance treatment.

WHICH PATIENT SHOULD RECEIVE WHICH PARPI: OLAPARIB, 
NIRAPARIB, OR RUCAPARIB?

The three FDA-approved PARPi have broadly similar indications and 
efficacy for treating primary and recurrent ovarian cancer. More 
specifically, olaparib is available as first-line maintenance treatment 
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for BRCA1/2 carriers and patients with homologous recombina-
tion deficiency positive tumors in association with bevacizumab, 
and niraparib is available for all patients regardless of biomarker. 
Similarly, all patients with recurrent ovarian cancer and response 
to platinum therapy have the option to receive second-line main-
tenance treatment with any PARPi, regardless of biomarker. This is 
often followed by confusion among clinicians as to which patient 
should receive which PARPi.

While these questions have been extensively discussed in 
previous reviews which focused mainly on aspects including trial 
design and clinical benefit depending on biomarkers or molecular 
assays,43 44 we propose here a different approach based on anal-
ysis of toxicity profiles (Table 2) and present an algorithm (Figure 1) 
to guide clinicians with PARPi selection, including most frequent 
toxicities of grade 3 or higher. Furthermore, we briefly highlight 

aspects of treatment management for each agent, including dose 
reductions, interruptions, and discontinuation (Tables  3 and 4). 
While many of the adverse events of PARPi treatment are common 
effects of the drug class, including hematological complications, 
fatigue, nausea, and vomiting, other uncommon complications are 
life-threatening, such as myelodysplastic syndrome/acute myeloid 
leukemia (MDS/AML) and pneumonitis.

The specific management of hematological side effects has 
already been described extensively in numerous reviews43 44: grade 
1 adverse events require monitoring blood counts while continuing 
treatment; grade 2 adverse events require withholding of treatment 
for a maximum of 28 days, with the possibility of resuming PARPi 
at a reduced dose; and grade 3 or 4 adverse events are generally 
managed by withholding PARPi for a maximum of 28 days, resuming 
the treatment at a reduced dose or, if already at the lowest dose, 

Table 2  Adverse events grade 3 or 4 in randomized clinical trials with single-agent PARPi maintenance in recurrent and 
primary ovarian cancer

Adverse events grade 3/4

Olaparib Niraparib Rucaparib

SOLO2 SOLO1 NOVA PRIMA ARIEL3 ATHENA

Blood and lymphatic system disorders

 � Anemia 38 (19%) 56 (22%) 93 (25.3%) 150 (31%) 70 (19%) 122 (28.7%)

 � Neutropenia (neutrophil 
count decrease)

10 (5%) 22 (9%) 72 (19.6%) 62 (12.8%) 25 (7%) 62 (14.6%)

 � Thrombocytopenia (platelet 
count decrease)

2 (1%) 2 (1%) 124 (33.8%) 202 (41.7%) 19 (5%) 30 (7.1%)

Gastrointestinal disorders

 � Abdominal pain 5 (3%) 4 (2%) 4 (1.1%) 7 (1.4%) 9 (2%) 2 (0.5%)

 � Upper abdominal pain 0 0 0 2 (1%) 0

 � Constipation 0 0 2 (0.5%) 1 (0.2%) 7 (2%) 0

 � Diarrhea 2 (1%) 8 (3%) 1 (0.3%) 2 (1%) 6 (1.4%)

 � Dyspepsia 0 0 0 1 (1%) 1 (0.2%)

 � Nausea 5 (3%) 2 (1%) 11 (3%) 6 (1.2%) 14 (4%) 8 (1.9%)

 � Vomiting 5 (3%) 1 (<1%) 7 (1.9%) 4 (0.8%) 15 (4%) 6 (1.4%)

General disorders

 � Fatigue or asthenia 8 (4%) 10 (4%) 30 (8.2%) 9 (1.9%) 25 (7%) 21 (4.9%)

Investigations

 � Increased ALT/AST 0 0 0 0 39 (10%) 45 (10.6%)

 � Increased creatinine 0 0 0 0 1 (1%) 1 (0.2%)

Metabolism and nutrition disorders

 � Decreased appetite 0 0 1 (0.3%) 2 (1%) 2 (0.5%)

Musculoskeletal

 � Arthralgia 0 0 1 (0.3%) 2 (1%) 1 (0.2%)

 � Back pain 0 0 2 (0.5%) 0 1 (0.2%)

Nervous system

 � Dizziness 1 (1%) 0 0 4 (0.8%) 0 0

 � Dysgeusia 0 0 0 1 (0.2%)

 � Headache 1 (1%) 1 (<1%) 1 (0.3%) 2 (0.4%) 1 (1%) 2 (0.5%)

Respiratory

 � Cough 1 (1%) 0 0 0 0

 � Dyspnea 2 (1%) 0 4 (1.1%) 0 6 (1.4%)

PARPi, poly (ADP-ribose) polymerase inhibitors.
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discontinuing the treatment. Other common adverse events that 
occur with PARPi are non-hematological complications including 
gastrointestinal, renal, fatigue, and laboratory toxicities. Common 
management of grade 1 adverse events includes continuation of 
PARPi and treatment of symptoms, if necessary. Grade 2 adverse 
events are managed by continuation of treatment, while stopping 
the treatment for several days or reducing the dose, the latter of 
which is discussed with patients if toxicity cannot be controlled 
with treatment of symptoms. Grade 3 or 4 adverse events require 
withholding treatment for a maximum of 28 days, then continuing 
therapy at a reduced dose. The dose should be further reduced if a 
second withholding period is necessary.

Olaparib
In this review we mainly refer to the safety data of olaparib in two 
phase III trials, SOLO1 and SOLO2 (Table  2). The median dura-
tion of exposure to olaparib was 19.4 months in SOLO2 and 24.6 
months in SOLO1. While all patients experienced a side effect of 
any grade in SOLO2, the most common were grade 1–2 and the 
overall incidence of grade 3–4 adverse events was low. Grade 1–2 

gastrointestinal events such as nausea (73%), fatigue (62%), and 
vomiting plus diarrhea (35%, 32%) accounted for the most frequent 
dose reductions. Hematological events of grade 1–2, such as 
anemia, were less frequent (24%). However, anemia was the most 
frequent grade 3–4 event (19%). This was followed by neutropenia 
grade 3–4 (5%). The following dose managements were reported: 
dose interruptions (45%), reductions (25%), and treatment discon-
tinuations (11%). Furthermore, at least one blood transfusion was 
administered to 60.4% of patients with anemia in the olaparib 
group, the prevalence of which peaked at 6 months.45 In line with 
the findings from SOLO2, 98% of the patients from SOLO1 experi-
enced a side effect of any grade. Gastrointestinal side effects were 
mostly grade 1–2, such as nausea (77%), fatigue (63%), vomiting, 
and diarrhea (40%, 34%). Grade 3–4 hematological events were 
also consistent with the rates reported by SOLO2, including anemia 
(22%) and neutropenia (9%). Subsequently, grade 3–4 events led 
to treatment discontinuation (12%), dose interruptions (52%) and 
reductions (28%), which were comparable between SOLO2 and 
SOLO1.

Figure 1  Flow diagram of medical decision on poly (ADP-ribose) polymerase inhibitor (PARPi) treatment for an individual 
patient based on consideration of PARPi toxicity. *Patients with complete surgical resection. **Patients without complete 
surgical resection or metastasis.

Table 3  Dose modifications and discontinuations of PARPi due to adverse events

Olaparib Niraparib Rucaparib

SOLO2 SOLO1 PRIMA NOVA ARIEL3 ATHENA

Dose interruptions 88 (45%) 135 (52%) 385 (79.5%) 253 (68.9%) 237 (63.7%) 258 (60.7%)

Dose reductions 49 (25%) 74 (28%) 343 (70.9%) 244 (66.5%) 203 (54.6%)

Discontinuations 21 (11%) 30 (12%) 58 (12%) 54 (14.7%) 50 (13.4%) 50 (11.8%)

PARPi, poly (ADP-ribose) polymerase inhibitors.
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Other grade 3 adverse effects such as thrombocytopenia, tachy-
cardia, and liver enzyme elevation were found in 1% of patients 
treated with olaparib, although these toxicities were found in a 
larger percentage of patients in other PARPi trials (>10%).5 Given 
the low frequency of liver toxicities, Pujade-Lauraine et al suggest 
that olaparib may be best for patients with a history of liver or 
cardiovascular problems, or platinum chemotherapy-induced liver 

and cardiac toxicity. Apart from the abovementioned rare toxici-
ties, concern was raised about the presence of the severe adverse 
events MDS and AML. Recently, a systematic review including 
5693 patients in PARPi groups and 3406 patients in control groups 
from randomized controlled trials reported that PARPi significantly 
increased the risk of MDS and AML compared with placebo treat-
ment (OR 2.63 (95% CI 1.13 to 6.14); p=0.026).46 An age group 

Table 4  Events leading to discontinuation in olaparib, niraparib and rucaparib groups

AEs leading to discontinuation

Olaparib Niraparib Rucaparib

SOLO2 SOLO1 NOVA PRIMA ARIEL3 ATHENA

Blood and lymphatic system disorders

 � Anemia 6 (3.1%) 6 (2.3%) 5 (1.4%) 9 (1.9%) 11 (3.0%) 115 (27.1%)

 � Neutropenia 3 (1.5%) 2 (0.8%) 7 (1.9%) 9 (1.9%) 5 (1.3%) 63 (14.8%)

 � Leukopenia 1 (0.5%) 1 (0.4%) 7 (1.9%) 10 (2.1%) 1 (0.3%) 16 (3.8%)

 � Thrombocytopenia 1 (0.5%) 1 (0.4%) 12 (3.3%) 21 (4.3%) 10 (2.7%) 45 (10.6%)

 � Pancytopenia 0 3 (0.8%) – 1 (0.3%) –

 � Acute myeloid leukemia 1 (0.5%) 0 – – 1 (0.3%) –

 � Myelodysplastic syndrome 1 (0.5%) 0 – – 2 (0.5%) –

Gastrointestinal disorders

 � Gastric cancer/oral cavity 1 (0.5%) 1 (0.4%) – – 0 –

 � Abdominal pain 1 (0.5%) 1 (0.4%) – – 1 (0.3%) –

 � Nausea 1 (0.5%) 6 (2.3%) – – 9 (2.4%) 38 (8.9%)

 � Vomiting 0 2 (0.8%) – – 5 (1.3%) 19 (4.5%)

 � Dyspepsia 0 1 (0.4%) – – 1 (0.3%) –

General disorders

 � Asthenia/fatigue 0 6 (2.3%) – – 6 (1.6%) 41 (9.6%)

 � Edema peripheral 1 (0.5%) – – 0 –

 � Fever 0 1 (0.4%) – – –

 � Disturbance in attention 1 (0.5%) 1 (0.4%) – – 1 (0.3%) –

 � Decreased appetite 0 1 (0.4%) – – 7 (1.6%)

Infections

 � Pneumonitis 1 (0.5%) 1 (0.4%) – – 0 –

Investigations

 � Increased ALT/AST 0 – – 2 (0.5%) 49 (11.5%)

 � Acute kidney injury 0 – – 2 (0.5%) –

Musculoskeletal

 � Muscular weakness 1 (0.5%) 2 (0.8%) – – 0 –

 � Pain in extremity 1 (0.5%) 1 (0.4%) – – 0 –

Nervous system

 � Depression 1 (0.5%) 1 (0.4%) – – 0 –

Skin

 � Dermatitis (allergic) 1 (0.5%) 0 – – 0 –

Respiratory

 � Dyspnea 0 1 (0.4%) – – 1 (0.3%) 8 (1.9%)

Others

 � Invasive breast carcinoma 0 1 (0.4%) – – 0 –

 � Cardiac arrest 0 – – 1 (0.3%) –

AEs, adverse events.
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analysis of SOLO2 recently reported a difference in the rate of 
AML/MDS in older compared with younger patients (15% vs 6%, 
respectively).47

Researchers have investigated the relationship between olaparib 
dose and tumor response.48 49 A phase I study assessed the efficacy 
and safety of olaparib in 58 patients with recurrent ovarian cancer 
and confirmed BRCA1/2 mutations at different doses: single agent 
olaparib at a maximum dose of 400 mg and a lower dose of 100 mg. 
Despite a clinical benefit in both cohorts, the authors suggest that 
the 100 mg dose might be less efficacious than the 400 mg dose. 
Limitations of the study, however, included lack of randomiza-
tion and imbalances regarding poorer prognostic features in the 
100 mg cohort.49 Another phase II study investigated the efficacy 
and safety of pegylated liposomal doxorubicin (PLD) versus olaparib 
monotherapy in recurrent ovarian cancer at two different doses of 
olaparib (200 mg or 400 mg) in separate study arms. Interestingly, 
there was no significant difference in progression-free survival 
between the different doses of olaparib or the PLD cohort.48

Hypertension (19%), anemia (17%), lymphopenia (7%), neutro-
penia (6%), fatigue and asthenia were the most common grade 3–4 
toxicities reported by the PAOLA-1 study for olaparib plus bevaci-
zumab.39 While the hypertension rate in the PAOLA-1 study cannot 
be compared head-to-head with toxicities reported by investigators 
in GOG-218 and ICON7, 23% (grade 2 or greater) and 1% (grade 
3), respectively, grade 3–4 hematological toxicities recorded in 
the experimental arm (olaparib plus bevacizumab) are in line with 
those reported for single agent olaparib by SOLO1 and SOLO2. 
Nevertheless, since PAOLA-1 did not include a third bevacizumab 
single-agent arm, it is difficult to make assumptions as to whether 
toxicities reported for the combination of olaparib plus bevacizumab 
can be considered for a single agent or the combination.

Niraparib
Despite the additional clinical benefit of niraparib in patients 
without homologous recombination deficiency, which supports the 
hypothesis that the mechanism of action of niraparib is beyond 
DNA damage repair, patients experienced a high rate of toxicity 
(Tables 2 and 3). The median follow-up of the niraparib group was 
16.9 months in the ENGOT-OV16/NOVA trial and 13.8 months in 
the PRIMA/ENGOT-OV26/GOG-3012 trial. All patients experienced 
at least one adverse event of any grade. While neither trial assessed 
grade 1–2 adverse events in the niraparib group, a high rate of 
nausea, fatigue, constipation, and vomiting was reported. Hemato-
logical events accounted for toxicities higher than grade 3 and were 
more frequent in relapse than the primary setting, including anemia 
(25.3% ENGOT-OV16/NOVA, 31% PRIMA/ENGOT-OV26/GOG-3012), 
thrombocytopenia (33.8% ENGOT-OV16/NOVA, 28.7% PRIMA/
ENGOT-OV26/GOG-3012), and neutropenia (19.6% ENGOT-OV16/
NOVA, 12.8% PRIMA/ENGOT-OV26/GOG-3012). A possible cause 
for the higher toxicity in the relapse setting could be the presence 
of residual toxicity due to previous chemotherapy lines. This high 
frequency of hematological events led to dose interruptions (79.5%) 
or reductions (70.9%) and discontinuation (12%) in the PRIMA/
ENGOT-OV26/GOG-3012 trial. Similar data were reported from the 
ENGOT-OV16/NOVA trial, including dose interruptions (68.9%) or 
reductions (66.5%) and discontinuations (14.7%). Dose reductions 
tended to occur early, with most patients reaching their individual-
adjusted dose level at the end of treatment month 3.

While discontinuation rates of niraparib were comparable to 
those reported in trials with olaparib and rucaparib, dose modifi-
cations in the niraparib-treated patients were significantly higher. 
This was an interesting finding given that niraparib efficacy at 
lower doses was comparable with the other two PARPi: two-thirds 
of patients received lower doses or interrupted niraparib therapy 
compared with only half of patients who had dose interruption and 
a quarter of patients who had dose reduction on olaparib treatment.

The impact of dose modifications on the efficacy of niraparib 
was subsequently investigated, along with other potential niraparib 
doses. Mirza et al evaluated the impact of dose modification on 
microscopic hematologic abnormalities reported after cycle 3 to 
the end of treatment.4 Grade 3 or 4 adverse events were assessed 
in sub-groups of patients who received 300 mg (n=82), 200 mg 
(n=138), and 100 mg (n=77). Adverse events decreased from 
23.2% in patients receiving 300 mg to 7.8% in those who received 
100 mg. Additionally, the prevalence of anemia improved with lower 
doses, as did neutropenia and fatigue at 100 mg. Furthermore, 
Berek et al carried out a retrospective analysis of the ENGOT-OV16/
NOVA trial to identify clinical parameters predictive of the require-
ment of dose reductions with niraparib treatment.50 This analysis 
found that reductions tended to occur during the first 3 months 
of therapy. The results showed that two risk factors increased the 
frequency of grade 3 adverse events—namely, baseline platelet 
count and baseline body weight. Interestingly, progression-free 
survival remained the same regardless of the niraparib dose level, 
and the authors concluded that patients were not underexposed at 
a lower dose of drug. In an effort to improve tolerability of niraparib, 
the PRIMA/ENGOT-OV26/GOG-3012 protocol was amended during 
the course of the trial to account for these individualized doses with 
body weight (cut-off <77 kg) and platelet count (cut-off 150×103/
mL).2

Individualized dosing was further studied in the NORA trial, a 
randomized, double-blind, placebo-controlled phase III trial investi-
gating treatment with 200 mg/day or 300 mg/day.51 Notably, in this 
study niraparib showed an improved safety profile with individu-
alized dosing, and treatment outcomes were unaffected. Another 
study included patients from the ENGOT-OV16/NOVA trial who 
were grouped according to age of study entry, with a cut-off of 
70 years.52 After evaluating efficacy and safety according to age, 
patients >70 years showed a comparable tolerability to niraparib 
as those aged <70 years.

Rucaparib
Approval of a third PARPi, rucaparib, is currently limited to recur-
rent ovarian cancer maintenance and monotherapy. The efficacy 
and safety of rucaparib was validated in the ARIEL3 trial, in which 
the median treatment duration was 8.3 months. Like the other two 
PARPi, all 372 patients in the trial experienced an adverse event of 
any grade. The prevalence of grade 1–2 and grade 3–4 adverse 
events was approximately the same (44% and 52%, respectively). 
Gastrointestinal complications were the most common among 
grade 1–2 adverse events: nausea (72%), constipation (35%), 
and diarrhea (31%) followed by fatigue (63%). While hematolog-
ical events such as grade 3 anemia (18%) were in line with rates 
reported for olaparib and niraparib, laboratory investigations such 
as increased alanine aminotransferase or aspartate aminotrans-
ferase (10%) and creatinine were specific to patients receiving 
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rucaparib (Table 2). However, the authors interpreted this toxicity 
as transient, self-limiting, and not associated with other signs of 
liver toxicity. Dose interruptions occurred in 64% of patients, dose 
reductions in 55%, and treatment discontinuation in 13%.

An exploratory exposure–efficacy study examined the risk factors 
for toxicity after rucaparib treatment in patients with recurrent 
ovarian cancer enrolled in Study 10 and ARIEL2.53 While previous 
studies showed a direct relationship between niraparib toxicity and 
risk factors such as weight and platelet counts, none of these had 
an impact on the pharmacokinetics of rucaparib. Another group 
showed that increased creatinine largely overlapped between the 
sub-groups of patients with normal, mildly impaired, and moder-
ately impaired renal function at baseline, suggesting that no starting 
dose adjustment of rucaparib is required in patients with mild or 
moderate renal impairment.54 This was also the case in a study 
investigating baseline hepatic impairment during treatment with 
rucaparib.55 Similarly, the results of this study suggested that no 
starting dose adjustment is necessary for patients with moderate 
hepatic impairment.

A meta-analysis presented at ASCO 2020 assessed the incidence 
of AML and MDS across multiple randomized trials.56 The authors 
investigated the number of patients who experienced AML or MDS 
while on olaparib, niraparib, and rucaparib from 2017 to 2019. The 
following rates were reported for MDS/AML: olaparib, 173 adverse 
events (6.8%); niraparib, 41 adverse events (0.7%); rucaparib, 4 
adverse events (2.6%). While treatment with olaparib showed the 
highest rate of MDS/AML, rucaparib had the second highest rate. 
However, limitations of cross-trial comparison have to be taken into 

account with different patient cohorts and inclusion and exclusion 
criteria impairing the ability to generalize these rates.

Taken together, almost all patients exposed to PARPi experi-
enced adverse events of any grade. In detail, toxicities of grade 
1–2 were common in approximately two-thirds of patients and their 
frequency was similar across all three PARPi. Toxicities of grade 
1–2 mostly require monitoring while continuing treatment or with-
holding treatment for a maximum of 28 days, but toxicities of grade 
3 or greater should be extensively discussed and are important 
parameters when counseling for PARPi therapy. Figure 2 shows an 
overview of adverse events detected during or after chemotherapy 
which might be risk factors for toxicities of grade 3 or greater on 
PARPi maintenance treatment.

Interestingly, a meta-analysis which included results from clin-
ical trials investigating PARPi given as monotherapy or combined 
with chemotherapy and/or anti-angiogenic drugs compared PARPi 
with placebo in an elderly cohort aged ≥65 years and in younger 
patients aged <65 years.57 In this study, safety information was 
limited to hematologic toxicity and a lower risk of severe anemia 
was reported in older patients (p=0.04).57 However, real-world 
studies should include more geriatric assessment. This is especially 
important, given the fact that most patients diagnosed with ovarian 
cancer are >65 years of age and clinical trials limit the enrollment 
of patients with concomitant co-morbidities and those with a high 
frailty risk or geriatric impairments.

Considering that patients with ovarian cancer in both the primary 
and recurrent setting would mostly be treated with a platinum-based 
therapy, changes in hematological events such as anemia, neutropenia, 

Figure 2  Grade 3 or 4 adverse events after chemotherapy in clinical trials of poly (ADP-ribose) polymerase inhibitors (PARPi).
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and low platelet count under platinum-based therapy should be further 
considered during maintenance. This is especially important, consid-
ering that anemia and neutropenia events were lower on olaparib 
(19–22% and 5–9%, respectively) than on niraparib (25.3–31% and 
12.8–19.6%, respectively). With regard to rucaparib, there were differ-
ences in hematological toxicities reported by the two trials, 19% for 
anemia and 7% for neutropenia in ARIEL3 and 28% for anemia and 
14.6% for neutropenia in ATHENA. Furthermore, a greater difference 
between the three PARPi was the platelet count. More specifically, the 
rate of thrombocytopenia with niraparib was much higher than with 
olaparib or rucaparib (33.8–41.7% vs 1% and 5%, respectively).

Gastrointestinal disorders, fatigue, or asthenia are frequently side 
effects in cancer patients receiving chemotherapy. However, clinical 
trials in the primary and recurrent setting failed to show major differ-
ences across the three PARPi and their toxicity profiles, including 
gastrointestinal disorders, fatigue or asthenia of grade 3 or higher. 
Last, patients receiving rucaparib more frequently showed laboratory 
changes in ALT/AST of grade 3 or higher (10%), which was not the case 
for patients on olaparib or niraparib regimens.

Another aspect to consider are the toxicities which influence everyday 
activities such as headache and insomnia. These symptoms are usually 
mild but can have an important impact on quality of life. Headache was 
reported in 26% of patients on niraparib in the ENGOT-OV16/NOVA trial, 
25% on olaparib in the SOL02 trial, and 18% of patients on rucaparib in 
the ARIEL3 trial. The occurrence of insomnia was highest in patients on 
niraparib (24%), followed by 14% of patients receiving rucaparib and 
5% of patients receiving olaparib.

Finally, the effect of PARPi on other drugs should also be considered 
in PARPi management, given the fact that patients with ovarian cancer 
are older women with associated co-morbidities.58 Furthermore, the 
cancer burden frequently leads to supportive therapies for depression 
or anxiety.59 Both olaparib and rucaparib inhibit CYP3A, which increases 
total drug exposure over time of caffeine, midazolam, warfarin, omepra-
zole, and digoxin.60 In addition, rucaparib reversibly inhibits CYP1A2, 
CYP2C19, and CYP2C9. In contrast, niraparib has a negligible effect on 
CYP450 enzymes and no formal drug interaction studies have been 
performed with niraparib.

QUALITY OF LIFE IN PATIENTS ON PARPI TREATMENT

The assessment of patient-reported outcomes was evaluated in all recur-
rent maintenance trials using questionnaires including the Functional 
Assessment of Cancer Therapy (FACT-O), European Quality of Life-5 
Dimensions (EQ-5D-3/5 L), and the European Organization for Research 
and Treatment of Cancer core questionnaire (EORTC-QLQ-C30). Along 
with cancer site-related symptoms, these tools also evaluated physical, 
social/family, emotional and functional well/being like self-care, usual 
activities, pain/discomfort, anxiety, and depression. The high frequency 
of grade 3–4 adverse events may affect patients with either no active 
disease or few adverse events at baseline receiving maintenance. A 
detailed description of the assessment of the abovementioned health-
related questionnaires was given in a previous review.44

Interestingly, a health-related QoL assessment in patients with 
platinum-sensitive recurrent disease treated with niraparib mainte-
nance therapy showed increased patient-perceived lack of energy and 
nausea at the time of treatment initiation, but steadily declined over 
time to near baseline levels.61 Similarly, resolution of nausea or vomiting 

occurred in 90% of these patients.45 Importantly, health-related QoL was 
assessed in all recurrent maintenance trials and the results indicate no 
significant limitations of any PARPi on the well-being of patients.26 61 62 
Moreover, all PARPi were associated with significant patient-centered 
benefits on quality of life despite the toxicity experienced in the experi-
mental arms versus placebo.26 61 62

While the questionnaires mainly analyzed the QoL of patients on 
PARPi treatment, another tool, Time Without Symptoms or Toxicity 
(TWiST), aimed to integrate both quantity and quality of treatment. 
TWiST is defined as the period without any clinically significant symp-
toms of toxicity after randomization and before protocol-defined disease 
progression. The adverse events included in the first study evaluating 
this endpoint for PARPi by Friedlander et al were nausea, vomiting, and 
fatigue at grade 2 or higher, which were considered most likely to affect 
the QoL.26 Despite the fact that the same three adverse events were 
included in the TWiST model for evaluation of all PARPi, these results 
are not comparable between different PARPi since the authors used 
different methodology and their analysis was limited to patients with 
BRCA1/2 tumors5 or all patients regardless of biomarkers.3 4

In SOLO2, the authors reported an 8-month longer TWiST 
duration in patients receiving olaparib compared with placebo.26 
Furthermore, when patients were categorized according to age 
cut-off at 65 years, the results indicated a median duration of 
good QoL of 13.5 months in patients aged ≥65 years compared 
with a median duration of 18.4 months in those aged <65 years 
on olaparib.47 Matulonis et al took another approach for calculating 
TWiST duration by extrapolation of progression-free survival to 20 
years, based on expert clinical opinion that patients on niraparib 
could be disease-free for up to 20 years.63 Using sophisticated 
statistical methods, the study showed an increased TWiST duration 
in patients with both BRCA1/2 and non-BRCA1/2-mutated tumors 
who received niraparib (2.95 years and 1.34 years, respectively). 
Finally, Oza et al evaluated TWiST in the ARIEL3 trial investigating 
rucaparib.62 Here, the mean TWiST duration remained significantly 
longer with rucaparib, a difference of 6.40 months compared with 
placebo. Furthermore, quality-adjusted analysis showed a mean 
increase of 6.88 months with rucaparib.

Taken together, QoL assessment using questionnaires and 
TWiST findings suggest that second-line maintenance with the 
PARPi olaparib, niraparib, and rucaparib is clinically beneficial and 
well tolerated. Furthermore, despite the impact of toxicities on 
patients’ health status and the longest periods without clinically 
relevant symptoms, the greatest benefit was observed in patients 
with BRCA1/2 tumors. However, TWiST analysis in patients without 
BRCA1/2 tumors on rucaparib or niraparib treatment showed a clin-
ical benefit as well.

CONCLUSIONS

Given the convincing clinical data on PARPi efficacy, every patient 
with high-grade ovarian cancer will receive PARPi during her treat-
ment in the primary or recurrent setting. In this review we discuss 
the perspective of choosing a PARPi based on its efficacy and 
biomarker indication, and also from a toxicity point of view. Since 
there is no major difference in their mechanism of action, clinicians 
mostly indicate PARPi according to availability and their experi-
ence in the management of one or other PARPi adverse events. 
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However, maintenance treatment has a long-term perspective and 
most patients will have already experienced several hematological 
or non-hematological side effects of platinum-based therapy. Addi-
tionally, individual PARPi have specific toxicity profiles that should 
be considered on an individual basis when counseling patients 
before the start of treatment. As a result, inappropriate manage-
ment with supportive care and dose reduction can lead to treat-
ment discontinuation and should be avoided. Currently, there are 
no head-to-head trials of PARPi in recurrent or primary high-grade 
recurrent platinum-sensitive ovarian cancer. Given the results of 
the OReO/ENGOT Ov-38 trial showing a slight difference in clinical 
benefit of approximately 2.5 months in both patients with BRCA 
mutant tumors and those with non-BRCA mutant tumors after PARPi 
rechallenge, evaluating a strategy for a possible PARPi sequence 
will be necessary. However, some aspects of this trial need further 
discussion and interpretation, including the heavily pre-treated 
cohort (more than three previous lines), limitation in the rechal-
lenge to only one PARPi (olaparib), and the modest progression-free 
survival of 2.5 months. Certainly, the biomarker status and history 
of toxicity at baseline after chemotherapy will be important deter-
minants to be taken into consideration. Finally, an open question is 
whether there is a link between the choice of PARPi and surgical 
resection in the relapse setting, in particular if, from a surgical point 
of view, the three PARPi correlate with a different disease pattern of 
relapse such as peritoneal disease, lymph node invasion, or distant 
metastasis.

Contributors  Conception and design: All authors. Administrative support: N/A. 
Provision of study materials or patients: N/A. Collection and assembly of data: N/A. 
Data analysis and interpretation: N/A. Manuscript writing: All authors. Final approval 
of manuscript: All authors. The authors are accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  SM: research support, advisory board, honoraria and travel 
expenses from AbbVie, AstraZeneca, Clovis, Eisai, GlaxoSmithKline, Medac, MSD, 
Novartis, Olympus, PharmaMar, Pfizer, Roche, Sensor Kinesis, Teva, Tesaro. FT: 
grants and personal fees from AstraZeneca, Clovis, Eisai, Medac, MSD, PharmaMar, 
Roche, and Tesaro/GSK outside the submitted work. NH: honoraria for lectures 
and/or consulting from Amgen, Astra Zeneca, Daiichi-Sankyo, Exact Sciences, 
Gilead, Lilly, MSD, Novartis, Pierre Fabre, Pfizer, Roche, Sanofi, Sandoz, Seagen. AH: 
honoraria for lectures and/or consulting from Roche, Pfizer. No competing interests 
are reported by the other authors.

Patient consent for publication  Not applicable.

Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

ORCID iD
Anca Chelariu-Raicu http://orcid.org/0000-0003-2944-9488

REFERENCES
	 1	 Moore K, Colombo N, Scambia G, et al. Maintenance olaparib in 

patients with newly diagnosed advanced ovarian cancer. N Engl J 
Med 2018;379:2495–505. 

	 2	 González-Martín A, Pothuri B, Vergote I, et al. Niraparib in patients 
with newly diagnosed advanced ovarian cancer. N Engl J Med 
2019;381:2391–402. 

	 3	 Coleman RL, Oza AM, Lorusso D, et al. Rucaparib maintenance 
treatment for recurrent ovarian carcinoma after response to platinum 
therapy (ARIEL3): a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet 2017;390:1949–61. 

	 4	 Mirza MR, Monk BJ, Herrstedt J, et al. Niraparib maintenance 
therapy in platinum-sensitive, recurrent ovarian cancer. N Engl J Med 
2016;375:2154–64. 

	 5	 Pujade-Lauraine E, Ledermann JA, Selle F, et al. Olaparib tablets as 
maintenance therapy in patients with platinum-sensitive, relapsed 
ovarian cancer and a BRCA1/2 mutation (SOLO2/ENGOT-Ov21): a 
double-blind, randomised, placebo-controlled, phase 3 trial. Lancet 
Oncol 2017;18:1274–84. 

	 6	 Kunos C, Deng W, Dawson D, et al. A phase I-II evaluation of 
veliparib (NSC # 737664), topotecan, and filgrastim or pegfilgrastim 
in the treatment of persistent or recurrent carcinoma of the uterine 
cervix: an NRG Oncology/Gynecologic Oncology Group study. Int J 
Gynecol Cancer 2015;25:484–92. 

	 7	 Thaker PH, Salani R, Brady WE, et al. A phase I trial of paclitaxel, 
cisplatin, and veliparib in the treatment of persistent or recurrent 
carcinoma of the cervix: an NRG Oncology Study (NCT # 01281852). 
Ann Oncol 2017;28:505–11. 

	 8	 The Cancer Genome Atlas Research Network. Integrated 
genomic and molecular characterization of cervical cancer. Nature 
2017;543:378–84. 

	 9	 Kandoth C, Schultz N, Cherniack AD, et al. Integrated genomic 
characterization of endometrial carcinoma. Nature 2013;497:67–73. 

	10	 Siedel JH, Ring KL, Hu W, et al. Clinical significance of homologous 
recombination deficiency score testing in endometrial cancer. 
Gynecol Oncol 2021;160:777–85. 

	11	 Chelariu-Raicu A, Zibetti Dal Molin G, Coleman RL. The new 
world of poly-(ADP)-ribose polymerase inhibitors (PARPi) used 
in the treatment of gynecological cancers. Int J Gynecol Cancer 
2020;30:1608–18. 

	12	 Pujade-Lauraine E, Selle F, Scambia G. n.d. Maintenance olaparib 
rechallenge in patients (pts) with ovarian carcinoma (OC) previously 
treated with a PARP inhibitor (PARPi): phase IIIB OReO/ENGOT 
Ov-38 trial. Presented at 2021 ESMO Congress; September 16–21, 
2021. Virtual Abstract LBA33.

	13	 Fong PC, Yap TA, Boss DS, et al. Poly (ADP) -ribose polymerase 
inhibition: frequent durable responses in BRCA carrier ovarian 
cancer correlating with platinum-free interval. J Clin Oncol 
2010;28:2512–9. 

	14	 Bryant HE, Schultz N, Thomas HD, et al. Specific killing of BRCA2-
deficient tumours with inhibitors of poly (ADP-ribose) polymerase. 
Nature 2005;434:913–7. 

	15	 Farmer H, McCabe N, Lord CJ, et al. Targeting the DNA repair 
defect in BRCA mutant cells as a therapeutic strategy. Nature 
2005;434:917–21. 

	16	 Rustin GJS, Bast RC Jr, Kelloff GJ, et al. Use of CA-125 in clinical 
trial evaluation of new therapeutic drugs for ovarian cancer. Clin 
Cancer Res 2004;10:3919–26. 

	17	 Pignata S, Cannella L, Leopardo D, et al. Follow-up with CA125 
after primary therapy of advanced ovarian cancer: in favor of 
continuing to prescribe CA125 during follow-up. Ann Oncol 
2011;22(Suppl 8):viii40–4. 

	18	 You B, Sehgal V, Hosmane B, et al. Ca-125 KELIM as a potential 
complementary tool for predicting veliparib benefit: an exploratory 
analysis from the VELIA/GOG-3005 study. J Clin Oncol 
2023;41:107–16. 

	19	 Ethier J-L, Fuh KC, Arend R, et al. State of the biomarker science 
in ovarian cancer: a National Cancer Institute clinical trials planning 
meeting report. JCO Precis Oncol 2022;6:e2200355. 

	20	 Cancer Genome Atlas Research Network. Integrated genomic 
analyses of ovarian carcinoma. Nature 2011;474:609–15. 

	21	 Konstantinopoulos PA, Spentzos D, Karlan BY, et al. Gene 
expression profile of BRCAness that correlates with responsiveness 
to chemotherapy and with outcome in patients with epithelial ovarian 
cancer. J Clin Oncol 2010;28:3555–61. 

	22	 Pitroda SP, Pashtan IM, Logan HL, et al. DNA repair pathway gene 
expression score correlates with repair proficiency and tumor 
sensitivity to chemotherapy. Sci Transl Med 2014;6:229ra42. 

	23	 Mirza MR, Coleman RL, González-Martín A, et al. The forefront 
of ovarian cancer therapy: update on PARP inhibitors. Ann Oncol 
2020;31:1148–59. 

	24	 Moore KN, Pothuri B, Monk B, et al. PARP inhibition as frontline 
therapy in ovarian cancer. Clin Adv Hematol Oncol 2020;18:550–6.

	25	 Moore KN, Pothuri B, Monk B, et al. PARP inhibition in recurrent 
ovarian cancer. Clin Adv Hematol Oncol 2020;18:647–55.

	26	 Friedlander M, Matulonis U, Gourley C, et al. Long-term efficacy, 
tolerability and overall survival in patients with platinum-
sensitive, recurrent high-grade serous ovarian cancer treated with 
maintenance olaparib capsules following response to chemotherapy. 
Br J Cancer 2018;119:1075–85. 

	27	 Ledermann J, Harter P, Gourley C, et al. Olaparib maintenance 
therapy in patients with platinum-sensitive relapsed serous ovarian 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://ijgc.bm

j.com
/

Int J G
ynecol C

ancer: first published as 10.1136/ijgc-2022-003990 on 27 January 2023. D
ow

nloaded from
 

http://orcid.org/0000-0003-2944-9488
http://dx.doi.org/10.1056/NEJMoa1810858
http://dx.doi.org/10.1056/NEJMoa1810858
http://dx.doi.org/10.1056/NEJMoa1910962
http://dx.doi.org/10.1016/S0140-6736(17)32440-6
http://dx.doi.org/10.1056/NEJMoa1611310
http://dx.doi.org/10.1016/S1470-2045(17)30469-2
http://dx.doi.org/10.1016/S1470-2045(17)30469-2
http://dx.doi.org/10.1097/IGC.0000000000000380
http://dx.doi.org/10.1097/IGC.0000000000000380
http://dx.doi.org/10.1093/annonc/mdw635
http://dx.doi.org/10.1038/nature21386
http://dx.doi.org/10.1038/nature12113
http://dx.doi.org/10.1016/j.ygyno.2020.12.010
http://dx.doi.org/10.1136/ijgc-2020-001789
http://dx.doi.org/10.1200/JCO.2009.26.9589
http://dx.doi.org/10.1038/nature03443
http://dx.doi.org/10.1038/nature03445
http://dx.doi.org/10.1158/1078-0432.CCR-03-0787
http://dx.doi.org/10.1158/1078-0432.CCR-03-0787
http://dx.doi.org/10.1093/annonc/mdr470
http://dx.doi.org/10.1200/JCO.22.00430
http://dx.doi.org/10.1200/PO.22.00355
http://dx.doi.org/10.1038/nature10166
http://dx.doi.org/10.1200/JCO.2009.27.5719
http://dx.doi.org/10.1126/scitranslmed.3008291
http://dx.doi.org/10.1016/j.annonc.2020.06.004
http://dx.doi.org/10.1038/s41416-018-0271-y
http://ijgc.bmj.com/


822 Chelariu-Raicu A, et al. Int J Gynecol Cancer 2023;33:812–822. doi:10.1136/ijgc-2022-003990

Review

cancer: a preplanned retrospective analysis of outcomes by BRCA 
status in a randomised phase 2 trial. Lancet Oncol 2014;15:852–61. 

	28	 Walsh T, Casadei S, Lee MK, et al. Mutations in 12 genes for 
inherited ovarian, fallopian tube, and peritoneal carcinoma identified 
by massively parallel sequencing. Proc Natl Acad Sci U S A 
2011;108:18032–7. 

	29	 Watkins JA, Irshad S, Grigoriadis A, et al. Genomic scars as 
biomarkers of homologous recombination deficiency and drug 
response in breast and ovarian cancers. Breast Cancer Res 
2014;16:211. 

	30	 Kristeleit R, Lisyanskaya A, Fedenko A, et al. Rucaparib versus 
standard-of-care chemotherapy in patients with relapsed ovarian 
cancer and a deleterious BRCA1 or BRCA2 mutation (ARIEL4): an 
international, open-label, randomised, phase 3 trial. Lancet Oncol 
2022;23:465–78. 

	31	 Oza AM, Lisyanskaya AS, Fedenko AA, et al. 518O Overall survival 
results from ARIEL4: a phase III study assessing rucaparib vs 
chemotherapy in patients with advanced, relapsed ovarian 
carcinoma and a deleterious BRCA1/2 mutation. Ann Oncol 
2022;33:S780. 

	32	 Kristeleit R, Shapiro GI, Burris HA, et al. A phase I-II study of the 
oral PARP inhibitor rucaparib in patients with germline BRCA1/2-
mutated ovarian carcinoma or other solid tumors. Clin Cancer Res 
2017;23:4095–106. 

	33	 Moore KN, Secord AA, Geller MA, et al. Niraparib monotherapy for 
late-line treatment of ovarian cancer (QUADRA): a multicentre, open-
label, single-arm, phase 2 trial. Lancet Oncol 2019;20:636–48. 

	34	 Vanderstichele A, Busschaert P, Olbrecht S, et al. Genomic 
signatures as predictive biomarkers of homologous recombination 
deficiency in ovarian cancer. Eur J Cancer 2017;86:5–14. 

	35	 Norquist BM, Brady MF, Harrell MI, et al. Mutations in homologous 
recombination genes and outcomes in ovarian carcinoma patients 
in GOG 218: an NRG Oncology/Gynecologic Oncology Group study. 
Clin Cancer Res 2018;24:777–83. 

	36	 Perren TJ, Swart AM, Pfisterer J, et al. A phase 3 trial of 
bevacizumab in ovarian cancer. N Engl J Med 2011;365:2484–96. 

	37	 Monk BJ, Pujade-Lauraine E, Burger RA. Integrating bevacizumab 
into the management of epithelial ovarian cancer: the 
controversy of front-line versus recurrent disease. Ann Oncol 
2013;24(Suppl 10):x53–8. 

	38	 Burger RA, Brady MF, Bookman MA, et al. Incorporation of 
bevacizumab in the primary treatment of ovarian cancer. N Engl J 
Med 2011;365:2473–83. 

	39	 Ray-Coquard I, Pautier P, Pignata S, et al. Olaparib plus 
bevacizumab as first-line maintenance in ovarian cancer. N Engl J 
Med 2019;381:2416–28. 

	40	 DiSilvestro P, Colombo N, Scambia G, et al. Efficacy of maintenance 
olaparib for patients with newly diagnosed advanced ovarian cancer 
with a BRCA mutation: subgroup analysis findings from the SOLO1 
trial. J Clin Oncol 2020;38:3528–37. 

	41	 Swisher EM, Kwan TT, Oza AM, et al. Molecular and clinical 
determinants of response and resistance to rucaparib for recurrent 
ovarian cancer treatment in ARIEL2 (parts 1 and 2). Nat Commun 
2021;12:2487. 

	42	 Monk BJ, Parkinson C, Lim MC, et al. A randomized, phase III trial 
to evaluate rucaparib monotherapy as maintenance treatment in 
patients with newly diagnosed ovarian cancer (ATHENA-MONO/
GOG-3020/ENGOT-ov45). J Clin Oncol 2022;40:3952–64. 

	43	 LaFargue CJ, Dal Molin GZ, Sood AK, et al. Exploring and 
comparing adverse events between PARP inhibitors. Lancet Oncol 
2019;20:e15–28. 

	44	 Madariaga A, Bowering V, Ahrari S, et al. Manage wisely: poly (ADP-
ribose) polymerase inhibitor (PARPi) treatment and adverse events. 
Int J Gynecol Cancer 2020;30:903–15. 

	45	 Colombo N, Moore K, Scambia G, et al. Tolerability of maintenance 
olaparib in newly diagnosed patients with advanced ovarian cancer 
and a BRCA mutation in the randomized phase III SOLO1 trial. 
Gynecol Oncol 2021;163:41–9. 

	46	 Morice P-M, Leary A, Dolladille C, et al. Myelodysplastic syndrome 
and acute myeloid leukaemia in patients treated with PARP 

inhibitors: a safety meta-analysis of randomised controlled trials 
and a retrospective study of the WHO pharmacovigilance database. 
Lancet Haematol 2021;8:e122–34. 

	47	 Trillsch F, Mahner S, Ataseven B, et al. Efficacy and safety of olaparib 
according to age in BRCA1/2-mutated patients with recurrent 
platinum-sensitive ovarian cancer: analysis of the phase III SOLO2/
ENGOT-ov21 study. Gynecol Oncol 2022;165:40–8. 

	48	 Kaye SB, Lubinski J, Matulonis U, et al. Phase II, open-label, 
randomized, multicenter study comparing the efficacy and 
safety of olaparib, a poly (ADP-ribose) polymerase inhibitor, 
and pegylated liposomal doxorubicin in patients with BRCA1 
or BRCA2 mutations and recurrent ovarian cancer. J Clin Oncol 
2012;30:372–9. 

	49	 Audeh MW, Carmichael J, Penson RT, et al. Oral poly (ADP-ribose) 
polymerase inhibitor olaparib in patients with BRCA1 or BRCA2 
mutations and recurrent ovarian cancer: a proof-of-concept trial. 
Lancet 2010;376:245–51. 

	50	 Berek JS, Matulonis UA, Peen U, et al. Safety and dose modification 
for patients receiving niraparib. Ann Oncol 2018;29:1784–92. 

	51	 Wu XH, Zhu JQ, Yin RT, et al. Niraparib maintenance therapy in 
patients with platinum-sensitive recurrent ovarian cancer using an 
individualized starting dose (NORA): a randomized, double-blind, 
placebo-controlled phase III trial. Ann Oncol 2021;32:512–21. 

	52	 Fabbro M, Moore KN, Dørum A, et al. Efficacy and safety of niraparib 
as maintenance treatment in older patients (≥70 years) with recurrent 
ovarian cancer: results from the ENGOT-OV16/NOVA trial. Gynecol 
Oncol 2019;152:560–7. 

	53	 Konecny GE, Oza AM, Tinker AV, et al. Population exposure-efficacy 
and exposure-safety analyses for rucaparib in patients with recurrent 
ovarian carcinoma from Study 10 and ARIEL2. Gynecol Oncol 
2021;161:668–75. 

	54	 Green ML, Ma SC, Goble S, et al. Population pharmacokinetics of 
rucaparib in patients with advanced ovarian cancer or other solid 
tumors. Cancer Chemother Pharmacol 2022;89:671–82. 

	55	 Grechko N, Skarbova V, Tomaszewska-Kiecana M, et al. 
Pharmacokinetics and safety of rucaparib in patients with advanced 
solid tumors and hepatic impairment. Cancer Chemother Pharmacol 
2021;88:259–70. 

	56	 Master SR, Mansour RP. Myelodysplastic syndrome and 
acute myeloid leukemia as side effect of PARP inhibitors. JCO 
2020;38(15_suppl):3601. 

	57	 Maiorano BA, Maiorano MFP, Lorusso D, et al. Efficacy and safety 
of PARP inhibitors in elderly patients with advanced ovarian cancer: 
a systematic review and meta-analysis. Int J Gynecol Cancer 
2022;32:1410–8. 

	58	 Maas HAAM, Kruitwagen RFPM, Lemmens VEPP, et al. The 
influence of age and co-morbidity on treatment and prognosis 
of ovarian cancer: a population-based study. Gynecol Oncol 
2005;97:104–9. 

	59	 Watts S, Prescott P, Mason J, et al. Depression and anxiety in 
ovarian cancer: a systematic review and meta-analysis of prevalence 
rates. BMJ Open 2015;5:e007618. 

	60	 Xiao JJ, Nowak D, Ramlau R, et al. Evaluation of drug-drug 
interactions of rucaparib and CYP1A2, CYP2C9, CYP2C19, CYP3A, 
and P-gp substrates in patients with an advanced solid tumor. Clin 
Transl Sci 2019;12:58–65. 

	61	 Oza AM, Matulonis UA, Malander S, et al. Quality of life in patients 
with recurrent ovarian cancer treated with niraparib versus placebo 
(ENGOT-OV16/NOVA): results from a double-blind, phase 3, 
randomised controlled trial. Lancet Oncol 2018;19:1117–25. 

	62	 Oza AM, Lorusso D, Aghajanian C, et al. Patient-centered outcomes 
in ARIEL3, a phase III, randomized, placebo-controlled trial of 
rucaparib maintenance treatment in patients with recurrent ovarian 
carcinoma. J Clin Oncol 2020;38:3494–505. 

	63	 Matulonis UA, Walder L, Nøttrup TJ, et al. Niraparib maintenance 
treatment improves time without symptoms or toxicity (TWiST) 
versus routine surveillance in recurrent ovarian cancer: a 
twist analysis of the ENGOT-OV16/NOVA trial. J Clin Oncol 
2019;37:3183–91. 

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://ijgc.bm

j.com
/

Int J G
ynecol C

ancer: first published as 10.1136/ijgc-2022-003990 on 27 January 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1016/S1470-2045(14)70228-1
http://dx.doi.org/10.1073/pnas.1115052108
http://dx.doi.org/10.1186/bcr3670
http://dx.doi.org/10.1016/S1470-2045(22)00122-X
http://dx.doi.org/10.1016/j.annonc.2022.07.646
http://dx.doi.org/10.1158/1078-0432.CCR-16-2796
http://dx.doi.org/10.1016/S1470-2045(19)30029-4
http://dx.doi.org/10.1016/j.ejca.2017.08.029
http://dx.doi.org/10.1158/1078-0432.CCR-17-1327
http://dx.doi.org/10.1056/NEJMoa1103799
http://dx.doi.org/10.1093/annonc/mdt472
http://dx.doi.org/10.1056/NEJMoa1104390
http://dx.doi.org/10.1056/NEJMoa1104390
http://dx.doi.org/10.1056/NEJMoa1911361
http://dx.doi.org/10.1056/NEJMoa1911361
http://dx.doi.org/10.1200/JCO.20.00799
http://dx.doi.org/10.1038/s41467-021-22582-6
http://dx.doi.org/10.1200/JCO.22.01003
http://dx.doi.org/10.1016/S1470-2045(18)30786-1
http://dx.doi.org/10.1136/ijgc-2020-001288
http://dx.doi.org/10.1016/j.ygyno.2021.07.016
http://dx.doi.org/10.1016/S2352-3026(20)30360-4
http://dx.doi.org/10.1016/j.ygyno.2022.01.024
http://dx.doi.org/10.1200/JCO.2011.36.9215
http://dx.doi.org/10.1016/S0140-6736(10)60893-8
http://dx.doi.org/10.1093/annonc/mdy181
http://dx.doi.org/10.1016/j.annonc.2020.12.018
http://dx.doi.org/10.1016/j.ygyno.2018.12.009
http://dx.doi.org/10.1016/j.ygyno.2018.12.009
http://dx.doi.org/10.1016/j.ygyno.2021.03.015
http://dx.doi.org/10.1007/s00280-022-04413-7
http://dx.doi.org/10.1007/s00280-021-04278-2
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.3601
http://dx.doi.org/10.1136/ijgc-2022-003614
http://dx.doi.org/10.1016/j.ygyno.2004.12.026
http://dx.doi.org/10.1136/bmjopen-2015-007618
http://dx.doi.org/10.1111/cts.12600
http://dx.doi.org/10.1111/cts.12600
http://dx.doi.org/10.1016/S1470-2045(18)30333-4
http://dx.doi.org/10.1200/JCO.19.03107
http://dx.doi.org/10.1200/JCO.19.00917
http://ijgc.bmj.com/

	Anaphylaxis management: a survey of school and day care nurses in Lebanon
	Abstract
	Methods
	Design
	Population
	Instrument
	Data collection
	Statistical analyses

	Results
	Study population characteristics
	Current policies, processes and training sessions
	Previous experience in the management of anaphylaxis reaction


	PARP inhibitors: risk factors for toxicity and matching patients to the proper ﻿poly (ADP-­ribose) polymerase inhibitor﻿ (PARPi) therapy
	Abstract
	Introduction
	PARPi Therapy Options for Patients with Recurrent Ovarian Cancer
	PARPi Therapy Options for Patients with Primary Ovarian Cancer
	Which Patient should receive which PARPi: Olaparib, Niraparib, or Rucaparib?
	Olaparib
	Niraparib
	Rucaparib

	Quality of Life in Patients on PARPi Treatment
	Conclusions
	References


