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ABSTRACT
Poly (ADP-ribose) polymerase (PARP) inhibitors (PARPi) 
have transformed the treatment landscape in front-line and 
recurrent high-grade serous ovarian cancer. Maintenance 
strategies with PARPi have been assessed in randomized 
phase III trials in ovarian cancer; switch maintenance in the 
case of olaparib, niraparib, and rucaparib; and concurrent 
followed by continuation maintenance with veliparib. These 
studies have shown progression-free survival advantage 
with PARPi maintenance, with no major adverse changes 
in the quality of life; however, overall survival data remain 
immature to date. PARPi have also been incorporated 
in clinical practice as a single-agent treatment strategy 
in high-grade serous ovarian cancer, mainly in women 
who harbor alterations in the BRCA1/2 genes or have 
alterations in the homologous recombination deficiency 
(HRD) pathway. Contemporary studies are looking into 
potentially synergistic combination strategies with anti-
angiogenics and immune checkpoint inhibitors, among 
others. The expansion of PARPi treatment has not been 
limited to ovarian cancer; talazoparib is licensed in patients 
with HER2-negative breast cancer with germline BRCA 
mutations (BRCAm), and front-line olaparib maintenance 
in patients with pancreatic cancer with germline BRCAm. 
Numerous studies assessing PARPi either in monotherapy 
or in combination with other agents are ongoing in multiple 
tumors, including prostate, endometrial, brain, and gastric 
cancers. Many patients are being treated with PARPi, 
some for prolonged periods of time. As a result, a thorough 
knowledge of the potential short- and long-term adverse 
events and their management is warranted to improve 
patient safety, treatment efficacy, and towards maintaining 
an appropriate dose intensity.

Introduction

Ovarian cancer is the most lethal gynecologic malig-
nancy in developed countries.1 Approximately 90% 
are epithelial, and can be divided within five subtypes: 
high- and low-grade serous, endometrioid, clear 
cell, and mucinous carcinoma.2 3 Of these, high-
grade serous ovarian carcinoma remains the most 
common subtype (>70%). Germline alterations in 
breast cancer 1 (BRCA1) and breast cancer 2 (BRCA2) 
genes are identified in 14%–18% of patients with 
high-grade serous ovarian cancer, while ~3% harbor 
somatic BRCA mutations (BRCAm) or inactivations 
due to methylation.4 More broadly, homologous 
recombination deficiency (HRD), involved in repair of 

DNA damage and replication, are detected in approx-
imately half of the patients with high-grade serous 
ovarian cancer.5 Major recent improvement in the 
treatment landscape has been achieved with mainte-
nance poly (ADP-ribose) polymerase (PARP) inhibitor 
(PARPi) therapy.6 Ovarian cancers with BRCAm or HRD 
alterations are particularly sensitive to PARPi because 
of the accumulation of unrepaired DNA breaks that 
lead to cellular death.7 PARPi maintenance treatments 
have provided an enhancement of disease-free and 
progression-free survival, with no significant changes 
in the health-related quality of life (QoL).6 Given that 
PARPi are administered orally, they are sometimes 
perceived as well-tolerated drugs by clinicians; 
however, experienced management of toxicity is 
warranted, particularly in this context of chronic use. 
Adverse events related to PARPi treatment and their 
management will be discussed in this review. For 
the purpose of this review we will focus on studies 
assessing PARPi as a single agent, either as a mono-
therapy treatment or maintenance strategy in ovarian 
cancer. Similar approaches are used in PARPi adverse 
event management in other solid tumors, including 
breast, pancreatic, and prostate cancer.8 9

PARP Inhibitors: Mechanism of Action, Dosing 
and Pharmacokinetics
PARP enzymes, particularly PARP1 and PARP2, are 
essential in the repair of DNA single-strand breaks.7 
The inhibition of PARP enzymes leads to persis-
tent single-strand breaks, which cause accumula-
tion of double-strand breaks during DNA replication 
and ultimately leads to cell cycle arrest or cellular 
death.7 Cancer cells with BRCAm or HRD, involved in 
double-strand break repair, are particularly sensitive 
to PARPi treatment.7 This corresponds to the concept 
of ‘synthetic sickness’ − synergistic loss of func-
tion in two repair pathways leads to cell death but 
a loss of function of one pathway alone does not.10 
In the setting of BRCAm, loss of function related to 
the mutation coupled with synthetically inhibiting 
PARP leads to cellular lethality. Other mechanisms 
of PARPi include regulation of the non-homologous 
end-joining pathway, as well as trapping of inactive 
PARP enzymes at the level of single-strand breaks, 
preventing their repair.11
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The pharmacokinetics of PARPi, including metabolism and drug 
interactions vary from one agent to another and are summarized in 
Table 1.12–16 In general, PARPi can be administered with or without 
food. Seville oranges and grapefruit should be avoided in those 
patients taking olaparib, since they are CYP3A inhibitors,12 while 
rucaparib may increase the effects of caffeine.17

PARP Inhibitor as Single Agent: Maintenance and Treatment 
Monotherapy
First-line maintenance randomized trials have shown a robust 
disease-free survival/progression-free survival improvement with 
PARPi treatment in ovarian cancer; overall survival data remain 
immature to date.18–20 Two placebo-controlled phase III trials have 
assessed switch-maintenance PARPi treatment in patients that 
respond to front-line platinum; SOLO1 (NCT01844986) assessed 
olaparib in patients with ovarian cancer harboring somatic and 
germline BRCAm,18 and PRIMA/ENGOT-Ov26 (NCT02655016) 
assessed niraparib in the overall population (non-restricted to 
BRCAm carriers).19 Contrary to these, the VELIA (NCT02470585) 
three-arm, placebo-controlled phase III trial assessed a concurrent 
followed by continuation-maintenance strategy with the incorpo-
ration of veliparib in combination with chemotherapy followed by 
maintenance veliparib (Figure  1).20 The latter has the effect that 
potentially a larger proportion of patients including ones who were 
not in partial or complete response after first-line therapy went on to 
receive maintenance therapy. Similarly, in platinum-sensitive recur-
rence, a randomized phase II trial, Study19 (NCT00753545),21 led 
the way to three subsequent randomized placebo-controlled phase 
III trials. SOLO2/ENGOT-Ov21 (NCT01874353) assessing olaparib 
in somatic and germline BRCAm carriers,22 ENGOT-OV16/NOVA 
(NCT01847274), and ARIEL3 (NCT01968213) assessing niraparib 
and rucaparib maintenance in the overall population, respectively, 
have shown progression-free survival improvement in patients that 
responded to platinum treatment (Figure 1).23 24 In front-line main-
tenance, olaparib was administered for 2 years in patients that had 
complete response to initial therapy;18 however, front-line niraparib 
and PARPi in platinum-sensitive maintenance were continued until 
unacceptable toxicity or progression.19 22–24 Long-term responders 
that remain on the drug for >5 years have been described.25 Table 2 
summarizes the different selection criteria used in the phase III 
maintenance trials.18–20 22–24 For extended review regarding effi-
cacy see Longo26 and Lheureux et al.27

PARPi have also been evaluated as monotherapy treatment 
in recurrent ovarian cancer mainly through non-randomized 
phase II clinical trials, showing relevant objective response rate 
and progression-free survival, mainly in BRCA/HRD-positive and 
platinum-sensitive patients.28–32 Olaparib monotherapy was 
assessed as part of a multi-tumor phase II trial in patients with ≥3 
prior lines of chemotherapy that were germline BRCAm carriers and 
either platinum-resistant or non-suitable for platinum.29 Niraparib 
monotherapy was assessed in a single-arm phase II trial in patients 
with ≥3 prior lines of chemotherapy that were either BRCAm carriers 
(regardless of platinum sensitivity) or platinum-sensitive non-BRCA 
HRD patients.30 A phase I/II (in BRCAm) and phase II study (ARIEL2, 
overall population) assessed treatment with rucaparib mono-
therapy;31 32 an integrated pooled analysis demonstrated efficacy 
in germline or somatic BRCAm carriers with ≥2 lines of chemo-
therapy.33 ARIEL2 trial also demonstrated efficacy of rucaparib 

in the HRD and intention-to-treat population.31 The specific drug 
approvals by regulatory agencies are discussed below.

PARP Inhibitors in Combination with Other Agents
Several studies have evaluated the combination of PARPi 
with chemotherapy. A randomized phase II trial, STUDY41 
(NCT01081951), assessed a continuation-maintenance of olaparib 
in patients with platinum-sensitive recurrence, with a progression-
free survival improvement in the combination arm.34 The trial 
was not designed to measure the contribution of each treatment, 
but the late separation of the progression-free survival curves 
suggested that the maintenance phase was the key contributor to 
the improvement.34 Similarly, front-line continuation-maintenance 
treatment with veliparib showed an improvement in progression-
free survival; however, no significant differences were seen when 
veliparib was administered in combination with chemotherapy 
(without maintenance) versus the placebo arm,20 and therefore by 
inference demonstrating that the benefit of veliparib in the concur-
rent/maintenance arm is driven mainly though post-platinum main-
tenance.

Contemporary studies are evaluating other potential syner-
gistic combination strategies including anti-angiogenics, immune-
checkpoint inhibitors, phosphoinositide 3-kinase/protein kinase 
B (PI3K/AKT) inhibitors, and cell cycle checkpoint inhibitors. Anti-
angiogenics being assessed in combination trials include beva-
cizumab, an anti-vascular endothelial growth factor monoclonal 
antibody, and cediranib, a vascular endothelial growth factor receptor 
and c-kit tyrosine kinase inhibitor.35 36 In a phase III front-line main-
tenance clinical trial, PAOLA1/ENGOT-ov25 (NCT02477644), beva-
cizumab (15 mg/kg, every 3 weeks) and olaparib (300 mg, tablets 
twice daily) versus maintenance bevacizumab (15 mg/kg, every 3 
weeks) and placebo was assessed, in patients with response to 
carboplatin-paclitaxel and bevacizumab.35 The study showed a 
significant progression-free survival improvement in the olaparib 
arm, but overall survival data remain immature. The incidence of 
serious adverse events was similar in both groups. In the recur-
rent setting, several randomized phase II studies have evaluated 
the role of PARPi treatment as monotherapy versus in combination 
with anti-angiogenics. Liu and colleagues assessed treatment with 
olaparib (400 mg, capsules twice daily) versus olaparib (200 mg, 
capsules twice daily) and cediranib (30 mg once daily) in platinum-
sensitive recurrence.36 There was a significant progression-free 
survival improvement, with no changes in overall survival in the 
intention-to-treat population. In an exploratory subgroup analysis, 
patients that were germline BRCA wild-type seemed to potentially 
benefit more from this treatment, with progression-free survival 
and overall survival improvement only seen in that subgroup of 
patients.36 Nevertheless, grade ≥3 adverse events were reported 
by 70% of patients in the combination arm, mainly hypertension, 
diarrhea, and fatigue. Our group assessed the combination of 
olaparib (300 mg, tablets twice daily) and cediranib (20 mg once 
daily) in a single-arm phase II study in patients having progressed 
to prior PARPi treatment, regardless of platinum sensitivity, and 
showed a signal of activity.37 Treatment-related grade ≥3 adverse 
events were 38% in this case, mainly diarrhea, followed by anemia; 
the difference in drug dosing between the two studies might 
explain the numerical difference in adverse events’ severity and 
frequency. Another phase II study in platinum-sensitive recurrence 
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(patients with front-line bevacizumab and/or PARPi also included) 
assessed niraparib versus niraparib (300 mg, once daily) and 
bevacizumab (15 mg/kg, every 3 weeks) as a treatment strategy; 
showing a significant improvement in progression-free survival in 
the intention-to-treat population (irrespective of HRD), as well as in 
the pre-specified non-germline BRCAm carrier subgroup, but not in 
BRCAm carriers.38 Grade≥3 adverse events were more frequent in 
the combination arm (65% vs 45%), largely driven by more frequent 
hypertension; however, dose reductions were similar between arms 
and discontinuations numerically lower in the combination arm.38

Preliminary results from two multi-tumor early-phase trials have 
shown a signal of activity of the combination of PARPi with immune-
checkpoint inhibitors, with overall response rates of 25%–72%.39 40 
Across both trials, the most common grade ≥3 adverse events in 
the ovarian cancer cohort were anemia (9%–21%), neutropenia 
(3%–4%), and laboratory abnormalities (amylase and lipase eleva-
tion), suggesting that the combination may be tolerable. Clinical 
trials assessing the combination of chemotherapy, anti-angiogenics, 
PARPi, and immune-checkpoint inhibitors are ongoing in the 
front-line and recurrent settings (NCT03737643, NCT03522246, 
NCT03574779).

Management of Adverse Events

The PARPi adverse events can be associated with on- and off-
target effects. Many adverse events of PARPi treatment are class 
effects, meaning that all the drugs of the PARPi family are associ-
ated with these specific adverse events.41 However, it is important 
to recognize specific drug-to-drug differences, including non-class 
effect adverse events as well as different incidence of the class 
effect adverse events. A meta-analysis examining the differences 
in toxicity between olaparib, niraparib, and rucaparib showed 
that hematologic adverse events were significantly related to 
niraparib, abdominal pain to rucaparib, and diarrhea to olaparib.41 
It is important to note that there is currently a recommendation 
to dose-adjust niraparib according to platelet level and weight at 
baseline, which was not yet incorporated in the trials assessed in 
the meta-analysis.19 42 Table 3 summarizes adverse events in PARPi 
maintenance treatment in ovarian cancer in front-line and recurrent 
settings.18–20 22–24

Patients on treatment with PARPi will have adverse events, and 
especially in the maintenance setting they will require counseling 
as to importance of therapy so that it is not discontinued too quickly. 
It is important to maintain some degree of dose intensity, similar to 
validated doses/schedules, and they may require brief pauses in 
the initial months of treatment. In the event of a severe or grade 
≥3 toxicity, holding the PARPi and performing dose modifications 
is generally considered; however, hepatic function changes with 
rucaparib does not generally require a dose adjustment, whereas 
increases in the creatinine related to renal transporter may require 
careful monitoring but can persevere with therapy. A potential 
dose–response relationship has been described in he case of 
olaparib;43 44 however, in the case of niraparib, the baseline dose 
reduction in PRIMA was not associated with inferior results, which 
may be related to a high initial starting dose.19

Common and uncommon adverse events associated with PARPi 
treatment are presented in this review with recommendations 
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Figure 1  Maintenance strategies in phase III clinical trials assessing poly (ADP-ribose) polymerase inhibitor (PARPi) treatment 
in ovarian cancer.

on management according to National Comprehensive Cancer 
Network (NCCN) among other guidelines, as well as expert opinion. 
The general non-hematologic dose modifications are summarized 
in Table 4. In maintenance studies, some of the symptoms that are 
reported early may be related to prior-chemotherapy effects, which 
subside over time or patients develop some tolerance or adaptation 
to some adverse events.

Fatigue
Fatigue remains one of the most common class effect adverse 
events, reported in 50%–70% of patients, mainly grade 1–2 
(Table  3). Fatigue was also captured in high frequency by the 
patient-reported outcomes.45 A longitudinal health-related QoL 
assessment in patients with maintenance niraparib treatment in 
platinum-sensitive recurrence showed that the patient-perceived 
lack of energy was worse at the initiation of the treatment, and 
improved relative to baseline over time.45 In fact, in the VELIA clin-
ical trial, veliparib throughout group, the PARPi was administered 
initially along with the chemotherapy, and only 23% of the patients 
in maintenance phase reported any grade of fatigue (Table 3).20

NCCN guidelines recommend physical activity for fatigue 
management; however, caution in determining level of activity is 
warranted specifically if there is concurrent treatment-related 
anemia or thrombocytopenia.46 Massage therapy and psycho-
social interventions are also recommended to improve fatigue.46 
Optimizing treatment for sleep dysfunction and nutritional deficit/
imbalance may also be helpful.46

Hematologic Toxicity
Hematologic adverse events are very frequent class effect adverse 
events (Table  3), linked to the mechanism of action of the drug, 

trapping PARP1.47 It is more frequent in the initial months of treat-
ment and tends to recover over time, sometimes requiring dose 
interruptions or reductions.42 However, careful assessment over 
time is warranted, given the risk of late-onset hematologic adverse 
events.

Anemia is a common PARPi associated adverse event that occurs 
in 40%–60% of patients (Table 3), and may be less common with 
veliparib maintenance (Table 3). Generally, hemoglobin (Hb) levels 
<8 g/dL require dose interruptions, and blood work should be moni-
tored weekly until the hemoglobin level returns to ≥9 g/dL13. Once 
recovered, the PARPi can be resumed at the same dose at first 
occurrence, or a lower dose level.13 Clinicians may also manage 
grade 1–2 symptomatic anemia with short dose interruptions 
without decreasing the dose level. The American Association of 
Blood Banks (AABB) recommends a transfusion in those patients 
with hemoglobin levels <7 g/dL, or higher levels if the patient is 
symptomatic or has significant co-morbidities, including cardiac, 
chronic pulmonary, and cerebral vascular disease.48 Other causes 
of anemia should be ruled out including iron, vitamin B

12
, or folate 

deficiencies and hypothyroidism.
Thrombocytopenia has been more commonly associated with 

treatment with niraparib (Table  3). In general, in the occurrence 
of platelet counts of <100×109 cells/L PARPi treatment should 
be withheld and counts monitored weekly until platelet counts 
are ≥100×109 cells/L.13 Once recovered, PARPi can be resumed 
at the same or reduced dose level. However, if the platelet count 
remains <75×109 cells/L or at a second occurrence, a dose 
reduction should be considered.13 In the case of talazoparib, the 
recommended interruption threshold differs, and treatment may 
be continued if platelet counts are ≥50×109 cells/L.15 Prophylactic 
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Table 2  Phase III placebo-controlled trials assessing maintenance strategies with single-agent poly (ADP-ribose) polymerase 
inhibitors (PARPi) after response to platinum-based chemotherapy. Additionally, the three trials in platinum-sensitive settings 
included patients with ≥2 lines of platinum therapy.

Trial/PARPi Histology BRCA mutation
HRD, excluding 
BRCA (assay) Residual disease CA125 level

Front-Line – Switch Maintenance

SOLO1
Olaparib

HGS 96%
HGE 2%
Mixed 2%

Germline 99%
Somatic 1%

N/A N/A No rising

PRIMA
Niraparib

HGS 95%
HGE 3%
Mixed 2%

Germline or somatic 
30%

HRD 20%
(Myriad Mychoice 
cut-off: ≥42%)

≤2 cm Normal or 90% ↓ 
with chemotherapy

Front-Line – Continuation Maintenance in Three-Arm Design

VELIA
Veliparib

HGS 100% Germline 19%
Somatic 7%

HRD 29% (Myriad 
Mychoice cut-off: 
≥33%)

N/A __

Platinum-Sensitive Recurrence – Switch Maintenance (PARPi-Naïve)

SOLO2
Olaparib

HGS 91%
HGE 6%
Mixed 3%

Germline 97%
Somatic 0%

N/A N/A No rising

NOVA
Niraparib

Predominantly 
HGS*

Germline 37%
Somatic 8%

HRD 29%
(Myriad Mychoice 
cut-off: ≥42%)

≤2 cm Normal or 90% ↓ 
with chemotherapy

ARIEL3
Rucaparib

HGS 95%
HGE 4%
Mixed 1%

Germline or somatic 
35%

LOH high 28%
(Foundation 
medicine T5 cut-off: 
≥16%)

N/A Normal

*Non-HGS with gBRCAm were also eligible. Number of patients with other histologies has not been reported.
HGE, high-grade endometrioid; HGS, high-grade serous; HRD, homologous recombination deficiency; LOH, loss of heterozygosity; mixed, 
HGS and HGE; N/A, not applicable; PARPi, poly (ADP-ribose) polymerase inhibitor.

platelet transfusion is recommended in those patients with a 
platelet count of <10 × 109 cells/L, or higher if evidence of active 
bleeding or invasive procedures are needed.49 Given that patients 
with gynecologic tumors may bleed from necrotic tumor sites, indi-
vidualization is required, and guidelines recommend to consider 
giving transfusion at a higher threshold, perhaps 20×109 cells/L.49 
Furthermore, patients receiving anticoagulants or antiplatelet drugs 
should also consider interrupting these drugs and/or transfuse at a 
higher platelet count.13

Neutropenia of any grade has been reported in 20% of patients 
on maintenance PARPi treatment (Table  3), which can reach 
upwards of 50% in the case of niraparib.13 In general, if neutro-
phil levels are <1000/µL, PARPi treatment should be discontinued 
and monitored with weekly blood work; once the neutrophil level 
returns to >1500/µL treatment can be resumed, and reduction to 
a lower dose level can be considered.13 Restarting the PARPi once 
neutropenia resolves to grade 2 (≥1000/µL) can also be consid-
ered.24 In specific cases, short treatment interruptions may also 
be considered for asymptomatic grade 3 neutropenia, without 
dose reductions. Febrile neutropenia is rare (≤1%) when PARPi 
are administered as a single agent.18 19 24 Continuous granulocyte 
growing factor use during PARPi treatment is not recommended. 
If continuous granulocyte growing factor is used in the event of 
a febrile neutropenia, growth factor support should be stopped at 
least 24 hours before restarting the study drug.18

Grade ≥3 hematologic adverse events, especially thrombocyto-
penia, are more frequent with niraparib, in comparison with ruca-
parib, olaparib, and veliparib (Table  3).41 In fact, a retrospective 
analysis of NOVA and the dose escalation and expansion study 
data on niraparib identified that baseline body weight of <77 kg 
or platelet count of <1 50 000/µL were significant predictors for 
early dose modification.42 The authors recommend a starting dose 
of 200 mg daily in those patients weighing <77 kg or with a platelet 
count <150×109 cells/L. In fact, the PRIMA trial assessing front-
line maintenance niraparib was amended in 2017 with this recom-
mendation, and 35% of the patients had individualized start dose 
criteria, with an improvement in hematologic adverse events.19 The 
baseline dose modification has not yet been included in the US 
prescribing information.13 The European Medicines Agency (EMA) 
suggests that a starting dose of 200 mg in women weighing <58 kg 
may be considered.50 Talazoparib has also been linked to frequent 
grade ≥3 hematologic adverse events (anemia 39%, neutropenia 
21%, and thrombocytopenia 15%), but data in ovarian cancer are 
more limited.15

In general, complete blood counts should be monitored weekly 
for the first month, monthly during the first year of treatment, 
and periodically after this time.13 Weekly blood work should also 
be considered following a grade 3 or 4 hematologic event until 
recovery.13 If hematologic toxicity does not recover within 4 weeks, 
clinicians should consider a referral to an hematologist for a bone 
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Table 4  General non-hematologic dose modifications for 
poly (ADP-ribose) polymerase inhibitor (PARPi) treatment

Severity Management

Grade 1 Continue treatment
Consider dose interruptions 
or reductions if considered 
clinically intolerable by the 
patient, despite adequate 
symptom management

Grade 2 Continue treatment
Consider dose interruptions 
or reductions if it does not 
improve with symptom 
management, or if considered 
clinically intolerable by the 
patient

Grade≥3 where prophylaxis 
is not feasible or AE persists 
despite treatment

Withhold for a maximum of 
28 days or until resolution 
of adverse reaction; then, 
consider dose reduction.

Grade ≥3 lasting >28 days 
on the lowest dose-level

If AE persists despite 
adequate management, 
permanently discontinue 
medication

AE, adverse event.

marrow biopsy/aspirate, and blood sample for cytogenetics to 
rule out myelodysplastic syndrome/acute myeloid leukemia.12 13 
Management is discussed in the rare adverse events section.

Gastrointestinal Disorders
Nausea and vomiting are also considered common class effect 
adverse events of PARPi (Table  3). Niraparib, olaparib, rucaparib, 
and veliparib as maintenance treatments would be categorized as 
moderate emetic risk as per the NCCN guidelines (emesis in >30% 
of patients).20 51 A phase III study assessing talazoparib mono-
therapy in breast cancer categorizes it as minimal to low emetic 
risk.8 Nausea is an early event on treatment, and is considered to 
be worse during the first cycles. In a health-related QoL study of 
niraparib, nausea increased from baseline at cycle 2 of treatment, 
but steadily declined at later time points, approaching to baseline 
levels.45

The use of metoclopramide, prochlorperazine, or prometha-
zine 30 min prior to the PARPi is a good treatment option for its 
management, especially at the beginning of the treatment.52 The 
administration of food 30–60 min before the PARPi may also help 
to prevent emesis. In patients that experience anticipatory nausea 
and vomiting, benzodiazepines may be considered.52 Although 
the NCCN guidelines recommend the use of a serotonin (5-HT3) 
receptor antagonist, such as ondansetron, with moderate emeto-
genic agents, it is not generally recommended in the case of PARPi 
given its continuous administration and increased risk of consti-
pation.52 53 Other options for nausea and vomiting management 
include steroids, domperidone, olanzapine, dronabinol, haloperidol, 
or scopolamine transdermal patch.52 Given that PARPi are adminis-
tered daily, long-term steroid use for nausea/vomiting management 
should be avoided, but may be used short-term in acute cases. 
Severe (grade ≥3) nausea and/or vomiting is infrequent (Table 3); 

in the event, treatment should be withheld until symptom recovery 
and restarted at a lower dose level. A neurokinine-1 receptor antag-
onist, such as aprepitant, should be avoided while on treatment 
with olaparib due to drug interactions (Table 1).

Dyspepsia has been reported in ~10%–20% of patients on 
maintenance PARPi (Table 3; maintenance veliparib no data). Clini-
cians may advise patients to have small meals and assess poten-
tial dietary triggers (eg, fatty food, spices, alcohol). In cases where 
dyspepsia remains uncontrolled, proton pump inhibitor therapy 
may be indicated;54 and if these are ineffective, tricyclic antide-
pressants or prokinetics may be recommended.54 In certain cases, 
non-invasive test Helicobacter pylori or upper endoscopy may be 
considered to rule out other causes of dyspepsia. Treatment with 
rucaparib may increase the effect of omeprazole.17 Dysgeusia has 
been reported in ~10%–40% of patients, more commonly with 
rucaparib (Table 3). Ensuring that patients maintain adequate oral 
hygiene care may also be helpful for dysgeusia management.55

Diarrhea and/or constipation have frequently occurred in approx-
imately one-third of patients treated with PARPi maintenance, and 
are generally grade 1–2 (Table 3). Other frequent gastrointestinal 
disorders include abdominal pain and decrease in appetite; however, 
rates of abdominal pain seem to be similar in the placebo arm, and 
may also be related to underlying disease (Table 3). Decrease in 
appetite has been described in approximately 20% of patients on 
maintenance PARPi treatment, and was considered severe in <1% 
of patients (Table 3). Evaluation or monitoring of weight loss might 
be helpful; and patient and family education, nutrition consultation, 
and evaluation of other potential endocrine abnormalities, including 
thyroid function, may be considered by clinicians.56

Laboratory Abnormalities: Hepatic and Renal Function
Transient transaminase elevation is an adverse event commonly 
seen with rucaparib during the initial cycles of treatment.24 Main-
tenance rucaparib in platinum-sensitive patients was associated 
with alanine aminotransferase (ALT) and/or aspartate aminotrans-
ferase (AST) increase in 34% of cases (grade ≥3 in 10%); in general 
self-limiting, not associated with other signs of liver toxicity, and 
recovery to normal limits was generally achieved within 3–4 cycles 
of treatment.24 In the event of a grade 4 ALT/AST elevation, ruca-
parib should be held until values return to grade ≤2, and treatment 
can be resumed with a dose reduction and weekly monitoring 
for at least 3 weeks. In the event of a grade 3 ALT/AST elevation, 
treatment should be individualized, and continuation of treatment 
under careful monitoring can be considered if bilirubin is normal 
and alkaline phosphatase <3 of institutional normal limit. If levels 
do not decline within 2 weeks, treatment should be interrupted until 
resolution to grade ≤2, and treatment can be resumed at the same 
dose or lower dose level. Rucaparib treatment discontinuations due 
to ALT/AST elevation occurred in 0.5% of the patients in the ARIEL3 
trial.24 Transaminase elevation has also been described in ~5% 
olaparib and ~10% niraparib treatment regimens.13 22 In the event 
of hepatic toxicity, other etiologies for liver enzyme elevation may 
be ruled out.

Elevations in creatinine have been described in approximately 
10%–12% of patients across different PARPi.19 22 24 In fact, PARPi 
have in-target effects in renal transporters (such as MATE-1, 
MATE-2, OCT-1, OCT-2) that secrete creatinine into the urine, but are 
not usually not associated with a true renal injury.24 A retrospective 
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study showed that serum creatinine elevation in patients on PARPi 
may not be associated with a decrease in glomerular filtration rate 
as measured by renal scan.57 In the event of a significant creatinine 
elevation, other causes should be ruled out and a renal scan may 
be considered. If the glomerular filtration rate remains maintained, 
dose modifications or treatment interruptions can be avoided.

Respiratory Disorders
Dyspnea and/or cough occur in approximately 10%–20% of 
patients on PARPi treatment, generally grade 1–2. Comprehensive 
symptom assessment is required, as well as treatment of other 
potential reversible co-morbid conditions.56 If new or worsening 
pulmonary symptoms are found treatment should be withheld, and 
a diagnostic workup including a high-resolution computed tomog-
raphy scan should be performed, to exclude pneumonitis.18 If no 
abnormality is seen in the investigations and symptoms resolve, 
restarting the treatment can be considered.18

Pneumonitis has been described in <1% of patients treated 
with olaparib.12 Symptomatic patients with radiographic findings 
of pneumonitis should hold the treatment, undergo investigations 
including pulmonary function tests and bronchoscopy, and initiate 
treatment with corticosteroids and antibiotics as appropriate. More 
data are required regarding low-grade pneumonitis and potential 
discontinuation of PARPi.

Nasopharyngitis has been described in approximately 10% of 
patients on maintenance PARPi (Table 3; maintenance veliparib no 
data). Generally, decongestants may be used (eg, diphenhydramine, 
loratadine) for management; if very symptomatic, fluticasone nasal 
spray may also be considered.58

Nervous System and Psychiatric Effects
Insomnia or headache have been reported during maintenance 
PARPi treatment in ~10%–25% of patients, and are usually grade 
1–2 (Table 3). In fact, preclinical studies have shown that PARP1 is 
involved in the regulation of circadian gene transcription.59 Sleep 
hygiene education, cognitive behavioral treatment, and/or phar-
macologic approaches can be considered for its management in 
refractory cases.56 Similarly, quantity and intensity of headache 
should be characterized, and pharmacological treatment may be 
considered depending on severity and interference of the pain.60 
Dizziness was also reported in ~15% of patients across the 
different maintenance PARPi treatments (Table 3). In the event of 
neurologic adverse events other causes, such as central nervous 
system involvement, endocrine, or other laboratory abnormalities, 
may also be ruled out.

Preclinical studies have shown a potential favorable modulation 
of nerve-related pain with PARPi treatment, as well as decrease 
in neuroinflammation,61 62 but this has not been proven in clinical 
practice to date. A meta-analysis, including five placebo-controlled 
clinical trials (only one assessing maintenance treatment) and 843 
subjects treated with olaparib or veliparib, found that the overall 
relative risk of developing neuropathy with PARPi was 1.06 (95% 
CI 1 to 1.4).63 The PRIMA clinical trial assessing niraparib main-
tenance in a platinum-sensitive setting incorporated a neuropathy 
questionnaire during the first six cycles of treatment;45 however, 
the questionnaire was only employed for a limited period of time, 
and potential long-term effects cannot be judged. The comparison 

between the placebo and niraparib arm have not been reported, but 
seem numerically similar.

Dermatologic Toxicity
Dermatologic adverse events have been mainly described with 
rucaparib and niraparib treatment.13 24 In the ARIEL3 clinical trial, 
17% of the patients receiving rucaparib reported photosensitivity, 
12% rash, and 13% pruritus, which were mainly grade 1–224. In 
the SOLO2 trial assessing olaparib maintenance, 1% of the patients 
receiving olaparib experienced a rash.22 Patients on PARPi treat-
ment should be instructed to use sun protection, and a dermatology 
referral may be requested as needed.

Cardiovascular Toxicity
Cardiovascular effects, including hypertension, hypertensive crisis, 
tachycardia, and palpitation, have been reported as adverse events 
mainly related to niraparib.64 An in vitro pharmacology screen 
showed that niraparib has an off-target pharmacologic inhibition 
of dopamine transporter, norepinephrine transporter, and seroto-
nine transporter, which may explain the distinct cardiovascular side 
effect profile of the drug.64 In the NOVA trial, 19% of the patients 
on treatment with niraparib experienced grade ≥3 hypertension in 
8% of cases; and 10% of the patients experienced palpitations, 
all grade 1–2.23 Blood pressure should be regularly monitored in 
patients on treatment with niraparib, especially in those patients 
with prior history of cardiovascular disease. If hypertension is diag-
nosed, non-pharmacologic and pharmacologic therapy should be 
considered as per the guidelines.65

Rare Adverse Events
Myelodysplastic syndrome/acute myeloid leukemia is a serious 
rare adverse event related to PARPi treatment, found in approxi-
mately 1% of patients.12–14 Prior platinum therapy and other DNA 
damaging agents are added risk factors for the development of 
myelodysplastic syndrome/acute myeloid leukemia, as well as 
the presence of germline BRCAm.66 67 If unexplained or prolonged 
pancytopenia is found, patients should be referred to a hematol-
ogist for consideration for bone marrow aspiration. If myelodys-
plastic syndrome/acute myeloid leukemia is diagnosed, treatment 
with PARPi should be permanently discontinued.

Patient-Reported Outcomes
None of the PARPi trials assessing maintenance strategies in 
ovarian cancer have demonstrated an improvement of the pre-
specified primary QoL analysis, and would not be expected to do so 
given treatment with an active agent is being administered during 
a time when patients do not have active disease or symptoms. 
The trials assessing olaparib maintenance treatment (first-line and 
platinum-sensitive recurrence) used the Functional Assessment of 
Cancer Therapy – Ovarian Cancer (FACT-O) tool, which has specific 
cancer site-adjusted questionnaires, as well as assessment of 
physical, social/family, emotional, and functional well-being.6 18 68 
The changes in FACT from baseline can be measured through the 
Trial Outcome Index (TOI) score.6 The ovarian cancer symptom 
index (FOSI) is a shorter, more focused subset of the FACT-O 
items, and comes in two forms: the original eight-item form and 
the more comprehensive 18-item form (NFOSI-18). NFOSI-18 was 
incorporated in trials assessing veliparib and rucaparib in ovarian 
cancer, whereas FOSI was used in the trials assessing niraparib 
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Table 5  Health-related quality-of-life measures incorporated in maintenance poly (ADP-ribose) polymerase inhibitor (PARPi) 
trials

Study/
PARPi

Outcome 
(primary/ 
relevant PRO)

Statistical 
considerations Time frame Completion rate Results

First-Line Maintenance

SOLO1
Olaparib

FACT-O Differences in TOI from 
baseline to 2 years.
Significant 10 point 
difference

Baseline, D29
Q12 W for 3 years
Q24 W until data cut-off

Baseline–W97: >80% TOI score NS
−3.00 points 
(95% CI −4.78 to 
−1.22)

PRIMA
Niraparib

FOSI
EQ-5D-5L
EORTC-
QLQ-C30/OV28
Neuropathy 
questionnaire

Descriptive Q8 W (±7 days) for 56 W
Q12 W, while on treatment.
Discontinuation and 12 W 
after

>80% NS

VELIA
Veliparib

NFOSI-18
(EQ-5D-5L, as 
per protocol)

Significant 3 point 
difference

Baseline
Prior to every other cycle
Until PD or up to 2 years

86% with adherence 
of >90%

NFOSI-18 NS 
(range 0.0 to 2.1)

Platinum-Sensitive Maintenance

SOLO2
Olaparib

FACT-O
EQ-5D-5L

Differences in TOI from 
baseline to 12 months

Baseline, W5, W13
Q12 W for 2 years or data 
cut-off
30 D from discontinuation, 
and Q12 W during follow-
up (patients with PD)

At W49: >90%
End of treatment: 
>65%

TOI score NS
−0.03 points
(–2.19 to 2.13) 
p=0.98

NOVA
Niraparib

FOSI
EQ-5D-5L
EQ-VAS

Descriptive Baseline
Q8 W for 14 cycles
Q12 W thereafter
Discontinuation and 8 W 
after

FOSI baseline–cycle 
6: >85%
Post-PD: >75%

FOSI and EQ-5D-
5L NS
Minimal 
changes during 
maintenance and 
post-PD

ARIEL3
Rucaparib

NFOSI-18
EQ-5D-3L

DRS-P: significant 4 
point difference
Total score: significant 
8 point difference
Step-down procedure 
for three subgroups 
(BRCAm, HRD, 
intention-to-treat)

Baseline
D1 cycle
Discontinuation and 28 D 
after

NR FOSI DRS-P 
BRCAm NS
Separate 
publication 
awaited

D, day; DRS-P, Disease-Related Symptoms Physical subscale; EORTC-QLQ-C30/OV28, EORTC ovarian cancer module; EQ-5D-5L, 
European Quality of Life–5 Dimensions; EQ-VAS, EuroQol-Visual Analogue Scale; FACT-O, Functional Assessment of Cancer Therapy 
– Ovarian Cancer; HRD, homologous recombinant deficiency; NFOSI-18, 18-item form of FOSI questionnaire; NS, not significant; PD, 
progressive disease; PRO, patient-reported outcome; TOI, Trial Outcome Index; W, weeks.

maintenance.20 24 45 Finally, European Quality of Life–5 Dimensions 
tool (EQ-5D-5L), which measures five domains (mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depression), and the 
ovarian cancer module of the European Organization for Research 
and Treatment of Cancer core questionnaire (EORTC-QLQ-C30/
OV28) were also used in some of the studies.19 22 45 The different 
tools and outcomes are summarized in Table 5.

Other contemporary health-related QoL measures have been 
used in the maintenance PARPi trials. In fact, SOLO2 incorporated 
other secondary planned novel QoL measures to assess the dura-
tion of good QoL, assessing the potential value of delaying disease 
recurrence, over and above treatment-related adverse events.68 The 
time without significant symptoms of toxicity (TWiST) assessed the 

period without grade ≥2 nausea, vomiting, or fatigue from random-
ization to disease progression, and was significantly better in the 
olaparib arm (olaparib 15 months vs placebo 7.7 months; differ-
ence 7.3, 95% CI 4.7 to 9).68 The quality-adjusted progression-free 
survival (QAPFS) was calculated with the EQ-5D-5L questionnaire, 
and was significantly better in the olaparib arm (olaparib 14 months 
vs placebo 7.2 months; difference 6.7, 95% CI 5 to 8.6).68 TWIST 
and QAPFS give an overview of the time without significant treat-
ment toxicity and disease-related symptoms over time, but were 
not the primary patient-reported outcomes of the trial. TWIST and 
the quality-adjusted analysis (quality-adjusted TWIST and QAPFS) 
has also been assessed in the ARIEL3 clinical trial; being favor-
able for rucaparib in comparison to placebo in the intention-to-treat 
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Figure 2  Criteria that may help clinicians in poly (ADP-
ribose) inhibitor (PARPi) treatment selection for ovarian 
cancer. EORTC, European Organization for Research and 
Treatment of Cancer; FACIT, Functional Assessment of 
Chronic Illness Therapy; HR Qol, health-related quality of life; 
ICER, incremental cost-effectiveness ratio; Pfs2, progression 
after the next line of therapy; PRO: patient-reported 
outcomes; QALY, quality-adjusted life-year; TFST, time to 
first subsequent therapy; TSST, time to second subsequent 
therapy; WTP, willingness to pay.

population and all subgroups.69 In the NOVA trial assessing main-
tenance niraparib in platinum-sensitive recurrence, a longitudinal 
assessment of the patients’ QoL was performed, which remained 
stable over time.45 One of the most common adverse events of 
niraparib is hematologic toxicity, and disutility analyses done to 
understand the relationship between safety and patient-reported 
outcome responses showed no significant QoL impairment.45 
In fact, all symptoms, except nausea, remained either stable or 
improved over time.45

Patient Selection for Maintenance PARPi
Multiple options regarding maintenance PARPi treatment may be 
available for patients, and several aspects might be helpful for 
physicians at the time of clinical decision-making (Figure 2). It is 
important to highlight that mature overall survival data from the 
phase III maintenance trials are awaited; and to date, no significant 
differences in the primary QoL measures have been detected with 
respect to placebo.6 18–20 22–24

►► An important consideration in choosing PARPi corresponds to 
the specific regulatory agency approval, as well as funding. In 
the first-line maintenance setting, olaparib remains the only 
PARPi approved by the Food and Drugs Administration (FDA) 
and the European Medicines Agency (EMA) for germline or 
somatic BRCAm carriers.12 Front-line niraparib maintenance 
therapy is under review by the FDA. In platinum-sensitive 
recurrence, maintenance treatment with olaparib, rucaparib, 
and niraparib have been granted approval by the FDA and 
EMA.12–14 As a treatment strategy (non-maintenance) and 
prior ≥3 lines of chemotherapy, the FDA has labeled olaparib 
in germline BRCAm carriers and niraparib in HRD patients, 
whereas rucaparib has been approved in those with ≥2 lines 
of chemotherapy and a germline or somatic BRCAm.12–14 
Rucaparib is the only PARPi approved as a non-maintenance 
treatment by the EMA for patients with >2 prior lines of chemo-
therapy, that are platinum-sensitive and non-eligible for plat-
inum, and harbor a germline or somatic BRCAm.

►► There were significant differences in the selection criteria of 
the trials assessing PARPi maintenance in terms of residual 
disease, CA125 levels, germline and somatic BRCA status, HRD 
companion diagnostics, and their thresholds (Table 2).18–20 22–24

►► The differences in toxicity (type of adverse events, severity, and 
frequency) should be balanced with patients’ baseline char-
acteristics; however, clinicians should prescribe a PARPi that 
they feel comfortable using and managing. Once the expertise 
in managing a certain PARPi is built, using the same drug may 
be considered.

►► Cost-effectiveness can be a determining factor; however, 
further analyses are required. A recent study in platinum-
sensitive ovarian cancer demonstrated that niraparib had 
a higher quality-adjusted life-years (QALYs) compared with 
routine surveillance, olaparib, and rucaparib.70 This study has 
been criticized mainly due to comparability issues between 
the groups.71 Further independent cost-utility and cost-
effectiveness analysis are required in front-line and recurrence 
settings.

►► Finally, the role of ‘PARP after PARP’ is a key question being 
urgently investigated. The best treatment option at the time of 
PARPi progression remains unclear; however, retrospective data 
suggest that there is no significant clinical cross-resistance 
between PARPi and platinum chemotherapy and, as such, 
continues to be the treatment of choice in platinum-sensitive 
patients.72 Several randomized studies are assessing the role 
of re-treatment with PARPi maintenance (NCT03106987). A 
recent phase II study assessed the combination of PARPi and 
anti-angiogenics in the post-PARP setting.37 In the precision 
medicine era, assessment of the mechanism of resistance to 
PARPi on an individual patient basis may unravel the best treat-
ment strategy and, ultimately, potential PARPi combinations.

Conclusions

PARPi treatment has dramatically changed the treatment land-
scape of some women with high-grade serous ovarian cancer, 
with long-term responders occasionally on treatment for years.25 
The treatment-related adverse events are sometimes class effects 
and are seen in different frequencies across the different PARPi, 
such as hematologic toxicity, fatigue, nausea, and vomiting. Some 
adverse events tend to be more drug specific, for instance AST/
ALT increase with rucaparib and hypertension with niraparib. Other 
potential rare, but life-threatening, adverse events include myel-
odysplastic syndrome/acute myeloid leukemia and pneumonitis. 
Expert management of treatment is warranted to ensure patients’ 
safety and dose intensity.

Correction notice  Since the online publication of this article, the authors noticed 
that Table 3 was formatted incorrectly. Veliparib appeared under the table heading 
'Platinum-sensitive' instead of the table heading 'Front-line'. This has now been 
corrected.
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