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ABTRACT
Background Poly- (ADP- ribose)- polymerase (PARP) 
inhibitors have shown to be effective as maintenance 
treatment in patients with advanced ovarian cancer. 
Although most ovarian cancers develop after age 65, 
older patients are often under- represented in clinical 
trials.
Objective To assess the efficacy and safety of PARP 
inhibitors versus placebo as maintenance therapy in older 
patients with ovarian cancer.
Methods This systematic review and meta- analysis was 
performed in accordance with the Preferred Reporting 
Items of Systematic reviews and Meta- Analysis (PRISMA) 
guidelines. We searched PubMed, Embase, Cochrane 
databases, and the American Society of Clinical Oncology 
(ASCO), European Society of Medical Oncology (ESMO), 
Society of Gynecologic Oncology (SGO) meeting abstracts, 
for randomized clinical trials using maintenance with PARP 
inhibitors in patients with advanced ovarian cancer, up to 
June 30, 2021. The measured outcomes were progression- 
free survival and safety (number and grade of adverse 
events), stratified by age (cut- off point: 65 years).
Results A total of eight phase III trials were selected. 
Among the 4364 patients, 1435 (32.9%) were aged ≥65 
(919 receiving PARP inhibitors, 516 receiving placebo). 
Compared with placebo, maintenance with PARP 
inhibitors improved progression- free survival in older 
patients (HR=0.54; 95% CI 0.45 to 0.65; p<0.00001). 
No differences were found in progression- free survival 
in comparison with a younger population (HR=0.47; 
p=0.13). Only hematologic adverse events were 
available for the age subgroups, and no differences 
emerged for all- grade hematologic adverse events (risk 
ratio (RR)=1.22, p=0.33 for anemia; RR=0.97, p=0.74 
for neutropenia) and severe neutropenia (RR=0.97, 
p=0.86); old women were at lower risk of severe anemia 
(RR=0.79, p=0.04) but had a higher risk of severe 
thrombocytopenia (RR=1.27, p=0.01).
Conclusions Maintenance with PARP inhibitors prolongs 
progression- free survival compared with placebo, both 
as monotherapy and combined with chemotherapy or 
bevacizumab, in older patients with advanced ovarian 
cancer (high- quality evidence). Hematologic safety is 
similar to that seen in younger patients. No overall survival 
data are available at this time.
PROSPERO registration number CRD42021261039.

INTRODUCTION

Ovarian cancer represents the eighth most common 
cancer among women. The incidence is approxi-
mately 8.1 cases/100 000 inhabitants/year world-
wide, reaching its peak among white women.1 2 As 
aging itself represents a risk factor for ovarian cancer, 
up to 60% of diagnoses occur in patients aged 65 
and over.1 3–5 With an aging population, the incidence 
of ovarian cancer among older adults is expected to 
rise in the next years.6 In many reports, older age is 
associated with more advanced disease and seems to 
play a prognostic role, as 60–66% of ovarian cancer- 
related deaths occur in patients aged over 65, and the 
majority of the studies identified a cut- off point of 65 
years to divide younger from older patients.4–7 More 
inadequate responses to therapies and less aggres-
sive chemotherapies or surgical procedures, limited 
by the frailty and the comorbidities of older patients, 
contribute to the worse outcome in older patients. 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Although most ovarian cancers develop after age 
65, elderly patients are under- represented in clini-
cal trials. PARP inhibitors are effective in advanced 
ovarian cancer; however, limited data exist regard-
ing older women.

WHAT THIS STUDY ADDS
 ⇒ Our systematic review and meta- analysis summa-
rizes the current evidence, demonstrating a compa-
rable efficacy and safety of PARP inhibitors in older 
women compared with younger women with ovarian 
cancer.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ PARP inhibitors can be used with efficacy in women 
aged ≥65 with minimal concerns for hematologic 
toxicity compared with young patients. Prospective 
trials including a higher number of elderly patients 
are warranted, and geriatric assessments should be 
included in the clinical evaluation of these patients.
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Nevertheless, older patients are under- represented in clinical trials 
in advanced ovarian cancer.3 6 8

In the metastatic setting, chemotherapy is considered the best 
treatment option for ovarian cancer; however, a high relapse rate is 
usually seen.9–12 The therapeutic landscape for ovarian cancer has 
been expanding over the last decade, starting with the approval of 
new agents, such as bevacizumab or poly- (ADP- ribose)- polymerase 
(PARP) inhibitors, that demonstrated a progression- free survival 
advantage if combined with chemotherapy.13 14 The management 
of ovarian cancer led to the discovery of the so- called ‘synthetic 
lethality’ that has represented one of the significant achievements 
of modern oncology: in the presence of mutations of genes such as 
BRCA or the homologous recombination, the DNA lesions caused 
by the pharmacological inhibition of PARP are not repaired, thus 
resulting in lethality for the cell.15 Over half of ovarian carcinomas 
carry germline or somatic mutations of BRCA1/2 or defects of 
homologous recombination genes, thus making them sensitive 
to PARP inhibitors.15 16 Moreover, among older patients, germ-
line BRCA1 and BRCA2 mutations increase the risk of developing 
ovarian cancer by 49% and 18%, respectively.17

In the metastatic setting, maintenance of PARP inhibitors 
improved disease- free survival in both newly diagnosed and pre- 
treated patients.18–28 The majority of the studies considered the two 
age subgroups of <65 and ≥65 years. However, as women aged 
65 and more are under- represented in the clinical trials, there is 
limited prospective evidence of efficacy and safety in this age group. 
Therefore, the aim of this systematic review and meta- analysis is to 
determine if PARP inhibitors, compared with placebo, are effective 
in patients aged ≥65 years. We were also interested in the safety 
profile of PARP inhibitors in this population.

METHODS

Search Strategy and Data Extraction
This systematic review and meta- analysis was performed in accord-
ance with the Preferred Reporting Items of Systematic reviews and 
Meta- Analysis (PRISMA) guidelines (Online Supplemental Figure 
1).29 The literature search was carried out in July 2021, using 
the Medline/PubMed, Embase, and Cochrane databases, without 
restriction on publication year (Online Supplemental Table 1). An 
additional search for meeting abstracts from the American Asso-
ciation of Clinical Oncology (ASCO), European Society of Medical 
Oncology (ESMO), and Society of Gynecologic Oncology (SGO) was 
performed. We registered the review protocol with PROSPERO 
(CRD42021261039).

Two reviewers independently evaluated full texts and confer-
ence abstracts, and screened citations for eligible studies using 
a predefined information list. In cases of disagreement, a third 
reviewer was involved. For each eligible study, the following data 
were independently extracted: study characteristics (authors’ 
names, year of publication, clinical trial name, phase, design, 
randomization, blinding), population (setting, sample size, patients’ 
demographics), description of interventions (drug class, name, 
dosage in the experimental and the control groups), outcomes 
(progression- free survival stratified by age), and safety (number 
and grade of adverse events). In accordance with the journal’s 

guidelines, we will provide our data for the reproducibility of this 
study in other centers if such is requested.

Study Design
Patients diagnosed with ovarian cancer, both as primary advanced 
and as recurrent disease, aged over 65 years, were included in 
our analysis. Treatment with PARP inhibitors, given as monotherapy 
or combined with chemotherapy and/or anti- angiogenic drugs, 
was considered the experimental therapy. Placebo (alone or plus 
chemotherapy and/or anti- angiogenic drugs) was considered the 
control group.

Progression- free survival was the primary outcome. The results 
were reported comparing PARP inhibitors with placebo in the elderly 
cohort (age ≥65) and in young patients (age <65). As overall survival 
was reported by only one trial, it was not considered an endpoint 
of this analysis. Safety was explored as the number and grade of 
available adverse events. All original reports in the English language 
regarding randomized clinical trials were considered. Among them, 
studies reporting the subgroup analysis based on patients’ age were 
included. Reviews, commentaries, letters, personal opinions, non- 
randomized clinical trials, single- arm studies, case reports, studies 
that did not report the outcome data or the outcome subgroup anal-
ysis based on patients’ age, were excluded.

The Population, Intervention, Comparison, Outcomes and Study 
(PICOS) structure for study selection is summarized in Online 
Supplemental Table 2.

Risk of Bias Assessment
Two reviewers independently assessed the risk of bias. The 
ROB- 2 tool for assessing the risk of bias in randomized trials was 
used, including random sequence generation, allocation conceal-
ment, blinding, missing outcome data, and selective reporting of 
outcomes.30

Data Synthesis and Statistical Analysis
Hazard ratios (HRs) for progression- free survival, alongside their 
95% confidence intervals (CIs), were extracted from the studies 
or calculated. The HRs of progression- free survival between the 
subgroups of old versus young patients were compared.31 The 
generic inverse of variance method was used to calculate pooled 
HRs through the HR logarithm and SE. For the rate of adverse 
events, risk ratio (RR) with 95% CIs was calculated for each study 
comparing old and young patients. The presence of heterogeneity 
between the studies was assessed through the χ2 test.32 Due to the 
inherent clinical heterogeneity of the data, a random- effects model 
was used. The assumption of homogeneity was considered invalid 
in the cases of p value <0.05. Subgroup analyses were conducted 
to detect the underlying source of heterogeneity between the 
studies in terms of type of therapies (PARP inhibitors monotherapy 
vs combination) and disease setting (platinum- sensitive recurrent 
and primary advanced ovarian cancer). A sensitivity analysis was 
performed to assess the stability of the global estimate by removing 
one study at a time, whereas we chose not to assess publication 
bias as the total number of included studies was <10. The statis-
tical significance was considered for p value <0.05 (with reported 
two- sided p values).

The RevMan software version 5.4 was used for performing the 
meta- analysis.
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Assessment of Evidence Certainty
The Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) method was used to assess the certainty of 
the evidence through a non- contextualized approach, including risk 
of bias, inconsistency of the effect, indirectness, imprecision, and 
publication bias.33

The GRADEpro Guideline Development Tool platform (https:// 
gradepro.org) was used to develop the GRADE summary of findings 
graphic.

RESULTS

Search Results
The research identified 1549 studies from databases and 
conference abstracts. After duplicate removal, 1214 manu-
scripts were screened. Among them, 1205 were excluded for 
not being English- language, not randomized clinical trials, 
preclinical papers, or reviews. Another clinical trial was 
excluded for not reporting the progression- free survival data. 
At the end of the selection process, eight studies were included 
in the meta- analysis. The PRISMA flow chart summarizing the 
selection process is presented in Figure 1.

Study Characteristics
All of the selected studies were phase III, double- blind, rand-
omized clinical trials. In total, four studies were performed in 
primary advanced ovarian cancer, whereas four other studies 
were conducted in the platinum- sensitive recurrent setting. All 
the studies considered the cut- off age of 65 years. A total of 
4364 patients were treated in the selected studies, ranging 
from 265 to 806. Among them, 1435 patients were ≥65 years, 
representing 32.9% of the population (range 13.8% to 39.4%). 

All the eligible studies reported progression- free survival 
stratified by patients’ age. For safety, three studies reported 
partial data in the elderly population regarding only hemato-
logic toxicity.21 25 27 The main characteristics of the included 
studies are listed in Table 1. The risk of bias in the selected 
studies was globally low (Online Supplemental Figure 2).

Efficacy of PARP Inhibitors versus Placebo: Elderly versus 
Young Patients
The pooled HR showed that, in the elderly population, PARP inhibi-
tors significantly reduced the risk of disease progression compared 
with placebo (HR=0.54; 95% CI 0.45 to 0.65; p<0.00001; random 
effects). The heterogeneity among the studies was not significant 
(p=0.27; I2=20%). PARP inhibitors, compared with placebo, signif-
icantly prolonged progression- free survival also in the younger 
population (HR=0.43; 95% CI 0.33 to 0.55; p<0.00001; random 
effects). Significant heterogeneity was observed between studies 
in this age subgroup (p<0.0001; I2=82%). When comparing the 
efficacy of PARP inhibitors between the two subpopulations, no 
significant difference for progression- free survival was observed 
(HR=0.47; 95% CI 0.39 to 0.55; p<0.00001; random effects; 
p=0.13, I2=56.7% for differences between the subgroups). Signif-
icant heterogeneity was retrieved in this analysis (p<0.0001; 
I2=71%) (Figure 2).

Subgroup Analyses of Efficacy
We conducted subgroup analyses for efficacy stratified by type of 
treatment and disease setting. In all subgroups, the ratios of the 
HRs in older women to the HRs in the younger women indicated 
comparable benefits from PARP inhibitors for progression- free 
survival, without significant differences.

The benefits of maintenance of PARP inhibitors as monotherapy 
were found both among elderly patients (HR=0.47; 95% CI 0.38 to 
0.59, p<0.00001; I2=0%, p=0.80), and younger patients (HR=0.37; 
95% CI 0.29 to 0.47, p<0.00001; I2=70%, p=0.006). No differences 
were detected between the two subgroups (HR=0.40; 95% CI 
0.34 to 0.48; p<0.00001; random effects; p=0.14, I2=53.2% for 
subgroups differences), with moderate heterogeneity (p=0.03; 
I2=49%). Similarly, when PARP inhibitors were combined with 
chemotherapy or bevacizumab, the progression- free survival 
benefit was detected both among the elderly (HR=0.65; 95% CI 0.47 
to 0.90, p=0.01; I2=58%, p=0.12), and young women (HR=0.63; 
95% CI 0.53 to 0.74, p<0.00001; I2=0%, p=0.71). No differences 
existed comparing the two subpopulations (HR=0.64; 95% CI 0.56 
to 0.73, p<0.00001; random effects; p=0.85, I2=0% for subgroups 
differences), nor significant heterogeneity (p=0.46; I2=0%) (Online 
Supplemental Figures 2 and 3).

The decrease in risk of progression with PARP inhibitors 
was detected both in the primary advanced and the platinum- 
sensitive setting, independently of age. In the primary advanced 
setting, progression- free survival was longer with PARP inhib-
itors than placebo both among the elderly (HR=0.60; 95% CI 
0.48 to 0.74, p<0.00001; I2=26%, p=0.26) and the younger 
women (HR=0.54; 95% CI 0.41 to 0.71, p<0.0001; I2=77%, 
p=0.004), without differences between the two groups 
(HR=0.56; 95% CI 0.47 to 0.67, p<0.00001; random effects; 
p=0.57, I2=0% for subgroup differences). There was hetero-
geneity between the subgroups (p=0.01; I2=61%). Similarly, 

Figure 1 Preferred Reporting Items of Systematic reviews 
and Meta- Analysis (PRISMA) flow chart of the selection 
process. PFS, profession- free survival.
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the elderly platinum- sensitive patients had progression- free 
survival benefits with PARP inhibitors (HR=0.43; 95% CI 0.34 
to 0.55, p<0.00001; I2=0%, p=0.67), as well as the young 
patients (HR=0.32; 95% CI 0.27 to 0.38, p<0.00001; I2=0%, 
p=0.91), without differences between the age- based groups 
(HR=0.36; 95% CI 0.31 to 0.41, p<0.00001; random effects; 
p=0.06, I2=72.3% for subgroups differences) and no signif-
icant heterogeneity (p=0.58; I2=0%) (Online Supplemental 
Figures 4 and 5).

Safety of PARP inhibitors in elderly versus young patients
Hematologic effects were available in only three studies as all- 
grades anemia and neutropenia in 680 patients, of whom 230 were 
≥65 (33.8%) of age. No differences emerged between elderly and 
young patients in all- grades anemia (RR=1.22; 95% CI 0.82 to 1.83; 
p=0.33) and neutropenia (RR=0.97; 95% CI 0.78 to 1.19; p=0.74) 
(Figure  3A and B). Two studies reported the incidence of severe 
anemia, neutropenia, and thrombocytopenia for 856 patients, of 
whom 322 were aged ≥65 (37.6%). Older patients were at a lower 
risk of severe anemia (RR=0.79; 95% CI 0.63 to 0.99; p=0.04). 
There was no increased risk of severe neutropenia (RR=0.97; 
95% CI 0.71 to 1.32; p=0.86). The risk of severe thrombocytopenia 
was higher among elderly patients (RR=1.27; 95% CI 1.06 to 1.53; 
p=0.01) (Figure 3C, D and E).

Sensitivity Analysis
We performed a sensitivity analysis to test the single studies' influ-
ence on the overall results. The global estimates were not changed 
after removing every single study at a time (Online Supplemental 
Figure 6).

DISCUSSION

Summary of Findings
The results of our meta- analysis highlight that PARP inhibitors signif-
icantly improve progression- free survival in elderly patients with 
ovarian cancer. The administration of PARP inhibitors in patients 
aged ≥65 halves the risk of progression compared with placebo 
(HR=0.54; 95% CI 0.45 to 0.65, eight studies, 1435 patients), with 
an absolute effect of disease progressing in 223 fewer people for 
every 1000 receiving PARP inhibitors (95% CI from 283 to 157 
fewer). The quality of the evidence was judged high. Therefore, we 
are confident that the true effect on progression- free survival lies 
close to that of the estimated effect on progression- free survival 
(Figure 4).

Implications for clinical practice and future research
The efficacy of PARP inhibitors in advanced ovarian cancer 
has been previously demonstrated both for the primary and 
the recurrent setting.18–20 22–24 26 However, the typical patients 
included in the clinical trials differ from those treated in daily 
clinical practice. The percentage of patients diagnosed with 
ovarian cancer at ≥65 years of age is high.1–5 The results of 
our meta- analysis confirm the efficacy and safety of PARP 
inhibitors for treating elderly patients, potentially filling the 
knowledge gap regarding the use of oncologic treatments in 
the elderly population.

Safety information is limited to hematologic toxicity. Older people 
seem to have a lower risk of severe anemia (p=0.04). This was an 
unexpected finding, especially considering the multiple risk factors 
for anemia in older patients, such as iron deficiency, the develop-
ment of myelodysplastic syndromes, the reduced production of 

Figure 2 PARP inhibitors versus placebo in old and young patients: progression- free survival. PBO, placebo; PFS, 
progression- free survival.
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erythropoietin, and chronic kidney injury leading to reduced efficacy 
of erythropoietin.34 A hypothesis is that these effects could be influ-
enced by age- related chronic inflammation due to the increased 

levels of circulating levels of pro- inflammatory cytokines, such as 
interleukin 2/6, interferon-γ, and tumor necrosis factor, that can be 
reversed by PARP inhibitors.35

Figure 3 Safety of PARP inhibitors versus placebo in old and young patients: all- grades anemia (A) and neutropenia 
(B); severe anemia (C), neutropenia (D), thrombocytopenia (E).
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Given the small sample size, further studies are needed to 
clarify the possible pathogenetic mechanisms. On the other 
hand, there is an increased risk of severe thrombocytopenia. 
No substantial differences have emerged between the elderly 
and the young population regarding non- severe hematologic 
adverse events and severe neutropenia. These are the first 
systematic data on this subset of patients. This is a popu-
lation with multiple comorbidities, complicating treatments 
and limiting physicians’ choices. However, due to an increas-
ingly aging population, developing effective and safe thera-
pies for these patients is crucial. SOLO2 was the only study 
reporting data about the quality of life and dose modifications 
during olaparib therapy. There were no significant differences 
between elderly and young patients regarding dose modifi-
cation/interruption and quality of life scores.27 This is in line 
with retrospective data deriving from an ancillary data anal-
ysis of eight prospective trials of patients aged ≥65 years with 
ovarian cancer treated with olaparib. Among the 398 patients, 
only 20% were aged ≥65 years. A total of 46.9% of patients 
younger than 65 required dose reduction compared with 
44.7% of patients aged 65–69 years, 47.8% of patients aged 
70–74 years, and 64.7% of those aged ≥75 years (p=0.62). 
Dose interruption occurred in 41.2% of patients younger than 
65 years, and 50%, 43.5%, and 64.7% of patients aged 65–69, 
70–74, and ≥75 years, respectively (p=0.11). Dose interrup-
tions concerned 42.3% of those younger than 75 years and 
64.7% of those aged ≥75 years (p=0.08). Despite the small 
sample size and not statistically significant differences, we 
should further investigate the dose attenuation when treating 
very old patients in prospective studies.36

In a sub- analysis of the PAOLA- 1 study considering the cut- 
off age of 70 years, a slight increase of adverse events was 
reported among patients aged >70 than <70 patients treated 
with olaparib plus bevacizumab—for example, severe anemia 
occurred in 21.2% vs 16.5%, severe neutropenia in 9.7% 
vs 5.1% patients, severe hypertension in 26.9% vs 16.7%, 
respectively. Quality of life and geriatric assessment data are 
under evaluation.37 The age subgroup of patients older than 75 
years was explored only by a post hoc exploratory analysis of 
the ARIEL3 trial. The small subset (n=25) of patients older than 
75 years exhibited a non- significant benefit from rucaparib 
compared with placebo in progression- free survival (9.2 vs 

5.5 months; p=0.16), with a similar safety profile in compar-
ison with younger age subgroups. However, in this subgroup of 
patients, adverse events occurred in 69.9% of cases (vs 54% 
in the younger group), leading to dose reduction in 70.8% (vs 
46.8%) of patients, and treatment discontinuation in 21.2% vs 
11.9% of cases.38

Strengths and Weaknesses
To the best of our knowledge, this is the first systematic review 
and meta- analysis examining the efficacy and safety of PARP 
inhibitors in older patients with ovarian cancer. However, 
our analysis has several limitations: heterogeneity between 
the included trials, different PARP inhibitors and schedules 
in the included studies, lack of overall survival data, limited 
toxicity evidence, small number of trials with age stratification, 
and lack of individual patient data. Moreover, the platinum- 
resistant setting was not considered owing to a lack of age- 
stratified data at the time of the analysis. Very limited data 
exist regarding elderly patients; therefore, we could not include 
them in our meta- analysis. Finally, we have to emphasize that 
patients included in clinical trials are often selected for good 
general conditions and performance status 0–1: this could limit 
the applicability of our results to daily clinical practice, which 
is characterized by elderly patients with multiple comorbidities 
and concomitant medications with potential drug interactions. 
Thus, real- world studies should include a comprehensive geri-
atric assessment, evaluating functional and nutritional status, 
comorbidities and concomitant medications, depression and 
cognition, social activity, and support, to identify frailty risk or 
geriatric impairments that are not captured during the routine 
oncologic visit.39–42

CONCLUSIONS

Our systematic review and meta- analysis demonstrated 
that PARP inhibitors effectively treat patients with advanced 
ovarian cancer older than 65 years. Hematologic toxicity was 
comparable between elderly and young women. To the best 
of our knowledge, this is the first meta- analysis performed in 
this subpopulation, often under- represented in clinical trials 
but very common in daily practice. A longer follow- up with 
overall survival data might reaffirm the results of our analysis. 

Figure 4 Summary of findings of the included studies for progression- free survival (PFS) in the old population.
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Trials including more substantial numbers of old patients or 
prospective designs explicitly focusing on this age group are 
warranted.

Author affiliations
1Oncology Unit, Foundation Casa Sollievo della Sofferenza IRCCS, San Giovanni 
Rotondo, Italy
2Translational Medicine and Surgery Department, Catholic University of the Sacred 
Heart Faculty of Medicine and Surgery, Rome, Italy
3Department of Biomedical Sciences and Human Oncology, Obstetrics and 
Gynecology Unit, University of Bari "Aldo Moro", Bari, Italy
4Department of Women and Child Health, Division of Gynecologic Oncology, 
Foundation Policlinic "A. Gemelli" IRCCS, Rome, Italy
5Scientific Directorate, Foundation Policlinic "A. Gemelli" IRCCS, Rome, Italy
6Department of Oncology, University of Turin, Ordine Mauriziano Hospital, Turin, Italy

Contributors BAM: guarantor, study design, methods, literature search, data 
curation, formal analysis, original draft writing, tables, and figures editing. 
MFPM: tables editing, manuscript editing. DL: manuscript review with a focus on 
results and discussion. MDM: manuscript review with a focus on methods. EM: 
supervision, manuscript review. All the authors have read and agreed with the final 
version of the manuscript.

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 None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, an indication of whether changes were made, and the use is non- 
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Brigida Anna Maiorano http://orcid.org/0000-0001-5423-3158

REFERENCES
 1 Torre LA, Trabert B, DeSantis CE, et al. Ovarian cancer statistics, 

2018. CA Cancer J Clin 2018;68:284–96.
 2 Global Cancer Observatory. Available: https://gco.iarc.fr/
 3 Liposits G, Loh KP, Soto- Perez- de- Celis E, et al. PARP inhibitors in 

older patients with ovarian and breast cancer: young International 
Society of Geriatric Oncology review paper. J Geriatr Oncol 
2019;10:337–45.

 4 ECIS - European Cancer Information System. Available: https://ecis. 
jrc.ec.europa.eu/index.php

 5 Cancer STAT facts: ovarian cancer. Available: https://seer.cancer. 
gov/statfacts/html/ovary.html

 6 Dumas L, Ring A, Butler J, et al. Improving outcomes for older 
women with gynaecological malignancies. Cancer Treat Rev 
2016;50:99–108.

 7 Kim J, Chang Y, Kim TJ, et al. Optimal cutoff age for predicting 
prognosis associated with serous epithelial ovarian cancer: what is 
the best age cutoff? J Gynecol Oncol 2019;30:e11.

 8 Fourcadier E, Trétarre B, Gras- Aygon C, et al. Under- treatment of 
elderly patients with ovarian cancer: a population based study. BMC 
Cancer 2015;15:915–37.

 9 Piccart MJ, Bertelsen K, James K, et al. Randomized intergroup trial 
of cisplatin- paclitaxel versus cisplatin- cyclophosphamide in women 
with advanced epithelial ovarian cancer: three- year results. J Natl 
Cancer Inst 2000;92:699–708.

 10 Ozols RF, Bundy BN, Greer BE, et al. Phase III trial of carboplatin 
and paclitaxel compared with cisplatin and paclitaxel in patients with 
optimally resected stage III ovarian cancer: a gynecologic oncology 
group study. J Clin Oncol 2003;21:3194–200.

 11 Neijt JP, Engelholm SA, Tuxen MK, et al. Exploratory phase III study 
of paclitaxel and cisplatin versus paclitaxel and carboplatin in 
advanced ovarian cancer. J Clin Oncol 2000;18:3084–92.

 12 McGuire WP, Hoskins WJ, Brady MF, et al. Cyclophosphamide and 
cisplatin compared with paclitaxel and cisplatin in patients with 
stage III and stage IV ovarian cancer. N Engl J Med 1996;334:1–6.

 13 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.

 14 Ruscito I, Bellati F, Ray- Coquard I, et al. Incorporating PARP- 
inhibitors in primary and recurrent ovarian cancer: a meta- analysis 
of 12 phase II/III randomized controlled trials. Cancer Treat Rev 
2020;87:102040.

 15 Eskander RN, Tewari KS. PARP inhibition and synthetic lethality in 
ovarian cancer. Expert Rev Clin Pharmacol 2014;7:613–22.

 16 Fong PC, Boss DS, Yap TA, et al. Inhibition of poly(ADP- ribose) 
polymerase in tumors from BRCA mutation carriers. N Engl J Med 
2009;361:123–34.

 17 Chen S, Iversen ES, Friebel T, et al. Characterization of BRCA1 and 
BRCA2 mutations in a large United States sample. J Clin Oncol 
2006;24:863–71.

 18 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.

 19 Coleman RL, Fleming GF, Brady MF, et al. Veliparib with first- line 
chemotherapy and as maintenance therapy in ovarian cancer. N Engl 
J Med 2019;381:2403–15.

 20 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.

 21 Valabrega G, Pothuri B, Oaknin A, et al. Efficacy and safety of 
niraparib in older patients (PTS) with advanced ovarian cancer (OC): 
results from the PRIMA/ENGOT- OV26/GOG- 3012 trial. Ann Oncol 
2020;31.

 22 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.

 23 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.

 24 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.

 25 Fabbro M, Moore KN, Dørum A, et al. Safety and efficacy of 
niraparib in elderly patients (PTS) with recurrent ovarian cancer (OC). 
Ann Oncol 2017;28.

 26 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.

 27 Trillsch F, Mahner S, Ataseven B, et al. Efficacy and safety of 
olaparib according to age in BRCA- 1/2 mutated patients with 
recurrent platinum- sensitive ovarian cancer: analysis of the 
phase III SOLO2 (AGO- OVAR 2.23/ENGOT- Ov21) study. JCO 
2020;38:6068.

 28 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.

 29 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta- analyses: the PRISMA statement. 
PLoS Med 2009;6:e1000097.

 30 Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane 
collaboration's tool for assessing risk of bias in randomised trials. 
BMJ 2011;343:d5928.

 31 Altman DG, Bland JM. Interaction revisited: the difference between 
two estimates. BMJ 2003;326:219.

 32 Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring 
inconsistency in meta- analyses. BMJ 2003;327:557–60.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://ijgc.bm

j.com
/

Int J G
ynecol C

ancer: first published as 10.1136/ijgc-2022-003614 on 13 O
ctober 2022. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5423-3158
http://dx.doi.org/10.3322/caac.21456
https://gco.iarc.fr/
http://dx.doi.org/10.1016/j.jgo.2018.10.008
https://ecis.jrc.ec.europa.eu/index.php
https://ecis.jrc.ec.europa.eu/index.php
https://seer.cancer.gov/statfacts/html/ovary.html
https://seer.cancer.gov/statfacts/html/ovary.html
http://dx.doi.org/10.1016/j.ctrv.2016.08.007
http://dx.doi.org/10.3802/jgo.2019.30.e11
http://dx.doi.org/10.1186/s12885-015-1947-9
http://dx.doi.org/10.1186/s12885-015-1947-9
http://dx.doi.org/10.1093/jnci/92.9.699
http://dx.doi.org/10.1093/jnci/92.9.699
http://dx.doi.org/10.1200/JCO.2003.02.153
http://dx.doi.org/10.1200/JCO.2000.18.17.3084
http://dx.doi.org/10.1056/NEJM199601043340101
http://dx.doi.org/10.1056/NEJMoa1103799
http://dx.doi.org/10.1016/j.ctrv.2020.102040
http://dx.doi.org/10.1586/17512433.2014.930662
http://dx.doi.org/10.1056/NEJMoa0900212
http://dx.doi.org/10.1200/JCO.2005.03.6772
http://dx.doi.org/10.1016/S0140-6736(17)32440-6
http://dx.doi.org/10.1056/NEJMoa1909707
http://dx.doi.org/10.1056/NEJMoa1909707
http://dx.doi.org/10.1056/NEJMoa1910962
http://dx.doi.org/10.1016/j.annonc.2020.08.958
http://dx.doi.org/10.1056/NEJMoa1810858
http://dx.doi.org/10.1056/NEJMoa1810858
http://dx.doi.org/10.1056/NEJMoa1911361
http://dx.doi.org/10.1056/NEJMoa1911361
http://dx.doi.org/10.1056/NEJMoa1611310
http://dx.doi.org/10.1093/annonc/mdx372.004
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/10.1200/JCO.2020.38.15_suppl.6068
http://dx.doi.org/10.1016/j.annonc.2020.12.018
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1136/bmj.326.7382.219
http://dx.doi.org/10.1136/bmj.327.7414.557
http://ijgc.bmj.com/


9Maiorano BA, et al. Int J Gynecol Cancer 2022;0:1–9. doi:10.1136/ijgc-2022-003614

Original research

 33 Hultcrantz M, Rind D, Akl EA, et al. The GRADE working group 
clarifies the construct of certainty of evidence. J Clin Epidemiol 
2017;87:4–13.

 34 Balducci L. Cancer- related anemia: special considerations in the 
elderly. Oncology 2007;21:90.

 35 Maiorano BA, Lorusso D, Maiorano MFP, et al. The interplay between 
PARP inhibitors and immunotherapy in ovarian cancer: the rationale 
behind a new combination therapy. Int J Mol Sci 2022;23:3871.

 36 Dockery LE, Tew WP, Ding K, et al. Tolerance and toxicity of the 
PARP inhibitor olaparib in older women with epithelial ovarian 
cancer. Gynecol Oncol 2017;147:509–13.

 37 Montégut C, Falandry C, Cinieri S. Safety and quality of life of first- 
line maintenance olaparib plus bevacizumab in older patients with 
advanced ovarian cancer in the PAOLA- 1 trial. Int J Gynecol Canc 
2021;31:A201–2.

 38 Colombo N, Oza AM, Lorusso D, et al. The effect of age on efficacy, 
safety and patient- centered outcomes with rucaparib: a post hoc 

exploratory analysis of ARIEL3, a phase 3, randomized, maintenance 
study in patients with recurrent ovarian carcinoma. Gynecol Oncol 
2020;159:101–11.

 39 Liposits G, Lichtman SM. Taking the next step in PARP- inhibitor 
clinical trials in older women with ovarian cancer - staging the aging. 
Gynecol Oncol Rep 2021;35.

 40 Mohile SG, Dale W, Somerfield MR, et al. Practical assessment 
and management of vulnerabilities in older patients receiving 
chemotherapy: ASCO guideline for geriatric oncology. J Clin Oncol 
2018;36:2326–47.

 41 Tew WP, Fleming GF. Treatment of ovarian cancer in the older 
woman. Gynecol Oncol 2015;136:136–42.

 42 Hamaker ME, Vos AG, Smorenburg CH, et al. The value of 
geriatric assessments in predicting treatment tolerance and 
all- cause mortality in older patients with cancer. Oncologist 
2012;17:1439–49.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://ijgc.bm

j.com
/

Int J G
ynecol C

ancer: first published as 10.1136/ijgc-2022-003614 on 13 O
ctober 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jclinepi.2017.05.006
http://www.ncbi.nlm.nih.gov/pubmed/17313158
http://dx.doi.org/10.3390/ijms23073871
http://dx.doi.org/10.1016/j.ygyno.2017.10.007
http://dx.doi.org/10.1136/ijgc-2021-ESGO.346
http://dx.doi.org/10.1016/j.ygyno.2020.05.045
http://dx.doi.org/10.1016/j.gore.2021.100710
http://dx.doi.org/10.1200/JCO.2018.78.8687
http://dx.doi.org/10.1016/j.ygyno.2014.10.028
http://dx.doi.org/10.1634/theoncologist.2012-0186
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


	Efficacy and safety of PARP inhibitors in elderly patients with advanced ovarian cancer: a systematic review and meta-analysis
	ABTRACT
	INTRODUCTION
	METHODS
	Search Strategy and Data Extraction
	Study Design
	Risk of Bias Assessment
	Data Synthesis and Statistical Analysis
	Assessment of Evidence Certainty

	RESULTS
	Search Results
	Study Characteristics
	Efficacy of PARP Inhibitors versus Placebo: Elderly versus Young Patients
	Subgroup Analyses of Efficacy
	Safety of PARP inhibitors in elderly versus young patients
	Sensitivity Analysis

	DISCUSSION
	Summary of Findings
	Implications for clinical practice and future research
	Strengths and Weaknesses

	CONCLUSIONS
	References


