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ABSTRACT
Introduction Different maintenance strategies have 
shown efficacy in patients with advanced ovarian cancer, 
but without drawing any conclusion on which strategy is 
preferred. Therefore, we will conduct a network meta- 
analysis and cost- effectiveness analysis to investigate 
maintenance strategies containing chemotherapy, poly 
(ADP- ribose) polymerase (PARP) inhibitors and anti- 
angiogenesis therapy for patients with advanced ovarian 
cancer.
Methods and analysis The search strategy to identify 
potentially relevant studies will include hand searches in 
EMBASE, PubMed, Cochrane library and Web of science. 
The primary outcome is progression- free survival, defined 
as the date of randomisation to the date of progression 
or death. The secondary outcome is overall survival 
(calculated from the time from randomisation to death 
from any cause), grade 3–4 haematological and non- 
haematological toxicities, quality- adjusted life years 
and incremental cost- effectiveness ratios. Two steps of 
meta- analysis will be carried out, traditional pair- wise 
meta- analysis and network meta- analysis. Methodological 
quality, risk of bias and the strength of evidence from 
randomised controlled trials (RCTs) will be proposed to 
assess the quality of RCTs. Heterogeneity, publication bias, 
subgroup analysis and sensitivity analysis will be explored.
Ethics and dissemination The purpose of our study is 
to perform a comprehensive efficacy, safety and cost- 
effectiveness analysis of all maintenance strategies in 
patients with advanced ovarian cancer. The results will be 
disseminated through international conference reports and 
peer- reviewed manuscripts. Ethics approval is not required 
for network meta- analysis and cost- effectiveness analysis.
PROSPERO registration number CRD42021231814.

INTRODUCTION
Ovarian cancer (OC) is the seventh most 
common cancer in women and the fifth 
most lethal of all cancers among US women, 
accounting for nearly 5% of all cancers.1–3 
60%–70% of patients present with advanced 
disease4 5 and the 5- year survival rate for 
Federation Internationale of Gynecologie 

and Obstetrigue (FIGO) stage III and stage 
IV disease is 15%.5 Maximal cytoreductive 
surgery followed by platinum- based chemo-
therapy is the current standard of care in 
patients with advanced OC.6 Patients with 
advanced OC treated with platinum/pacli-
taxel as first- line chemotherapy often respond 
well,7 but the subsequent chemotherapy- free 
interval before disease progression is usually 
less than 12 months.8–10 Maintenance therapy 
with chemotherapy, poly (ADP- ribose) 
polymerase (PARP) inhibitor and anti- 
angiogenesis agents is effective in prolonging 
progression- free interval.11–14

Vascular endothelial growth factor 
(VEGF) plays an important angiogenic role 
in advanced OC. By binding to VEGF- 1/2 
receptor, VEGF activates a downstream signal 

Strengths and limitations of this study

 ► In order to compare rankings of maintenance strat-
egies in patients with advanced ovarian cancer, net-
work meta- analysis will be performed in comparing 
the efficacy, safety and cost outcomes.

 ► A model- based cost- effectiveness analysis will be 
conducted using the indirect method based on a 
common comparator in our network meta- analysis.

 ► Methodological quality, risk of bias and the strength 
of evidence from randomised controlled trials (RCTs) 
will be proposed to assess the quality of RCTs by 
two reviewers independently.

 ► We will carry out the following subgroup analyses 
when possible: newly diagnosed and recurrent, 
platinum- sensitive and platinum- resistant, wild- 
type and mutant- type BRCA, homologous repair 
deficiency positive and negative, and Federation 
Internationale of Gynecologie and Obstetrigue (FIGO) 
II–III and FIGO IV.

 ► One possible limitation of this study is that only 
RCTs in English will be included in our network 
meta- analysis.
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transduction cascade by intracellular tyrosine kinases.15 
Anti- VEGF monoclonal antibodies and small molecule 
tyrosine kinase inhibitors have been developed to target 
cell signalling pathways involved in angiogenesis.16 
Homologous repair deficiency (HRD) repair is another 
different mechanism of action, with protecting DNA 
double strands breaks.17 A PARP inhibitor inhibits cata-
lytic domain and avoids the link between PARP and single 
strand of DNA.17 Researchers have increased the interest 
in combining PARP inhibitor and anti- angiogenesis agent 
treatment, because PARP inhibitors increase suppression 
of angiogenesis, leading to hypoxia and simultaneously 
hypoxia enhances PARP inhibitors.18

Several pairwise meta- analyses and network meta- 
analyses have examined the efficacy and safety of 
chemotherapy,19 anti- angiogenesis therapy20 and PARP 
inhibitors21–23 as maintenance therapy either sepa-
rately or collectively24–28 for patients with advanced OC. 
However, the following clinical characteristics of patients 
with advanced OC in pairwise and network meta- analyses 
are quite different, such as newly diagnosed and recur-
rent, platinum- sensitive and platinum- resistant, wild- type 
and mutant- type BRCA, HRD positive and negative, and 
FIGO II–III and FIGO IV. On the other hand, a recent 
pairwise meta- analysis showed that the same advantage, 
long- term survival rate (10 years), was not observed in 
patients with BRCA- mutated advanced OC,29 despite the 
improved short- term survival rate (5 years) regardless 
of BRCA mutational status in several previous pairwise 
meta- analyses.22 26 Furthermore, the previous pairwise 
and network meta- analyses have only partly compared 
effectiveness and safety for patients with advanced OC, 
but they have not incorporated cost- effectiveness anal-
ysis and recent alternative treatments.30 The previous 
studies showed that PARP inhibitor and bevacizumab 
maintenance therapy were not cost effective for patients 
with advanced OC.31–33 The mean cost per patient for the 
PARP inhibitor for all strategy was 1.4–1.7 times higher 
than biomarker- directed PARP inhibitor front- line main-
tenance strategy.34

We will conduct a network meta- analysis and cost- 
effectiveness analysis to investigate maintenance strat-
egies containing chemotherapy, PARP inhibitors and 
anti- angiogenesis therapy for patients with advanced OC, 
and calculate a ranking value based on efficacy, safety and 
cost.

METHODS
The study will be developed following Preferred Reporting 
Items for Systematic Review and Meta- Analysis Protocols 
(PRISMA- P)35 36 and the Consolidated Health Economic 
Evaluation Reporting Standards.37 This protocol has been 
registered in PROSPERO. The study period is 2 years after 
registration of the protocol (registration date: 18 January 
2021–18 February 2021; full study duration: January 
2021–December 2022).

Elgibility criteria
Randomised controlled trials (RCTs) meeting the Popu-
lation Intervention Comparison Outcomes Study Design 
statement described below will be included in this network 
meta- analysis.

Participants (P)
Women, over 18 years old, diagnosed with FIGO stage 
II–IV epithelial ovarian, fallopian tube and peritoneum 
carcinoma will be included in the study, regardless of 
newly diagnosed and recurrent, platinum- sensitive and 
platinum- resistant, wild- type and mutant- type BRCA, and 
HRD positive and negative.

Interventions/comparators (I/C)
All available maintenance strategies containing chemo-
therapy, PARP inhibitors and anti- angiogenesis will be 
considered as interventions. According to our previous 
search strategies in the literature, the interventions may 
be (1) paclitaxel, (2) 5- fluorouracil and cisplatin, (3) 
topotecan, (4) doxorubicin, (5) epidoxorubicin, (6) 
docetaxel, (7) nintedanib, (8) cediranib, (9) pazopanib, 
(10) bevacizumab, (11) trebananib, (12) sorafenib, (13) 
olaparib, (14) niraparib, (15) rucaparib, (16) erlotinib, 
(17) tanomastat, (18) abagovomab, (19) oregovomab, 
(20) lonafarnib and (21) placebo.

Outcomes (O)
The primary outcome is progression- free survival (PFS), 
defined as the date of randomisation to the date of 
progression or death. The secondary outcome is overall 
survival (calculated from the time from randomisa-
tion to death from any cause), grade 3–4 haematolog-
ical and non- haematological toxicities, quality- adjusted 
life years (QALYs) and incremental cost- effectiveness 
ratios (ICERs). Grade 3–4 haematological and non- 
haematological toxicities are performed in line with the 
Common Terminology Criteria for Adverse Events.38 39 
Studies should provide at least one of the above outcomes.

Study design (S)
Phase II and III RCTs compare any two or more different 
interventions as alone or in combination in patients 
with advanced epithelial OC. There are no limitations 
in nationality distribution. The studies will be limited to 
results published in English language.

Data sources and search strategy
The search strategy to identify potentially relevant 
studies will include hand searches in EMBASE, PubMed, 
Cochrane library and Web of science. Electronic searching 
will be performed in major conferences proceedings 
according to titles of maintenance therapy for advanced 
OC, such as the annual meetings of American Society 
of Clinical Oncology and European Society of Medical 
Oncology (2018–2020). Although preliminary searches 
have already been completed up to 31 December 2020, 
the search will be updated regularly to include addi-
tional trials. Two reviewers who have been trained on the 
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review process will independently assess all the potentially 
eligible studies based on inclusion criteria. The same two 
authors will screen the titles of reference from relevant 
reviews and meta- analysis to identify additional potential 
papers. If duplicate publications are identified, the latest 
data will be included. Any discrepancies will be resolved 
by discussion, or by consulting a third author. The results 
of the study selection and the reasons for excluding the 
full text will be presented using a PRISMA- compliant flow 
diagram.40 Full details of the search strategies in PubMed 
are outlined in more detail in online supplemental 
appendix 1.

We will use EndNote V.X7 to store and manage all 
literature searching records. A standardised form will be 
created to extract the following data in Microsoft Excel 
2010 (Microsoft Corp, Redmond, Washington, USA, 
www. microsoft. com): the first author, study name, study 
design, publication time, total sample size, population, 
treatment arm, control arm, primary endpoint, follow- up 
duration and outcomes (HR for overall survival (OS) 
and progression‐free survival (PFS), cost and grade 3–4 
haematological and non- haematological toxicities). We 
will contact corresponding authors and relevant pharma-
ceutical companies for further information if important 
data are not reported in articles.

Risk of bias
The quality of individual RCTs will be assessed inde-
pendently by two reviewers according to the following 
domains as outlined in the Cochrane Handbook 
V.5.1.0.41 The Handbook uses seven items (random 
sequence generation, allocation concealment, blinding 
of participants and personnel, incomplete outcome 
data, selective outcome reporting and other sources of 
bias) to rate the methodological quality as high risk, 
unclear risk and low risk for each outcome. All disagree-
ment will be resolved through discussion or involving a 
third review author.

Quality of evidence
Two reviewers will independently use the Grades of 
Recommendation, Assessment, Development and Eval-
uation (GRADE) handbook to assess the quality of the 
body of evidence.42 The Handbook includes risk of bias, 
imprecision, inconsistency, indirectness and publication 
bias. The overall quality is classified as high, moderate, 
low and very low levels. For RCTs, the starting confidence 
level for each item is high but will be rated down based on 
the evaluation of the five domains. We will complete the 
GRADE process with GRADEprofiler software (V.3.6.1) ( 
www. gradeworkinggroup. org).

Assessment of publication bias
Comparison- adjusted funnel plot methods are constructed 
by Begg’s and Egger’s tests to help distinguish asymmetry, 
if available, due to test small study effects and publication 
bias.43

Statistical analysis
We will perform traditional pair- wise meta- analysis for 
each arm with at least two studies, using Stata V.13.0 
(StataCorp, College Station, Texas, USA). A network 
plot will be constructed consisting of vertices and edges 
between these nodes which are weighted by number of 
studies for the corresponding comparison. In addition, 
a contribution plot will also be constructed to present 
the per cent contribution of direct and indirect compari-
sons to the entire network meta- analytic summary effects. 
For each type of maintenance strategies in patients 
with advanced OC, network meta- analysis will be mainly 
performed using OpenBUGS (V.3.2.3). Results regarding 
grade 3–4 haematological and non- haematological toxic-
ities are expressed as ORs for dichotomous outcomes 
with 95% CIs/credible intervals. Pooled HRs for OS and 
PFS with 95% CIs will be calculated. A random‐effects 
model will be run in each outcome of interest, and the 
stability of the results will be recalculated using a fixed‐
effects model to explore further where there is evidence 
of heterogeneity.44 We will select the final model as the 
best- fit model to pool the data with the lowest deviance 
information criterion.45 46 A consistency model will 
be adopted for network meta- analysis with no obvious 
inconsistency; otherwise, an inconsistency model will be 
employed.47 The node- splitting analysis and loop- specific 
approach will be used to assess inconsistency between 
direct and indirect treatment effects.48 49 The group with 
the surface under the cumulative ranking (SUCRA) of 
being the most effective in term of OS, PFS, safety, QALYs 
and ICERs will be assessed in the network meta- analysis, 
with higher SUCRA indicating better efficacy and safety. 
The multidimensional cluster analysis will be conducted 
to assess comprehensive efficacy, tolerability and cost 
effectiveness of maintenance strategies based on SUCRA 
value. Heterogeneity will be assessed with the I2 statistic, 
where I2 less than 25% indicated low heterogeneity.50 A 
two- sided p <0.05 is considered statistically significant.

Cost-effectiveness analysis
We will assess the most cost- effective maintenance therapy 
regimens in patients with advanced OC from the perspec-
tive of the third- party payer in the USA. All modelling and 
calculations will be implemented using TreeAge Pro 2009 
software (Williamstown, Massachusetts, USA). The main 
outputs of the model are life- years, QALYs and ICER. The 
structure of the Markov model comprises three mutually 
exclusive health states: PFS (with or without maintenance 
treatment), progression and death. The expected total 
costs, QALYs and ICERs will be estimated over a lifetime 
horizon (10 years). Plot Digitizer software (V.2.6.8) will 
be used to extract available data points from the PFS and 
OS Kaplan- Meier curves, if they are presented as figures 
rather than numbers. All health utility values of PFS and 
progressed disease (PD) health status are obtained from 
previously published cost- effectiveness studies.32 33All 
relevant costs will be taken into account, such as direct 
medical costs (hospitalisation costs, pharmacy costs and 
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medical treatment costs), direct non- medical costs (trans-
portation costs) and indirect costs (costs of production 
loss). The pharmacy costs of maintenance therapy will 
be obtained from the wholesale prices paid by the phar-
macy of West China Hospital. All costs will be adjusted to 
represent 2020 US dollars using Tom’s Inflation Calcu-
lator (https://www. halfhill. com/ inflation_ js. html, 2020). 
Costs and outcomes will be discounted at 3% annually.51 
A willingness to pay (WTP) of less than three times coun-
try’s gross domestic product per capita of China in 2020 
($31 512) will be used as a threshold to determine cost 
effectiveness. One- way sensitivity analysis and probabi-
listic sensitivity analyses will be performed to assess the 
potential drivers of economic outcomes. Subgroup anal-
ysis will also be performed in patients categorised by 
BRCA and HRD status.

Transitivity, homogeneity and consistency assumption
To achieve valid results, we will perform three key assump-
tions underlying the network meta- analysis (transitivity, 
homogeneity and consistency assumption).52 First, we 
will conduct a thorough comparison of important study 
and patient characteristics. Second, we will perform a 
multivariate meta- regression analysis to examine possible 
sources of heterogeneity using the same interventions. 
Lastly, indirect evidence via a common comparator is not 
different from direct evidence in the network.49 53

Subgroup analysis
We categorise maintenance therapy regimens into the 
following groups when possible: newly diagnosed and 
recurrent, platinum- sensitive and platinum- resistant, 
wild- type and mutant- type BRCA, HRD positive and nega-
tive, and FIGO II–III and FIGO IV.

Sensitivity analysis
In order to assess the robustness and reliability of find-
ings in our studies, the following sensitivity analyses will 
be conducted for the outcomes of interest (if appro-
priate). The first sensitivity analysis will be performed 
excluding maintenance therapy regimens that have not 
been approved by any food and drug administration. The 
second sensitivity analysis will restrict random- effects and 
fixed- effects models and study design (phase II vs phase 
III RCTs). Furthermore, if RCTs have a high risk of bias, it 
will be excluded from the analysis. Lastly, we will perform 
the sensitivity analysis by excluding one paper at a time 
and explore the heterogeneity of the findings.54

Patient and public involvement
Patients and the public will be not involved in the design, 
conduct, reporting or dissemination of this study.

Ethics and dissemination
This study does not involve human participants. There is 
no need to obtain formal ethical approval, given that the 
network meta- analysis comes from openly available data-
bases. The results will be disseminated through interna-
tional conference reports and peer- reviewed manuscripts.

DISCUSSION
Despite recent improvements in the maintenance strategies 
of advanced OC, in the worldwide, less than 40% of patients 
with OC can be cured.55 Thus, identifying the most effective 
maintenance strategies remains a challenge for researchers, 
patients and policy- makers when making decisions between 
multiple possible alternative maintenance strategies to 
prevent advanced OC. Compared with the results from 
existing multiple separate pairwise meta- analyses, network 
meta- analysis and cost- effectiveness analysis, these find-
ings will be crucial to inform evidence- based priorities and 
enhance decision- making in patients with advanced OC.

The role of maintenance strategies is a rapidly evolving 
field, and PARP inhibitor and anti- angiogenesis agents have 
already shown that PFS was significantly increased when 
compared with chemotherapy alone.12 13 56 Recently, olaparib 
plus bevacizumab as maintenance therapy has shown a 
longer PFS (22.1 m vs 16.6 m, 95% CI 0.49 to 0.72, p<0.001) 
compared with olaparib alone in patient with newly diag-
nosed, advanced, high- grade OC.30 Yet, as a type of targeted 
therapy, there are still important questions, including the 
selection of patients based on BRCA1/2 mutations, HRD 
positive or platinum sensitivity (or not), the duration of 
maintenance treatment and whether maintenance therapy 
should be used as monotherapy or in combination.

The biomarker- directed use of maintenance therapy might 
improve PFS but not be associated with high healthcare costs 
in patients with advanced OC.34 Treatment with maintenance 
bevacizumab was not cost effective, because it was associated 
with improved PFS but led to slightly higher healthcare costs 
in patients with advanced OC.33 A cost- effectiveness analysis 
performed by Gonzalez et al demonstrated that adopting a 
biomarker- directed maintenance strategy was cost effective 
compared with a PARP inhibitor- for- all approach in patients 
with newly diagnosed advanced OC.34

The purpose of our study is to perform a comprehensive 
efficacy, safety and cost- effectiveness analysis of all mainte-
nance strategies in patients with advanced OC. It is hoped to 
explore target subset populations to enhance the efficiency 
and quality of maintenance therapy. Maintenance therapy 
is warranted to not only target patients who will most likely 
benefit from treatment but also decrease unnecessary toxici-
ties that occur from using drugs while decreasing the cost of 
cancer care in patients with advanced OC.
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A sample Pubmed search strategy was as follows: 

#1 Ovarian Neoplasms [MeSH Terms] 

#2 Neoplasm, Ovarian [title/abstract] 

#3 Ovarian Neoplasm [title/abstract] 

#4 Ovary Neoplasms [title/abstract] 

#5 Neoplasm, Ovary [title/abstract] 

#6 Neoplasms, Ovary [title/abstract] 

#7 Ovary Neoplasm [title/abstract] 

#8 Neoplasms, Ovarian [title/abstract] 

#9 Ovary Cancer [title/abstract] 

#10 Cancer, Ovary [title/abstract] 

#11 Cancers, Ovary [title/abstract] 

#12 Ovary Cancers [title/abstract] 

#13 Ovarian Cancer [title/abstract] 

#14 Cancer, Ovarian [title/abstract] 

#15 Cancers, Ovarian [title/abstract] 

#16 Ovarian Cancers [title/abstract] 

#17 Cancer of Ovary [title/abstract] 

#18 Cancer of the Ovary [title/abstract] 

#19 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR 

#12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

#20 Olaparib [title/abstract] 

#21 Niraparib [title/abstract] 

#22 Rucaparib [title/abstract] 
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#23 Veliparib [title/abstract] 

#24 Cediranib [title/abstract] 

#25 Erlotinib [title/abstract] 

#26 Vandetanib [title/abstract] 

#27 Sunitinib [title/abstract] 

#28 Sorafenib [title/abstract] 

#29 Pazopanib [title/abstract] 

#30 Imatinib [title/abstract] 

#31 Bevacizumab [title/abstract] 

#32 BIBF1120 [title/abstract] 

#33 Nintedanib [title/abstract] 

#34 AMG386 [title/abstract] 

#35 Trebananib [title/abstract] 

#36 Lonafarnib [title/abstract] 

#37 Taxane [title/abstract] 

#38 Paclitaxel [title/abstract] 

#39 Docetaxel [title/abstract] 

#40 Topotecan [title/abstract] 

#41 Cisplatin [title/abstract] 

#42 Doxorubicin [title/abstract] 

#43 Epidoxorubicin [title/abstract] 

#44 5-fluorouracil [title/abstract] 

#45 Tanomastat [title/abstract] 

#46 Abagovomab [title/abstract] 
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#47 Oregovomab [title/abstract] 

#48 Placebo [title/abstract] 

#49 #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 

OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 

OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48  

#50 Clinical Trials, Randomized [title/abstract] 

#51 Trials, Randomized Clinical [title/abstract] 

#52 Controlled Clinical Trials, Randomized [title/abstract] 

#53 #51 OR #52 OR #53  

#54 #19 AND #49 AND #53 
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