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Abstract 

Objective:  To investigate the efficacy and safety of angiogenesis inhibitors in the treatment of recurrent ovarian 
cancer (OC).

Methods:  Electronic databases including PubMed, Web of Science, and the Cochrane Library were searched to find 
eligible studies until August 10, 2021. The data on overall survival (OS), progression-free survival (PFS), and objective 
response rate (ORR) were pooled. Furthermore, grade ≥ 3 adverse events (AEs) were investigated.

Results:  A total of 13 studies with 3953 patients were included. Compared with control group, angiogenesis inhibi-
tors resulted in significant improvement in PFS (hazard ratio (HR) = 0.61, 95%CI, 0.54–0.69), OS (HR = 0.88, 95%CI, 
0.81–0.95), and ORR (odds ratio (OR) = 2.15, 95% CI, 1.74–2.65). However, angiogenesis inhibitors were associated with 
a higher risk of grade ≥ 3 AEs (relative risk (RR), 1.20, 95% CI, 1.04–1.38).

Conclusion:  Angiogenesis inhibitors can improve ORR, PFS, and OS in patients with recurrent OC, but they can 
increase the incidence of AEs ≥ 3.

Keywords:  Recurrent ovarian cancer, Angiogenesis inhibitors, Overall survival, Progression-free survival, Objective 
response rate
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Introduction
Ovarian cancer (OC) is the primary cause of death from 
gynecological cancers [1]. Since OC is not easy to find in 
the early stage, most patients are usually diagnosed in the 
advance stage, resulting in a low 5-year relative survival 
rate [2]. The mainstay of treatment for OC is cytoreduc-
tive surgery followed by platinum-based chemotherapy. 
Despite complete remission with the best treatment, 
approximately 70% of patients will relapse within 5 years 
[3, 4]. Therefore, OC still threatens the health of women 
worldwide.

Anti-angiogenic drugs have become a promising class 
of drugs for patients with OC. Anti-angiogenic drugs dis-
rupt tumor vascularization and inhibit tumor cells from 
acquiring nutrition by damaging existing tumor blood 
vessels and preventing the development of new ones [5, 
6]. Angiogenesis inhibitors have been shown in numer-
ous clinical trials to benefit OC patients [7, 8]. As one 
of the angiogenesis inhibitors, bevacizumab has been 
shown to significantly improve PFS and ORR in recurrent 
OC patients. In addition, previous studies have shown 
that angiogenesis inhibitors are beneficial for the treat-
ment of OC, but there is no systematic report on the 
treatment of recurrent OC with angiogenesis inhibitors 
[9]. Therefore, this study conducted a systematic review 
and meta-analysis of randomized clinical trials (RCTs) to 
study the efficacy and safety of angiogenesis inhibitors in 
patients with recurrent OC.
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Methods
The Preferred Reporting Items for the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines were used to conduct 
the meta-analysis (Table S1).

Search strategy
The literature search is conducted through PubMed, 
Web of Science and Cochrane Library databases, and 
the search date is up to August 10, 2021. The follow-
ing combined text and MeSH terms are used: "ovar-
ian cancer", "ovarian tumor", "angiogenesis inhibitor", 
"Bevacizumab", "Aflibercept", "Avastin", "Sorafenib", 

"Sunitinib", "Imatinib", "vandetanib", "Nexavar", "Treba-
nanib" and "Perifosine".

Study selection
Studies that met the following criteria were chosen: 
(1) Adult women with OC confirmed by histology; (2) 
these studies were clinical trials conducted to evalu-
ate the efficacy and safety of angiogenesis inhibitors in 
patients with recurrent OC. (3) types of outcome meas-
ures are overall survival (OS), progression-free survival 
(PFS), objective response rate (ORR) and toxicity. (4) 
When the study derived from the same patients, the 
most complete and latest report of the trial was chosen. 

Fig. 1  The PRISMA Flow Diagram of Study Selection. The PRISMA diagram included searches of databases, registers, and other sources and the 
various reasons for the excluded articles
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Duplicate articles, reviews, case reports, animal or cell 
experiments, single arm study and trials with insuffi-
cient data were all removed.

Data extraction and quality assessment
Two investigators (ZCM and ZWC) conducted the 
study selection process independently based on the 
inclusion and exclusion criteria. Extract the follow-
ing data from each study: first author’s name, pub-
lication year, trial design, patient status, age (years), 
sample size, follow-up time, etc. The main results were 
PFS, OS, ORR and grade 3 or higher adverse events 
(grade ≥ 3 AEs). Disagreements were resolved through 
debate and consensus during the research selection and 
data extraction processes. Cochrane Collaboration’s 
tool was used to assess the risk of bias.

Statistical analysis
The Review Manager 5.3 software (Cochrane Library, 
Oxford, UK) and STATA 14.0 (Stata Corp., College Sta-
tion, TX) software were used for all statistical analysis. 
A generic inverse variance method was used to calcu-
late the estimated pooled Hazard ratio (HR) for OS and 
PFS. The Mantel–Haenszel method was used to calcu-
late the estimated pooled odds ratio (OR) and risk ratio 
(RR) with 95% confidence interval (CI) for pooled ORR 
and grade ≥ 3 AEs. The I2 statistics were used to assess 
the statistical heterogeneity between studies. When 
I2 > 50%, indicating that there is significant heterogene-
ity between the studies, and the random effects model 
was used; otherwise, the fixed effects model was used. 
In addition, Egger’s test and funnel plot were used to 
assess the publication bias of the included studies.

Fig. 2  Risk of bias assessment. A risk of bias graph for all the included RCTs. The items are scored ( +) low risk; (-) high risk; (?) unclear risk of bias. B 
risk of bias summary
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Results
3491 articles were detected from all retrieved databases, 
with 2946 articles remaining after deduplication. Then, 
2887 articles that did not meet the inclusion criteria 

were excluded through the title and abstract. Finally, 
after reading the full text, a total of 13 studies with 3953 
patients were included [7–19] (Fig.  1). These 13 studies 
were published between 2012 and 2021 and involved six 

Fig. 3  Forest plots of the meta-analysis on the effects of antiangiogenic drugs on progression free survival (PFS). Compared with the control group, 
angiogenesis inhibitor group can significantly improve PFS

Fig. 4  Forest plots of the meta-analysis on the effects of antiangiogenic drugs on overall survival (OS). Compared with the control group, 
angiogenesis inhibitor group can significantly improve OS
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different angiogenesis inhibitors: Aflibercept (1 trial), 
Trebananib (3 trials), Bevacizumab (4 trials), Pazopanib 
(2 trials), Cediranib (2 trials), sorafenib (1 trial). The base-
line characteristics of the included studies are shown in 
Table 1, and the risk of bias assessment is shown in Fig. 2.

PFS
PFS was reported in 11 studies. There was heterogene-
ity between the studies (I2 = 54.0%; P = 0.017), so a ran-
dom effects model was used for meta-analysis.  Analysis 
showed that the angiogenesis inhibitors group had sig-
nificant advantages in improving PFS, as compared to the 
control group (HR = 0.61, 95%CI, 0.54–0.69) (Fig. 3).

OS
A total of 13 studies were integrated to analyze the 
OS. There was no heterogeneity between the studies 
(I2 = 0%; P = 0.597), so a fixed effects model was used for 
meta-analysis. The pooled result showed that angiogen-
esis inhibitors were significantly correlated with longer 
OS than control group (HR = 0.88, 95%CI, 0.81–0.95) 
(Fig. 4).

ORR
Eight studies reported reported ORR. There was no sta-
tistical heterogeneity between studies, and a fixed effects 
model was used for meta-analysis (I2 = 34.8%; P = 0.15). 

Fig. 5  Forest plots of the meta-analysis on the effects of antiangiogenic drugs on objective response rate (ORR). Angiogenesis inhibitors had higher 
ORR compared to the control group

Fig. 6  Forest plots of the meta-analysis on the effects of antiangiogenic drugs on grade ≥ 3 adverse effects (AEs). The angiogenesis inhibitors group 
had a greater incidence of grade ≥ 3 AEs than the control group
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The meta-analysis showed that patients receiving angio-
genesis inhibitors had higher ORRs compared to the con-
trol group (OR = 2.15, 95% CI, 1.74–2.65) (Fig. 5).

Grade ≥ 3 AEs
Seven studies reported the incidence of grade ≥ 3 AEs. 
Due to the results demonstrated heterogeneity between 
studies (I2 = 0%; P = 0.975), the meta-analysis was con-
ducted using a random effects model. The pooled RR of 
grade ≥ 3 AEs showed that the angiogenesis inhibitors 
group had a greater incidence of grade ≥ 3 AEs than the 
control group (RR = 1.11, 95% CI, 1.07–1.14) (Fig. 6).

Subgroup analysis
According to the drug target (vascular endothelial 
growth factor (VEGF) inhibitors include bevacizumab 
and aflibercept, VEGF receptor (VEGFR) inhibitors 
include pazopanib, cediranib, nintedanib, sorafenib, and 
angiopoietin inhibitors include trebananib), PFS, OS 
and ORR were subgroup analyzed. As shown in  Fig.  7, 
the PFS improved significantly in all three subgroups 

(HR = 0.65, 95% CI, 0.48–0.89 for the angiopoietin inhib-
itor group; HR = 0.60, 95% CI, 0.50–0.72 for the VEGF 
inhibitors group; and HR = 0.59, 95% CI, 0.48–0.71 for 
the VEGFR inhibitors group). However, OS improve-
ment was only observed in the VEGFR inhibitors group 
(HR = 0.77, 95% CI, 0.65–0.92), and there was no signif-
icant difference in OS between the two groups in angi-
opoietin inhibitor group (HR = 0.92, 95% CI, 0.81–1.05) 
and VEGF inhibitors group (HR, 0.89, 95% CI, 0.78–1.00) 
(Fig.  8). Furthermore, it was also found that ORR was 
significantly improved in all three subgroups (OR = 3.0, 
95% CI, 1.92–4.68 for the angiopoietin inhibitor group; 
OR = 1.85, 95% CI, 1.41–2.42 for the VEGF inhibitors 
group; and OR = 2.36, 95% CI, 1.42–3.94 for the VEGFR 
inhibitors group) (Fig. 9).

In addition, subgroup analyses were performed accord-
ing to the treatment modality of angiogenesis inhibitors 
(monotherapy and combination therapy). Due to data 
limitations, we only performed a subgroup analysis of 
OS. It was found that the combination therapy of angio-
genesis inhibitors can significantly improve OS compared 
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Fig. 7  Forest plots of the subgroup analysis on the effects of antiangiogenic drugs on PFS. VEGF: vascular endothelial growth factor, VEGFR: vascular 
endothelial growth factor receptor
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with the control group (HR = 0.87, 95%CI, 0.57–0.66) 
(Figure S1). However, monotherapy with angiogenesis 
inhibitors was not significantly different from the control 
group (HR = 1.02, 95%CI, 0.56–1.86).

Publication bias
Visual inspection of the funnel plots were roughly sym-
metric (Figure S2). Egger’s test was used to further test 
the asymmetry of the funnel plots (Figure S3), and the 
results also showed that there was no publication bias in 
the study.

Discussion
Oncologists continue to face a formidable challenge in 
treating OC. Recurrent OC is almost always incurable, 
even when patients receive multiple lines of platinum 
and non-platinum therapy for advanced disease [20]. A 
promising novel therapeutic aimed at the tumor micro-
environment has been proposed. Neovascularization 

is required for tumor growth and spread, and several 
antiangiogenic medicines have since been developed 
[21, 22]. The results of this meta-analysis showed 
that angiogenesis inhibitor therapy can significantly 
improve PFS, OS, and ORR in recurrent OC patients 
while increasing the risk of common AEs of grade ≥ 3.

According to the current results, angiogenesis inhibi-
tor can significantly improve OS and PFS of the recur-
rent OC patients compared with the control group, 
which showed the similar results with the literature 
reported before [23]. Besides, an interesting finding of 
this study is that angiogenesis inhibitors can also signif-
icantly improve the ORR of patients with recurrent OC 
compared with the control group, which further proved 
the efficiency of the angiogenesis inhibitor in the treat-
ment of recurrent OC.

It is reported that VEGF plays an important role in the 
formation of new blood vessels [24]. VEGF communi-
cates with VEGFRs and activates downstream signaling 

Overall, IV (I2 = 0.0%, p = 0.597)

Heterogeneity between groups: p = 0.260

Subgroup, IV (I2 = 0.0%, p = 0.464)

Liu 2019

Richardson 2018

Chekerov 2018

Ledermann 2016

Pignata 2015

VEGFR inhibitors

Subgroup, IV (I2 = 0.0%, p = 0.753)

Marth 2017

Monk 2016

Pujade-Lauraine 2014

Angiopoietin inhibitors

Subgroup, IV (I2 = 0.0%, p = 0.497)

Pignata 2021

Coleman 2017

Karlan 2012

Aghajanian 2015

Gotlieb 2012

VEGF inhibitors

Targets and Study

0.88 (0.81, 0.95)

0.77 (0.65, 0.92)

0.64 (0.36, 1.11)

1.04 (0.60, 1.79)

0.65 (0.45, 0.93)

0.85 (0.66, 1.10)

0.60 (0.32, 1.13)

0.92 (0.81, 1.05)

0.94 (0.64, 1.39)

0.95 (0.81, 1.11)

0.85 (0.66, 1.08)

0.89 (0.78, 1.00)

0.99 (0.73, 1.39)

0.83 (0.68, 1.00)

0.60 (0.34, 1.06)

0.95 (0.77, 1.18)

1.02 (0.56, 1.86)

HR (95% CI)

100.00

19.94

1.97

2.09

4.74

9.57

1.57

39.61

4.15

25.16

10.30

40.45

6.02

16.74

1.93

14.01

1.73

Weight

%

.25 1 4
Fig. 8  Forest plots of the subgroup analysis on the effects of antiangiogenic drugs on OS. VEGF: vascular endothelial growth factor, VEGFR: vascular 
endothelial growth factor receptor
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pathways [25]. Another pathway makes use of angiopoie-
tin, a tumor angiogenesis regulator [26]. According to the 
targets of drugs, we divided the studies into three groups 
for subgroup analysis. In this study, PFS in the VEGF 
inhibitors group, VEGFR inhibitors group and angiopoi-
etin inhibitors group can significantly improve recurrent 
OC. However, only an improvement in OS was observed 
in the VEGFR inhibitors group. This is inconsistent with 
the previous meta-analysis results [23]. It may be because 
this study classified bevacizumab and aflibercept as the 
VEGF inhibitors group, while the previous study did not 
include aflibercept. In addition, this study also found that 
the combination of angiogenesis inhibitors and other 
drugs can significantly improve OS, but the monotherapy 
of angiogenesis inhibitors has no significant difference 
with the control group. Since only one of the included 
studies was monotherapy, more follow-up studies with 
larger sample sizes are needed to verify.

In addition, this study found that angiogenesis inhibi-
tors are associated with a higher incidence of grade ≥ 3 
AEs. This is consistent with previous research reports, 

which may be related to the mechanism of angiogenesis 
inhibitors [27, 28]. Angiogenesis inhibitors may cause 
vasodilation by increasing nitric oxide production in 
endothelial cells [29]. Therefore, angiogenesis inhibitors 
suppression may result in vasoconstriction and increased 
peripheral vascular resistance. Therefore, the usage of 
angiogenesis inhibitors might result in vascular abnor-
malities, which are the primary cause for the AEs of these 
drugs. To minimize the risks, it is necessary to monitor 
and manage these AEs during antiangiogenics therapy.

This study has some limitations. First, heterogeneity 
among studies reporting PFS may be related to differ-
ences in statistical quality, follow-up period, treatment 
modality, treatment duration, and ethnicity among 
patients receiving angiogenesis inhibitors. Secondly, 
despite the fact that the majority of the included studies 
were published in high-impact journals, there were study 
factors that could lead to bias, such as pharmaceutical 
industry sponsorship. Finally,  this is a trial-level meta-
analysis that is based on studies rather than individual 
patient data. Subgroup analyses based on cumulative 
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Fig. 9  Forest plots of the subgroup analysis on the effects of antiangiogenic drugs on ORR. VEGF: vascular endothelial growth factor, VEGFR: 
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high-, mid-, and low-dose inhibitors were not performed 
due to data limitations.

Conclusion
Treatment with angiogenesis inhibitors for recurrent 
OC patients was associated with significant improve-
ments in PFS, OS, and ORR, but also with a higher 
incidence of grade ≥ 3 AEs. Our results clearly support 
the use of angiogenesis inhibitors in the clinical man-
agement of recurrent OC patients.
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