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Abstract. At present, the optimal therapeutic approach 
for the treatment of platinum‑resistant recurrent ovarian 
cancer remains to be fully elucidated. The present system‑
atic review and network meta‑analysis aimed to elucidate 
the relative efficacy and safety of apatinib, administered 
either as monotherapy or in conjunction with chemotherapy, 
compared with chemotherapy alone, for the treatment of 
platinum‑resistant recurrent ovarian cancer. The PubMed, 
Embase and Wanfang Data electronic databases were 
searched, where the search spanned from the conception 
of the databases until April 2023. A quality evaluation was 
conducted and R software was used for network meta‑anal‑
ysis. Following inclusion and exclusion criteria screening, 
the present analysis included 17 clinical trials, combining 
data from 1,228 patients with platinum‑resistant recurrent 
ovarian cancer categorized into the following three treatment 
cohorts: i) 555 patients who received apatinib plus chemo‑
therapy; ii) 229 patients who received apatinib alone; and 
iii) 444 patients who underwent conventional chemotherapy. 
Results of the present study demonstrated that the co‑admin‑
istration of apatinib with either tegiol [odds ratio (OR), 2.54; 

95% CI, 1.06‑6.11] or etoposide (OR, 2.12; 95% CI, 1.20‑3.74) 
significantly improved the objective response rate (ORR) 
compared with that following apatinib monotherapy. By 
contrast, gemcitabine monotherapy resulted in inferior ORR 
efficacy compared with that following apatinib (OR, 0.47; 
95% CI, 0.23‑0.95). In addition, combinations of apatinib 
with etoposide (OR, 1.32; 95% CI, 1.06‑1.64) or paclitaxel 
(OR, 1.52; 95% CI, 1.04‑2.23) demonstrated a significantly 
improved disease control rates (DCR) compared with those 
following apatinib alone. According to the area under the 
cumulative ranking analysis, apatinib and paclitaxel in 
combination was the most efficacious treatment modality in 
terms of DCR. In terms of safety, the incidence of adverse 
events, such as hand‑foot syndrome [relative risk (RR), 4.23; 
95% CI, 1.80‑9.95] and hypertension (RR, 4.80; 95% CI, 
1.53‑15.05), was found to be significantly higher in patients 
treated with apatinib‑containing therapies, compared with 
those treated with chemotherapy alone. Consequently, the 
present meta‑analysis highlighted the potential of apatinib, 
particularly in combination with chemotherapy, as a thera‑
peutic strategy for patients with platinum‑resistant recurrent 
ovarian cancer.

Introduction

Cancer remains to be a leading cause of mortality glob‑
ally, with both the incidence and mortality rates of cancer 
increasing from the 1990s to 2020 (1). Ovarian cancer is a 
malignancy of the female reproductive system and accounts 
for ~4% of all new cancer diagnoses in women in the United 
States (2). Ovarian cancer is characterized by lesions located 
in the pelvic cavity and typically remains asymptomatic 
during the early stages of development (2). Consequently, a 
significant proportion of patients are first diagnosed already 
at advanced stages (Federation International of Gynecology 
and Obstetrics stage III‑IV), which has resulted in an overall 
5‑year survival rate of <40%  (3,4). The increased risk of 
ovarian cancer is associated with genetic factors such as Lynch 
Syndrome, reproductive factors such as nulliparity, hormonal 
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factors such as long‑term hormone replacement therapy and 
lifestyle factors such as obesity (5).

The standard treatment method for ovarian cancer is 
surgery, with aims of reducing the tumor burden, which is typi‑
cally combined with systemic therapy, including chemotherapy, 
targeted drugs (such as bevacizumab and olaparib) and hormonal 
agents (such as tamoxifen and letrozole) (6). Despite advance‑
ments in the treatment options, the prognosis for patients with 
advanced ovarian cancer remains poor. One significant chal‑
lenge in clinical practice is platinum resistance, which reduces 
the effectiveness of standard chemotherapy treatments that 
often include platinum‑based drugs (such as cisplatin or carbo‑
platin). Platinum resistance occurs when cancer cells develop 
the ability to withstand the effects of these drugs, leading to 
reduced treatment efficacy and limited options for effective 
therapy (6‑8). Platinum compounds disrupt DNA replication 
and transcription through the formation of platinum‑DNA 
adducts (9). The molecular mechanism underlying this process 
involves the disruption of DNA structures and the subsequent 
induction of destructive cellular responses, particularly apop‑
tosis (9‑11). These DNA adducts hinder DNA replication and 
transcription, leading to the activation of the DNA damage 
response (DDR). The DDR can arrest the cell cycle and initiate 
repair processes following acute sporadic DNA damage (9‑11). 
However, extensive DNA damage will typically result in 
apoptosis. The p53 protein serves a crucial role in this process, 
since it can promote the transcription of genes, such as B‑cell 
lymphoma 2 (bcl‑2)‑associated X protein, that lead to apoptosis 
when activated by DNA damage signals (9‑11). 

Platinum resistance mechanisms that have been reported 
to be applied by cancers include enhanced DNA repair, altera‑
tions in drug uptake and efflux and evasion of apoptosis (9‑11). 
Moreover, a recent study added a layer of complexity to the 
current understanding of cisplatin resistance in ovarian 
cancer. Cisplatin‑induced exosomes transfer long non‑coding 
RNA‑PANDAR and lead to a rapid adaptation of ovarian 
cancer cell survival through accumulating SRSF9 following 
cisplatin stress exposure. In other words, the exosomes are 
involved in the communications between ovarian cancer 
cells, aiming to develop platinum resistance (12). Enhanced 
DNA repair mechanisms, particularly through the restoration 
of homologous recombination, significantly contribute to 
platinum resistance in ovarian cancer (13). Secondary muta‑
tions in breast cancer susceptibility gene (BRCA) that restore 
the homologous recombination pathway have been shown to 
confer resistance to platinum‑based therapies (13). In addition, 
alterations in drug uptake and efflux have been reported to 
promote developing platinum resistance. Overexpression 
of copper transporters adenosine triphosphatase copper 
transporting α polypeptide and ATPase copper transporting 
β polypeptide have been associated with reduced cisplatin 
accumulation in ovarian cancer cells, thereby diminishing 
its efficacy (14). Evasion of apoptosis is another documented 
mechanism of resistance to platinum compounds in ovarian 
cancer. Overexpression of Bcl‑2, an anti‑apoptotic protein, 
has been previously observed to protect cancer cells from 
cisplatin‑induced apoptosis, which was reversed by targeting 
Bcl‑2 using small interfering RNA (14). 

Under physiological conditions, hepatocyte growth factor 
receptor [HGFR (also known as c‑Met)] serves a critical role 

in various cellular responses to stress and damage, including 
those induced by chemotherapeutic agents (such as cisplatin). 
Activation of HGFR has been shown to promote cell survival 
and proliferation, which can mitigate the effects of cisplatin 
and contribute to drug resistance  (15). The interactions 
between various protein components and cisplatin sensitivity, 
such as the suppression of HGFR expression through forkhead 
box protein P2, indicate additional layers of regulation that can 
impact chemosensitivity in cancer cells, highlighting potential 
targets for overcoming platinum resistance (15). These afore‑
mentioned factors highlight the requirement for overcoming 
platinum resistance in ovarian cancer treatment (9‑11). 

Platinum‑resistant ovarian cancer can be divided into 
primary and secondary resistance  (16). Primary platinum 
resistance accounts for 55.3% of recurrent ovarian cancer 
cases  (17). The majority of patients with ovarian cancer 
will relapse within 3 years following initial platinum‑based 
chemotherapy and subsequently develop resistance (18,19). 
The efficacy of platinum‑based retreatment in such cases is 
<10%, highlighting a requirement for the development of novel 
effective treatments for platinum‑resistant recurrent ovarian 
cancer (19,20). 

Current treatment recommendations for patients with 
platinum‑resistant recurrent ovarian cancer suggest several 
options. These include clinical trials, non‑platinum chemo‑
therapeutic drugs or supportive care for the treatment of 
patients with platinum‑resistant recurrent ovarian cancer, 
with combinations of poly ADP‑ribose polymerase (PARP) 
inhibitors, targeted therapy (such as bevacizumab and 
olaparib), immunotherapy (such as pembrolizumab) and 
chemotherapy (such as tegiol) all having been previously 
tested  (6,7,21‑23). The introduction of anti‑angiogenesis 
treatments has shifted the treatment paradigm for ovarian 
cancer. In particular, apatinib, a small molecule tyrosine 
kinase inhibitor that can target VEGFR‑2, has been demon‑
strated to improve survival and quality of life in patients with 
ovarian cancer (24,25). Apatinib exerts notable therapeutic 
effects and tolerable adverse reactions in patients with plat‑
inum‑resistant ovarian cancer (26‑28), suggesting potential 
as a novel treatment regimen for platinum‑resistant recurrent 
ovarian cancer. Previous clinical trials have demonstrated the 
therapeutic effects of apatinib combined with various chemo‑
therapy regimens in ovarian cancer or thyroid cancer (29,30). 
Furthermore, results of previous studies demonstrated that 
combination therapy improved the survival and disease 
control rates (DCR) in patients with platinum‑resistant 
recurrent ovarian cancer. However, the DCR results differed 
between studies (28,31,32). Therefore, further investigations 
into the efficacy and safety of apatinib are required, with 
focus on adverse reactions, such as bone marrow suppres‑
sion and hypertension. Notably, results of a previous study 
demonstrated that tyrosine kinase inhibitor (TKI) treatment 
was interrupted due to intolerance in a portion of patients, 
which may impact the therapeutic effect  (33). Therefore, 
further investigations into the overall efficacy and safety of 
apatinib‑based regimens are required. 

To address the gap in effective treatment options for 
platinum‑resistant recurrent ovarian cancer, the present 
study aimed to summarize the results of clinical studies into 
apatinib, with aims of evaluating the efficacy and safety of 
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apatinib‑containing regimens. In addition, the present study 
aimed to provide a theoretical basis for the effective treatment 
of patients with platinum‑resistant recurrent ovarian cancer.

Materials and methods

Search strategy. PubMed (https://pubmed.ncbi.nlm.nih.
gov/), Embase (https://www.embase.com/) and Wanfang Data 
(https://wanfangdata.com.cn/) databases were searched to 
identify studies focused on the treatment of platinum‑resistant 
recurrent ovarian cancer using apatinib, spanning from the 
inception of these databases to April 2023. The Population, 
Intervention, Comparison, Outcomes and Study design frame‑
work (https://www.cochranelibrary.com) was used to refine 
the literature search. A combination of key words and free 
terms were used, including ‘ovarian cancer’, ‘ovarian tumors’, 
‘apatinib’, ‘angiogenesis inhibitors’ and ‘anti‑angiogenesis 
drugs’. This approach ensured the broad capture of relevant 
studies (Table SI).

Data sources. The present study included patients aged 
≥18 years who were diagnosed with ovarian cancer of any 
pathological subtype. The interventions examined were 
apatinib, administered either alone or in conjunction with 
chemotherapy, compared with a control group receiving 
chemotherapy, apatinib alone or placebo. Outcomes of interest 
included efficacy indicators, such as overall response rate 
(ORR), DCR, progression‑free survival (PFS) and overall 
survival (OS). Safety indicators were also examined, including 
drug‑related adverse reactions categorized as per the National 
Cancer Institute Adverse Reaction General Terminology 
Standard (version 5.0) (34). Adverse events (AEs) were divided 
into the following grades: i) Grade 1, consisting of mild, asymp‑
tomatic or mild, no treatment required; ii) grade 2, which were 
considered moderate, requiring minor, local or non‑invasive 
treatment; iii) grade 3, which are serious or medically impor‑
tant but not immediately life‑threatening; iv) grade 4, which 
are considered life threatening, necessitating emergency 
treatment; and v) grade 5, which is mortality associated with 
AEs (34). Serious AEs were defined as grade ≥3.

Systematic reviews, meta‑analyses, clinical guidelines and 
case reports were excluded from the present analysis. Studies 
with research content, research objects and interventions that 
did not meet the requirements of the present study were consid‑
ered inconsistent and thus excluded. In addition, single‑arm 
studies, animal experiments, in vitro cell experiments, studies 
with unscientific experimental designs (lack of control group 
or insufficient data reporting), repeated publications, studies 
with insufficient data and studies enrolling patients with other 
types of malignancies were also excluded.

Data extraction. Data extraction was performed by two 
independent researchers, with discrepancies resolved through 
consultation with a third researcher. This process gathered 
detailed information from each study, including demographics, 
treatment regimens and outcome measures. The extracted 
content included study title, first author, publication time, 
trial type [randomized controlled trials (RCTs)], retrospective 
nature, patient sex, patient age, regimen details in different 
treatment arms, sample size in each group, survival indicators 

(PFS and OS), efficacy indicators (ORR and DCR) and adverse 
reactions (type, grade and number of adverse reaction events 
in each group). 

Literature quality assessment. Quality assessment was 
performed using the Cochrane risk of bias tool for RCTs (35) 
and the Newcastle‑Ottawa Scale (NOS) (36) for retrospective 
studies, ensuring a thorough evaluation of study integrity. 
For RCTs, the Cochrane risk of bias assessment tool was also 
used to assess the risk of bias for each study. Each assessment 
included three outcomes, namely low risk, unclear risk of 
bias and high risk (35). The results of the quality evaluation 
were organized and the Cochrane risk assessment chart was 
generated using Review Manager software (version 5.4; The 
Cochrane Collaboration). For retrospective studies, the NOS 
was used, which assessed the risk of bias through assessing 
study selection, comparability and outcome. Studies scoring 
7‑9 would be considered high quality, those scoring 4‑6 would 
be considered medium quality and studies scoring <4 would 
be considered low quality (37). 

Statistical analysis. R (version  3.4.1; RStudio, Inc.) and 
GraphPad (version 9.0; Dotmatics) were used to analyze and 
present the data. Survival data (OS and PFS) were expressed 
as the mean ± 95% CI. The ORR was calculated using the 
formula: ORR=[number of patients with complete response 
(CR) + partial response (PR)]/total number of patients in 
each group. The DCR was calculated using the formula: 
DCR=(number of patients with CR + PR + stable disease)/total 
number of patients in each group. Direct and indirect network 
combined analysis was performed using odds ratio (OR) 
values calculated from the different arms. The results were 
expressed as OR and 95% CI. The number of patients who 
experienced adverse reactions in each group and the total 
number of patients in each group was used to calculate the 
incidence of adverse events. The risk ratio (RR) values calcu‑
lated from each study were combined for meta‑analysis and 
the results were expressed as RR and 95% CI. R software was 
used to conduct the network meta‑analysis, generate a network 
diagram of each intervention, calculate the area under the 
cumulative ranking probability curve (SUCRA) and classify 
each intervention priority according to the SUCRA values of 
the ORR and DCR. Probability ranking was then performed, 
where the larger the SUCRA value, the more optimal the 
treatment regimen. 

The R packages used in the analysis were as follows: 
GEMTC  (38), DEMTAR  (39), NETMETA  (40) and 
RJAGS (41). Specifically, GEMTC was used for conducting 
network meta‑analysis within a Bayesian framework, which 
allowed for the simultaneous comparison of multiple treatment 
options by integrating direct and indirect evidence. DMETAR 
facilitated the meta‑analysis process by providing tools and 
functions for data preparation, network plotting, statistical 
analysis, model fitting, inconsistency checks and result 
summarization, which simplified the network meta‑analysis. 
NETMETA was used to perform network meta‑analysis using 
frequentist methods, providing an alternative approach to the 
Bayesian methods used in GEMTC, verifying the robustness 
of the results using different statistical techniques. RJAGS 
served as the interface to the JAGS library for Bayesian data 
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analysis and was essential for running the complex Bayesian 
models built with GEMTC to estimate the treatment effects 
and their uncertainties, including parameter uncertainty, 
model uncertainty and sampling uncertainty in the network 
meta‑analysis.

Heterogeneity was assessed using forest plots, Q‑tests and 
I²‑tests, with subsequent subgroup analyses used to explore 
potential sources of variability. P≥0.1 and I2>50% indicated 
a high risk of heterogeneity before the source of heterogeneity 
was subsequently investigated (35). If the source of heteroge‑
neity could not be found, a random effects model was used 
for further analysis. If heterogeneity remained outside of the 
acceptable range, the quantitative analysis would be discarded 
and a qualitative descriptive interpretation was performed.

The risk of publication bias was investigated using a funnel 
plot. When the number of studies included in the analysis was 
≥10, a funnel plot was generated to analyze the publication bias 
of the analysis. The Egger test was performed using STATA 
software (version 14; StataCorp LLC) to assess publication 
bias by examining funnel plot asymmetry through regression 

of the standard normal deviate of the treatment effect against 
its precision.

Results

Search results. The present systematic analysis yielded 271 
articles. Following the removal of duplicates and screening 
based on the inclusion criteria, 221 documents, including 
meta‑analyses, systematic reviews, guidelines, case reports, 
content inconsistencies and animal studies, were excluded. 
This resulted in 31 studies remaining (25‑29,31,32,42‑65). 
A review of the full texts led to the exclusion of 14 studies 
from this list due to the inclusion of reviews, single‑arm 
studies or studies lacking complete trial data. In total, 17 stud
ies (25,28,45,49‑53,55‑58,61‑65) were included in the present 
analysis (Fig. 1).

Baseline information of the included studies. The final selec‑
tion comprised seven prospective  (25,50,55,58,61‑63) and 
10 retrospective studies (28,45,49,51‑53,56,57,64,65). These 

Figure 1. Flow chart of the study selection process.
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included three studies comparing apatinib monotherapy with 
chemotherapy, seven studies evaluating apatinib combined with 
chemotherapy compared with apatinib alone and 10 studies 
assessing apatinib combined with chemotherapy compared 
with chemotherapy alone in the treatment of platinum‑resistant 
recurrent ovarian cancer (Table I). Follow‑up information was 
reported in 8 studies, with an average follow‑up duration of 
16 months. The outcomes reported across these studies varied, 
with 17 studies focusing on ORR, 16 studies focusing on 
DCR, nine studies focusing on OS, 12 studies focusing on PFS 
and 12 studies focusing on adverse reaction indicators. The 
present analysis included nine treatment regimens, involving 
816 participants in the experimental groups (both apatinib 
with chemotherapy and apatinib alone) and 740 participants 
in the control groups (chemotherapy alone). Specific studies, 
such as Wu and Chen (62), were divided into multiple arms 
for analysis, one comparing the combination therapy with 
apatinib alone (Wu‑a 2022) and another comparing combina‑
tion therapy with chemotherapy alone (Wu‑b 2022). Similarly, 
the study performed by Guo et al (58) was segmented into 
combination therapy compared with apatinib alone (Guo‑a 
2022) and combination therapy compared with chemotherapy 
(Guo‑b 2022). Safety indicators analyzed in the present study 
included hand‑foot syndrome, hypertension, serious adverse 
reactions, neutropenia, vomiting and nausea, proteinuria and 
oral mucositis. 

Quality evaluation. The Cochrane quality assessment tool was 
used to appraise the quality of the RCTs included in the present 
meta‑analysis. Of the studies analyzed, four  (25,50,58,62) 
were identified as RCTs and three (55,61,63) were prospective 
in design. All RCTs disclosed their methods of randomization, 
which ensured the validity of group allocations. These trials 
were conducted as open‑label studies, with two trials (25,61) 
providing detailed accounts of dropout cases along with the 
reasons (such as withdrawal of consent) for these dropouts. 
The reported number of dropouts was minimal and insuf‑
ficient to compromise the comparative balance among the 
study groups. Overall, these studies were considered high 
quality according to the criteria outlined in the Cochrane 
Handbook for Systematic Reviews of Interventions (35). The 
bias risk assessment results were analyzed (Figs. S1 and S2). 
These studies were at low risk of selection bias, detection 
bias and attrition bias, at moderate risk of selection bias and 
reporting bias and at high risk of performance bias, as blinding 
of participants and personnel was often not feasible. Notably, 
a prospective design was used in four (50,55,58,63) studies, 
which had higher risk of reporting bias compared with that in 
the other prospective studies.

Regarding the retrospective cohort studies, evaluation 
using the NOS indicated that these studies met the essential 
criteria for selection, comparability and exposure. Notably, 
limitations included variations in follow‑up times and failure 
to report survival outcomes (Tables I and SII). 

A total of nine studies (45,50,52,55‑58,63,65) did not report 
the specific follow‑up period and had a higher risk of attrition 
bias and reporting bias compared with the other eight studies. 
Of the nine aforementioned studies, five (45,52,56,57,65) had 
a retrospective design and their NOS scores were ranged from 
6 to 7, whilst the other five (28,49,51,53,64) studies from this 

retrospective group had higher scores, ranging from 7 to 9. 
The lack of specified follow‑up periods in nine of the studies 
could be due to various reasons, such as the primary focus 
being on short‑term outcomes, variability in patient follow‑up 
times or inadequate reporting of follow‑up information. The 
lack of specified follow‑up periods potentially impacted the 
quality and introduced a risk of bias in several manners. It 
may have increased the risk of bias in outcome reporting. In 
addition, it may have increased the difficulty of comparative 
analysis. The absence of uniform follow‑up periods could 
complicate comparisons among studies, potentially skewing 
results of pooled data analyses.

Meta‑analysis results. The present analysis investigated a total 
of 17 studies on apatinib in the treatment of platinum‑resistant 
recurrent ovarian cancer that were focused on ORR and 
DCR as primary outcome measures. Network diagrams were 
generated using different outcome indicators (Fig. 2). 

In total, nine individual treatment arms were compared, 
including gemcitabine, etoposide, apatinib, paclitaxel, multiple 
chemotherapeutic agents, apatinib plus multiple chemothera‑
peutic agents, apatinib plus etoposide, apatinib plus tegiol and 
apatinib plus paclitaxel nodes (Fig. 2A). In the present analysis, 
apatinib was used as the reference arm (Table SIII). Results of 
the present study demonstrated that the conventional chemo‑
therapy drug gemcitabine (OR, 0.47; 95% CI, 0.23‑0.95) 
demonstrated a significantly lower ORR compared with that 
in the apatinib group (P<0.05), suggesting that compared to 
gemcitabine, apatinib may significantly improve the ORR 
of patients with platinum‑resistant recurrent ovarian cancer 
(Fig. 2B). Other regimens containing apatinib, such as apatinib 
plus etoposide (OR, 2.12; 95% CI, 1.20‑3.74), apatinib plus 
tegiol (OR, 2.54; 95% CI, 1.06‑6.11) and apatinib plus multiple 
chemotherapeutic agents (OR, 2.56; 95% CI, 1.51‑4.32) also 
demonstrated a significantly improved ORR, compared with 
that in apatinib alone (P<0.05). Apatinib plus paclitaxel mark‑
edly improved ORR compared with that in apatinib alone 
(OR, 1.62; 95% CI, 0.93‑2.81; Fig. 2B). In terms of DCR, nine 
individual treatment arms were compared (Fig. 2C). Apatinib 
plus paclitaxel exhibited the highest significant OR (OR, 
1.52; 95% CI, 1.04‑2.23), followed by apatinib plus etoposide 
(OR, 1.32; 95% CI, 1.06‑1.64), compared with that in apatinib 
alone (P<0.05 for all; Fig. 2D). Similarly, apatinib plus tegiol, 
apatinib plus multiple chemotherapeutic agents and paclitaxel 
alone markedly improved DCR compared with that in apatinib 
alone (Table SIV).

The results of the net rank analysis shows the probabilities 
(%) of each treatment being ranked from best to worst, based 
on 1,000 simulations, accounting for parameter uncertainty. 
Results of the net rank analysis of the ORR demonstrated that 
apatinib plus tegiol ranked the highest, apatinib plus multiple 
chemotherapeutic agents ranked second and apatinib plus 
etoposide ranked third, which was followed by apatinib plus 
paclitaxel and other regimens (the first bar in each group 
represents the best, while the last bar represents the worst 
rank) (Fig. 3A). Notably, these results were consistent with 
results of the network meta‑analysis with regard to the 
improvemnet of ORR. Results of the net rank analysis of the 
DCR demonstrated that the apatinib plus paclitaxel treatment 
group exhibited the highest DCR, with apatinib plus tegiol 
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ranking second and apatinib plus etoposide ranking third 
(Fig. 3B).

The efficacy of each intervention was next categorized 
according to the SUCRA value. Results of the present study 
demonstrated that the ORR of each treatment regimen was 
as follows: Apatinib plus multiple chemotherapeutic agents, 
0.79; apatinib plus tegiol, 0.78; apatinib plus etoposide, 0.72; 
apatinib plus paclitaxel, 0.60; paclitaxel, 0.35; apatinib, 0.32; 
multiple chemotherapeutic agents, 0.29; etoposide, 0.24; and 
gemcitabine, 0.06 (Fig.  4A). The combination of apatinib 
with multiple chemotherapeutic agents and tegiol demon‑
strated the highest efficacy in terms of ORR among the 

treatment regimens evaluated, while gemcitabine showed the 
lowest efficacy. The DCR of each treatment regimen was as 
follows: Apatinib plus paclitaxel, 0.84; apatinib plus tegiol, 
0.71; apatinib plus etoposide, 0.68; paclitaxel, 0.64; apatinib 
plus multiple chemotherapeutic agents, 0.50; etoposide, 0.32; 
apatinib, 0.29; gemcitabine, 0.17; and multiple chemothera‑
peutic agents, 0.07 (Fig. 4B). The results indicated that the 
combination of apatinib with paclitaxel had the highest DCR 
among the treatment regimens evaluated, whereas multiple 
chemotherapeutic agents alone have the lowest DCR.

A funnel plot was used to analyze the ORR and DCR 
indicators of apatinib combined with chemotherapy, compared 

Figure 2. Network meta‑analysis of efficacy indicators in patients with platinum‑resistant ovarian cancer who were treated with an apatinib‑based regimen. 
(A) Network plot of the overall response rate comparing the different treatment arms, (B) Network meta‑analysis of the overall response rate, (C) Network 
plot of the disease control rate comparing the different treatment arms and (D) Network meta‑analysis of the disease control rate. Dots represent a specific 
intervention and a straight line connecting two dots indicates a direct comparison between the two interventions. The thicker the line, the higher the number 
of studies that directly compared the two interventions. OR, odds ratio; Eto, Etoposide; Pla, Platinum; Pac, Paclitaxel; Gem, Gemcitabine; Dox, Doxorubicin; 
Mul, Multiple chemotherapy agents; Teg, Tegiol.

https://www.spandidos-publications.com/10.3892/etm.2024.12665
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with chemotherapy alone or apatinib alone for the treatment of 
platinum‑resistant recurrent ovarian cancer (Fig. 4C and D). 
The dot on the right of the funnel plot represents a study with 
higher odds ratio and/or larger sample size. The studies repre‑
sented by each point fell within each side of the midline and 
the funnel plot was almost symmetrical, suggesting that the 

present study may have a low risk of publication bias. Results 
of the Egger test demonstrated a P‑value of 0.65 for ORR and 
a P‑value of 0.44 for DCR.

The present analysis investigated a total of 10 studies on 
apatinib in the treatment of platinum‑resistant recurrent ovarian 
cancer that were focusing on OS as a secondary outcome 

Figure 3. Net‑rank plots of efficacy indicators in patients with platinum‑resistant ovarian cancer treated with apatinib‑based regimen. Net‑rank plots for 
(A) overall response rate and (B) disease control rate. The net rank data show rank probabilities where each bar represents the probability of each treatment 
being at a specific rank. Eto, etoposide; Pla, platinum; Pac, paclitaxel; Gem, gemcitabine; Dox, doxorubicin; Mul, multiple chemotherapy agents; Teg, tegiol.
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measure (Fig. 5A) and 12 studies that were focusing on PFS as 
a secondary outcome measure (Fig. 5B). Descriptive methods 
were used and the results demonstrated that the median OS 

time of patients in the apatinib plus chemotherapy group 
ranged from 7.9‑23.0 months, compared with 6.0‑14.8 months 
for the chemotherapy group and 6.1‑11.6  months for the 

Figure 4. SUCRA and publication bias analysis. Surface under the cumulative ranking analysis for (A) overall response rate and (B) disease response rate. 
Funnel plot for (C) overall response rate and (D) disease control rate. SUCRA, Surface under the cumulative ranking analysis. Eto, etoposide; Pla, platinum; 
Pac, paclitaxel; Gem, gemcitabine; Dox, doxorubicin; Mul, multiple chemotherapy agents; Teg, tegiol.

Figure 5. Summary of survival outcomes in patients with platinum‑resistant ovarian cancer who were treated with an apatinib‑based regimen. (A) Overall 
survival and (B) progression‑free survival. Data are presented as the mean and 95% confidence interval.

https://www.spandidos-publications.com/10.3892/etm.2024.12665
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apatinib group. Wang et al (61) reported that patients in the 
apatinib plus pegylated liposomal doxorubicin group exhibited 
a median OS time of 23.0 months (Fig. 5A). The combination 
of apatinib with chemotherapy, particularly with pegylated 
liposomal doxorubicin, significantly improves median OS in 
patients compared with chemotherapy or apatinib alone, indi‑
cating enhanced efficacy of the combination treatment. The 
median PFS time of patients in the apatinib plus chemotherapy 
group was 5.0‑9.7 months, compared with 3.3‑6.0 months for 
the chemotherapy group and 3.0‑8.0 months for the apatinib 
group (Fig. 5B). The combination of apatinib with chemo‑
therapy significantly improves median PFS time in patients 
compared to chemotherapy or apatinib alone, suggesting 
enhanced efficacy of the combination treatment in delaying 
disease progression.

AEs. With regards to AEs, studies were grouped according 
to treatment and control arms. The first group was defined 
as apatinib with or without chemotherapy, compared with 
chemotherapy alone (Fig. 6) and the second group was defined 
as apatinib with chemotherapy, compared with apatinib alone 
(Fig. 6). Compared with that in the chemotherapy group, groups 
treated with apatinib alone exhibited a significantly higher risk 
of hand and foot syndrome (RR, 4.23; 95% CI, 1.80‑9.95) and 
hypertension (RR, 4.80; 95% CI, 1.53‑15.05). However, the 
risk of nausea and vomiting (RR, 0.65; 95% CI, 0.13‑3.29), 
neutropenia (RR, 1.53; 95% CI, 0.51‑4.58), oral mucositis (RR, 
0.95; 95% CI, 0.26‑3.42) and proteinuria (RR, 1.47; 95% CI, 
0.27‑7.93) were comparable between the two groups. 

Compared with the group treated with apatinib alone, all 
combination apatinib‑based regimens were not significantly 
associated with increased risks of hand and foot syndrome 
(RR, 1.41; 95% CI, 0.32‑6.22), hypertension (RR, 0.81; 95% 
CI, 0.52‑1.26), oral mucositis (RR, 0.87; 95% CI, 0.33‑2.26) 
and proteinuria (RR, 1.21; 95% CI, 0.14‑10.38).

Discussion

Platinum resistance contributes to the mortality of patients 
with ovarian cancer. The development of platinum resistance 
in ovarian cancer involves multiple mechanisms, including 

enhanced DNA repair, reduced drug accumulation, increased 
detoxification and the evasion of apoptosis. These adaptations 
allow initially sensitive cancer cells to survive and proliferate 
despite ongoing platinum‑based chemotherapy which may 
lead to resistance  (18,19). Platinum resistance, character‑
ized by disease recurrence within 6 months after achieving 
a complete or partial response to first‑line platinum chemo‑
therapy, leads to challenges in the management of ovarian 
cancer (18,19). The efficacy of chemotherapy in these patients 
is notably diminished, highlighting the requirement for novel 
innovative and more effective therapeutic strategies  (22). 
Apatinib, which is mainly utilized for the treatment of ovarian 
cancer in China (59,62,66), exhibits potential for the treatment 
of patients with platinum‑resistant recurrent ovarian cancer. 
The absence of direct head‑to‑head clinical trials led to the 
indirect network meta‑analysis applied in the present study, 
which aimed to evaluate the efficacy of apatinib in combina‑
tion with chemotherapy and analyze the risk of associated 
adverse reactions.

The present meta‑analysis included 17 clinical studies 
and the results demonstrated a significant improvement in 
DCR following apatinib monotherapy, particularly when 
combined with tegiol, compared with that in the gemcitabine 
chemotherapy group. Notably, four studies (57,58,64,65) also 
reported that in the population receiving apatinib treatment, 
the apatinib combined with chemotherapy group exhibited the 
highest level of efficacy. In addition, apatinib, particularly in 
conjunction with chemotherapy, displayed superior efficacy in 
improving both the DCR and ORR, demonstrating the poten‑
tial of apatinib combined with tegiol and paclitaxel as leading 
treatment options based on SUCRA value rankings. Therefore, 
for patients with platinum‑resistant recurrent ovarian cancer, 
apatinib combined with chemotherapy may be considered as a 
potential treatment strategy.

In addition, the results of multiple studies on the effects of 
apatinib in patients with platinum‑resistant recurrent ovarian 
cancer suggested that the apatinib treatment group exhibited 
an improved rate of survival (58,59,62,63,66,67). Specifically, 
the combined treatment groups demonstrated enhanced OS 
and PFS compared with the controls (apatinib or CT). Despite 
the inability to conduct a network meta‑analysis on hazard 

Figure 6. Adverse events in patients with platinum‑resistant ovarian cancer who were treated with an apatinib‑based regimen. CI, confidence interval.
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ratios due to data limitations (only a few of the included studies 
reported these data), these findings emphasized the potential 
of apatinib in managing patients with platinum‑resistant recur‑
rent ovarian cancer.

In the present meta‑analysis, studies were divided into 
multiple subgroups according to adverse reactions, including 
hand‑foot syndrome, hypertension, incidence of serious 
adverse reactions, nausea and vomiting, neutropenia, oral 
mucositis and proteinuria. Adverse reaction analysis identified 
hand‑foot syndrome and hypertension as being more prevalent 
in the apatinib combination therapy group compared with 
those in the group treated with chemotherapy alone. However, 
no significant differences were observed in the incidence of 
the other adverse reactions assessed. Compared with the group 
treated with apatinib alone, the apatinib combination group 
did not exhibit a significantly increased risk for the develop‑
ment of hand‑foot syndrome, hypertension, oral mucositis or 
proteinuria. These results suggest that apatinib, particularly in 
combination with other treatments, is well‑tolerated and safe 
for patients with platinum‑resistant recurrent ovarian cancer.

The clinical application of targeted therapeutic drugs, such 
as apatinib, highlight their potential in combination with other 
therapies for the treatment of advanced stage diseases, such as 
thyroid cancer and ovarian cancer (30,68‑70). For ovarian cancer 
patients with advanced stage disease, combination therapies may 
be used to achieve an improved therapeutic effect. Numerous 
clinical trials are ongoing to assess the novel treatment strategies 
for various cancers (71,72). For example, Li et al (71) investigated 
apatinib antiangiogenic therapy for its predictive adverse events 
in different cancer types, while Wu and Fang (72) evaluated the 
efficacy of a combination of paclitaxel, tegiol and apatinib in 
the conversion therapy for unresectable advanced gastric cancer. 
The clinical application of apatinib in platinum‑resistant recur‑
rent ovarian cancer has demonstrated notable antitumor effects 
without significantly increasing the risk of adverse reactions in 
the present study, except hypertension and hand‑foot syndrome. 
In particular, apatinib has exhibited clinical therapeutic benefits 
in a variety of tumor types. Low‑dose apatinib combined with 
first‑line chemotherapy for the conversion treatment of advanced 
gastric cancer was found to improve anti‑tumor efficacy, reduced 
tumor marker levels, improved R0 resection rate and short‑term 
survival rate whilst exhibiting a good safety profile (73). In addi‑
tion, apatinib prolonged PFS and OS whilst improving the ORR 
and DCR in patients with advanced ovarian cancer (49,51). 
However, apatinib may increase the incidence of hypertension, 
hand‑foot syndrome and proteinuria, compared with conven‑
tional chemotherapy (74). In patients with recurrent cervical 
cancer treated with paclitaxel plus cisplatin chemotherapy, 
apatinib combined with chemotherapy was found to improve 
the ORR compared with bevacizumab plus chemotherapy, and 
exhibited an improved safety profile (75). 

Although the included studies in the present meta‑analysis 
did not report on the BRCA status of the participants, it is a 
critical factor in understanding the physiology and treatment 
response of patients with ovarian cancer. BRCA testing is crucial 
in the management of ovarian cancer due to its implications 
for targeting treatment and preventive strategies (13). Previous 
studies have underscored the importance of identifying BRCA1 
and BRCA2 mutations for cancer treatment, as they can influ‑
ence treatment choices and familial risk management (13,76). 

These mutations can predispose individuals to ovarian and breast 
cancers, meaning that their identification can facilitate tailored 
therapeutic interventions, particularly with PARP inhibitors, 
which are effective due to their mechanism of synthetic lethality 
in BRCA‑mutated cancers (13,76). Therefore, current medical 
guidelines, including those from the National Comprehensive 
Cancer Network, strongly recommend genetic testing for all 
women diagnosed with epithelial ovarian cancer  (21,77,78). 
The absence of BRCA status reporting in the included studies 
did not result from the selective inclusion of studies. Instead, 
the primary focus of these studies was to evaluate the efficacy 
and safety of apatinib‑containing regimens for the treatment 
of platinum‑resistant ovarian cancer, irrespective of BRCA 
mutation status. There may be several reasons for this condi‑
tion. The study design and objectives may be a contributor. A 
number of the studies may have been designed to focus on the 
treatment outcomes that were considered to be independent of 
genetic factors. In addition, the reporting of BRCA status may 
have been omitted if the authors considered it to not associate 
with the primary endpoints of response to apatinib. Another 
factor could be patient population diversity. Depending on the 
geographic and demographic diversity in the study populations, 
BRCA testing practices may vary, where some may not routinely 
include this as part of the initial cancer evaluation, impacting 
the availability of this data. Given the relevance of BRCA status, 
it is important for future studies to include this information to 
more effectively stratify patient responses to treatments and 
tailor therapeutic approaches accordingly. Including BRCA 
status may also enhance understanding into the efficacy of new 
treatments, such as apatinib, in patients with platinum‑resistant 
ovarian cancer.

The present study has a number of limitations. Multiple 
studies with small sample sizes were included. The lack of 
large‑scale, multi‑center trials may have introduced heteroge‑
neity and selection bias. In addition, only studies conducted 
in China were included in the present study, which may have 
limited the applicability of findings to other populations. 
Discrepancies in study design, patient baseline characteris‑
tics and apatinib dosages highlight the requirement for more 
comprehensive clinical trials to further support the use of 
apatinib for the treatment of platinum‑resistant recurrent 
ovarian cancer. A number of studies also did not explain the 
randomization and blinding process, which may have resulted 
in selection bias. In the studies included in the present analysis, 
heterogeneity in OS and PFS were observed, which may be 
attributed to the inclusion of retrospective studies. Of note, 
nine of the included studies monitored the patients after the 
treatment has been applied. However, they did not specify the 
exact mean follow‑up duration in their published results. These 
studies assessed the efficacy, survival and safety profiles of 
apatinib‑containing regimens without providing the detailed 
follow‑up data. The lack of specified follow‑up periods could 
be due to various reasons, such as the primary focus being 
on short‑term outcomes, variability in patient follow‑up times 
or inadequate reporting of follow‑up information. Therefore, 
large‑scale clinical trials are required to address this.

In conclusion, the results from the present meta‑analysis 
suggest that apatinib, in combination with chemotherapy, 
may exhibit potential as an effective treatment strategy for 
platinum‑resistant recurrent ovarian cancer in the future. 

https://www.spandidos-publications.com/10.3892/etm.2024.12665
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However, further large‑scale RCTs are required to confirm the 
efficacy and safety profile of this treatment regime.
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