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Abstract
Background: To investigate the efficacy and safety of apatinib alone or apatinib plus
paclitaxel/docetaxel versus paclitaxel/docetaxel in the treatment of advanced non-
small cell lung cancer (NSCLC) through pooling of open published data.
Methods: The electronic databases of Medline (1960–2021.5), Cochrane central register of
controlled trials (CENTRAL), EMBASE(1980–2021.5) andWan fang (1986–2021.5) were sys-
tematically searched by two reviewers to identify the relevant clinical trials related to the above
subject. The objective response rate (ORR), disease control rate (DCR) and drug relevant
adverse reactionswere pooled and demonstrated by risk ratio (RR) and 95% confidence interval
(95%CI). The statistical heterogeneity across studies was assessed by I-square test. The publica-
tion bias was evaluated by Egger’s line regression test and demonstrated by Begg’s funnel plot.
Results: Eleven prospective studies were included in the meta-analysis. The pooled results
indicated that theORR (RR= 1.62, 95%CI: 1.32–2.00, p < 0.05) andDCR (RR= 1.29, 95%
CI: 1.18–1.41, p < 0.05) of apatinib alone or apatinib plus paclitaxel/docetaxel was signifi-
cantly higher than that of the paclitaxel/docetaxel group for advanced NSCLC, respectively.
The drug-related adverse reaction was not statistically different between apatinib alone or
apatinib plus paclitaxel/docetaxel with regard to the hand-foot syndrome, gastrointestinal
reaction, thrombocytopenia, anemia and leukocytopenia (pall > 0.05) except for hyperten-
sion (RR = 3.60, 95% CI: 1.26–10.31, p < 0.05). Subgroup analysis also indicated that the
hypertension and hand-foot syndrome in apatinib+ paclitaxel/docetaxel were higher than
that of thepaclitaxel/docetaxel groupwith a statistical difference (p < 0.05).
Conclusions: Apatinib alone or apatinib plus paclitaxel/docetaxel was superior to pac-
litaxel/docetaxel for ORR and DCR. However, combined treatment with apatinib
appears to increase the risk of a patient developing an adverse reaction, especially
hypertension and hand-foot syndrome.
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INTRODUCTION

Cancer epidemiological studies have indicated that lung can-
cer, especially non-small cell lung cancer (NSCLC), which
accounts for 80%–85% all lung carcinoma, is the leading
cause of neoplasm-related death globally.1 Due to the lack of

specific clinical symptoms, most of the cases are at advanced
stages with a poor prognosis and low 5-year survival rate.
Chemoradiation, target therapy and immunotherapy2 are the
main methods of treatment for advanced stage lung cancer.
At present, the first-line treatment for advanced NSCLC
patients with positive driver genes is targeted therapy, but the
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recommended first-line treatment for advanced NSCLC
patients with negative driver genes is platinum-based combi-
nation chemotherapy. However, many NSCLC patients can-
not tolerate the toxicity of platinum-based combination
chemotherapy or drug resistance after several cycles of che-
motherapy. Therefore, for patients with advanced NSCLC
who fail on first-line chemotherapy, the follow-up treatment
appears to be complicated and difficult.

Apatinib is a tyrosine kinase inhibitor that selectively
inhibits the vascular endothelial growth factor receptor-2
(VEGFR2).3,4 Apatinib is an orally bioavailable, small molecu-
lar agent which can inhibit angiogenesis in cancer cells, espe-
cially in VEGF-mediated endothelial cell migration and
proliferation.5,6 As a VEGFR2 tyrosine kinase inhibitor,
apatinib can inhibit the VEGF/VEGFR2 signal pathway and
reduce the formation of MAPK, so as to inhibit the prolifera-
tion of vascular endothelial cells and achieve an antitumor
effect. Currently, apatinib has been approved in China for the
third-line treatment of advanced gastric adenocarcinoma or
gastroesophageal junction adenocarcinoma. It has also shown
strong antitumor activity in in vivo and in vitro experiments
of cholangiocarcinoma, hepatocellular carcinoma, colon can-
cer and non-small cell lung cancer, bringing new hope for
NSCLC patients with negative driver genes. Over the past few
years, studies have evaluated the efficacy and safety of apatinib
alone or apatinib plus paclitaxel/docetaxel versus paclitaxel/
docetaxel in the treatment of advanced NSCLC.7,8 However,
the results were inconclusive due to the small sample sizes
and other mixed factors that affect the treatment response.

METHODS

Studies identified in the electronic databases

The electronic databases of Medline (1960–2021.6), Cochrane
central register of controlled trials (CENTRAL), EMBASE
(1980–2021.5) andWan fang (1986–2021.5) were systematically
searched by two reviewers to identify the relevant clinical trials
related to the efficacy and safety of apatinib alone, or apatinib
plus paclitaxel/docetaxel versus paclitaxel/docetaxel in the treat-
ment of advanced NSCLC. The studies screening procedure was
performed according to the preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) statement flow
chart. The studies were electronically searched using the free
terms of “non-small cell lung cancer,” “NSCLC,” “lung cancer,”
“lung neoplasm,” “carcinoma of the lung” AND “Apatinib,”
“YN968D1,” “Rivoceranib.” Searching of the studies was
restricted to human trials, with a language restriction of English
and Chinese. All references of the included clinical trials were
also reviewed to further identify additional suitable publications.

Inclusion and exclusion criteria

The studies initially identified in the databases were further
screened by two reviewers independently for evaluation as

to whether they fulfilled the inclusion criteria. The study
was evaluated in the aspects of study design, comparing
patient characteristics, type of intervention, control and out-
come (PICO). The study design was limited to prospective
clinical studies. Patients: advanced non-small cell lung can-
cer with pathology or PE-CT confirmation. Intervention:
apatinib alone or apatinib plus paclitaxel/docetaxel. Control:
paclitaxel/docetaxel. Outcome: response included ORR,
DCR and drug relevant adverse reaction. The language was
restricted to English and Chinese.

Methodological quality assessment

The methodological quality of the included studies was eval-
uated by two reviewers, respectively according to the
Cochrane Reviews Handbook 5.0. Particular attention was
paid to the adequate sequence generation, allocation con-
cealment, blinding, incomplete outcome data addressed, free
of selective reporting and free of other bias, which mainly
demonstrate the methodological quality of the RCT.9

Statistical analysis

STATA10.0 and RevMan 5.0 statistical software were
applied to perform the statistical analysis. The response dif-
ference between two groups was expressed by risk ratio (RR)
with a 95% confidence interval (CI). Statistical heterogeneity
across the included studies was evaluated by I-square (I2)
test. The data was combined by random or fixed effect
model according to statistical heterogeneity (I2 > 50%, ran-
dom effect model otherwise fixed effect model). The Egger’s
line regression test and Begg’s funnel plot were applied to
evaluate possible publication bias.10

RESULTS

Main characteristics of the studies included

Eleven prospective studies relevant to the efficacy and safety
of apatinib alone, or apatinib plus paclitaxel/docetaxel versus
paclitaxel/docetaxel in the treatment of advanced NSCLC
were identified and included in the meta-analysis (Figure 1).
Four studies compared the efficacy and safety between
apatinib alone versus paclitaxel/docetaxel and seven studies
compared apatinib plus paclitaxel/docetaxel versus pacli-
taxel/docetaxel for the treatment of NCLC. The general
characteristics of the included 11 studies are shown in
Table 1.

Methodological quality of the included studies

The methodological quality of the included studies is shown
in the Figure 2. The general methodological quality was

LI ET AL. 2839



moderate with most studies having a relative moderate and
high risk of quality bias.

Objective response rate

All the 11 clinical trials included in the study evaluated
the ORR between apatinib alone, or apatinib plus pacli-
taxel/docetaxel versus paclitaxel/docetaxel in the treat-
ment NSCLC. There was no statistical heterogeneity
across the 11 studies (I2 = 0.0%, p = 0.931). Therefore,
the ORR was pooled in a fixed effect model with

RR = 1.62 (95% CI: 1.32–2.00, p < 0.05), which demon-
strated that ORR in advanced NSCLC patients who
received apatinib alone, or apatinib plus paclitaxel/doce-
taxel, was superior to those who received paclitaxel/doce-
taxel (Figure 3).

Disease control rate

All 11 studies investigated the disease control rate (DCR).
Due to the lack of statistical heterogeneity across the
included studies, the DCR was pooled in a fixed effect

F I G U R E 1 The studies included and exclusion flow chart
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model. Pooled results indicated that the DCR in apatinib
alone or apatinib plus paclitaxel/docetaxel was significantly
higher than that of paclitaxel/docetaxel groups for
advanced NSCLC (RR = 1.29, 95% CI: 1.18–1.41, p < 0.05)
(Figure 4).

Adverse reactions

Due to statistical heterogeneity, the drug-related adverse
reactions such as hypertension, hand-foot syndrome, gastro-
intestinal reaction, thrombocytopenia, anemia and

Adequate sequence generation?

Allocation concealment?

Blinding?

Incomplete outcome data addressed?

Free of selective reporting?

Free of other bias?

0% 25% 50% 75% 100%

Yes (low risk of bias) Unclear No (high risk of bias)

F I G U R E 2 Methodological quality of
the included studies
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F I G U R E 3 The forest plot of ORR for apatinib alone, or apatinib plus paclitaxel/docetaxel versus paclitaxel/docetaxel in the treatment of advanced
NSCLC
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leukocytopenia were combined in a random effect model.
The pooled results indicated the drug-related adverse reac-
tion was not statistically different between apatinib alone, or
apatinib plus paclitaxel/docetaxel in, hand-foot syndrome,
gastrointestinal reaction, thrombocytopenia, anemia and
leukocytopenia (pall > 0.05). However, the hypertension risk
in the apatinib group was significantly higher than that of
the control group (RR = 3.60, 95% CI: 1.26–10.31, p < 0.05)
(Figure 5).

Subgroup analysis

The ORR, DCR and drug-related adverse reaction was fur-
ther analyzed in subgroup analysis according to treatment
regimen (apatinib vs. paclitaxel/docetaxel or apatinib + pac-
litaxel/docetaxel vs. paclitaxel/docetaxel). The pooled results
indicated the ORR and DCR were higher in apatinib alone,
or the apatinib + paclitaxel/docetaxel group compared to
the corresponding control groups (p < 0.05) (Table 2). How-
ever, the drug-related adverse reaction of hypertension and

hand-foot syndrome in apatinib + paclitaxel/docetaxel was
higher than that of the paclitaxel/docetaxel group with a sta-
tistically significant difference (p < 0.05) (Figures 6 and 7).

Publication bias

The funnel plot was generally left and right asymmetric for
ORR (Figure 8(a)) and DCR (Figure 8(b)). The Egger’s line
regression test also indicated obvious publication bias for
effect size of ORR (t = 2.91, p = 0.017) and DCR
(t = 3.372, p = 0.008).

DISCUSSION

Eleven prospective clinical studies relevant to the efficacy
and safety of apatinib alone, or apatinib plus paclitaxel/
docetaxel versus paclitaxel/docetaxel in the treatment of
advanced NSCLC, were included in the meta-analysis by
pooling of open published data. Of the included 11 trials,
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F I G U R E 4 The forest plot of DCR for apatinib alone, or apatinib plus paclitaxel/docetaxel versus paclitaxel/docetaxel in the treatment of advanced
NSCLC
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four studies compared the efficacy and safety between
apatinib alone versus paclitaxel/docetaxel and seven studies
compared the apatinib plus paclitaxel/docetaxel versus pacli-
taxel/docetaxel in the treatment of NSCLC. The combined
results showed the ORR and DCR of apatinib alone, or
apatinib plus paclitaxel/docetaxel were significantly higher
than that of the paclitaxel/docetaxel groups for advanced
NSCLC, respectively. The drug-related adverse reaction was

not statistically different between apatinib alone, or apatinib
plus paclitaxel/docetaxel with regard to the hand-foot syn-
drome, gastrointestinal reaction, thrombocytopenia, anemia
and leukocytopenia except for hypertension. These findings
indicated apatinib alone, or plus paclitaxel/docetaxel was
superior to paclitaxel/docetaxel chemotherapy in treatment
response but increased the adverse reaction of hypertension.
The subgroup analysis also indicated that the hypertension

NOTE: Weights are from random effects analysis
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and hand-foot syndrome in apatinib+paclitaxel/docetaxel
were higher than that of paclitaxel/docetaxel group with sta-
tistical difference (p < 0.05), but not different between
apatinib alone versus paclitaxel/docetaxel treatment cases.
Therefore, apatinib alone, or apatinib plus paclitaxel/doce-
taxel were superior to paclitaxel/docetaxel for ORR and

DCR. However, combined treatment with apatinib appears
to increase the risk of patients developing an adverse reac-
tion, especially hypertension and hand-foot syndrome.

Lung cancer is the most common malignant tumor with
the highest mortality rate in the world. In 2020, there were
more than 2 206 771 new cases of lung cancer and

T A B L E 2 Subgroup analysis for efficacy and safety of apatinib alone or apatinib plus paclitaxel/docetaxel versus paclitaxel/docetaxel in the treatment of
advanced non-small cell lung cancer

Response/toxicity Apatinib vs. paclitaxel/docetaxel p-vaule Apatinib +paclitaxel/docetaxel vs. paclitaxel/docetaxel p-value

ORR 1.69 (1.08–2.64) <0.05 1.60 (1.27–2.02) <0.05

DCR 1.36 (1.11–1.68) <0.05 1.26 (1.15–1.38) <0.05

Hypertension 1.19 (0.49–7.55) >0.05 9.85 (2.45–39.59) <0.05

Hand-foot syndrome 0.73 (0.38–1.14) >0.05 8.88 (1.69–46.62) <0.05

Gastrointestinal reaction 0.64 (0.37–1.11) >0.05 0.84 (0.57–1.23) >0.05

Thrombocytopenia 0.81(0.31–2.16) >0.05 1.13 (0.58–2.18) >0.05

Anemia 0.33 (0.04–3.04) >0.05 0.95 (0.38–2.36) >0.05

Leukocytopenia 0.38 (0.02–7.43) >0.05 1.03 (0.76–1.40) >0.05

NOTE: Weights are from random effects analysis
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1 796 144 death caused by lung carcinoma.20 According to
the NCCN guideline for NSCLC, platinum-based double
drug chemotherapy is generally applied as first-line treat-
ment for advanced NSCLC. However, relevant studies have
found that the 5-year survival rate of patients undergoing
platinum-based double drug chemotherapy was unsatisfac-
tory with low long-term survival rates and severe drug-
related adverse reactions.21 Paclitaxel and docetaxel are both
third generation antitumor drugs, and their antitumor
mechanism promotes microtubule polymerization, inhibits
depolymerization, and blocks cancer cell synthesis. Pacli-
taxel or docetaxel are generally recommended for the single

drug chemotherapy regimen in patients with advanced
NSCLC as maintenance therapy with the response rate of
16%–27%.22,23 The mainstream view supports that tradi-
tional chemotherapy has reached a bottleneck with regard to
tumor treatment response due to dosage restriction and
drug-related toxicity. In recent years, with the development
of new drugs, targeted therapy immunotherapy and anti-
angiogenic treatment have made great progress in improv-
ing treatment response, long-term survival and decreasing
treatment-related toxicity. Targeted treatment can signifi-
cantly improve the prognosis of NSCLC patients with posi-
tive driver gene mutations, but for NSCLC cases with
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negative driver genes, the target treatment appears to be
invalid.24,25 Since the 20th century, a series of clinical studies
have confirmed that tumor angiogenesis plays an important
part in tumor development.26–28 The vascular endothelial
growth factor (VEGF) pathway plays an important role in
the process of tumor angiogenesis. Among the VEGFR fam-
ily, VEGFR-2 is an important protein, which is considered
to be a key molecule related to tumor angiogenesis. VEGF-2
promotes the proliferation of vascular endothelial cells by
activating the mitogen activated protein kinase (MAPK) sig-
naling pathway.29

Apatinib is an antiangiogenic drug of VEGFR2 tyrosine
kinase inhibitor, which can inhibit the VEGF/VEGFR2 sig-
naling pathway and reduce the formation of MAPK,
thereby inhibiting the proliferation of vascular endothelial
cells and achieving an antitumor effect.30 At present,
apatinib has been approved as third-line treatment for
advanced gastric adenocarcinoma or gastroesophageal
junction adenocarcinoma in China.31 It has also shown
strong antitumor activity in vivo and in vitro in
cholangiocarcinoma, hepatocellular carcinoma, colorectal
cancer and non-small cell lung cancer, which brings new
hope for advanced NSCLC patients with negative driver
gene.32

In 2019, Yu et al.33 wrote a meta-analysis relevant to
apatinib in the treatment of advanced NSCLC. In their
study, the authors found that apatinib was a viable treatment
alternative for advanced NSCLC, as it offered a clinically
meaningful and statistically significant improvement in PFS,
ORR, and DCR. Moreover, therapy with apatinib did not
significantly increase toxicity. However, in the study by Yu
et al., only five studies were included in the analysis with a
small sample size. In our meta-analysis, we systematically
searched the relevant electronic databases and finally
included 11 prospective clinical studies. The pooled data of
the 11 studies included indicated apatinib alone or apatinib
plus paclitaxel/docetaxel were superior to paclitaxel/doce-
taxel for ORR and DCR. However, combined treatment with

apatinib appears to place patients more at risk of developing
an adverse reaction especially hypertension and hand-foot
syndrome. This finding was generally in accordance with
the conclusions of Yu et al.

However, the limitation of the present study is obvious.
First, although 11 studies were included in the analysis, the
sample size was still relatively small with weak statistical
power. Second, statistical heterogeneity existed in pooling
the drug-related adverse reactions which indicated the
results of the included studies were inconsistent with regard
to adverse reactions. Third, publication bias was identified
for the effect size of ORR and DCR, which may decrease the
power of the conclusions. Fourth, the general methodologi-
cal quality was moderate with most studies with a relatively
moderate and high risk of quality bias.

In conclusion, based on the current evidence, apatinib
alone, or apatinib plus paclitaxel/docetaxel was superior to
paclitaxel/docetaxel for ORR and DCR. However, there
appears to be more risk of patients developing adverse
reactions, especially hypertension and hand-foot syndrome,
in the combined treatment with apatinib. Furthermore, due
to the above limitations, the conclusions should be vali-
dated by high quality multiple center prospective clinical
trials. Regimens containing apatinib have been widely dis-
cussed and network meta-analysis are needed to compare
the treatment response among different chemotherapy
regimens.
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