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Abstract. Apatinib has been widely applied for the treatment of
gastrointestinal cancer since its development; however, avail-
able conclusive data regarding its use in non-small cell lung
cancer (NSCLC) are lacking. Thus, the present meta-analysis
aimed to compare the efficacy and safety of the use of apatinib
plus chemotherapy vs. chemotherapy alone for the treatment
of patients with advanced-stage NSCLC. Published studies
reporting the treatment response, progression-free survival
(PES), overall survival (OS) and adverse events in patients
with advanced-stage NSCLC treated with apatinib plus
chemotherapy or chemotherapy alone were searched using
the PubMed, China National Knowledge Infrastructure,
EMBASE, Chongqing VIP Information, Cochrane and
Wanfang databases until February 2023. Finally, 18 studies
involving 677 patients with NSCLC receiving apatinib plus
chemotherapy and 672 patients with NSCLC receiving chemo-
therapy were included in the present analysis. Apatinib plus
chemotherapy was found to increase the objective response
rate [relative risk (RR), 1.60; 95% confidence interval (CI),
1.38-1.86] and disease control rate (RR, 1.29; 95% CI,
1.21-1.38) compared to chemotherapy alone. Of note, apatinib
plus chemotherapy also prolonged PFS compared with chemo-
therapy alone (hazard ratio, 0.54; 95% CI, 0.35-0.73), while
no OS data were retrievable from the included studies. With
regard to safety, apatinib plus chemotherapy elevated the risk
of developing hypertension (RR, 3.78; 95% CI, 1.81-7.93) and
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hand-foot syndrome (RR, 6.51; 95% CI, 3.70-11.46) vs. chemo-
therapy alone; however, no difference was observed between
the two regimens in terms of the incidence of other adverse
events. Furthermore, the bias was low and the pooled findings
were reliable/stable, as indicated by a sensitivity analysis. On
the whole, the present study demonstrates that apatinib plus
chemotherapy increases the treatment response and PFS vs.
chemotherapy alone, while it also elevates the risk of devel-
oping hypertension and hand-foot syndrome in patients with
advanced-stage NSCLC.

Introduction

Non-small cell lung cancer (NSCLC) is one of the most
common types of cancer worldwide (1,2). Over the past
decades, according to cancer registration in China, the preva-
lence and mortality of lung cancer have exhibited an increasing
trend, which has led to an immense social burden (3). Current
treatments for NSCLC include surgical resection, chemo-
therapy, radiotherapy and immunotherapy (4). However, >30%
of patients with NSCLC are diagnosed at an advanced stage;
thus, the treatment choices for these patients are limited and
the therapeutic efficacy is not favorable (5,6). Hence, the explo-
ration of effective therapeutic strategies with which to promote
the management of patients with advanced-stage NSCLC is
urgently required.

Apatinib was the first oral vascular endothelial growth
factor receptor 2 (VEGFR?2) tyrosine kinase inhibitor (TKI)
approved in China, which was originally used to treat gastro-
intestinal tumors (7-9). Over the past decades, apatinib has
also brought hope for patients with advanced-stage NSCLC;
its application provides a favorable treatment response and
survival with tolerable adverse events (10-12). Of note, it has
also been reported that apatinib plus chemotherapy is asso-
ciated with favorable progression-free survival (PFS) with
tolerable adverse events among patients with advanced-stage
NSCLC (11,13-29). Even though a previous meta-analysis
compared the treatment response and safety between apatinib
plus chemotherapy and chemotherapy alone among patients
with advanced-stage NSCLC, no PFS or overall survival (OS)
data were analyzed in that study (30).
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Thus, in order to provide more substantial evidence
supporting the use of apatinib in patients with advanced-stage
NSCLC, the present meta-analysis synthesized the data of 18
studies and aimed to compare the efficacy and safety between
apatinib plus chemotherapy and chemotherapy among patients
with advanced-stage NSCLC.

Data and methods

Study search. A systematic literature search was carried out
through the medical databases of PubMed (https:/pubmed.
ncbi.nlm.nih.gov/), China National Knowledge Infrastructure
(CNKI,; https://www.cnki.net/), EMBASE (https:/www.embase.
com/), Chongqing VIP Information (CQVIP; http:/www.cqvip.
com/), Cochrane (https://www.cochranelibrary.com/) and
Wanfang (https:/www.wanfangdata.com.cn/) up to February
2023, to screen the studies that compared the efficacy and safety
of apatinib plus chemotherapy with chemotherapy in patients
with advanced-stage non-squamous NSCLC. The following
medical subject headings and keywords were used for searching:
‘non-small cell lung cancer’, ‘NSCLC’, ‘carcinoma of the lung’,
‘lung cancer’, ‘lung neoplasm’, ‘apatinib’, “YN968DI’, ‘apatinib
mesylate’, ‘chemotherapy’, ‘chemo’, ‘docetaxel’, ‘pemetrexed’,
‘gemcitabine’, ‘paclitaxel’, ‘vinorelbine’, ‘cisplatin’ and ‘carbo-
platin’. The reference lists of the retrieved articles were also
screened by (SQ, XH and ZL).

Study selection. A total of two independent investigators
(SQ and XH) screened all of the relevant studies and any
disagreements were resolved via discussion between them
or consultation with a third investigator (ZL). The inclusion
criteria for study screening were as follows: i) Patients with
advanced-stage NSCLGC; ii) studies comparing the efficacy
and safety of apatinib plus chemotherapy and chemotherapy;
iii) studies covering at least one outcome of this analysis,
which involved the objective response rate (ORR), disease
control rate (DCR), PFS, OS and adverse events. PFS was
defined as the duration from treatment initiation to the occur-
rence of progressive disease, intolerable adverse reactions
or all cause-death. The exclusion criteria were as follows:
i) Systematic reviews, meta-analyses, case studies or animal
studies; ii) duplicated studies; iii) the language of studies was
not English or Chinese.

Data extraction and quality evaluation. The data of all
studies were separately extracted by two researchers (SQ
and XH). In the case of any disagreement, discussion
between the readers or consultation with a third reader
was conducted. The information extracted in this analysis
was as follows: The first author's name, year of publication,
study type, sample size, the age of the patients, treatment
regimen, treatment line and outcomes. Patients who were
treated with apatinib plus chemotherapy were assigned
to the ‘apatinib plus chemo’ group, while those who were
treated with chemotherapy alone were placed in the ‘chemo’
group. The quality of the included randomized controlled
trials (RCTs) was assessed through a modified version of
the Cochrane Collaboration tool (31), while the quality of
non-RCTs was evaluated using the Newcastle-Ottawa scale
criteria (32).

Statistical analysis. Statistical analyses were carried out
using Stata (v.14.0; StataCorp). The relative risk (RR)
with 95% confidence intervals (CI) were used to evaluate
outcomes. For the assessment of heterogeneity, 1’<50.0% and
P=0.05 indicated that the heterogeneity was insignificant,
and the fixed-effects model was applied; otherwise, the
random-effects model was utilized. Begg's and Egger's tests
were used for analyzing publication bias and a value of
P<0.05 was considered to indicate a statistically significant
difference. Sensitivity analysis (studies were excluded one by
one) was used to assess the robustness and reliability of the
results.

Results

Study selection process. A total of 820 records were
identified through the databases (281 from PubMed, 181
from CNKI, 121 from EMBASE, 90 from CQVIP, 64
from Cochrane and 83 from Wanfang), among which 517
duplicates were excluded. Subsequently, 303 records were
screened based on title and abstract and 272 of these were
excluded (including 179 irrelevant studies, 34 reviews or
guidelines, 26 animal studies, 18 meta-analyses and 15 case
reports). Subsequently, 31 records were assessed through
full-text reading, of which 13 records were excluded
(including 9 that administered targeted drugs other than
apatinib and 4 without an eligible population). Finally,
18 studies involving 1,349 patients were included in the
meta-analysis (Fig. 1).

Features of the included studies. A total of 18 studies
comprising 677 patients with advanced-stage NSCLC
receiving apatinib plus chemotherapy and 672 patients with
advanced-stage NSCLC receiving chemotherapy alone were
included in the meta-analysis. The ORR, DCR, PFS and
adverse events were regarded as study outcomes to evaluate
the efficacy and safety of apatinib plus chemotherapy and
chemotherapy alone. Further detailed information is presented
in Table I. The two groups showed no significant difference
in age. Gender distributions of the pooled cohorts were 412
males vs. 265 females in the apatinib plus chemo group; and
397 males vs. 275 females in the chemo group. There was
no significant difference in gender distribution between the
two groups either. Additional features of the included studies
(including sample size and EGFR mutation) were presented in
Table SI.

ORR and DCR.Intotal, 17 studies compared the ORR between
the apatinib plus chemo group and chemo group. There was no
heterogeneity among these studies (I°=0.0%, P=0.982). After
the fixed-effects model was applied, it was found that the ORR
was increased in the apatinib plus chemo group compared
to the chemo group (RR, 1.60; 95% CI, 1.38-1.86; P<0.001;
Fig. 2A). Furthermore, these 17 studies also compared the
DCR between the apatinib plus chemo group and chemo
group, and no heterogeneity existed between them (I’=28.3%,
P=0.133.). Application of the fixed-effects model then revealed
that the ORR was elevated in the apatinib plus chemo group
compared to the chemo group (RR, 1.29; 95% CI, 1.21-1.38;
P<0.001; Fig. 2B).
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303 Records were screened based on
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18 Records involving 1349 patients
were included in the meta-analyses

Figure 1. Flow chart of the study selection process. CNKI, China National
Knowledge Infrastructure; CQVIP, Chongqing VIP.

PFS. A total of five studies compared PFS between the
apatinib plus chemo group and chemo group. No heterogeneity
was found among these five studies (I>=0.0%, P=0.818). The
fixed-effects model then revealed that the PFS was prolonged
in the apatinib plus chemo group compared to the chemo
group (hazard ratio, 0.54; 95% CI, 0.35-0.73; P=0.001; Fig. 3).
However, no OS data were reported in the analyzed studies.

Adverse events. The incidence of hypertension between the
two groups was compared in 11 studies, and heterogeneity was
found among these (I’=55.9%, P=0.012). The random-effects
model revealed that the incidence of hypertension was
increased in the apatinib plus chemo group compared to the
chemo group (RR, 3.78; 95% CI, 1.81-7.93; P<0.001; Fig. 4A).

A total of nine studies compared the incidence of hand-foot
syndrome between the two groups; the pooled analysis of these
studies revealed that the incidence of hand-foot syndrome was
increased in the apatinib plus chemo group in comparison
to the chemo group (RR, 6.51; 95% CI, 3.70-11.46; P<0.001)
and heterogeneity existed among these studies (I°=52.3%,
P=0.032; Fig. 4B).

However, no differences in the incidence of liver dysfunc-
tion (Fig. 4C), proteinuria (Fig. 4D), bone marrow depression
(Fig. 4E), thrombocytopenia (Fig. 4F), leukopenia (Fig. 4G),
fatigue (Fig. 4H), gastrointestinal reactions (Fig. 4I) or
nausea/vomiting (Fig. 4J) were found between the two groups
(all P>0.05).

Publication bias. Both Begg's and Egger's tests revealed that no
publication bias existed regarding the ORR, DCR, PFS, hyper-
tension, hand-foot syndrome, liver dysfunction, proteinuria,

bone marrow depression, thrombocytopenia, leukocytopenia,
fatigue and nausea/vomiting (all P>0.050). However, publica-
tion bias was found for gastrointestinal reactions based on
Begg's test (P=0.048), but not Egger's test (P=0.183) (Table II).

Assessment of risk of bias and sensitivity analysis. Application
of the Cochrane Collaboration's tool revealed that the
overall risk of bias in the included RCTs was relatively low.
Specifically, all included RCTs were evaluated as low risk for
sequence generation, completeness of outcome data and being
free of selective reporting. However, concealment of alloca-
tion and blinded adjudication were unclear among all RCTs.
Regarding the risk of other biases, four studies were rated as
high risk and nine studies as unclear (Table III). Furthermore,
the risk of bias of the five non-RCTs was assessed using the
Newcastle-Ottawa Scale criteria, which indicated that the
total score of these studies ranged from 7 to 8, suggesting a
relatively low risk of bias (Table IV).

Furthermore, sensitivity analysis was conducted for all
outcomes by omitting each study, one at a time. The results
indicated that no single study substantially altered the RR of
most outcomes. However, the RR of proteinuria, thrombocy-
topenia and fatigue were affected by omitting the studies by
Liu and Zheng (15), Guo and Jing (13) and Song et al (27),
respectively (Table SII).

Discussion

The high morbidity and mortality associated with
advanced-stage NSCLC have brought an immense burden
globally, particularly in China (2,5,6). Over the past decade,
anti-angiogenetic treatments have seen notable progress in
the treatment of advanced-stage NSCLC, which enhances the
treatment response and prolongs patient survival with tolerable
adverse events (33). Previously, bevacizumab was the main
angiogenesis inhibitor for patients with advanced NSCLC (34).
Apatinib is a representative novel anti-angiogenetic drug
approved in China, whose application in NSCLC has been
reported in previous studies (9,11,30). In order to provide more
sufficient evidence supporting the application of apatinib in
advanced-stage NSCLC, the present meta-analysis reviewed
18 studies (including 13 RCTs and 5 observational studies)
and found that apatinib plus chemotherapy enhanced the ORR
and DCR compared to chemotherapy alone among patients
with advanced-stage NSCLC. The potential explanation for
this may be as follows: i) Apatinib, as a VEGFR2 TKI, was
able to suppress VEGF/VEGFR?2 and MAPK pathways, which
consequently inhibited tumor activity (35). ii) The synergistic
antitumor effects of apatinib and chemotherapy may increase
the treatment efficacy among patients with advanced-stage
NSCLC (36). iii) Apatinib has been found to enhance the sensi-
tivity of chemotherapeutic drugs through the AKT/B-catenin
pathway (37). Therefore, apatinib plus chemotherapy can
enhance the treatment response compared to chemotherapy
alone among patients with advanced-stage NSCLC.
According to the guidelines from the National
Comprehensive Cancer Network, platinum-based chemo-
therapy is recommended as a first-line treatment for patients
with advanced-stage NSCLC (1). However, according to
previous studies, the survival of patients with advanced-stage



QIN ez al: APATINIB PLUS CHEMOTHERAPY FOR ADVANCED-STAGE NSCLC

SJUSAQ ISIdAPE

LW/3W G/ [9XB1200p

(€2)  ‘Sdd “¥Dd “9dI0 II /3w G/, [9XeI100( ‘p/w 00¢ qrunedy VN VN 0S 8P 1D 120T ‘uayd
/3w ¢z unerdsmo
SJUQAD JSIOADE /3w ¢z unerdsio L w/Sw G [-G/ [oxelroed

(T0) ADA “JIO VN S W/SW G [-G/ [oXe|oRd ‘p/3w (0¢ qrunedy O VL0 1Y 0 SL-0EY or oy 109 120 m)
/s G/ 1 [oxeyjoed

(12 JY0d “JIO0 VN [W/SW G/ [oxeN[oed ‘p/suwr 0gg qrunedy 8 SFE IS 20'9F6°05 09 09 LOY 020T V1
/3w ¢/ 1 [oxeyoed
SJUOAQ 9SIQAPE /3w g/ 1 [oxenoed w/Sw ¢z unerdsio

(00 AOA A0 YN ‘wy/3w ¢z uneldsty ‘pBw 08 quuedy (€ LFYES o€ LFETS 8¢ 8¢ LD¥  0T0T A1X
[oxeoed {[oxe1o00p
[oxeroed {[oxe1a00p ‘ourqeIrowas (paxanowad

(61) SJUSAQ ISIPAPY I “QUIQE)IOWAT :PAXANAUW] ‘p/3w 00g qrunedy aS'9F6'C9 aC LF919 0S 0s IDd 0coT ‘onH
/3w g paxanswad
SJUOAD ISIJAPE /3w g paxanawad L w/3W G/, [9XBII0P

(81)  ‘Sdd "40d "4dO0 1I “W/3w G/ [9Xe100Qq ‘p/3wr 00§ qrunedy VN 0ELOTE) S8S  TI w@ ID¥ 020z ‘nX

SJUQAQD 9SIJAPE W/SW ()9 [9XBI00P Apn3s

(an ADA “JIO VN [W/3W (09 [XeI1200( ‘p/3w 00g qrunedy 0°6L-0'8Y O SL-OLY 0¢ 61 [euoneAIssqO 020T ‘"H

[oxejrfoed ‘ourqeirowad
SJUOAD ISIQAPE [oxeioed ourqeiowad  {paxanowad ([oxeI000p Apmis

(L1)  ‘SAd¥DA “¥I0 1T ‘paxanowad ‘[oxeleo0( ‘p/Suwr 0og qrunedy a8 SF9CC al'SFT9S 9¢ [43 [PUONBAIDSGO  610T ‘O]
SJUOAD ISIJADE W/3W G/ [9XB1200p

n DA YIo I [/SW G/ [9XeR00T  p/3W 00S-0ST quunedy  0'9FE¥S 4T 9FI'9S 1€ 1€ LY 610T ‘3ueys
SIUQAQD 9SIJADE LW/3W ()9 [9Xe1200p

(98] ADA “YIO 1I w/SW (9 [2XeI1200( ‘p/3w o0g qrunedy al'LFL'TS ql"L¥G0S ov oy IDd  810T ‘I
/3w ¢z unerdsio
W/3w gz unerdsto W/SW Gy -Gl
SJUDAD JSIOADE LW/SW CHI-GET [oxeyyoed

(20, ADA “JIO VN [oxel[oed ‘p/3w (g8 qrunedy oS CFCI9 9 CFE19 (44 (44 1DY¥  L10T ‘uay)

SIUQAD

9SI9APE ‘S LW/3W ()9 [9XB1200p

(€ ADA “JIO II [W/SW (9 [XeI1200(] /3w 00¢ quunedy (0°SL-09€) 085 (0TL-0EE) 019 0T 61 109  L10T ‘onD

('syo¥) sowoINQ aur| owayD owayo snid oway) owayo snid oway) owoayd snid  adA) Apmg  IBA ‘JOyINy

juouneal], quunedy quunedy quunedy
UQWIST JUSWIBAIL], SIBQA ‘03y az1s o[dwreg

*SAIpNIS papnjour Jo sainjes ‘[ a[qel,



ONCOLOGY LETTERS 27: 25, 2024

"O[qe[TeAR JOU ‘YN {[BAIAINS 901J-UOISSAIZ01d ‘G (9IBI [01UO0D ISBISIP YD 2Bt asu0dsar aanoa[qo YO ‘[l [01U0D
wopuel ‘1) ‘AdeIaylowayo ‘oway)) "WNWIXLW-WNWIUIW SB PAGLIOSIP Sem 338, {UONBIAID PIRPURIS F UBIW SB PAQLIOSIP Sem 338, {(a3uel o[1n1enbrojur) UBIpaw se paqLIosap sem 93y,

SJUQAQD 9SIdADE ;s G/ 1 [oxeyroed Apn3s
(62) R:OICRR1:(0) VN [W/SW G/ [oXeN[oed ‘p/3w (g8 qrunedy o7 9F6'€9 a7’ 9F6'€9 (44 (44 [euoneAlssqO 70T ‘1
/3w g unerdsio
SJUOAQ 9SIQAPE Jw/3w oz unerdsmo L w/Sw e [oxelord
(80 ADA “JIO VN /3w GET [oxeNoRg ‘p/Suwr 0gg qrunedy aC' LF6'ES € 8FCIS Sy Ly 1DY¥  TT0T ‘uau)
/W ()G dUIqRIIOWSS
w/3W ()7 UIqeIIOWa3 ‘;w/Sw ¢z unedsio
SJUQAQD 9SIJADR L w/Sur gz unerdso $,W/SW G7 QUIq[aIoUTA
(LD ‘Sdd “¥Dd 990 VN *W/SW GT QUIQAIOUIA ‘p/Suwr 0§ qrunedy a0’ SF0'€9 al'SF0'€9 143 123 LOY¥  120¢ ‘Suog
Juy3ur (g1 [oxelroed
SJUIAD ISIJADR /3w g1 [oxenoed ;wy/Sw oz unedsio Apmis
(92 WOAYIO YN w/3u oz unerdsiy pBw ogg quuedy  (T'8FETY €' 8FS'T9 0¢ 0¢ [PUONBAISSGD  [TOT ‘OnD
SJUQAQD 9SIdAPE ;s G/ 1 [oxeyoed Apnis
(S0 ADA “YIO I W/SW G/ | [oXeN[oed ‘p/3w 00g qrunedy VN VN (974 (94 [euOnRAISSqO  1TOT ‘NI
/3w ge 1 axenyoed
SJUOAQ 9SIQAPE /3w ge 1 [oxeyoed w/Sw ¢z unerdsio
(9] YOAYIO YN fwy/Sw ¢z unerdsiy p/Sw gz quuedy  (TEFI'L9 GO EFI'LY o o LO¥ 120C ‘Sueny
(syoy) sawoonQ aur| owayD owayd snid oway) owoyo snjd  owoy) owoyosnid  odAy Apmg  1eaA ‘royiny
JUQUIIBAI], qrunedy quuiedy qrunedy
uoWI3aI JUSUBAL], s1eof ‘o3 az1s ojdureg

"panunuo) ‘1 9[qeL



6 QIN ez al: APATINIB PLUS CHEMOTHERAPY FOR ADVANCED-STAGE NSCLC

A ORR

Study Risk Ratio (95% CI) Weight (%)
Yunjie G,2017 R 3.16(0.72,13.76)  1.18

Erhong C,2017 == 1.50 (0.89, 2.53) 8.47

Xuyang L,2018 — =+ 400(047,3424) 061

Ke S,2019 o 1.73(1.00, 3.00) 6.66

Runhua L,2019 _ 1.13(0.24, 5.18) 1.71

Rong H,2020 — 3.68 (0.87, 15.56) 1.18

Zongyang Y,2020 _t 3.00 (0.41, 21.93) 0.81

Meigiang X,2020 o 1.41(1.03,1.92) 13.32

Shi L,2020 e 1.31(0.76, 2.26) 9.68

Yujie C,2020 — 1.50 (1.00, 2.25) 10.90
Ping C,2021 — 2.08 (0.55, 7.86) 1.78

Yiwei H,2021 —— 1.60 (1.00, 2.57) 9.08

Jia L,2021 —— 1.58 (1.07, 2.33) 11.50
Honghua G,2021 i 1.80 (1.00, 3.23) 6.05

Yanhai S,2021 T 1.45 (0.80, 2.66) 6.66

Lei C,2022 — 1.15 (0.55, 2.39) 6.18
Mingyue L,2022 S 2.14(0.97, 4.72) 424

Overall o 1.60(1.38,1.86)  100.00
Heterogeneity: 1> = 0.0%, P = 0.982

Fixed-effect model: Z = 6.222, P < 0.001
T T T
-5 0 5
Log 2

Favours chemo Favours apatinib plus chemo

B DCR
Study Risk Ratio (95% Cl) Weight (%)
Yunjie G,2017 4 - 193 0.89, 4.17) 1.46

(
Erhong C,2017 L 1.18 (1.00, 1.38) 8.51
Xuyang L,2018 _._4_ 1.65 (1.09, 2.49) 426
Ke S,2019 —— 1.32 (0.95, 1.83) 476
Runhua L,2019 -—éo— 1.38 (0.92, 2.05) 424
Rong H,2020 —_— 1.87 (1.11, 3.15) 2.20
Zongyang Y,2020 4 1.31(0.90, 1.91) 267
Meigiang X,2020 o= 1.08 (0.98, 1.20) 8.76
Shi L,2020 “‘T‘ 124 (1.02,1.50)  10.51
Yujie C,2020 - 1.27 (1.04, 1.54) 7.51
Ping C,2021 ) S 1.44 (0.97, 2.14) 5.15
Yiwei H,2021 — 1.15 (0.98, 1.35) 8.26
Jia L,2021 “H+ 1.12 (0.93, 1.35) 8.51
Honghua G,2021 —4‘— 1.27 (1.01, 1.61) 5.51
Yanhai S,2021 —— 1.40 (1.02, 1.93) 5.01
Lei C,2022 S 1.28 (1.01, 1.62) 7.67
Mingyue L2022 — 1.50 (1.04, 2.17) 5.01
Overall 0] 129 (1.21,1.38)  100.00

Heterogeneity: 1> = 28.3%, P=0.133
Fixed-effect model: Z=7.712, P < 0.001

T T
-2 0
Log 2

T
2

Favours chemo Favours apatinib plus chemo

Figure 2. Forest plot of the treatment response between the apatinib plus chemotherapy group and the chemotherapy alone group. Pooled analysis of the
(A) ORR and (B) DCR. ORR, objective response rate; DCR, disease control rate; chemo, chemotherapy.
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Figure 3. Forest plot of PFS between the apatinib plus chemotherapy group and the chemotherapy alone group. PFS, progression-free survival; chemo,

chemotherapy.

NSCLC following chemotherapy remains unsatisfac-
tory (38,39). Several clinical trials have indicated that, in
comparison to chemotherapy alone, apatinib plus chemo-
therapy prolongs the survival of patients with advanced-stage
NSCLC (13,17,21,23,27). However, to date, at least to the best
of our knowledge, there is no study available that comprehen-
sively compares the survival of patients with advanced-stage
NSCLC receiving these treatment methods. In the present
systematic meta-analysis, the pooled data of the five studies
demonstrated that PFS of patients with advanced-stage NSCLC
was longer in the group receiving apatinib plus chemotherapy
compared to chemotherapy alone. The possible reason for this
may be that the favorable treatment response of apatinib plus

chemotherapy contributed to satisfactory survival outcomes
among patients with advanced-stage NSCLC.

Previous studies have demonstrated that common
apatinib-related adverse events are mild hypertension,
hand-foot syndrome and fatigue (40,41). In addition, the main
toxic effects associated with chemotherapy are leukopenia,
neutropenia, thrombocytopenia and anemia (42). Of note,
previous studies have demonstrated that apatinib plus chemo-
therapy does not increase the numbers of severe adverse
events compared to chemotherapy alone when used in the
treatment of patients with advanced-stage NSCLC (11,13-29).
However, a comprehensive analysis of the safety of apatinib
plus chemotherapy in patients with advanced-stage NSCLC
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Table II. Publication bias.

Outcome Studies included, n P-value (Begg's test) P-value (Egger's test)
ORR 17 1.000 0.729
DCR 17 0.466 0.215
PFS 5 0.806 0.200
Hypertension 11 0.876 0.970
Hand-foot syndrome 9 0.602 0.713
Liver dysfunction 7 0.230 0.261
Proteinuria 13 0951 0.139
Bone marrow depression 8 0.902 0.758
Thrombocytopenia 7 0.368 0.179
Leukocytopenia 5 1.000 0.812
Fatigue 5 0.221 0.299
Gastrointestinal reaction 9 0.048 0.183
Nausea/vomiting 6 0.707 0.277

ORR, objective response rate; DCR, disease control rate; PFS, progression-free survival.

Table III. Assessment of the risk of bias in randomized controlled trials by Cochrane Collaboration's tool.

Sequence Concealment Blinded Completeness of  Free of selective Free of
Author, year ~ generation of allocation  adjudication outcome data reporting other bias  (Refs.)
Guo, 2017 Low risk Unclear Unclear Low risk Low risk Unclear (13)
Chen, 2017 Low risk Unclear Unclear Low risk Low risk Unclear (14)
Liu, 2018 Low risk Unclear Unclear Low risk Low risk Unclear (15)
Shang, 2019 Low risk Unclear Unclear Low risk Low risk Unclear (16)
Yu, 2020 Low risk Unclear Unclear Low risk Low risk Unclear (18)
Guo, 2020 Low risk Unclear Unclear Low risk Low risk Unclear (19)
Xie, 2020 Low risk Unclear Unclear Low risk Low risk Unclear (20)
Li, 2020 Low risk Unclear Unclear Low risk Low risk High risk 21
Cui, 2021 Low risk Unclear Unclear Low risk Low risk Unclear (22)
Chen, 2021 Low risk Unclear Unclear Low risk Low risk High risk (23)
Huang, 2021 Low risk Unclear Unclear Low risk Low risk High risk (24)
Song, 2021 Low risk Unclear Unclear Low risk Low risk High risk 27
Chen, 2022 Low risk Unclear Unclear Low risk Low risk Unclear (28)

Table IV. Assessment of the risk of bias in non-randomized controlled trials by the Newcastle-Ottawa Scale criteria.

Author, year Selection Comparability Outcome Total score (Refs.)
Luo, 2019 4 1 3 8 17)
Hu, 2020 4 2 2 8 (11)
Liu, 2021 4 1 2 7 (25)
Guo, 2021 4 2 2 8 (26)
Lu, 2022 4 2 2 8 29)

is still warranted. Herein, the pooled analysis revealed that  were found among the patients with advanced-stage NSCLC;
apatinib plus chemotherapy only increased the risk of devel-  this finding was consistent with that of a previous related
oping hypertension and hand-foot syndrome; however, no  meta-analysis (30). The potential reasons for this may be
other adverse events in comparison to chemotherapy alone  the following: i) Apatinib inhibited the VEGFR-2-mediated
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A Hypertension B Hand-foot syndrome
Study Risk Ratio (95% Cl)  Weight (%) Study Risk Ratio (95% CI) Weight (%)
Yunjie G,2017 —0:— 3.15(0.14, 72.88) 427 Yunjie G,2017 —_— 5.25(0.27, 102.74) 0.00
Xuyang L,2018 —_— 9.00(2.23, 36.26) 11.20 Xuyang L2018 —_ 5.25(1.98, 13.92) 31.44
Runhua L,2019 el 225(1.04,4.87) 15.46 Runhua L,2019 —ﬂJ— i 0.56 (0.11,2.87) 29.59
Rong H,2020 ————+—————  24.15(152,383.25) 5.17 Rong H,2020 - 11.55 (0.68, 195.63) 0.00
Chunhui G,2020 — 8.00 (1.94, 32.99) 11.06 Chunhui G,2020 ._._.— 37.00 (2.29, 597.64) 0.00
Ping C,2021 -—’— 8.68 (2.80, 26.88) 12.97 Ping C,2021 —-—o— 15.10 (3.81, 59.86) 15.40
Yiwei H,2021 —_— 0.50 (0.05, 5.30) 6.43 Jia L,2021 ——— 0.33(0.01, 7.96) 7.86
Jia L,2021 —_—T 0.33(0.01,7.96) 420 Yanhai $,2021 ——+—7— 3.00 (0.33, 27.42) 7.86
Honghua G,2021 — 0.67(0.12,3.71) 9.29 Mingyue L,2022 — 2.00(0.19, 21.23) 7.86
Yanhai $,2021 —— 2.00(0.54, 7.35) 11.80 Overall Q 6.51(3.70, 11.48) 100.00
Mingyue L2022 s 3200(458,22354) 814 Heterogeneity: I* = 52.3%, P= 0,032
Overall @ 3.78(1.81,7.93) 100.00 Fixed-effect model: Z = 6.501, P < 0.001
T T T
Heterogeneity: I = 55.9%, P= 0.012 8 0 8
Random-effect model: Z = 3.527, P < 0.001 Log2
T y Favours apatinib plus chemo Favours chemo
8 8
Log2
Favours apatinib plus chemo Favours chemo
C Liver dysfunction D Proteinuria
Study Risk Ratio (95% Cl) Weight (%) Study Risk Ratio (95% CI) Weight (%)
Xuyang L,2018 —_— 1.00 (0.21, 4.66) 12.00 Yunjie G,2017 T 525002710274 4.06
Ke $,2019 R 1.25(0.37, 4.22) 15.99 Xuyang L2018 : 0.43(0.22,082) 16.56
: Runhua L,2019 = 2.25(0.96, 5.30) 14.85
Chunhui G,2020 e 2.25(0.74,6.83) 15.99 '
: Rong H,2020 ——————————— 735(040, 133.48) 423
Ping C,2021 - 1.39(0.52,3.71) 2350 Zongyang Y,2020 I 1,50 (0.18, 12.80) 656
Jia L,2021 0.33(0.01, 7.96) 4.00 Chunhui G,2020 _——— 2,67 (0.75, 9.47) 11.55
Lei C,2022 — 064 (0.19,2.11) 2451 Yujie C,2020 e 300(0.13,7151) 367
Mingyue L2022 R | M 1.00 (0.0, 15.47) 4.00 Ping C,2021 : = 11.46 (1.54, 85.38) 714
. Yiwei H,2021 —_——— 1.00 (0.06, 15.44) 462
Overall > 1.20 (0.73, 1.98) 100.00 :
Jia L,2021 e 0.50 (0.05, 5.31) 574
Heterogeneity: I = 0.0%, P=0.798 ;
Fixed-effect model: Z = 0.725, P = 0.469 Honghua G,2021 — 0.50 (0.05, 5.22) 580
= B . Yanhai §,2021 — 250 (0.52, 12.01) 948
Log2 R I S
Favours apatinib plus chemo 9 Favours chemo Mingyue L2022 A 0.50(0.05, 5.31) 574
Overall O 1,57 (0.80, 3.09) 100.00
Heterogeneity: I = 48.8%, P = 0.024
Random-effect model: Z = 1.319, P=0.187
T T
7 7
Log 2
Favours apatinib plus chemo Favours chemo
E Bone marrow depression F Thrombocytopenia
Study Risk Ratio (95% CI)  Weight (%) Study Risk Ratio (95% CI)  Weight (%)
Xuyang L2018 0.35 (0.16, 0.80) 16.05 Yunjie G,2017 T 281(0:87,9.03) 9.46
Ke S.2019 088 (0.36,2.12) 755 Erhong C,2017 e 0.17(0.02,1.33) 1943
P PR
Runhua L,2019 1,69 (0.67, 4.22) 533 Rong H,2020 ' 1.32(0.41,4.18) 1262
Chunhui G,2020 0.94 (069, 1.27) 30.21 Meigiang X,2020 I E— 1.00(0.06, 15.41) 324
Y C,2020 —+ 0.08 (0.00, 1.32 19.43
Ping C,2021 1.01(0.79, 1.29) 33.30 e C ; (0.00.132)
Yanhai §,2021 —5— 0.75(0.29, 1.93) 25.90
Jia L2021 0.33(0.04, 3.08) 283 i
Lei C,2022 —_— 0.64 (0.11, 3.64) 9.92
Yanhai $,2021 1,67 (0.43,6.43) 2583 :
Overall <: 0.75 (0.46, 1.24) 100.00
Mingyue L2022 1,50 (0.26, 8.52) 1.89
Heterogeneity: |2 = 42.0%, P=0.111
Overall 092(0.76,1.11) 100.00 Fixed-effect model: Z = -1.116, P = 0.265
Heterogeneity: I* = 25.6%, P = 0.225 3 B T
Fixed-effect model: Z = -0.867, P = 0.386 Log2
T T Favours apatinib plus chemo Favours chemo
5 0 5
Log2
Favours apatinib plus chemo Favours chemo
G Leukocytopenia H Fatigue
Study Risk Ratio (95% CI)  Weight (%) Study Risk Ratio (95% CI)  Weight (%)
Erhong C,2017 _— 0.33(0.07, 1.56) 46.00 Rong H,2020 —_— 1.84 (064, 5.30) 6.19
Meigiang X,2020 - 1.00 (0.06, 15.41) 767 Zongyang Y,2020 - 3.75 (1.04, 13.56) 423
Yujie C,2020 - . 150 (0.26, 8.50) 15.33 Chunhui G,2020 —— 1.27 (0.73,2.20) 2382
Yiwei H,2021 - 050 (0.05, 5.30) 15.33 Ping C,2021 —— 1.11(0.81, 1.53) 45.11
Lei C,2022 —_— 1.4 (0.25, 8.20) 15.67 Yanhai §,2021 B 0.7 (039, 1.51) 2064
Overall <:> 0.76 (034, 1.70) 100.00 Overall <> 1.24 (0.96, 1.59) 100.00
Heterogeneity: I* = 0.0%, P = 0.670 Heterogeneity: I = 30.3%, P=0.219
Fixed-effect model: Z = -0.665, P = 0.506 Fixed-effect model: Z = 1.648, P = 0.099
T T T T T
4 0 4 4 4
Log2 Log2
Favours apatinib plus chemo Favours chemo Favours apatinib plus chemo Favours chemo
Gastrointestinal reaction J Nausea/vomiting
Study Risk Ratio (95% CI)  Weight (%) Study Risk Ratio (95% CI)  Weight (%)
Erhong C,2017 +————%———— 4.00(0.90, 17.74) 424 Rong H,2020 0.99(0.72, 1.36) 19.91
Xuyang L,2018 —_— 0.79 (0.41, 1.52) 2969 Zongyang Y,2020 1,50 (0.18, 12.80) 1.70
Ke $,2019 — 0.90 (0.42, 1.91) 2121 Chunhui G,2020 1.25(0.74,2.12) 2043
Runhua L,2019 ——— 1.13(0.24,5.18) 599 Ping C,2021 0.94 (067, 1.31) 3753
Zongyang Y,2020 —_— 1.50 (0.18, 12.80) 283 Yiwei H.2021 1.00 (0.15, 6.76) 255
Meigiang X,2020 2.00(0.19, 21.14) 212 Yanhai $,2021 1.14 (067, 1.96) 17.88
Yujie C,2020 _ 1.00 (0.27,3.72) 8.48 Overall 1.06 (0.86, 1.31) 100.00
JiaL,2021 _— 0.43 (0.12, 1.55) 14.84 Heterogeneity: I* = 0.0%, P = 0.940
Fixed-effect model: Z = 0.526, P = 0.599
Mingyue L2022 _r 1.20 (0.40, 3.63) 10,60 T T
-4 4
Log2
Overall 102(0.71,1.47) 100.00 Favours apatinib plus chemo Favours chemo
Heterogeneity: I = 0.0%, P = 0.621
Fixed-effect model: Z = 0.116, P = 0.908
T T
-4 0 4
Log2
Favours apatinib plus chemo Favours chemo

Figure 4. Forest plot of adverse events between the apatinib plus chemo group and chemo group. Pooled analysis of (A) hypertension, (B) hand-foot syndrome,
(C) liver dysfunction, (D) proteinuria, (E) bone marrow depression, (F) thrombocytopenia, (G) leukocytopenia, (H) fatigue, (I) gastrointestinal reaction and
(J) nausea/vomiting. Chemo, chemotherapy.
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signaling pathway and the latter has an essential role in
maintaining vascular tone and blood pressure regulation. As a
result, apatinib may cause the incidence of hypertension (43).
ii) The apatinib-induced keratinocyte apoptosis, the persis-
tent existence of subclinical trauma and impaired vascular
function may have resulted in the development of hand-foot
syndrome (44).

The purpose of the current study was to compare the efficacy
and safety of apatinib plus chemotherapy vs. chemotherapy
alone for patients with advanced NSCLC, since the benefit of
bevacizumab plus chemotherapy in these patients was already
suggested in other meta-analyses (45,46). However, the present
study has certain limitations, which should be mentioned:
i) The present study was limited by the fact that OS data were
not reported in the previous studies and a meta-analysis on
this aspect was thus difficult to conduct. Further studies are
required to focus on the OS benefit from the use of apatinib
plus chemotherapy in patients with advanced-stage NSCLC.
ii) Sensitivity analysis revealed that omitting the studies by
Liu and Zheng (15), Guo and Jing (13) and Song et al (27)
affected the pooled analysis finding of proteinuria, throm-
bocytopenia and fatigue, respectively; thus, more updated
studies are required to validate this finding. iii) There were
four studies with a high risk of other biases, which may have
interfered with the results. iv) As the original studies provided
limited relevant information, it was not possible to perform
subgroup analyses; hence, it was difficult to demonstrate what
type of patient group benefited from the combination therapy.
v) Previous treatment may have influenced the outcome, while
most studies did not present this information in detail; thus, it
was difficult to analyze.

In conclusion, the present meta-analysis demonstrated
that the use of apatinib plus chemotherapy enhanced the
treatment response and PFS. However, it increased the risk of
developing hypertension and hand-foot syndrome compared
with chemotherapy alone among patients with advanced-stage
NSCLC.
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