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Apatinib plus chemotherapy is associated with an improved tumor
response, survival and tolerance compared with chemotherapy
alone for advanced lung adenocarcinoma treatment
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Abstract. Apatinib plus chemotherapy demonstrates good
efficacy in multiple advanced carcinomas; however, its use
in patients with advanced lung adenocarcinoma (LUAD) has
not yet been assessed. The present study evaluated the poten-
tial benefits of apatinib plus chemotherapy in patients with
advanced LUAD. A total of 145 patients with advanced LUAD
and negative driver genes who received apatinib plus chemo-
therapy (n=65) or chemotherapy alone (n=80) were analyzed.
The overall response rate was significantly improved by
apatinib plus chemotherapy vs. chemotherapy alone (53.8 vs.
36.3%; P=0.034). Moreover, progression-free survival (PFS)
was significantly longer in patients who received apatinib plus
chemotherapy, compared with those who received chemo-
therapy alone [median (95% CI), 13.4 months (11.5-15.3) vs.
8.2 months (6.9-9.5); P<0.001], as was overall survival (OS)
[median (95% CI), 23.1 months (not reached) vs. 17.0 months
(14.6-19.4; P=0.001). Following adjustment by multivariate
Cox regression analysis, apatinib plus chemotherapy was
associated with a significantly longer PFS [hazard ratio (HR),
0.444; P<0.001] and OS (HR, 0.347; P<0.001), compared with
chemotherapy alone. Subgroup analyses revealed that PFS
and OS were significantly improved following apatinib plus
chemotherapy vs. chemotherapy alone (all P<0.05) in patients
receiving first- or second-line treatment. Notably, the incidence
of hypertension was significantly increased following apatinib
plus chemotherapy vs. chemotherapy alone (43.1 vs. 25.0%;
P=0.021), whereas the incidence of other adverse events was
not significantly different between the two treatment groups
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(all P>0.05). In conclusion, apatinib plus chemotherapy is
associated with an improved treatment response and survival
compared with chemotherapy alone, with a tolerable safety
profile in patients with advanced LUAD.

Introduction

Lung adenocarcinoma (LUAD) is the most common subtype
of non-small cell lung carcinoma (NSCLC), accounting for
40-50% of cases, characterized by a high histological, cellular
and molecular heterogeneity (1-3). Positive driver genes are
detected in most patients with LUAD, and with the emergence
of targeted therapies, the 1-year survival rates of these patients
receiving targeted therapy have been improved compared with
those receiving chemotherapy (24 vs. 9%) (4-8). However,
~10% of patients with advanced LUAD carry negative driver
genes (9,10). According to the National Comprehensive Cancer
Network (NCCN) Clinical Practice Guidelines in Oncology,
chemotherapy is the recommended treatment for patients with
advanced LUAD carrying negative driver genes. However,
certain patients do not respond well to chemotherapy, and
there is a lack of effective treatment options for those
patients (11,12). Therefore, exploring potential treatments for
patients with advanced LUAD carrying negative driver genes
is necessary.

Apatinib is an orally-administered, small-molecule
vascular endothelial growth factor receptor-2 inhibitor that
suppresses tumor angiogenesis (13). Recent studies have
reported the potential benefit of apatinib plus chemotherapy
for the treatment of advanced NSCLC (14-16). For instance,
the overall remission rate has been reported to be improved by
apatinib plus chemotherapy vs. chemotherapy alone in patients
with advanced NSCLC (37 vs. 10%, respectively) (15). However,
evidence for patients with advanced NSCLC carrying negative
driver genes is scarce, and only one study has reported that the
median progression-free survival (PFS; 5.47 vs. 2.97 months)
and disease control rate (DCR; 95 vs. 73%) are increased
following second-line apatinib plus chemotherapy compared
with chemotherapy alone in patients with advanced NSCLC
carrying negative driver genes (16). In addition, that study had
several limitations, such as a small sample size (n=33), and it
only assessed the potential of apatinib plus chemotherapy as
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a second-line treatment (16). Therefore, the effect of apatinib
plus chemotherapy in patients with advanced LUAD carrying
negative driver genes requires further exploration.

The present study included 145 patients with advanced
LUAD carrying negative driver genes to assess the efficacy
and safety of apatinib plus chemotherapy compared with
chemotherapy alone.

Patients and methods

Patients. A total of 145 patients with advanced LUAD who
underwent treatment with either apatinib plus chemotherapy
or chemotherapy alone between February 2019 and November
2022 at the Yueqing People's Hospital (Yueqing, China)
were included in the present study. Specifically, 61 patients
were retrospectively recruited before July 2020. Considering
the number of patients was relatively small, 84 patients were
prospectively recruited between July 2020 and November
2022. The inclusion criteria were as follows: i) Diagnosis
of LUAD by histopathological examination; ii) >18 years;
iii) presence of negative driver genes (epidermal growth
factor receptor, anaplastic lymphoma kinase and reactive
oxygen species proto-oncogene 1, receptor tyrosine kinase);
Next-generation sequencing was carried out by 3D Medicines
Inc. to identify gene mutations (17); iv) tumor-node-metastasis
(TNM) stage ITIB-IV (18); v) treatment with either apatinib plus
chemotherapy or chemotherapy alone; and vi) accessible and
available data on clinical characteristics, treatment, radiological
results and follow-up. The exclusion criteria were as follows:
i) History of other malignancies prior to being diagnosed
with LUAD; and ii) pregnancy or lactation. The present study
was approved by the Medical Ethics Committee of Yueqing
Hospital Affiliated to Wenzhou Medical University (Yueqing,
China; approval no. YQY Y202001003), and written informed
consent was obtained from the patients or their guardians.

Next-generation sequencing. Next-generation sequencing
using Illumina, Inc. technology was carried out by 3D
Medicines Inc. to identify gene mutations. The kit used
to prepare DNA/RNA samples for sequencing was FFPE
automation (cat. no. 3103010048; 3D Medicines Inc.). The
method used to verify the quality/integrity of the processed
samples was Agilent 4200 (Agilent Technologies, Inc.),
and the type of sequencing was double-ended, 2x150. The
sequencing kit used was DNBSEQ-T7RS High-Throughput
Sequencing Reagent Kit (App-A FCL PEI150; version 2.0;
cat. no. 940-000003-00; MGI Tech Co., Ltd.). The loading
concentration of the final library was =33 nM measured using
Qubit (Thermo Fisher Scientific, Inc.). The software used to
analyze the data included: i) AdapterRemoval (version 2.3.1;
https://adapterremoval.readthedocs.io/en/stable/index.html)
was used for preprocessing; ii) Sentieon-bwa (version 0.7.17;
https://support.sentieon.com/manual/), Sambamba
(version 0.5.9; https://github.com/biod/sambamba/releases)
and blat (version 35x1; DOI: 10.1101/gr.229202) were
used for comparison process; iii) bedtools (version 2.25.0;
https://bedtools.readthedocs.io/en/latest/index.html) was used
for post-processing; and iv) Python (version 3.6.6; https:/www.
python.org/downloads/release/python-366/) was used for
mutation detection. The raw sequencing data are not available

as these were not provided by the company. The number of
genes and mutations that was investigated was 35. No patient
had more than one gene mutation as all patients carried nega-
tive driver genes.

Treatment regimens. Patients received apatinib plus chemo-
therapy or chemotherapy alone, with a mean treatment cycle
of8.3 (mean treatment cycle duration, 5.8 months). The
chemotherapy regimens included the following: i) docetaxel
monotherapy (60-75 mg/m?; day 1); ii) TP, paclitaxel
(135-175 mg/m?; day 1) plus cisplatin (75 mg/m?; day 1) or
carboplatin [area under the curve (AUC), 5-6 mg/ml/min;
day 1]; iii) AP, pemetrexed (500 mg/m?; day 1) plus cisplatin
(75 mg/m?; day 1) or carboplatin (AUC, 5-6 mg/ml/min;
day 1); iv) DP, docetaxel (60-75 mg/m?; day 1) plus cisplatin
(75 mg/m?; day 1) or carboplatin (AUC, 5-6 mg/ml/min;
day 1); and v) pemetrexed monotherapy (500 mg/m?; day 1). A
dosage of 500 mg/day apatinib was administered and adjusted
to 250 mg/day if intolerance occurred. For patients who
received apatinib plus chemotherapy, apatinib was adminis-
tered for maintenance treatment until the patients developed
disease progression, intolerable toxicity (still uncontrolled
following dosage adjustment) or death. The decision of which
treatment regimen was given was based on patient willingness
and physician's suggestions, and physicians were guided by the
NCCN Clinical Practice Guidelines in Oncology (19).

Data collection and evaluation. Patient data on clinical charac-
teristics, radiological results of magnetic resonance imaging or
computed tomography, and follow-up were obtained. Based on
the radiological information, the best response, referring to the
best results from multiple assessments, was assessed using the
Response Evaluation Criteria in Solid Tumors (20). At the end
of the follow-up in February 2023, PFS and overall survival
(OS) were determined. PFS was considered to be the interval
from treatment initiation to disease progression or patient death;
OS was considered to be the interval from treatment initiation
to patient death. Furthermore, data on adverse events (AEs)
were obtained for a safety evaluation according to Common
Terminology Criteria for Adverse Events version 5.0 (21). No
artificial intelligence tools were used during the present study
or in the preparation of the present article.

Statistical analysis. Statistical analysis was performed using
SPSS (version 24.0; IBM Corp.). Graphic rendering was
completed using GraphPad Prism (version 7.0; Dotmatics). The
comparison between groups was analyzed using a? test, Fisher's
exact test, Wilcoxon rank-sum test or an unpaired Student's
t-test. PFS and OS were determined using Kaplan-Meier curves
and the log-rank test. Factors associated with PFS and OS were
analyzed using Cox proportional hazards regression analysis,
and multivariate Cox regression analysis was performed using
the forward stepwise method. P<0.05 was considered to indi-
cate a statistically significant difference.

Results
Clinical features. Patients who received apatinib plus chemo-

therapy had a mean age of 57.7+9.6 years, with 32.3 and 67.7%
being female and male, respectively. Patients who received
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Table I. Clinical characteristics of patients with advanced lung adenocarcinoma who received either chemotherapy (n=80) or

apatinib plus chemotherapy (n=65).

Characteristics Chemotherapy, n (%) Apatinib plus chemotherapy, n (%) P-value
Mean age, years 60.4+9.5 57.7+9.6 0.094
Age, years 0.139
<60 32 (40.0) 34 (52.3)
>60 48 (60.0) 3147.7)
Sex 0.515
Female 30 (37.5) 21(32.3)
Male 50 (62.5) 44 (67.7)
Smoking history 0.381
No 44 (55.0) 31 (47.7)
Yes 36 (45.0) 34 (52.3)
ECOG PS score 0.192
0 39 (48.8) 39 (60.0)
1 40 (50.0) 25 (38.5)
2 1(1.2) 1(1.5)
TNM stage 0.404
IB/C 18 (22.5) 11 (16.9)
v 62 (77.5) 54 (83.1)
Bone metastasis 0214
No 68 (85.0) 50 (76.9)
Yes 12 (15.0) 15 (23.1)
Brain metastasis 0.320
No 70 (87.5) 53 (81.5)
Yes 10 (12.5) 12 (18.5)
Treatment line 0.096
First 39 (48.8) 23 (354)
Second 39 (48.8) 39 (60.0)
Third 2(24) 3 (4.6)

Data are presented as mean =+ standard deviation. ECOG PS, Eastern Cooperative Oncology Group Performance Status; TNM,

Tumor-Node-Metastasis.

chemotherapy alone had a mean age of 60.4+9.5 years, with
37.5 and 62.5% being female and male, respectively. There
were no significant differences in any clinical characteristics
such as age and sex between patients who received apatinib
plus chemotherapy and those who received chemotherapy
alone (P>0.05). The detailed clinical information of these two
groups of patients with advanced LUAD is listed in Table I.
Patients who received first-line apatinib plus chemotherapy
had a mean age of 55.9+8.8 years, and patients who received
first-line chemotherapy alone had a mean age of 59.9+9.4 years
(P=0.101). There were six female patients (26.1%) and 17 male
patients (73.9%) who received first-line apatinib plus chemo-
therapy, and there were 17 female patients (43.6%) and 22 male
patients (56.4%) who received first-line chemotherapy alone
(P=0.168). Notably, there were no significant differences for
any of the clinical characteristics investigated between patients
who received first-line apatinib plus chemotherapy and those
who received first-line chemotherapy alone (P>0.05). The
clinical information on patients who received either first-line

apatinib plus chemotherapy or first-line chemotherapy alone is
shown in Table SI.

Of those patients who received apatinib plus chemotherapy,
52.3% of patients received apatinib and docetaxel, 12.3%
received apatinib and TP, 12.3% received apatinib and AP,
12.3% received apatinib and pemetrexed and 10.8% received
apatinib and DP. Of those patients who received chemotherapy
alone, 38.8% received docetaxel monotherapy, 20.0% received
TP, 15.0% received AP, 15.0% received DP, and 11.2% received
pemetrexed monotherapy (Table IT).

Treatment response. The best response rate was significantly
improved by apatinib plus chemotherapy compared with
chemotherapy alone. In detail, the complete response (CR),
partial response (PR), stable disease (SD) and progressive
disease (PD) rates in patients who received apatinib plus
chemotherapy were 1.5, 52.3, 35.4 and 10.8%, respectively,
and those in patients who received chemotherapy alone were
0.0, 36.3, 42.5 and 21.3%, respectively. The overall response
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Table II. Treatment regimen of patients with advanced lung adenocarcinoma receiving either chemotherapy (n=80) or apatinib

plus chemotherapy (n=65).

Apatinib plus chemotherapy, n (%)

Regimen Chemotherapy, n (%)
Docetaxel monotherapy 31 (38.8)
TP 16 (20.0)
AP 12 (15.0)
DP 12 (15.0)
Pemetrexed monotherapy 9(11.2)
Apatinib and docetaxel 0(0.0)
Apatinib and TP 0(0.0)
Apatinib and AP 0(0.0)
Apatinib and pemetrexed 0(0.0)
Apatinib and DP 0(0.0)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
34 (52.3)
8(12.3)
8(12.3)
8(12.3)
7(10.8)

AP, pemetrexed plus platinum; DP, docetaxel plus platinum; TP, paclitaxel plus platinum.

Table III. Best response rates of patients with advanced lung adenocarcinoma receiving either chemotherapy (n=80) or apatinib

plus chemotherapy (n=65).

Response rate Chemotherapy, n (%) Apatinib plus chemotherapy, n (%) P-value
Best response 0.018
CR 0(0.0) 1(1.5)
PR 29 (36.3) 34 (52.3)
SD 34 (42.5) 23 (354)
PD 17 (21.3) 7 (10.8)
ORR 0.034
Yes 29 (36.2) 35 (53.8)
No 51 (63.8) 30 (46.2)
DCR 0.091
Yes 63 (78.8) 58 (89.2)
No 17 (21.2) 7 (10.8)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, overall response rate; DCR, disease control

rate.

rate (ORR) was significantly improved by apatinib plus
chemotherapy compared with chemotherapy alone (P=0.034),
whereas there was no significant difference in DCR between
groups (P=0.091; Table III).

Survival analysis. Accumulating PFS rate was significantly
increased following apatinib plus chemotherapy compared
with chemotherapy alone (P<0.001). The median PFS (95%
CI) was 13.4 months (11.5-15.3) in patients who underwent
apatinib plus chemotherapy, and 8.2 months (6.9-9.5) in
patients who underwent chemotherapy alone (Fig. 1A).
The accumulating OS rate was also significantly prolonged
following apatinib plus chemotherapy compared with
chemotherapy alone(P=0.001). The median OS (95% CI) was
23.1 months (not reached) in patients who underwent apatinib
plus chemotherapy and 17.0 months (14.6-19.4) in patients who
underwent chemotherapy alone (Fig. 1B).

Independent factors associated with survival. Apatinib plus
chemotherapy was significantly associated with an increased
PFS [hazard ratio (HR), 0.494; P<0.001]. However, sex (male
vs. female; HR, 1.593; P=0.022), TNM stage (IV vs. IIIB/C;
HR, 2.249; P=0.002) and higher line of treatment (HR, 1.638;
P=0.005) were significantly associated with decreased PFS
(Fig. 2A). Following adjustment by multivariate Cox regres-
sion analysis, apatinib plus chemotherapy was significantly
independently associated with longer PFS (HR, 0.444;
P<0.001), whereas higher Eastern Cooperative Oncology
Group Performance Status score (22) (HR, 1.760; P=0.004),
TNM stage (IV vs. IIIB/C; HR, 2.422; P=0.001) and higher
line of treatment (HR, 2.081; P<0.001) were significantly
independently associated with decreased PFS in patients with
advanced LUAD (Fig. 2B).

Apatinib plus chemotherapy was significantly associated
with increased OS (HR, 0.445; P=0.002), and higher line of
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Figure 1. Accumulating PFS and OS rates. Comparison of (A) PFS and (B) OS between patients with advanced lung adenocarcinoma who received apatinib
plus chemotherapy and those who received chemotherapy alone. PFS, progression-free survival; OS, overall survival.

treatment line was significantly associated with decreased chemotherapy was significantly independently associated
OS (HR, 2.071; P=0.002; Fig. 3A). Following adjustment  with longer OS (HR, 0.347; P<0.001), whereas higher line
by multivariate Cox regression analysis, apatinib plus of treatment was significantly independently associated with
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A
Variables P-value HR (95% CI)
Treatment (apatinib plus chemotherapy vs. chemotherapy) Fo— <0.001 0.494 (0.336-0.726)
Age (=60 vs. <60 years) —— 0.067 1.420 (0.976-2.067)
Sex (male vs. female) —— 0.022  1.593 (1.070-2.373)
Smoke history (yes vs. no) —o— 0.073  1.405 (0.969-2.039)
Higher ECOG PS score H—— 0.159  1.301 (0.902-1.877)
TNM stage (IV vs. llIB/C) —_— 0.002  2.249 (1.353-3.740)
Bone metastasis (yes vs. no) —ro— 0.594  1.148 (0.690-1.911)
Brain metastasis (yes vs. no) H——A 0.204  1.379 (0.840-2.263)
Higher treatment line —— 0.005 1.638 (1.158-2.316)
o 1 2 3 4 5
B
Variables P-value HR (95% Cl)
Treatment (apatinib plus chemotherapy vs. chemotherapy) ro— <0.001 0.444 (0.300-0.656)
Higher ECOG PS score —— 0.004  1.760 (1.196-2.588)
TNM stage (IV vs. llIB/C) ’ ° 1 0.001  2.422 (1.442-4.066)
Higher treatment line —— <0.001 2.081 (1.438-3.012)
o 1 2 3 4 s

Figure 2. Independent factors related to PFS. (A) Univariate and (B) multivariate Cox proportional hazards regression analyses for PES in patients with
advanced lung adenocarcinoma. PFS, progression-free survival; OS, overall survival; ECOG PS, Eastern Cooperative Oncology Group Performance Status;
HR, hazard ratio; TNM, Tumor-Node-Metastasis.

A
Variables P-value HR (95% CI)
Treatment (apatinib plus chemotherapy vs. chemotherapy) Fo—i 0.002 0.445 (0.269-0.737)
Age (=60 vs. <60 years) ——— 0.368 1.247 (0.771-2.017)
Sex (male vs. female) —— 0.993 0.998 (0.603-1.651)
Smoke history (yes vs. no) ——— 0.312  1.280 (0.794-2.064)
Higher ECOG PS score H——A 0.174  1.387 (0.865-2.222)
TNM stage (IV vs. I1IB/C) H—— 0.179  1.558 (0.816-2.975)
Bone metastasis (yes vs. no) —ro— 0.659 1.151 (0.616-2.150)
Brain metastasis (yes vs. no) —— 0.277  1.414 (0.757-2.641)
Higher treatment line —_— 0.002 2.071 (1.314-3.262)
0 1 2 3 4 5
B
Variables P-value HR (95% ClI)
Treatment (apatinib plus chemotherapy vs. chemotherapy) re— <0.001 0.347 (0.206-0.585)
Higher treatment line L . ! <0.001 2.657 (1.643-4.299)
0 1 2 3 4 5

Figure 3. Independent factors related to OS. (A) Univariate and (B) multivariate Cox proportional hazards regression analyses for OS in patients with
advanced lung adenocarcinoma. OS, overall survival; ECOG PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; TNM,
Tumor-Node-Metastasis.

reduced OS in patients with advanced LUAD (HR, 2.657;  Subgroup analysis of survival based on treatment lines. In
P<0.001; Fig. 3B). patients who underwent first-line apatinib plus chemotherapy
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Figure 4. Subgroup analyses based on the line of treatment. Comparison of (A) PFS and (B) OS between patients with advanced LUAD who received
first-line treatment of apatinib plus chemotherapy treatment and those who received chemotherapy alone. Comparison of (C) PFS and (D) OS between
patients with advanced LUAD who received second-line treatment or above of apatinib plus chemotherapy and those who received chemotherapy alone. PFS,

progression-free survival; OS, overall survival; LUAD, lung adenocarcinoma.

or chemotherapy alone, accumulating PFS rates (P=0.001;
Fig. 4A) and OS rates (P=0.026; Fig. 4B) were significantly
elevated following apatinib plus chemotherapy compared with
chemotherapy alone. In patients who underwent these two
regimens as second-line treatment or higher, accumulating
PFS rates (P=0.007; Fig. 4C) and OS rates (P=0.002; Fig. 4D)
were significantly increased following apatinib plus chemo-
therapy compared with chemotherapy alone.

Subgroup analysis of treatment response and survival based
on different chemotherapy regimens. OS was significantly
prolonged by apatinib plus docetaxel compared with docetaxel
alone (P=0.025), whilst ORR, DCR and PFS were not
significantly affected by apatinib plus docetaxel or docetaxel
alone (P>0.05). Moreover, ORR, DCR, PFS and OS were
not significantly influenced by apatinib plus TP or TP alone
(P>0.05). However, ORR (P=0.017) and PFS (P=0.022) were
significantly prolonged by apatinib plus DP compared with DP
alone. Conversely, ORR and OS were not significantly affected
by apatinib plus DP or DP alone. Additionally, only PFS was
significantly prolonged by apatinib plus pemetrexed compared
with pemetrexed alone (P=0.017); however, ORR, DCR and
OS were not significantly affected (P>0.05; Table SII).

AEs. The occurrence rate of hypertension was significantly
elevated in patients who received apatinib plus chemotherapy
compared with those who received chemotherapy alone (43.1
vs. 25.0%; P=0.021). However, there was no significant differ-
ence in the incidence of other AEs between patients who

received the two regimens (P>0.05). In addition, the incidence
of grade 3-4 AEs did not significantly differ between patients
who received either treatment (P>0.05); however, the incidence
of grade 3-4 AEs was relatively low in patients who received
apatinib plus chemotherapy compared with those who received
chemotherapy alone: i) Of those patients receiving apatinib
plus chemotherapy, 13.8, 10.8, 4.6 and 3.1% experienced the
grade 3-4 hematological AEs leukopenia, neutropenia, anemia
and thrombopenia, respectively; and ii) of those patients
receiving apatinib plus chemotherapy, 7.7, 6.2,4.6,4.6,4.6 and
1.5% experienced the grade 3-4 non-hematological AEs hyper-
tension, nausea and vomiting, elevated transaminase, anorexia,
rash and hand-food syndrome, respectively (Table IV).

Discussion

Apatinib plus chemotherapy has potential benefits in treating
patients with advanced NSCLC (23,24). For example, a
previous study reported that 22.9% of patients with advanced
NSCLC receiving apatinib plus chemotherapy achieved PR,
45.8% achieved SD and 25% achieved PD, resulting in an ORR
of 29.2% and a DCR of 75.0% (24). Another previous study
reported that second-line treatment or above of apatinib plus
chemotherapy achieved an ORR of 33.33% in patients with
advanced LUAD (23). Furthermore, the present study demon-
strated that apatinib plus chemotherapy significantly increased
the ORR compared with chemotherapy alone in patients with
advanced LUAD. The potential reasons for this are as follows:
i) Apatinib may inhibit angiogenesis and tumor growth in
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Table I'V. Adverse events of patients with advanced lung adenocarcinoma receiving either chemotherapy (n=80) or apatinib plus

chemotherapy (n=65).

Chemotherapy, n (%) Apatinib plus chemotherapy, n (%) P-value
AE Total Grade 1-2  Grade 3-4 Total Grade 1-2  Grade 3-4  Total  Grade 3-4
Hematological
Leukopenia 27(33.8) 17(21.3) 10(12.5) 25 (38.5) 16 (24.6) 9(13.8) 0.556 0.811
Neutropenia 25(31.3) 18(22.5) 7(8.8) 22 (33.8) 15 (23.1) 7(10.8) 0.740 0.682
Anemia 17 (21.3) 16 (20.0) 1(1.3) 18 (27.7) 15 (23.1) 3(4.6) 0.367 0.219
Thrombopenia 16 (20.0) 14 (17.5) 2(2.5) 12 (18.5) 10 (154) 2@3.1) 0.815 1.000
Non-hematological
Hypertension 20 (250) 19(23.8) 1(1.3) 28 (43.1) 23(35.4) 501.7) 0.021 0.090
Hand-foot syndrome 20(25.0) 20(25.0) 0(0.0) 25(38.5) 24(36.9) 1(1.5) 0.081 0.448
Elevated transaminase 25 (31.3) 24 (30.0) 1(1.3) 24 (36.9)  21(32.3) 3(4.6) 0473 0.326
Nausea and vomiting 19 (23.8) 16 (20.0) 3(3.8) 20 (30.8) 16 (24.6) 4(6.2) 0.343 0.701
Anorexia 18 (22.5) 16 (20.0) 2(2.5) 19 (29.2) 16 (24.6) 3(4.6) 0.355 0.657
Alopecia 24 (30.0) 24(30.0) 0(0.0) 16 (24.6) 16 (24.6) 0(0.0) 0471 -
Diarrhea 13(16.3) 13 (16.3) 0(0.0) 15 (23.1) 15 (23.1) 0(0.0) 0.300 -
Rash 14 (17.5) 12(15.0) 2(25) 15 (23.1) 12 (18.5) 3(4.6) 0.404 0.657
Elevated bilirubin 12(15.0) 12 (15.0) 0(0.0) 12 (18.5) 12 (18.5) 0(0.0) 0.577 -
Constipation 7 (8.8) 7 (8.8) 0(0.0) 11 (16.9) 11 (16.9) 0(0.0) 0.138 -

Statistical analysis was not performed as the occurrence of grade 3-4 AEs in both groups was 0. AE, adverse event.

LUAD, which would help improve treatment response (25-28);
and ii) apatinib may have a synergistic effect with chemo-
therapy by sensitizing LUAD cells to chemotherapy, thereby
enhancing the treatment response (15,29).

Survival is also prolonged by apatinib plus chemotherapy
in patients with advanced NSCLC, according to previous
studies (16,23,30). For example, a previous study reported
that second-line treatment of apatinib plus chemotherapy
notably increased PFS compared with chemotherapy alone
(median, 5.47 vs. 2.97 months) in patients with advanced
NSCLC (16). Moreover, the present study found that survival
was significantly prolonged by apatinib plus chemotherapy
compared with chemotherapy alone in patients with advanced
LUAD, which was further demonstrated by multivariate Cox
regression analysis. Notably, the median PFS was 13.4 vs.
8.2 months, and the median OS was 23.1 vs. 17.0 months
in patients who received apatinib plus chemotherapy and
chemotherapy alone, respectively. This may be due to the
potential enhancement of the treatment response by apatinib
plus chemotherapy, which may have helped further prolong
the survival. In addition, subgroup analysis demonstrated that
apatinib plus chemotherapy significantly prolonged survival
compared with chemotherapy alone, in patients with first-line
treatment and with second-line treatment or above. This
finding was partly in line with that of a previous study which
reported that apatinib plus docetaxel as second- or above-line
treatment was effective in prolonging survival in patients with
advanced non-squamous NSCLC (23). Moreover, data from
the present study showed the benefit of apatinib plus chemo-
therapy as a first-line treatment in prolonging PFS, indicating
the potential of apatinib plus chemotherapy as a first-line

treatment in patients with advanced LUAD carrying negative
driver genes. However, further research is required to confirm
this hypothesis.

Notably, the incidence of most AEs did not significantly
differ between treatments, except for hypertension, which was
significantly elevated by apatinib plus chemotherapy compared
with chemotherapy alone. This finding was partly in accor-
dance with that of a previous study which indicated that the
incidence of both hypertension and hand-foot syndrome were
increased by apatinib plus docetaxel compared with docetaxel
alone in patients with advanced NSCLC (15). Apatinib may
regulate the production of nitric oxide, oxidative stress response,
endothelial dysfunction and endothelin receptor 1, which
are responsible for the development of hypertension (31-33).
According to previous studies, the countermeasures for hyper-
tension caused by apatinib were as follows (34-36): For patients
with grade 1 hypertension [systolic blood pressure (SBP)
range, 140-159 mmHg and/or diastolic blood pressure (DBP)
range, 90-99 mmHg], apatinib could be continued without
dose adjustment, but close monitoring of blood pressure was
required (34-36); for patients with grade 2 hypertension (SBP
range, 160-179 mmHg and/or DBP range, 100-109 mmHg),
apatinib could be continued and usually did not need dose
adjustment, but antihypertensive drugs could be applied, such
as calcium channel blockers, angiotensin-converting enzyme
inhibitors, angiotensin II receptor antagonists, thiazide
diuretics and B-blockers (34-36); for patients with grade 3
hypertension (SBP, >180 mmHg and/or DBP, >110 mmHg),
apatinib should be discontinued immediately (34-36). If treat-
ment with a single antihypertensive drug could not control
hypertension, combined antihypertensive drugs should be
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considered (34-36). Although apatinib may induce hyperten-
sion, apatinib plus chemotherapy may also suit patients with
underlying hypertension (35). However, the blood pressure of
these patients should be controlled within the normal range
before administering apatinib, and their blood pressure should
be closely monitored during treatment, with timely adjustment
of antihypertensive drugs in the case of an increase in blood
pressure (23,24).

The present study also determined that the common AEs
that occurred in patients who received apatinib plus chemo-
therapy were hypertension (43.1%), hand-food syndrome
(38.5%), leukopenia (38.5%) and elevated transaminase
(36.9%). In addition, a few grade 3-4 AEs occurred in patients
with advanced LUAD. These findings were partially consis-
tent with those of a previous study (16) which revealed that the
common AEs that occurred in patients receiving apatinib plus
chemotherapy were fatigue (58%), cough (39%), hand-food
syndrome (38%), febrile neutropenia (23%) and hypertension
(20%); meanwhile, grade 3-5 AEs rarely occurred in patients
with advanced NSCLC (16). The findings demonstrated that
apatinib plus chemotherapy can be effective in the treatment
of patients with advanced LUAD (16,23).

Clinical evidence for the use of apatinib in the treatment of
patients with advanced LUAD carrying negative driver genes
is limited, and only one study has investigated the efficacy and
safety of apatinib plus chemotherapy in patients with advanced
NSCLC carrying negative driver genes (16). To the best of our
knowledge, there is no theoretical evidence regarding the role
of apatinib in NSCLC cell lines carrying negative driver genes,
but, certain previous studies have assessed the synergistic
effect of apatinib plus chemotherapy in general NSCLC cell
lines (15,29). For instance, one study reported that apatinib
investigated the effect of docetaxel in treating advanced
NSCLC patients and chemoresistant NSCLC cells by regulating
autophagy (15). Moreover, apatinib sensitized NSCLC cells to
cisplatin by decreasing the expression of multidrug resistance
protein 1 and inactivating the extracellular signal-regulated
kinase pathway (29). The findings indicate that apatinib plus
chemotherapy may improve the prognosis of patients with
advanced NSCLC who carry negative driver genes. However,
further research is required to validate the findings.

The present study had several limitations: i) It is a
non-intervention study and thus, further randomized,
controlled trials are required to validate its findings; ii) it is
a single-center study, which may have led to selection biases;
iii) apatinib was developed in China and therefore, the effect
of apatinib plus chemotherapy in patients from other regions
with advanced LUAD carrying negative driver genes should
be assessed further.

In conclusion, apatinib plus chemotherapy is associated
with a greater efficacy than chemotherapy alone, with a
satisfactory safety profile in patients with advanced LUAD
carrying negative driver genes. As there is a lack of effective
treatment options for these patients, apatinib plus chemo-
therapy may have the potential to serve as a treatment option
to further improve prognosis.
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