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Purpose: This study investigated the clinical outcomes and safety of apatinib mesylate in

the treatment of advanced non-squamous non-small cell lung cancer (NSCLC) in patients

who progressed after standard therapy, and analyzed the kinase insert domain receptor

(KDR) gene polymorphism.

Methods: A total of 135 patients with advanced non-squamous NSCLC who received apatinib

mesylate were included. Objective response rates were evaluated. Subsequently, progression-free

survival (PFS) and overall survival (OS) were assessed and safety data were recorded.

Additionally, peripheral blood and biopsy cancer tissue specimens were collected from the patients

with NSCLC for the genotyping of the genetic polymorphism and mRNA expression of the KDR

gene, respectively. Analysis on the association between genotypes and prognosis was conducted.

Results: The objective response rate of the 135 patients with NSCLC was 18.52%, disease

control rate was 65.19%, median PFS was 3.95 months, and median OS was 10.05 months.

Regarding theKDR gene polymorphism analysis, the distribution of the 4397T>C polymorphism

genotypes was in accordance with the Hardy–Weinberg Equilibrium (P=0.868). Moreover, the

prognosis analysis indicated that the median PFS of patients with the CC/TC and TT genotypes

was 2.80 and 4.80 months, respectively (P=0.002). Furthermore, the median OS of patients with

the two genotypes was 9.10 and 10.56 months, respectively (P=0.041). The multivariate Cox

regression analysis showed that the TC/CC genotypes were an independent factor for PFS (odds

ratio: 1.72, P=0.009). There was no correlation between the polymorphism and adverse reac-

tions. Additionally, the mRNA expression analysis suggested that the mRNA levels of KDR in

cancer tissues were significantly different between the TT and TC/CC genotypes (P<0.001).

Conclusion: The clinical outcomes of treatment with apatinib mesylate for advanced non-

squamous NSCLC in patients who progressed after standard therapy may be influenced by

the KDR 4397T>C polymorphism through mediation of the mRNA expression of KDR.

Keywords: non-small cell lung cancer, apatinib mesylate, kinase insert domain receptor,

polymorphism, clinical outcomes, safety

Introduction
Lung cancer is the most common malignancy and leading cause of cancer-related

death worldwide. In 2018, it accounted for approximately 2.1 million new cases and

1.77 million deaths globally.1 Annually, there are approximately 0.733 million new

Correspondence: Yu-Dong Wang
Department of Medical Oncology, The
Fourth Hospital of Hebei Medical
University, Shijiazhuang, Hebei 050011,
People’s Republic of China
Tel +86 159 3116 6600
Email wyd_999@126.com

OncoTargets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2020:13 603–613 603

http://doi.org/10.2147/OTT.S222985

DovePress © 2020 Song et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0002-7427-4448
http://orcid.org/0000-0001-8005-3951
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


cases and 0.61 million lung cancer-related deaths in

China.2 In recent years, great progress has been achieved

in the treatment of non-small cell lung cancer (NSCLC) in

terms of molecular and targeted therapy. This advance-

ment has rendered advanced NSCLC the most successful

type of cancer in precision medicine.3 However, approxi-

mately 50% of patients with NSCLC in China do not carry

a clinically significant driver gene mutation and could only

receive treatment with a platinum-containing double-drug

chemotherapy regimen as first-line therapy.4 According to

the Eastern Cooperative Oncology Group (ECOG) 4599

and BEYOND study, bevacizumab combined with che-

motherapy was effective in patients with limited survival

benefits.5,6 The advantages of traditional second-line ther-

apy were expected, and the immunotherapy drugs had

been recently approved in mainland China with high cost

and relatively limited use among patients. Therefore,

patients with NSCLC are in urgent need of effective ther-

apeutic drugs after standard treatment. Encouragingly, an

anti-angiogenic small molecule tyrosine kinase inhibitor,

termed anlotinib hydrochloride, has become a new stan-

dard therapy for third-line treatment in China.7 However,

anlotinib was licensed by the China State Food and Drug

Administration (cFDA) in 2018, and its clinical use in

patients with NSCLC was relatively rare.

Apatinib mesylate was the first small-molecule anti-

angiogenesis targeted drug with demonstrable efficacy and

safety in advanced gastric cancer,8 which was approved by

the cFDA in October 2014 as subsequent-line treatment for

advanced or metastatic gastric cancer. An important therapeu-

tic target of apatinib mesylate was the kinase insert domain

receptor (KDR), which inhibits tumor angiogenesis by block-

ing its downstream signaling pathway.9 Additionally, numer-

ous clinical research studies supported the effectiveness of

apatinib mesylate in NSCLC, colorectal cancer, and breast

cancer.10 However, currently, there are great individual differ-

ences in its clinical application. To the best of our knowledge,

the objective response rate (ORR) in the clinical application of

anti-angiogenic drugs was generally low. In advanced

NSCLC, the ORR to monotherapy with anlotinib, fruquinti-

nib, and apatinib mesylate was 9.18%, 16.4%, and 4%,

respectively.11 Therefore, the investigation of the sensitive

population to vascular targeted drugs has been a research

hotspot in the field of anti-angiogenesis therapy.12

The KDR gene is located on chromosome 4q12, which

contains 30 exons and exhibits large differences between

ethnic groups. The mRNA expression of the KDR gene also

differs among different study cohorts.13 At present, there are

few studies investigating the polymorphism of this gene in

the Chinese population. The −906T>C polymorphism is

located in the coding region of the KDR gene. Previous

studies showed that this polymorphism was significantly

correlated with pathological complete response in patients

with advanced breast cancer receiving capecitabine-based

neoadjuvant therapy.14 In addition, studies involving

European and American populations found that this poly-

morphism was associated with overall survival (OS) in

patients with advanced renal cell carcinoma receiving sor-

afenib; nevertheless, the underlying mechanisms have not

been thoroughly investigated.15 Therefore, the aim of the

present study was to investigate the clinical outcomes and

safety of apatinib mesylate in the treatment of advanced

non-squamous NSCLC in patients who progressed after

standard therapy. Moreover, an analysis of the KDR gene

polymorphism was performed. Additionally, the influence of

this polymorphism on the mRNA expression of the KDR

gene in biopsy tissue specimens was also assessed to gain

insight into the detailed mechanism involved in this process.

Materials and Methods
Study Design and Therapeutic Schedule
This study was a retrospective analysis of apatinib mesylate

in patients with NSCLC in China. Therefore, patients with

advanced NSCLC who progressed or relapsed after standard

therapy from January 2015 to December 2018 in the

Department of Medical Oncology of The Fourth Hospital

of Hebei Medical University (Shijiazhuang, China) were

included in this study. The eligibility criteria included: 1)

administration of apatinib mesylate as third- or subsequent-

line therapy in patients who had received at least two lines of

systemic chemotherapy or could not tolerate the treatment; 2)

patients with an EGFRmutation, ALK rearrangement, ROS1

rearrangement, or other driven gene mutation who received

therapy with the corresponding-targeted drug and pro-

gressed, and subsequently received treatment with apatinib

mesylate; 3) age ≥18 years; 4) an ECOG performance status

of 0–2; and 5) at least one measurable target lesion accord-

ing to the response evaluation criteria in solid tumors

(RECIST 1.1). The exclusion criteria were: 1) diagnosis of

squamous cell lung carcinoma or small cell lung cancer; 2)

recent diagnosis of central nervous system metastases; 3)

presence of concomitant tumors or serious diseases; 4)

hemoptysis >50 mL per day; and 5) missing efficacy evalua-

tion or follow-up data. The flow chart of our retrospective

study is illustrated in Figure 1. The primary endpoint of this
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study was progression-free survival (PFS), while the sec-

ondary endpoints were ORR, OS, and the analysis of the

KDR gene polymorphism.

Apatinib mesylate was orally administered at an initial

dosage of 500–750 mg per day, 30 min after meals, with

warm water, and continuously for 28 days until disease pro-

gression or intolerable adverse reactions. The precise dose of

apatinib mesylate was determined according to the baseline

physical conditions of the patients: body surface area, ECOG

score and age. The selection of the dosage rangewas based on

the clinical experience that the recommended dose of 850mg

in the instructionswas not tolerable inmost patients. The dose

of apatinib mesylate was adjusted according to the hemato-

logical or non-hematological toxicity during the treatment.

The treatment was discontinued following the occurrence of

a potentially life-threatening toxic reaction. This study was

approved by the ethics committee of The Fourth Hospital of

HebeiMedicalUniversity. Informed consent was provided by

all patients or their family members in accordance with the

tenets of the Declaration of Helsinki.

The efficacy was assessed according to the RECIST 1.1

criteria.16 Computed tomography was used to assess the

change in target lesions after the completion of the first

cycle, and subsequently every two cycles, or depended on

the actual condition of the patients. The occurrence of

adverse reaction during treatment was evaluated using the

Common Terminology Criteria for Adverse Events 4.03

version to document hematological and non-hematological

events that may be drug-related.17 Adverse events with an

incidence ≥10% were recorded and analyzed.

Figure 1 Flow chart of the retrospective study of apatinib mesylate in the treatment of advanced non-squamous non-small cell lung cancer in patients who progressed after

standard therapy.
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Collection of Peripheral Blood Specimens

and Genotyping of the KDR Gene

Polymorphism
Genomic DNA was extracted from whole venous blood

(approximately 4 mL) collected prior to treatment with apa-

tinib mesylate using the phenol chloroform method accord-

ing to the standard procedure. The 4397T>C (rs2071559)

polymorphism of the KDR gene was genotyped through

polymerase chain reaction-restriction fragment length poly-

morphism (PCR-RFLP). Initially, the PCR product of this

polymorphism was amplified. The forward primer was 5ʹ-

TTCCAAGACCATAGCTTACCA-3ʹ and the reverse primer

was 5ʹ-AATGTTTACCAAAGCCCAGA-3ʹ. The size of the

PCR product was 297 bp. Part of the PCR product (2 μL)was

digested using the restriction enzyme NdeI (Thermo Fisher

Scientific, Waltham, MA, USA). The genotypes of the poly-

morphism were determined by the size of the PCR bands as

follows: CC genotype (one 297-bp band); TT genotype (one

199-bp band and one 98-bp band); TC genotype (one 297-bp

band, one 199-bp band, and one 98-bp band).

Collection of Biopsy Cancer Tissue

Specimens and Analysis of the KDR Gene

mRNA Expression
Biopsy cancer tissue specimens from 66 randomly selected

samples of patients with NSCLC were collected and pre-

served in liquid nitrogen. Total RNA samples were extracted

using the TRIzol reagent (Takara Biotechnology, Dalian,

China) according to the instructions provided by the manu-

facturer and stored at −80°C for mRNA expression analysis.

RNA (a total of 500 ng) extracted from each biopsy cancer

tissue specimen was used as the template for reverse tran-

scription-PCR to prepare the first-stand of cDNA using the

PrimeScript RT reagent kit (TAKARA Biotechnology,

Dalian, China). Relative quantitative analysis of KDR

mRNA expression was performed on the Roche

LightCycler® 480 (Roche, Shanghai, China) using the

SYBR Premix EX Taq system. The forward primer of KDR

was 5ʹ-ATGCAGAGCAAGGTGCTGC-3ʹ and the reverse

primer was 5ʹ- TTAAACAGGAGGAGAGCTCAGTG-3ʹ.

The amplification system (20 µL) contained 10 µL SYBR

Premix EX Taq, 0.2 µL of each primer (20 µM), 7.6 µL

double-distilled water, and 2 µL cDNA. The mRNA expres-

sion of the KDR gene was detected using the comparative Ct

(2−ΔΔCt). The mRNA expression of GAPDH was used as an

endogenous control.

Statistical Analysis
All variables in this study were statistically analyzed using

the statistical analysis software SPSS version 19.0 (IBM

Corp., Armonk, NY USA). The Hardy–Weinberg equili-

brium test was performed for the 4397T>C genotypes

using the chi-squared test. The significance of observed

differences in proportions was tested via the chi-squared

test; Fisher’s exact test was performed when data were

spare. The analysis between continuous variables and

4397T>C genotypes was performed using the Mann–

Whitney U nonparametric test (between the two groups).

The primary analysis was performed on PFS. The Kaplan–

Meier curves were drawn using Stata 14.0 (Stata

Corporation, College Station, TX, USA) to compare the

differences in PFS and OS among patients with different

genotypes. Differences in survival were compared using

the Log rank test. PFS was defined as the period from the

time of treatment with apatinib mesylate to disease pro-

gression or patient death due to any cause, whichever

occurred first. OS was defined as the period from the

time of treatment with apatinib mesylate to patient death

from any cause. For those without disease progression or

death by the end of the study follow-up, the survival end

points were censored at the date of last follow-up. For the

multivariable analysis, a Cox proportional hazards model

was constructed for PFS, and the backward-selection pro-

cedure was used to adjust for potential confounding cov-

ariates. A P<0.05 denoted statistical significance.

Results
Baseline Characteristics of 135 Patients

with NSCLC and the Genotypes of the

KDR Gene 4397T>C Polymorphism
The baseline characteristics of the 135 patients with

NSCLC are shown in Table 1. The median age of the

patients was 58 years (range: 22–78 years), 91 patients

were males (67.41%), and the ECOG 0 score was noted in

52 patients (38.52%). Of the patients, 93 were nonsmo-

kers/former smokers (68.89%). Considering the exclusion

of squamous-cell carcinoma cases, most commonly

observed histology in these patients was adenocarcinoma

(122 cases; 90.37%), and large cell carcinoma (13 cases;

9.63%). Pathological stages IIIb and IV were reported in

nine and 126 cases, respectively. A positive driver gene

mutation status was confirmed in 49 patients (36.30%).

Moreover, the history of previous treatment with second-

and third- or subsequent-line therapy was observed in 52
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and 83 cases, respectively. A total of 61 patients had

previously received targeted drug therapy (45.18%).

Apatinib mesylate was administered at an initial dosage

of 500 mg and 750 mg in 73 and 62 cases, respectively.

Of the KDR gene polymorphisms analyzed, only

4397T>C was of clinical significance. The germline muta-

tion frequency of 4397T>C among the 135 patients with

NSCLC was as follows: TT genotype (82 cases, 60.74%);

TC genotype (46 cases, 34.07%); and CC genotype (seven

cases, 5.19%). Of note, the minor allele frequency of

4397T>C was 0.22. The distribution of the polymorphism

genotypes was in accordance with the Hardy–Weinberg

equilibrium (P=0.868). Considering the relatively low

frequency of the CC genotype, the TC and CC genotypes

were merged in the following analysis. As shown in Table 1,

patients with the TT and TC/CC genotypes were well-

balanced with similar baseline characteristics.

Influence of the KDR 4397T>C

Polymorphism on the Clinical Outcomes

of 135 Patients with NSCLC
All 135 patients included in this study were available for

efficacy evaluation. Complete response (zero cases), partial

response (25 cases), stable disease (63 cases), and progres-

sive disease (47 cases) were evaluated according to the

Table 1 Baseline Characteristics of the 135 Patients with NSCLC According to the KDR 4397T>C Polymorphism Status

Characteristics Total

(n=135, %)

4397T>C Genotypes P

TT (n=82) TC/CC (n=53)

Age, median (range) 58 (22–78) 58 (22–75) 58 (24–78) 0.631

Gender

Male 91 (67.41) 55 (67.07) 36 (67.92) 0.918

Female 44 (32.59) 27 (32.93) 17 (32.08)

ECOG Score

0 52 (38.52) 33 (40.24) 19 (35.85) 0.608

1–2 83 (61.48) 49 (59.76) 34 (64.15)

Smoking Status

Nonsmoker/former smoker 93 (68.89) 56 (68.29) 37 (69.81) 0.852

Smoker 42 (31.11) 26 (31.71) 16 (30.19)

Histology

Adenocarcinoma 122 (90.37) 75 (91.46) 47 (88.68) 0.592

Large cell carcinoma 13 (9.63) 7 (8.54) 6 (11.32)

Pathological Stage

IIIb 9 (6.67) 5 (6.10) 4 (7.55) 0.742

IV 126 (93.33) 77 (93.90) 49 (92.45)

Driver Gene Mutation Statusa

Positive 49 (36.30) 30 (36.59) 19 (35.85) 0.931

Negative 86 (63.70) 52 (63.41) 34 (64.15)

History of Previous Treatment

Second line 52 (38.52) 31 (37.80) 21 (39.62) 0.832

Third or subsequent line 83 (61.48) 51 (62.20) 32 (60.38)

History of Target Drug Therapy

Yes 61 (45.18) 37 (45.12) 24 (45.28) 0.985

No 74 (54.82) 45 (54.88) 29 (54.72)

Initial Dosage of Apatinib Mesylate

500 mg 73 (54.07) 44 (53.66) 29 (54.72) 0.904

750 mg 62 (45.93) 38 (46.34) 24 (45.28)

Notes: aThe driver gene was EGFR, ALK, or ROS1.
Abbreviations: NSCLC, non-small cell lung cancer; KDR, kinase insert domain receptor; ECOG, Eastern Cooperative Oncology Group.
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RECIST version 1.1. Therefore, the ORR was 18.52% (25/

135 patients) and disease control rate was 65.19% (25+63/

135 patients).

The median follow-up of all patients from the time of

enrolment to the last follow-up was 24.5 months (follow-up

range: 1–35 months). The median PFS (mPFS) of all 135

patients with NSCLC included in our study was 3.95 months

(95% confidence interval: 2.90–5.15). Additionally, we

further analyzed the mPFS of subgroups with different base-

line characteristics. As shown in Figure 2, in the univariate

analysis, the mPFS of subgroups with different baseline

characteristics was similar. The only exception was the

ECOG score, which had a significant influence on PFS.

This finding indicated that the mPFS of patients with an

ECOG 0 score was longer than that of patients with ECOG

1–2 scores (4.85 vs 3.35 months, respectively P=0.011).

In terms of the polymorphism analysis, as described in

Figure 3, the mPFS of the patients with the TT and TC/CC

genotypes of the 4397T>C polymorphism was 4.80 and

2.80 months, respectively; this difference was statistically

significant (χ2=9.50, P=0.002). Furthermore, the Cox

regression model was constructed including the baseline

characteristics which were significant in the univariate

analysis to adjust for other confounding factors, as illu-

strated in Figure 2. The results of the multivariate analysis

are shown in Table 2. After adjustment for other confound-

ing factors, a statistically significant difference was

observed for the influence of the 4397T>C polymorphism

on PFS. This finding indicated that this polymorphism was

an independent factor for PFS (odds ratio=1.72, P=0.009).

Additionally, after the multivariate adjustment, the ECOG

score remained an independent factor for PFS (odds

ratio=1.45, P=0.015).

The follow-up period of our study was sufficiently long;

thus, the OSwas also evaluated. The median OS (mOS) of the

135 patients with NSCLCwas 10.05 months (95% confidence

interval: 8.50–10.95). Regarding the polymorphism analysis,

as demonstrated in Figure 4, the mOS of the NSCLC patients

with the TT and TC/CC genotypes of the 4397T>C poly-

morphism was 10.56 and 9.10 months, respectively; the dif-

ference was statistically significant (χ2=3.70, P=0.041).

Impact of the KDR 4397T>C

Polymorphism on the Safety of Patients

with NSCLC
Furthermore, adverse reactions are an important aspect to

evaluate in the clinical application of apatinib mesylate at an

initial dosage of 750 mg and 500 mg. Considering that the low

incidence of adverse reactions may lead to bias in the poly-

morphism study, adverse events with an incidence ≥10%were

recorded and analyzed. As shown in Table 3, there were no

grade ≥4 adverse events observed in our study. The most

common treatment-related adverse events were hypertension

(56.30%), hand-foot syndrome (51.11%), proteinuria

(47.41%), fatigue (35.56%), oral mucositis (30.37%),

decreased appetite (25.19%), diarrhea (22.96%), hematologic

toxicity (19.26%), nausea and vomiting (14.07%), and

increased levels of transaminase (11.11%). In terms of the

4397T>C polymorphism analysis, as shown in Table 3, there

was no significant difference observed in adverse events

between the patients with the TT and TC/CC genotypes of

the 4397T>C polymorphism.

Additionally, during treatment with apatinib mesylate,

a total of 36 patients (26.67%) were subjected to dose

reduction. Of the 62 patients who initially received

a dosage of 750 mg, 21 patients required dose reduction

to 500 mg. Among those who received a dosage of

500 mg, 15 patients required dose reduction to 250 mg.

Six patients (4.44%) had dose discontinuity. Common

causes of dose reduction or discontinuity in these patients

included hypertension, proteinuria, hand-foot syndrome,

and fatigue.

Influence of the KDR 4397T>C

Polymorphism on the mRNA Expression

of the KDR Gene
Biopsy cancer tissue specimens were collected from 66 ran-

domly selected samples of patients with NSCLC. The

mRNA expression of KDR was detected using the RNA

extracted from these specimens. The prevalence of the

KDR 4397T>C polymorphism in these 66 specimens was

as follows: TT genotype (40 cases; 60.61%), TC genotype

(23 cases; 34.85%), and CC genotype (three cases; 4.54%).

This prevalence was comparable with the genotype fre-

quency observed among the 135 patients with NSCLC. The

distribution of the three genotypes was in accordance with

the Hardy–Weinberg equilibrium (P=0.894). Similarly, the

CC and TC genotypes weremerged in the following analysis.

As illustrated in Figure 5, in comparison to patients with the

TT genotype, those with the TC/CC genotype showed higher

relative expression of KDR mRNA in the biopsy cancer

tissue specimens (median: 4.05; range: 3.33–4.90 vs median:

2.93; range: 1.95–4.15, respectively); this difference was

statistically significant (P<0.001).

Song et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2020:13608

http://www.dovepress.com
http://www.dovepress.com


Discussion
This retrospective study provided real-world evidence

regarding the clinical outcomes and safety of apatinib mesy-

late in the treatment of advanced NSCLC in patients who

progressed after standard therapy. In the polymorphism ana-

lysis, 135 patients with NSCLCwere genotyped for theKDR

4397T>C polymorphism. The correlation analysis indicated

that the TC/CC genotype was associated with worse PFS and

OS. Furthermore, the results of the KDR mRNA expression

analysis revealed that the mRNA expression levels of KDR

were significantly different in patients with different

genotypes. The clinical outcomes of patients with advanced

NSCLC who received apatinib mesylate may be influenced

by the KDR 4397T>C polymorphism through mediation of

the KDR mRNA expression.

As a small-molecule tyrosine kinase inhibitor specifi-

cally targeting KDR, apatinib mesylate is effective against

gastric cancer, colorectal cancer, lung cancer, and soft

tissue sarcoma.18–20 Since its approval by the cFDA in

October 2014, a few studies investigated biomarkers of

treatment with apatinib mesylate, mainly focusing on the

prediction of efficacy and side effects caused by treatment

Figure 2 Forest plot of the median progression-free survival of 135 patients with NSCLC in subgroups with different baseline characteristics.
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with apatinib mesylate.21 Notably, the occurrence of pro-

teinuria or hand-foot syndrome during treatment with apa-

tinib could predict superior clinical outcomes.22 However,

research focusing on the pharmacogenomics of treatment

with apatinib mesylate was limited.23

Based on the clinical outcomes of patients included in

this study, the ORR of 135 patients with advanced NSCLC

who received treatment with apatinib mesylate was

18.52%, the disease control rate was 65.19% and the

mPFS was 3.95 months, which was slightly lower than

that reported in the first Phase II clinical trial of apatinib

mesylate in advanced NSCLC initiated by Zhang et al in

2012.24 Owing to the retrospective design of the study, we

hypothesized that patient management was not sufficient

and normative compared with the phase II clinical trial, as

shown in the other retrospective study.25 Unlike in the

phase II clinical trial conducted by Zhang et al, patients

with an ECOG 2 score were also included in our study.

The influence of the ECOG score on patient prognosis has

been confirmed in numerous studies; high scores have

been associated with worse prognosis.26 However, the

clinical outcomes of other retrospective analyses of apati-

nib mesylate in the treatment of NSCLC were consistent

with the results of the present study.27,28 Interestingly, the

mOS in our study was 10.05 months, which was slightly

longer than that reported in other research studies of apa-

tinib mesylate.29,30 We speculate that this effect may be

attributed to the continued approval of immunotherapy

drugs and anlotinib in China in 2018 Consequently,

patients with NSCLC had the opportunity to receive

immunotherapy and other targeted drugs in subsequent-

line treatment, which had been shown to be effective and

offered survival benefit to the patients.31

Furthermore, the results of the polymorphism analysis

in our study were partly consistent with those of a previous

study conducted by Scartozzi et al.32 A total of 148 patients

with advanced hepatocellular cancer who received sorafe-

nib were included in the ALICE-1 study. The results

showed that the prevalence of the rs2071559 polymorphism

in the study population was 0.49, which was markedly

higher than the minor allele frequency (0.22) recorded in

our study. Moreover, the results of that study also showed

that the prognosis of patients with the TC/CC genotype was

worse, which was consistent with the findings of our study.

However, the previous study failed to identify the mechan-

isms of influence of the polymorphism on the prognosis of

patients with hepatocellular carcinoma who received treat-

ment with sorafenib. Moreover, the results of a recent study

conducted by Sullivan et al also supported our findings.33

A total of 170 patients with metastatic NSCLC treated with

first-line platinum-based chemotherapy were included in

Figure 3 Progression-free survival of 135 patients with NSCLC according to the

KDR 4397T>C genotype status.

Table 2 Multivariate Cox Regression Analysis of PFS According

to the Baseline Characteristics and 4397T>C Polymorphism

Characteristics OR (95% CI) df P

ECOG

0 1 (reference) 1 0.015

1–2 1.45 (1.25–1.1.71)

4397T>C Genotype

TT genotype 1 (reference) 1 0.009

TC/CC genotype 1.72 (1.41–1.97)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; OR, odds ratio;

CI, confidence interval; df, degree of freedom.

Figure 4 Overall survival of 135 patients with NSCLC according to the KDR
4397T>C genotype status.
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that study, and the polymorphisms of vascular endothelial

growth factor A (VEGFA), VEGFR1, and VEGFR2 were

genotyped. The results of the multivariate analysis demon-

strated that VEGFA rs2010963 and VEGFR2 rs2071559

were significantly associated with OS. Specifically, patients

with the rs2071559 major genotype were associated with

better prognosis. This was consistent with our results indi-

cating that patients with the TT genotype show superior

clinical outcomes. Another recent Phase III trial conducted

by George et al34 investigated adjuvant sunitinib in patients

with high-risk renal cell carcinoma. The results showed that

longer disease-free survival was observed with sunitinib

versus placebo in patients with the VEGFR2 rs2071559

TT genotype. Moreover, the stratification analysis based

on the rs2071559 genotype showed that the median disease-

free survival was longer in patients with the TT genotype

than in the total-study population after treatment with suni-

tinib. This finding was in accordance with the results of our

study. Based on the above evidence, the KDR 4397T>C

polymorphism may be an independent biomarker for the

prediction of patients with NSCLC who received apatinib

mesylate as subsequent-line therapy.

In terms of the safety analysis, a previous study

found that hypertension was usually the most common

adverse reaction in other tumors following treatment

with apatinib mesylate.35 Consistently, our study indi-

cated that hypertension was the most commonly noted

adverse event. Similar to another previous study of

apatinib mesylate, other adverse events with an inci-

dence ≥10% were hand-foot syndrome, proteinuria, fati-

gue, oral mucositis, decreased appetite, and diarrhea.36

The correlation analysis between polymorphism and

adverse events failed to show statistical significance,

indicating that the polymorphism was not associated

with drug disposition.

Additionally, a total of 66 randomly selected speci-

mens of biopsy cancer tissue obtained from patients with

NSCLC were also included in our mRNA expression

Table 3 Correlation Analysis Between the KDR 4397T>C Polymorphism and the Adverse Events with an Incidence ≥10%

Adverse Events Grade 1–2 Grade 3 Total (n, %) 4397T>C Genotypes P

TT (n=82) TC/CC (n=53)

Hypertension 58 (42.97) 18 (13.33) 76 (56.30) 46 (56.10) 30 (56.60) 0.954

Hand-foot syndrome 52 (38.52) 17 (12.59) 69 (51.11) 45 (54.88) 24 (45.28) 0.276

Proteinuria 54 (40.00) 10 (7.41) 64 (47.41) 40 (48.78) 24 (45.28) 0.691

Fatigue 42 (31.11) 6 (4.44) 48 (35.56) 30 (36.59) 18 (33.96) 0.756

Oral mucositis 41 (30.37) 0 (0.00) 41 (30.37) 26 (31.71) 15 (28.30) 0.674

Decreased appetite 32 (23.71) 2 (1.48) 34 (25.19) 22 (26.83) 12 (22.64) 0.584

Diarrhea 28 (20.74) 3 (2.22) 31 (22.96) 19 (23.17) 12 (22.64) 0.943

Hematologic toxicity 22 (16.30) 4 (2.96) 26 (19.26) 17 (20.73) 9 (16.98) 0.589

Nausea and vomiting 19 (14.07) 0 (0.00) 19 (14.07) 12 (14.63) 7 (13.21) 0.816

Increased levels of transaminase 15 (11.11) 0 (0.00) 15 (11.11) 10 (12.20) 5 (9.43) 0.618

Abbreviation: KDR, kinase insert domain receptor.

Figure 5 Relative expression levels of KDR mRNA in 66 biopsy cancer tissue

specimens according to the KDR 4397T>C polymorphism status.
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analysis. The results indicated that the mRNA expression

of the KDR gene was significantly higher in patients

carrying the C allele. KDR is the receptor with the stron-

gest binding ability for VEGF-A and plays the most

important role in signal transmission. Moreover, its

expression levels play a crucial role in the process of

angiogenesis.37 It has been shown that high levels of

KDR expression in tumor cells facilitate the regeneration

of blood vessels, increasing the risk of relapse and

metastasis.38,39 Some research studies showed that high

expression of the KDR gene was associated with worse

PFS and OS in patients with NSCLC40 and cervical

cancer.41 These findings are consistent, to some extent,

with those of our study.

Inevitably, this study was characterized by some limita-

tions. Firstly, the sample size of this study was small. A study

including a larger sample size is required to evaluate the

efficacy of apatinib mesylate in patients with NSCLC and

the prognostic significance of the polymorphism.

Additionally, our study was designed as a retrospective ana-

lysis; thus, some bias may have been unavoidable. However,

the prognostic significance of the polymorphism was fully

evaluated, and the KDR gene mRNA expression was deter-

mined to reveal the role of the polymorphism in prognosis.

Conclusion
The results of our study are clinically significant for the

evaluation of prognosis in patients with NSCLC receiving

apatinib mesylate. This evidence may assist clinicians in

identifying sensitive patients who could benefit from treat-

ment with apatinib mesylate. The clinical outcomes of treat-

ment with apatinib mesylate for advanced non-squamous

NSCLC in patients who progressed after standard therapy

may be influenced by the KDR 4397T>C polymorphism

through mediation of the mRNA expression of KDR.
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