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The Influence of KDR Genetic Variation
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Advanced NSCLC Receiving First-Line
Bevacizumab Plus Chemotherapy Regimen
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Abstract
Objective: Angiogenesis plays an important role in the growth and metastasis of non-small cell lung cancer (NSCLC).
Bevacizumab is a humanized monoclonal antibody that mainly acts on vascular endothelial growth factor A (VEGFA). Kinase insert
domain receptor (KDR) is the most important target of VEGFA. The aim of present study was to investigate the influence of KDR
genetic variation on the efficacy and safety of patients with advanced NSCLC receiving first-line bevacizumab plus chemotherapy
regimen. Methods: A total of 169 patients with advanced NSCLC who received bevacizumab combined with chemotherapy were
recruited in this study. Clinical outcome of the regimens was evaluated in the hospital. Peripheral blood and biopsy tissue spe-
cimens of patients were collected for the genotyping of KDR genetic variation and KDR mRNA expression, respectively. The
association between KDR genotype status and other variables were analyzed. Univariate analysis of genotype status and prognosis
was implemented using the Kaplan-Meier survival analysis method. Multivariate Cox regression analysis was performed to adjust
the confounding factors. Results: Of the polymorphisms analyzed, only V297 L was of clinical significance. The prevalence of V297
L among the study population were as follows: CC genotype 123 cases (72.8%), CT genotype 41 cases (24.3%), TT genotype
5 cases (2.9%). The minimum allele frequency is 0.15. The distribution frequencies of the 3 genotypes corresponded with Hardy-
Weinberg equilibrium (P ¼ 0.489). Patients with TT and CT genotypes were merged in the subsequent comparison of clinical
outcomes. The analysis of efficacy exhibited that the objective response rates (ORR) of patients with CC genotype and CT/TT
genotypes were 52.8% and 47.8% (P¼ 0.561), respectively. Prognosis indicated that the median progression free survival (PFS) of
patients with CC genotype and CT/TT genotype were 8.9 and 5.5 months, respectively (P ¼ 0.006). The median OS of the 2
genotypes were 20.0 and 14.9 months, respectively (P ¼ 0.021). Adjusted in multivariate Cox regression analysis of PFS, CT/TT
genotypes were an independent factor for PFS [hazard ratio (HR) ¼ 1.59, P ¼ 0.011). Safety profile according to genotype status
of V297 L failed to find significant difference. Interestingly, the expression of KDR mRNA of patients with CT/TT genotype was
significantly higher than that of patients with CC genotype in the 58 cancer tissue specimens (P < 0.001). Conclusion: The clinical
comes of patients with advanced NSCLC receiving first-line bevacizumab plus chemotherapy regimens might be impacted by
polymorphism V297 L through mediating the mRNA expression of KDR.
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Introduction

Lung cancer remains a leading cause of cancer-related death

among various malignant tumors in both male and female with

the highest morbidity and mortality all over the world. Non-

small cell lung cancer (NSCLC) accounts for approximately

85% in lung cancer. Consequently, it is estimated that there are

approximately 1.785 million new NSCLC cases and 1.505 mil-

lion new deaths globally.1 And it is estimated that there are

approximately 0.623 million new NSCLC cases and 0.519 mil-

lion new deaths in China annually.2 Recent year have wit-

nessed the dramatic advancement of molecular targeted

therapy, which making the advanced NSCLC be the most suc-

cessful tumor in the trend of precision medicine.3 Patients with

EGFR, ALK, ROS1, BRAF all have effective targeted drugs that

bring the patients with survival benefits.4 Additionally, owning

to the development of next-generation sequencing (NGS),

some less common or hard-to-target driver oncogenes such as

KRAS, MET, RET, HER2 and NTRK were identified to be of

clinical significance and the specific targeted drugs were in

clinical development and exhibited promising activity for the

patients accordingly.5 Unfortunately, approximately 40% of

patients were still lack of clear driver targets and became a

research hotspot currently.6 Amazingly, the anti-angiogenic

drug bevacizumab combined with chemotherapy as first-line

treatment achieved superior progression-free survival (PFS)

and improved the survival of patients in the BEYOND and

ECOG 4599 clinical trial.7,8 Given that the objective response

rate (ORR) of first-line platinum-based chemotherapy regi-

mens ranged from 15%-26%,9 addition of bevacizumab

improved the ORR to approximately 50%.10 Even though, con-

siderable individual differences were observed regarding the

efficacy of bevacizumab in clinical application constantly. The

predictive biomarkers of bevacizumab were needed urgently.11

Among all secreted vascular growth factors in tumor cells,

vascular endothelial cell growth factor A (VEGFA) was con-

sidered as the major activator of angiogenesis, which acted

selectively on the vascular endothelial cells, stimulating both

normal and abnormal angiogenesis.12 VEGFA integrated with

the receptor VEGFR1 and kinase insert domain receptor (KDR)

simultaneously.13 Interestingly, a previous study investigated

the prognostic significance of combining VEGFA, VEGFR1

and KDR mRNA expression in lung cancer and the results

suggested that a high level of VEGFA expression and its recep-

tors could be required for cancer progression, which indicated

VEGFA/KDR single pathway might serve as one of the most

important pathway for angiogenesis.14 Bevacizumab is a

recombinant humanized IgG1 monoclonal antibody that spe-

cifically acts on VEGFA to block vascular endothelial growth

factor signaling, thereby blocking tumor tissue angiogenesis.15

Additionally, bevacizumab is also the first antiangiogenic can-

cer therapy agent that has been used in combination with other

anti-cancer agents for patients with metastatic CRC.16 KDR is

the most important receptor for VEGFA, its polymorphisms

could be of clinical significance for the efficacy of antiangio-

genic targeted drugs. The previous study investigated the

influence of KDR gene polymorphism on the efficacy and

safety of apatinib in the treatment of patients with advanced

NSCLC who progressed after standard therapy and the conclu-

sion exhibited that 4397 T>C polymorphism in KDR gene was

associated with the clinical outcomes of the patients.17 They

demonstrated that KDR gene could be of potentially clinical

significance. KDR gene is located on chromosome 4q12 and

contains 30 exons. Ethnic difference regarding this gene was

observed and discrepancies of mRNA expression were noted

among different populations.18 Interestingly, previous study

suggested that the 889C>T polymorphism in the coding region

of the KDR gene influenced the prognosis of patients with liver

cancer treated with sorafenib dramatically.19 Simultaneously,

polymorphism in KDR gene was significantly related to the

objective response rate (ORR) of bevacizumab combined with

oxaliplatin in the treatment of patients with advanced CRC

among European and American population. However, they

failed to investigate the potential mechanism underlying.20

In consequence, the aim of this study was to explore the

influence of KDR genetic variation on the efficacy and safety

of patients with advanced NSCLC receiving first-line bevaci-

zumab plus chemotherapy regimen.

Materials and Methods

Study Design and Patient Enrollment

Given that bevacizumab was licensed in China more than

10 years and considerable patients with advanced NSCLC were

treated with bevacizumab-based therapy clinically, the present

study was designed as a retrospective analysis. Therefore,

patients with advanced NSCLC who were treated with the

first-line bevacizumab-based regimens from January 2015 to

December 2019 in the Department of Respiratory Medicine of

The Fourth Hospital of Hebei Medical University were

recruited in this study. The detailed inclusion criteria included:

(1) a histological or pathological diagnosis of advanced or

recurrent NSCLC; (2) age �18 years; (3) Eastern Cooperative

Oncology Group (ECOG) performance status of 0-2 score;

(4) bevacizumab-based therapeutic regimens were admini-

strated as first-line treatment; (5) at least one available measur-

able target lesion according to response evaluation criteria in

solid tumors (RECIST 1.1).21 The primary exclusion criteria

were: (1) lung squamous cell carcinoma; (2) concomitant with

another tumor or serious diseases according to the judgment of

the investigator; (3) data of efficacy or prognosis assessment of

the patients was not available. The flow chart of this retrospec-

tive study was illustrated in Figure 1. Eventually, a total of 169

patients with advanced NSCLC was enrolled. The primary end-

point of this study was PFS, the secondary endpoints were

ORR, overall survival (OS), safety and the association analysis

between KDR genetic variation and prognosis of patients

receiving bevacizumab-based therapy. This study was under-

taken in accordance with good clinical practice guidelines and

approved by the ethics committees of The Fourth Hospital of

Hebei Medical University (approval no. 2019 MEC068). All
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the patients enrolled were provided with the informed consent

in accordance with the recommendations of the Declaration of

Helsinki.

Therapeutic Regimens

Eligible patients were treated with bevacizumab in combina-

tion with platinum-based regimens as first-line therapy. The

chemotherapy regimens included pemetrexed or paclitaxel or

docetaxel combined with platinum drugs (carboplatin or cis-

platin). And the dosage of the chemotherapy was the routine

3-week regimens clinically.22 Pemetrexed 500 mg/m2, pacli-

taxel 175 mg/m2, docetaxel 75 mg/m2 (the first day). Cisplatin

75 mg/m2 or carboplatin AUC¼ 5 (the first day), every 21 days

was one cycle. The duration of chemotherapy was up to

4-6 cycles or depended on the actual situation when the patients

were not tolerable to the chemotherapy. Bevacizumab was

administrated with a dosage of 7.5 or 15 mg/kg at first day

intravenously, every 21 days was one cycle until disease pro-

gression or unacceptable toxicity.

The combined chemotherapy regimens were stopped after

4-6 cycles treatment, and then bevacizumab monotherapy was

used for maintenance treatment until progression or intolerable

adverse reactions. Therapeutic response was evaluated accord-

ing to RECIST version 1.1 criteria by investigator assess-

ment.21 And the change of target lesions was evaluated using

CT scans every 2 cycles or depended on the actual situation.

Furthermore, the dosage of the chemotherapy was constantly

regulated according to the hematological or non-hematological

toxicity that occurred during the treatment and the regimens

were terminated when potential life-threatening toxic reactions

were observed. Adverse reactions during treatment were eval-

uated using Common Terminology Criteria for Adverse Events

(CTCAE) version 4.02 criteria to document toxicity profile that

might be drug-related.23

Collection of Appropriate Specimens and Genotyping
of KDR Gene Polymorphism

Approximately 4 ml of peripheral blood specimens were col-

lected from the patients. Genomic DNA was extracted using

the phenol-chloroform method and then stored at �20�C for

subsequent usage. The single nucleotide polymorphisms of

KDR gene were collected from the NCBI database with the

minor allele frequency (MAF) >0.1 among Chinese population.

Of the polymorphisms analyzed, only rs2305948 (Val297Leu:

V297 L) was of clinical significance. Consequently, the subse-

quent analysis of this study was concentrated on the correlation

between V297 L polymorphism and clinical outcomes. The

genotypes of V297 L polymorphism in KDR gene was geno-

typed using restriction fragment length polymorphisms poly-

merase chain reaction (PCR-RFLP). Genotyping of each

Figure 1. The flow chart of the retrospective study for the influence of KDR genetic variation on the efficacy and safety of patients with

advanced non-small cell lung cancer receiving first-line bevacizumab plus chemotherapy regimen.
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sample was operated with the procedures according to the

instructions. The PCR products were amplified firstly and then

the product was incubated and digested with restriction

enzymes. The PCR product was 296 bp. The forward primer

was 50-TTCCAAGACCATAGCTTACCA-30, the reverse pri-

mer was 50-TGTTTACCAAAGCCCAGATTT-30. A total of

2 mL PCR products were digested using the restriction enzyme

ApaI (Thermo Fisher Scientific, USA). The genotypes were

distinguished by the size of the band: CC genotype (one

296 bp band); CT genotype (3 bands: one 296 bp band, one

199 bp band and one 97 bp band); TT genotype (2 bands:

one 199 bp band and one 97 bp band). Additionally, a negative

reference was set during analysis.

Collection of Biopsy Tissue Specimen and KDR Gene
mRNA Expression Analysis

Cancer tissue specimens were relatively difficult to obtain.

Therefore, the matched biopsy cancer tissue specimens were

only collected from 67 samples among the 169 patients with

NSCLC originally. Unfortunately, 5 patients’ biopsy tumor

tissue specimens were not available and 4 patients failed the

RNA extraction. Finally, a total of 58 specimens were available

for KDR mRNA expression analysis and preserved in Liquid

nitrogen. Total RNA samples were extracted using Trizol

reagents (Takara, Biotechnology, Dalian, China) according to

the manufacture’s instruction and stored at �80�C for mRNA

expression analysis. A total of 500 ng RNA extracted from the

biopsy tissue specimens was used as the templates for reverse-

transcription polymerase chain reaction to prepare the first-

stand of cDNA using the Prime Script RT reagent Kit. Relative

quantitative analysis of KDR gene mRNA expression was car-

ried out using the Light Cycler® 480 (Roche, Shanghai, China)

with SYBR Premix EX Taq system. The forward primer of

KDR gene was 50-ATGCAGAGCAAGGTGCTGC-30, the

reverse primer was 50-TTAAACAGGAGGAGAGCT

CAGTG-30.17 The real-time quantitative PCR reaction system

was as follows: SYBN Premix Ex Tag solution 10mL, KDR F

primer (20mM) 0.2mL, KDR R primer (20mM) 0.2mL, ddH2O

7.6mL and cDNA 2mL, the total reaction system is 20mL.

GAPDH mRNA expression was used as an internal refer-

ence. KDR mRNA was calculated by relative quantification

method 2-44Ct. 24

Statistical Analysis

All variables in this study were analyzed using SPSS software

version 25.0 (IBM, Armonk, NY). Whether the genotypes

distribution of the polymorphism was in line with Hardy-

Weinberg equilibrium was analyzed using chi-square test.

Statistical difference of proportion variables and continuous

variables according to V297 L genotype status was analyzed

using the chi-square test and the Mann-Whitney U nonpara-

metric test, respectively. Kaplan-Meier survival curves were

drawn using Stata 14.0 to estimate the differences in PFS and

OS of patients with different genotypes and the differences

between the curves of different genotypes were calculated

using the log-rank test. PFS was calculated from the date of

bevacizumab administration to the patients’ tumor progression

or death. OS was defined from the date of bevacizumab admin-

istration to death of the patients from any cause. For those

without survival events by the end of the study, survival end

points were censored at the date of data cut-off. Cox regression

analysis was introduced for PFS in multivariable analysis.

P < 0.05 was considered to be significantly statistical difference.

Results

Baseline Characteristics of the 169 Patients With NSCLC
and Genotyping of V297 L

Baseline characteristics of the 169 patients with NSCLC

enrolled were exhibited in Table 1. The median age of the

patients was 57 years old ranging from 29 to 81 years. 68.0%
of the patients were male. 0 score and 1-2 score of ECOG was

observed in 63 and 106 patients, respectively. Majority of the

patients were noted with disease stage of IV (89.9%). 72.2% of

the patients were nonsmoker/former smoker. A total of 148

patients (87.6%) were observed of adenocarcinoma, 21 patients

were of other histology types. Positive driver gene (EGFR/

ALK/ROS1) mutation were reported in 24 patients, negative

driver gene mutation was noted in 117 patients. In the com-

bined chemotherapy regimen, 78 patients were treated with

cisplatin-based regimen and 91 patients were received

carboplatin-based chemotherapy. Additionally, 87 patients

were treated with pemetrexed regimen, 48 patients were admi-

nistrated with docetaxel regimen, 34 patients were received

paclitaxel regimen. Interestingly, majority of initial dosage of

bevacizumab were 7.5 mg/kg (94.1%).

The prevalence of V297 L in the 169 patients with NSCLC

were: CC genotype 123 cases (72.8%), CT genotype 41 cases

(24.3%), TT genotype 5 cases (2.9%). The minimum allele

frequency (MAF) is 0.15. The distribution frequencies of the

3 genotypes corresponded with Hardy-Weinberg equilibrium

(P ¼ 0.489). Given that patients with TT genotype were rela-

tively rare, patients with TT and CT genotypes were merged in

the subsequent comparison of clinical outcomes. As illustrated

in Table 1, the baseline characteristics of patients with CC and

CT/TT genotypes were well-balanced and comparable.

Influence of KDR Gene V297 L Polymorphism
on the Efficacy and Prognosis

The efficacy of bevacizumab-based first-line regimen was

evaluated in this study firstly. The best overall response assess-

ment included complete response (CR) 0 case, confirmed par-

tial response (PR) 87 cases, stable disease (SD) 58 cases and

progressive disease (PD) 24 cases. Consequently, ORR and

DCR of the 169 patients were 51.5% [95% confidence interval

(CI): 43.7%-59.2%) and 85.8% (95%CI: 81.6%-92.1%),

respectively. As illustrated in Figure 2, The ORR of patients

with CT/TT genotype and CC genotype were 47.8% and
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Table 1. Baseline Characteristics of the 169 Patients With NSCLC According to KDR V297 L Genotype Status.

Characteristics Total (n ¼ 169, %)

V297 L genotype status

PCC (n ¼ 123) CT/TT (n ¼ 46)

Age (years)

Median (range) 57 (29-81) 57 (41-79) 58 (29-81) 0.717

Gender 0.911

Male 115 (68.0) 84 (68.3) 31 (67.4)

Female 54 (32.0) 39 (31.7) 15 (32.6)

ECOG score 0.682

0 63 (37.3) 47 (38.2) 16 (34.8)

1-2 106 (62.7) 76 (61.8) 30 (65.2)

Disease stage 0.907

IIIb 9 (5.3) 6 (4.9) 3 (6.5)

IV 152 (89.9) 111 (90.2) 41 (89.1)

Recurrent 8 (4.7) 6 (4.9) 2 (4.4)

Smoking status 0.76

Nonsmoker/former smoker 122 (72.2) 88 (71.5) 34 (73.9)

Smoker 47 (27.8) 35 (28.5) 12 (26.1)

Histology

Adenocarcinoma 148 (87.6) 108 (87.8) 40 (87.0) 0.882

Other types 21 (12.4) 15 (12.2) 6 (13.0)

Driver gene mutation statusa 0.943

Positive 24 (14.2) 17 (13.8) 7 (15.2)

Negative 117 (69.2) 85 (69.1) 32 (69.6)

NA 28 (16.6) 21 (17.1) 7 (15.2)

Combined chemotherapy regimen

Cisplatin based 78 (46.2) 59 (48.0) 19 (41.3) 0.439

Carboplatin based 91 (53.8) 64 (52.0) 27 (58.7)

Combined chemotherapy regimen

Pemetrexed 87 (51.5) 64 (52.0) 23 (50.0) 0.938

Docetaxel 48 (28.4) 34 (27.6) 14 (30.4)

Paclitaxel 34 (20.1) 25 (20.3) 9 (19.6)

Initial dosage of bevacizumab (mg/kg)

7.5 159 (94.1) 116 (94.3) 43 (93.5) 0.839

15 10 (5.9) 7 (5.7) 3 (6.5)

Abbreviations: NSCLC, non-small cell lung cancer; KDR, kinase insert domain receptor; ECOG, Eastern Cooperative Oncology Group; NA, not available.
a The driver gene were EGFR or ALK or ROS1.

Figure 2. Waterfall plot for the best percentage change in target lesion size of the 169 patients with advanced non-small cell lung cancer

according to KDR V297 L genotype status.
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52.8%, respectively (P¼ 0.561). The DCR of patients with CT/

TT genotype and CC genotype were 82.6% and 87.0%, respec-

tively (P ¼ 0.467).

Data cut-off date was October 2020, and the median follow-

up time for all patients was 18.5 months (follow-up range:

0.5-36 months). As illustrated in Figure 3, the median PFS of

all patients was 8.3 months (95% CI: 7.69-8.91). Given that the

follow-up duration of our study was longer enough, OS was

evaluated in our study as well. As exhibited in Figure 3, the

median OS of the 169 patients with NSCLC was 18.9 months

(95%CI: 17.57-20.23).

In terms of the association analysis between V297 L poly-

morphism status and prognosis, as shown in Figure 4, the

median PFS of patients with CC and CT/TT was 8.9 months

(95%CI: 8.28-9.52) and 5.5 months (95%CI: 4.74-6.26),

respectively, which was statistically significant (w2 ¼ 7.68,

P¼ 0.006). In terms of OS, as exhibited in Figure 5, the median

OS of patients with CC and CT/TT genotype were 20.0 months

(95%CI: 18.62-21.38) and 14.9 months (95%CI: 10.58-19.22),

respectively. The difference was statistically significant (w2 ¼
5.31, P ¼ 0.021). Additionally, a multivariate Cox regression

model was introduced to adjust the independent significance of

V297 L polymorphism for PFS. Therefore, the univariate anal-

ysis between baseline characteristics (such as age, gender,

ECOG score, smoking status, histology, combined chemother-

apy regimen, initial dosage of bevacizumab and V297 L

Figure 3. The progression-free survival and overall survival of the 169 patients with advanced non-small cell lung cancer.

Figure 4. The progression-free survival of the 169 patients with advanced non-small cell lung cancer according to KDR V297 L genotype status.
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polymorphism) and PFS was carried out firstly. As illustrated

in Table 2, age, ECOG score and genotype of V297 L were of

significant association with PFS in the univariate analysis.

Therefore, there variables were included in the multivariate

Cox regression analysis. As exhibited in Table 2, V297 L

polymorphism status was an independent factor for PFS

[HR ¼ 1.59 (95%CI: 1.22-2.34), P ¼ 0.011] after multivariate

adjustment. Interestingly, other statistically significant vari-

ables in the multivariate Cox analysis were age (HR ¼ 1.25,

P ¼ 0.028) and ECOG score (HR ¼ 1.38, P ¼ 0.021), which

Figure 5. The overall survival of the 169 patients with advanced non-small cell lung cancer according to KDR V297 L genotype status.

Table 2. PFS of the 169 Patients With NSCLC According to Baseline Characteristics and Polymorphism in Univariate Analysis and Multi-

variate Cox Analysis.

Characteristics Median PFS (95%CI)

P
Multivariate analysis

(univariate analysis) HR (95%CI) P

Age 0.017 1.25 (1.08-1.89) 0.028

<57 9.0 (7.55-10.45)

�57 7.2 (6.41-7.99)

Gender 0.562

Male 8.1 (7.01-9.19)

Female 8.6 (7.19-10.01)

ECOG score 0.011 1.38 (1.11-2.03) 0.021

0 9.6 (7.15-12.05)

01-Feb 6.9 (5.91-7.89)

Smoking status 0.713

Nonsmoker/former smoker 8.3 (7.27-9.33)

Smoker 8.5 (7.11-9.89)

Histology 0.434

Adenocarcinoma 8.5 (7.01-9.99)

Other types 8.1 (7.12-9.08)

Combined chemotherapy regimen 0.718

Cisplatin based 8.3 (7.11-9.49)

Carboplatin based 8.3 (7.19-9.41)

Initial dosage of bevacizumab (mg/kg) 0.633

7.5 8.3 (7.09-9.51)

15 8.5 (7.12-9.88)

Genotypes of V297L polymorphism 0.006 1.59 (1.22-2.34) 0.011

CC 8.9 (8.28-9.52)

CT/TT 5.5 (4.74-6.26)

Abbreviations: NSCLC, non-small cell lung cancer; OS, overall survival; ECOG, Eastern Cooperative Oncology Group; CI, confidence interval; HR, hazard ratio.
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indicated that patients of <57 years had longer PFS than that of

patients with �57 years (median PFS: 9.0 vs 7.2 months) and

patients with ECOG 0 score demonstrated superior PFS com-

pared with that of patients with ECOG 1-2 score (median PFS:

9.6 vs 6.9 months).

Correlation Analysis Between V297 L Genotype Status
and Safety Profile

The regimen of bevacizumab and platinum-based chemother-

apy demonstrated the common and specific adverse reactions

of chemotherapy drugs and antiangiogenic drugs, respectively.

As exhibited in Table 3, the main and common adverse reac-

tions were neutropenia, leukopenia, thrombocytopenia, hyper-

tension, gastrointestinal reaction, proteinuria, hand-foot

syndrome and AST/ALT elevation during the treatment of bev-

acizumab combined with platinum-based chemotherapy. And

the incidence was 29.0%, 26.6%, 24.3%, 23.1%, 20.1%, 16.5%,

13.6% and 11.2%, respectively. Correlation analysis between

V297 L genotype status and safety profile indicated that no

significant correlation was observed between genotype status

of V297 L and the common adverse reactions (P > 0.05).

Association Analysis Between V297 L Genotype Status
and mRNA Expression of KDR

A total of 58 specimens were available for KDR mRNA expres-

sion analysis. The expression of KDR mRNA was determined by

extracting RNA from 58 biopsy cancer tissue specimens and the

correlation between the genotype status of V297 L and mRNA

expression was analyzed. Firstly, the prevalence of V297 L

polymorphism in the 58 biopsy cancer tissue specimens were:

CC genotype 42 cases (72.4%), CT genotype 14 cases (24.1%)

and TT genotype 2 cases (3.4%). The MAF was 0.16 and

distribution frequency of the 3 genotypes also accorded with the

Hardy-Weinberg equilibrium (P¼ 0.546). Similarly, TT and CT

genotypes were merged in the subsequent analysis. As illustrated

in Figure 6, compared with patients with CC genotype of

V297 L, the relative expression of KDR mRNA in cancer tissues

of patients with CT/TT genotype was significantly higher

(3.97 + 0.583 vs 2.80 + 0.856), and the difference was statis-

tically significant (P < 0.001).

Additionally, KDR mRNA expression status was divided into

KDR high expression (KDR-H) and KDR low expression

(KDR-L) according to the median KDR mRNA relative expres-

sion threshold value to explore the association with PFS. Patients

with KDR-H and KDR-L were observed in 30 patients and 28

patients, respectively. As exhibited in Figure 7, patients with

KDR-H conferred a trend for worse OS compared with those

with KDR-L (median PFS: 6.2 vs 8.8 months), even the differ-

ence was not statistically significant (w2 ¼ 3.543, P ¼ 0.060).

Discussion

Our retrospective study provided the real-world evidence

regarding the efficacy and safety of patients with NSCLC who

Table 3. Safety Profile of the 169 Patients With NSCLC Receiving First-Line Bevacizumab Plus Chemotherapy Regimen According to KDR

V297 L Genotype Status.

Safety profile Total (n ¼ 169, %)

V297 L genotype status

PCC (n ¼ 123) CT/TT (n ¼ 46)

Neutropenia 49 (29.0) 37 (30.1) 12 (26.1) 0.610

Leukopenia 45 (26.6) 34 (27.6) 11 (23.9) 0.625

Thrombocytopenia 41 (24.3) 30 (24.4) 11 (23.9) 0.949

Hypertension 39 (23.1) 29 (23.6) 10 (21.7) 0.801

Gastrointestinal reaction 34 (20.1) 23 (18.7) 11 (23.9) 0.452

Proteinuria 28 (16.5) 21 (17.1) 7 (15.2) 0.773

Hand-foot syndrome 23 (13.6) 18 (14.6) 5 (10.9) 0.525

AST/ALT elevation 19 (11.2) 14 (11.4) 5 (10.9) 0.925

Abbreviations: NSCLC, non-small cell lung cancer; AST, aspartate amino transferase; ALT, alanine aminotransferase.

Figure 6. Relative mRNA expression level of KDR gene according to

KDR V297 L genotype status.
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were treated with first-line bevacizumab plus chemotherapy

regimen. Simultaneously, results of correlation analysis

between the V297 L genotype status and prognosis indicated

that V297 L of KDR could be used as a prognostic biomarker

for patients with NSCLC. Additionally, the mRNA expression

level of KDR according to different genotypes of V297 L was

significantly different. Consequently, clinical comes of

patients with advanced NSCLC receiving first-line bevacizu-

mab plus chemotherapy regimens might be influenced by

polymorphism V297 L through mediating the mRNA expres-

sion of KDR.

NSCLC was a highly heterogeneous and diverse malignant

tumor and great individual differences regarding the clinical

outcomes and prognosis of NSCLC treatment were observed

clinically.25 On the other hand, to our knowledge, recent years

had witnessed that numerous studies regarding the first-line

immunotherapy in metastatic non-small cell lung cancer were

reported and the results suggested that PD-1/PD-L1 inhibitors-

related regimens could cover all the first-line therapy substan-

tially. The Keynote-024 trial exhibited that pembrolizumab

monotherapy was better than platinum-based chemotherapy

as first-line therapy with superior PFS and OS in NSCLC

patients with PD-L1 expression >50% of tumor cells.26 Addi-

tionally, pembrolizumab plus platinum-based chemotherapy

could be used as standard first-line setting for NSCLC patients

with PD-L1 expression <50% according to the Keynote-189

trial.27 Furthermore, atezolizumab plus bevacizumab and

platinum-based chemotherapy demonstrated significantly

improved PFS and OS as first-line therapy among patients with

metastatic non-squamous NSCLC according to the Impower

150 trial.28 The above data suggested that immunotherapy

combined with chemotherapy and immunotherapy combined

with bevacizumab played a synergetic anti-cancer activity for

the patients.

As a humanized monoclonal antibody that specifically

targeted on VEGFA, bevacizumab demonstrated superior

therapeutic value in different fields such as colorectal cancer

and lung cancer.29 Nevertheless, it should be noted that bev-

acizumab targeted on VEGF that normally existed in the

human body instead of tumor cell directly,30 which was dif-

ferent from the mechanism of other targeted drugs such as

gefitinib.31 Therefore, polymorphisms of VEGF pathway

might be of potential significance on the efficacy of antian-

giogenic targeted drugs.32 Interestingly, we noticed that

Takeuchi and colleagues reported in 2020 that polymorphism

of SLC22A16 predicted the efficacy of platinum combination

chemotherapy and bevacizumab in patients with advanced

NSCLC.33 Crucitta and colleagues investigated in 2019 that

Endothelial nitric oxide synthase c.-813C>T predicted the

proteinuria in metastatic breast cancer patients who were

treated with bevacizumab-based chemotherapy.34 Berger and

colleagues reported in 2018 that rs4588 within the vitamin D

transporter gene predicted the OS in patients with metastatic

CRC who were treated with FOLFIRI plus bevacizumab

regimen.35 In conclusion, these above data demonstrated the

potential value of pharmacogenomics to predict the clinical

outcomes or safety of bevacizumab.

The clinical outcomes of the 169 patients with NSCLC who

received bevacizumab combined with platinum-based che-

motherapy were analyzed and exhibited simultaneously. ORR

of the patients was 51.5%, DCR was 85.5%, the median PFS

was 8.3 months and the median OS was 18.9 months. It seemed

that the clinical outcomes were slightly lower than that of the

phase III Beyond clinical trial initiated by Zhou and colleagues

Figure 7. The progression-free survival of the 58 patients with advanced NSCLC receiving bevacizumab plus chemotherapy regimens

according to KDR mRNA expression status.
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(ORR ¼ 54%, DCR ¼ 94%, median PFS ¼ 9.2 months and

median OS ¼ 24.3 months of bevacizumab arm).7 We specu-

lated that reason could be attributed to the retrospective design

of our study. Management of the patients in retrospective study

was not sufficient and normative compared with well-designed

phase III clinical trial, which was demonstrated in the other

retrospective study of bevacizumab in NSCLC.36 Additionally,

it should be noted that patients with ECOG 2 score were also

included in our study. However, BEYOND study excluded

those with ECOG 2 score. As far as we know, higher ECOG

score conferred worse prognosis in patients with NSCLC.37

And the results of multivariate Cox analysis suggested that

patients with ECOG 1*2 score were associated with worse

prognosis compared with those with 0 score. The clinical out-

comes of the 169 patients with NSCLC receiving bevacizumab

combined with platinum-based chemotherapy in this study pro-

vided real-world evidence for bevacizumab administration in

patients with NSCLC.

Regarding the clinical significance analysis of KDR gene

polymorphism, the present study was the first study focusing

on the association between the efficacy of patients with

NSCLC receiving bevacizumab treatment and the KDR gene

polymorphism analysis in Chinese population. The previous

work initiated by Fan and colleagues included a total of 148

patients with advanced NSCLC receiving bevacizumab based

first-line regimens and the association analysis between

VEGFR2 polymorphism and prognosis indicated that 889C>T

polymorphism was of clinical significance to predict the prog-

nosis of patients with NSCLC who were treated with

bevacizumab-based regimens.38 The design and part of results

of that study were consistent with our study. However, we

included a relatively larger sample size. Interestingly, a recent

investigation initiated by Wang and colleagues explored the

influence of KDR gene polymorphism on the efficacy and

safety of an antiangiogenic tyrosine kinase inhibitor (TKI)-

apatinib for patients with advanced NSCLC who were failed

after the standard therapy.17 The conclusion suggested that

KDR 4397T>C polymorphism could be used an independent

prognostic biomarker for patients with NSCLC when received

apatinib treatment. Additionally, another study initiated by Yan

and colleagues performed the association analysis between

VEGFR2 gene polymorphism and efficacy of apatinib in the

treatment of advanced epithelial ovarian carcinoma.39 Results

of their study indicated that the clinical outcomes of apatinib

may be influenced by the polymorphism -906T>C of VEGFR2

through mediating the mRNA expression of VEGFR2. In con-

clusion, these data demonstrated the potential predictive sig-

nificance of polymorphism in antiangiogenic single pathway

for the efficacy and prognosis of patients receiving antiangio-

genic targeted drugs therapy. The minor allele frequency

(MAF) of V297 L polymorphism in our study was 0.15, which

was in line with the genotype frequency of the Chinese popu-

lation in the NCBI database and the results of previous study

initiated by Mario Scartozzi and colleagues.40 A total of 148

patients with hepatocellular carcinoma who received sorafenib

treatment were included and VEGF and VEGFR gene

polymorphisms were detected to evaluate the association

between genotype status and prognosis of the patients. Conclu-

sion of the study exhibited that patients with CT/TT genotype

of rs2305948 were associated with a worse PFS and OS com-

pared with those with CC genotype, which was consistent with

the conclusion in our study. Besides, previous study initiated by

Babyshkina and colleagues performed a retrospective analysis

of 70 women with breast cancer who underwent neoadjuvant

chemotherapy and investigated the KDR gene polymorphism.41

And the results suggested that patients with CT/TT genotype of

rs2305948 in KDR gene were associated with worse patholo-

gical complete response compared with those with CC geno-

type, even the difference was not statistically significant. The

results were in concert with the conclusion in our study to some

extent. Unfortunately, the studies failed to investigate the asso-

ciation between the genotype status of the polymorphism and

KDR gene mRNA expression. Notably, a previous study initi-

ated by Matalliotaki and colleagues investigated the implica-

tion of KDR in endometriosis through a structural biological

and genetic approach.42 Results suggested that V297 L poly-

morphism might play an important role in D3-D4 Ig-domain

interaction, thus influencing the efficiency of dimerization and

contributing to the pathogenesis of endometriosis by impairing

VEGF signaling and increasing angiogenesis. It seemed that

the structural changes that the SNP might result in the second-

ary and tertiary structure of the VEGF receptor, thus contribut-

ing to the binding kinetics with VEGF molecule blocked of

bevacizumab. Therefore, the conclusion in their study could

help to explain the clinical significance of V297 L polymorph-

ism in our study to some extent.

Interestingly, mRNA expression of KDR was explored

among 58 cancer tissue specimens in our study and the results

disclosed that patients with CT/TT genotype of V297 L were

associated with higher KDR mRNA expression. KDR is the

most important receptor with the strongest binding ability to

VEGFA and its expression level plays a vital role in the process

of angiogenesis.43 Besides, it had been demonstrated that

higher expression level of KDR in tumor cells made it easier

for tumor cells to regenerate blood vessels, thus leading to

relapse and metastasize.44 Consequently, relevant clinical

study indicated that higher the expression level of KDR gene

was associated with worse PFS and OS of patients with

NSCLC.45 This conclusion was in concert with that the asso-

ciation between KDR mRNA expression and PFS in our study

to some extent. In a word, KDR V297 L polymorphism could

be used as a potential biomarker for the prediction of patients

with advanced NSCLC receiving bevacizumab-based first line

regimen.

Additionally, it should be noted that the main and common

adverse reactions of the patients with advanced NSCLC

receiving the treatment of bevacizumab combined with

platinum-based chemotherapy were neutropenia, leukopenia,

thrombocytopenia, hypertension, gastrointestinal reaction, pro-

teinuria, hand-foot syndrome and AST/ALT elevation, which

are basically consistent with previous study.46 Interestingly, the

correlation analysis between V297 L genotype status and the

10 Technology in Cancer Research & Treatment



incidence of adverse reactions demonstrated no statistically

significant difference. This could be attributed to the fact that

V297 L polymorphism did not contribute to bevacizumab and

chemotherapy disposition in vivo.

Limitations were observed in our investigation inevitably.

Firstly, the sample size of our study was relatively small and

only 169 patients were included. The conclusion could be more

objective and representative when larger sample size was

adopted. Secondly, it was obvious that some biases could not

be avoided in retrospective analysis. For example, we could not

design the study with control group randomly, the management

and follow-up of the patients were inadequately compared to

the clinical trial. Thirdly, another potentially important flaw of

our study was that the patients included in our study were all

treated with chemotherapy plus bevacizumab first-line regimen

in view of the fact that the standard of care for first-line treat-

ment should be PD-1/PD-L1-based regimens currently.

Fourthly, our study was limited to Chinese population. It was

not representative and suitable for international patients cur-

rently. Consequently, the conclusion in our study should be

validated large-scale prospective trials further. From the objec-

tive view, our study evaluated the prognostic significance of

the V297 L polymorphism adequately and revealed part of the

reasons for the prognostic difference resulted from this poly-

morphism from the expression of KDR mRNA appropriately,

which could be of clinical guiding significance for the prog-

nostic evaluation of bevacizumab in patients with advanced

NSCLC. In the future, polymorphism genotyping could be

implemented as routine clinical practice. And when unfavor-

able genotype such as CT/TT genotype of V297 L was

detected, patients should take PD-1/PD-L1-based regimens

into consideration instead of bevacizumab-based therapy as the

first-line treatment if it was possible.

Conclusion

The clinical comes of patients with advanced NSCLC receiving

first-line bevacizumab plus chemotherapy regimens might be

impacted by polymorphism V297 L of KDR through mediating

the mRNA expression of KDR. Therefore, if we identified the

sensitive patients who could really benefit from antiangiogenic

targeted drug therapy, then more reasonable medication could

be used in the context of precision medicine currently.
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