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Background: This study aimed to explore associations between PDL1 polymorphisms and 
efficacy of apatinib for patients with previously treated advanced non–small cell lung cancer 
(NSCLC) in a real-world setting.
Methods: We retrospectively recruited 148 patients with previously treated advanced 
NSCLC from January 2015 to December 2019 continuously. Clinical efficacy in patients 
receiving apatinib treatment was evaluated. Adverse reactions were documented during 
treatment. Biological specimens of peripheral blood and cancer tissue biopsies were obtained 
for the genotyping of genetic variations in PDL1 and corresponding gene-mRNA expression, 
respectively. Univariate association analysis between the status of PDL1 genetic 
variations and survival was performed with Kaplan–Meier survival analysis.
Results: The objective response rate of the 148 patients was 17.6% and disease-control rate 
68.9%. Prognostic data suggested that median progression-free survival (PFS) was 3.8 (95% 
CI 3.13–4.47) months and median overall survival (OS) 10.5 (95% CI 9.06–11.95) months. 
Regarding PDL1 genetic variation, only rs2297136 was of clinical significance. Prognosis 
analysis revealed that PFS and OS for the rs2297136 genotype were significantly different. 
Median PFS of patients with TC/CC and TT genotypes was 3 and 4.5 months, respectively 
(P=0.006). Median OS of the two genotypes was 9 and 11.6 months, respectively (P=0.04). 
Furthermore, the safety profile suggested that the most common adverse reactions were 
hypertension, dermal toxicity, fatigue, and oral toxicity. This study failed to find any 
significant association between adverse reactions and rs2297136. Interestingly, mRNA- 
expression analysis demonstrated that mRNA expression of PDL1 in biopsy cancer–tissue 
specimens was significantly different based on rs2297136-genotype status (P<0.001).
Conclusion: The PDL1 polymorphism rs2297136 could be used as a potential biomarker for 
the prognosis of patients with NSCLC receiving apatinib monotherapy.
Keywords: NSCLC, apatinib, PDL1, genetic variation, clinical outcome, safety, biomarker

Background
Lung cancer is the most common solid tumor and has the highest morbidity and 
mortality worldwide. According to the latest cancer-epidemiology data, 
0.815 million new cases and 0.715 million new deaths due to lung cancer are 
observed in China currently.1 As the most common histological subtype, non–small 
cell lung cancer (NSCLC) accounts for approximately 85% in lung cancer.2 
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Recently, targeted drugs with different mechanisms of 
action were developed based on common somatic gene- 
mutation profiles with significant survival benefits.3 

Unfortunately, approximately half the patients with 
NSCLC in China lack one potentially significant driver- 
gene mutation, and correspondingly only platinum-based 
chemotherapy regimens are available as first-line 
treatment.4 Chemotherapy efficacy is dismal, with objec-
tive response rate (ORR) 20%–30% and median progres-
sion-free survival (PFS) 4–5 months.5 Single-agent 
chemotherapy with docetaxel, pemetrexed, gemcitabine, 
and immunotherapy are alternative second-line treatment 
options, with additional benefits in prolonging survival 
after first-line treatment.6

However, the advantages of traditional second-line 
treatment are limited currently. Immunotherapy drugs 
have been licensed in recent years, and the low ORR of 
PD1/PDL1 inhibitors has exhibited that patients who 
could benefit from an immunotherapy drug are thus also 
limited.7 Consequently, patients with advanced NSCLC 
are in urgent need of therapeutic drugs upon disease pro-
gression after standard treatment. Angiogenesis was iden-
tified as an important therapeutic strategy for solid tumors 
and was proven to be an essential condition in the process 
of tumor growth according to the theory of Folkman in 
1971.8 Antiangiogenic drugs exhibit potential anticancer 
activity in treatment show advanced NSCLC. 
Bevacizumab and ramucirumab exhibit potential survival 
benefits for patients with NSCLC as first-line and second- 
line treatment, respectively.9 In terms of antiangiogenesis 
multitargeted tyrosine-kinase inhibitors (TKIs), anlotinib 
has been a standard regimen for third-line treatment in 
China since 2018.10 As a similar antiangiogenesis TKI, 
apatinib has been approved as subsequent-line treatment 
for advanced or metastatic gastric cancer.11 Considerable 
research has been done on apatinib in the treatment of 
NSCLC, colorectal cancer, and breast cancer.12 

Interestingly, as far as we know, the ORR of antiangio-
genic targeted drugs was disappointing. The ORR of sor-
afenib, anlotinib, and fruquintinib monotherapy as third- 
line treatment of advanced NSCLC is only 4.9%, 9.18%, 
and 16.4%, respectively.13 Consequently, great individual 
differences regarding the efficacy of antiangiogenic tar-
geted drugs have been observed clinically. Therefore, 
exploration of biomarkers that could predict the efficacy 
of apatinib is necessary.

PDL1 is one of the most important biomarkers for the 
prognostic prediction of immunotherapy.14 A study has 

shown that higher PDL1 expression predicts superior clin-
ical outcome with PD1/PDL1 inhibitors.15 Although 
patients with positive PDL1 expression can benefit from 
PD1/PDL1 inhibitors, the association between the prog-
nosis of patientsadministered antiangiogenic targeted 
drugs and PDL1 expression status remains unknown.16 

Wu et al investigated the association between PDL1 poly-
morphisms and prognoses of patients with gastric cancer. 
The CC genotype of rs822336 resulted in superior prog-
noeis for all GC patients and those without postoperative 
chemotherapy.17 Interestingly, a recent study Su et al 
investigated the association between PDL1 genetic varia-
tion and the prognosis of patients with R0-resection color-
ectal cancer who received capecitabine-based adjuvant 
chemotherapy in the real world. The conclusion indicated 
that the PDL1 901T>C polymorphism might be a valuable 
biomarker for patients with CRC receiving capecitabine- 
based adjuvant chemotherapy.18 Furthermore, a prior study 
indicated that VEGFR inhibitors could possess immuno-
modulatory properties that might result in antitumor activ-
ity and reduce the function of regulatory T cells and 
CD14-positive immunosuppressive monocytes, thus 
increasing cytokine production from effector T cells in 
response to antigen stimulation and activating the innate 
immunoresponse.19 Consequently, VEGFR inhibitors 
could potentially play an synergetic role with 
immunotherapy.

However, the association between PDL1 genetic varia-
tion and efficacy in patients with advanced NSCLC who 
have received apatinib treatment is unknown. 
Consequently, our study aimed to investigate the associa-
tion between PDL1 genetic variation and the efficacy of 
apatinib monotherapy in patients with previously treated 
advanced NSCLC. Additionally, the potential correlation 
between PDL1 genetic variations and PDL1 gene-mRNA 
expression in biopsied cancer-tissue specimens was 
explored.

Methods
Design
Given that apatinib has been approved in Chinese main-
land for 5 years, with considerable numbers of patients 
receiving apatinib treatment, our study was designed as 
a retrospective analysis. Consequently, patients with 
advanced NSCLC who had failed after previous systemic 
treatment from January 2015 to December 2019 in the 
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Hospital of Hebei Medical University participated. 
Eligibility criteria were diagnosis of NSCLC with patho-
logical staging of IIIB or IV, age ≥18 years Eastern 
Cooperative Oncology Group (ECOG) performance status 
0–2, apatinib monotherapy used for those who had failed 
after or were unable to tolerate previous systemic standard 
treatment, at least one measurable target lesion based on 
response evaluation criteria in solid tumors (RECIST 1.1) 
available, and appropriate renal, hepatic, and hematopoie-
tic function to receive apatinib treatment. Exclusion cri-
teria were new diagnosis or uncontrollable central nervous 
system metastases, concomitant with other tumors or ser-
ious diseases, hemoptysis >50 mL/day, and efficacy data 
evaluation not available. The flow chart of this study is 
given in Figure 1. Finally, a total of 148 patients with 
advanced NSCLC was enrolled in this study. The primary 

focus of this study was associations between PDL1 poly-
morphisms, objective response rate (ORR), progression 
free survival (PFS), overall survival (OS), and adverse 
reactions. The study was conducted in accordance with 
the Declaration of Helsinki and approved by the ethics 
committee of the Fourth Hospital of Hebei Medical 
University. Informed consent was obtained from each 
enrolled patient.

Administration of Apatinib
Initial dosage of apatinib was 500 mg or 750 mg per day 
orally continuously for 28 days until disease progression or 
intolerable adverse reactions. Dosage was determined based 
on baseline physical conditions: body-surface area (BSA), 
ECOG score, and age, which was up to the clinical experi-
ence of the investigators. Dosage was adjusted based on the 

Figure 1 Flowchart of the study.
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hematologic or nonhematologic toxicity during treatment. 
Treatment was suspended when life-threatening toxic reac-
tions occurred. Efficacy was assessed based on RECIST 1.1 
criteria.20 Changes in target lesions were assessed after com-
pletion of the first cycle with computed-tomography scans 
and then every two cycles or when necessary. Safety 
profiles during treatment were documented using Common 
Terminology Criteria for Adverse Events version 4.03 to 
record hematologic and nonhematologic events that might 
be drug-related.21 Adverse reactions with incidence of ≥10% 
were recorded and analyzed.

Collection of Peripheral Blood 
Specimens and Genotyping of PDL1 
Genetic Variation
Approximately 4 mL peripheral blood prior to apatinib treat-
ment from each patient was collected and genomic DNA 
extracted using phenol chloroform. In terms of the 
PDL1-polymorphism analysis, those included were 
rs2297136, rs822336, and rs822337. However, only 
rs2297136 was significantly associated with clinical 
outcomes on preliminary analysis. Consequently, following 
analysis was performed based on rs2297136-genotype status. 
The rs2297136 polymorphism was genotyped using PCR- 
RFLP. The PCR product of rs2297136 was amplified firstly, 
with forward primer 5ʹ-GCTCCCTGTTTGACTCCATC-3ʹ 
and reverse primer 5ʹ- TTTTTCCCCAGACCACTTCC-3ʹ. 
The product was 274bp, and a 2 μL PCR products were 
digested using the restriction enzyme ApaI (Thermo Fisher 
Scientific, Waltham, MA, USA). Polymorphism genotypes 
were determined by the size of PCR bands: TT genotype, one 
274 bp band; TC genotype, one 274 bp band, one 158 bp 
band, and one 116 bp band; and CC genotype, one 158 bp 
band and one 116bp band. Some genotyping results for 
rs2297136 were confirmed using ionizationtime-of-flight 
mass spectrometry (Sequenom, SanDiego, CA, USA).

Collection of Cancer-Tissue Specimens 
and Analysis of PDL1-mRNA Expression
Cancer tissue-specimens were collected from 85 randomly 
selected samples from the 148 patients. A total of 68 specimens 
were available for subsequent analysis and preserved in liquid 
nitrogen. All RNA samples were extracted using Trizol 
reagents and stored at −80°C for mRNA-expression analysis. 
A total of 500 ng RNA extracted from the specimens was used 
as the template for reverse-transcription PCR to prepare the 
first stand of cDNA using a PrimeScript RT reagent kit. 

Relative quantitative analysis of PDL1-mRNA expression 
was carried out using a LightCycler 480 withn SYBR premix 
Ex Taq system. The forward primer was 5ʹ- 
TTCAATGTGACCAGCACACTGAG-3ʹ, the reverse primer 
5ʹ-TTTTCACATCCATCATTCTCCCT-3ʹ. PDL1-mRNA 
expression was detected using comparative 2–ΔΔCt. GAPDH- 
mRNA expression was used as an endogenous control.

Statistical Analysis
Variables in this study were analyzed using SPSS 25.0. 
Significance of proportional and continuous variables 
based on rs2297136-genotype status was assessed using 
the #x1D712;2 and Mann–Whitney U nonparametric tests, 
respectively. Primary analysis was performed on 
correlations between PFS and rs2297136-genotype status. 
Kaplan–Meier curves were used to draw the PFS and OS 
curves based on rs2297136-genotype status. Survival differ-
ences were compared using log-rank tests. PFS was defined 
as time from apatinib administration to progression or death 
from any cause, whichever occurred first. OS was defined 
as time from apatinib administration to death from any 
cause. For those without progression or death by the end 
of the study follow-up, survival end points were censored as 
per the date of last follow-up.22 Cox regression was per-
formed for PFS in the multivariate analysis. P<0.05 was 
considered statistically significant.

Results
Baseline Characteristics and Genotypes 
of PDL1-rs2297136 Polymorphism
Baseline characteristics of the 148 patients are shown in 
Table 1. Median age was 58 (28–79) years, 96 patients 
were men (64.86%). Pathological stage IV was observed 
in 140 patients (94.59%). ECOG 0 score was noted in 39 
patients (26.35%). Nonsmokers/former smokers numbered 
107 (72.30%). The most common histology of the patients 
was adenocarcinoma, with 114 cases (77.03%), and squa-
mous-cell carcinoma, with 28 cases (18.92%). Numbers of 
patients with fewer than or equal to three and greater than 
three sites were 92 and 56, respectively. Positive driver- 
gene mutation status was confirmed in 56 patients 
(37.84%): 50 patients had EGFR mutations, four ALK 
rearrangements, and two ROS1 rearrangements. History 
of treatment with second and further lines was observed 
in 43 cases and 105 cases, respectively. A total of 92 
patients (62.16%) had received targeted drug therapy. 
Interestingly, ten patients (6.76%) had received 
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antivascular TKI treatment. It should be noted that eleven 
patients had been treated with PD1/PDL1 inhibitors. 
Initial dosage of 500mg and 750mg of apatinib was 
observed in 97 and 51 patients, respectively.

rs2297136 was of clinical significance on subsequent ana-
lysis. The germ-line mutation frequency of rs2297136 were TT 
genotype 103 cases (69.59%), TC genotype 40 (27.03%), and 
CC genotype five (3.38%), with minor-allele frequency 0.17. 

Table 1 Baseline characteristics based on PDL1 rs2297136 genotype status

Total Patients (n=148, %) TT genotype (n=103) TC/CC genotype (n=45) P

Age (years)
Median (range) 58 (28–79) 58 (28–75) 59 (30–79) 0.431

Sex
Male 96 (64.86) 67 (65.05) 29 (64.44) 0.944
Female 52 (35.14) 36 (34.95) 16 (35.56)

Pathological stage
IIIB 8 (5.41) 5 (4.85) 3 (6.67) 0.654
IV 140 (94.59) 98 (95.15) 42 (93.33)

ECOG score
0 39 (26.35) 27 (26.21) 12 (26.67) 0.954
1–2 109 (73.65) 76 (73.79) 33 (73.33)

Smoking status
Nonsmoker/former smoker 107 (72.30) 74 (71.84) 33 (73.33) 0.852
Smoker 41 (27.70) 29 (28.16) 12 (26.67)

Histology
Adenocarcinoma 114 (77.03) 80 (77.67) 34 (75.56) 0.960

Squamous cell carcinoma 28 (18.92) 19 (18.45) 9 (20.00)

Other type 6 (4.05) 4 (3.88) 2 (4.44)

Number of metastasis sites
≤3 92 (62.16) 64 (62.14) 28 (62.22) 0.992
>3 56 (37.84) 39 (37.86) 17 (37.78)

Driver-gene mutation statusa

Positive 56 (37.84) 39 (37.86) 17 (37.78) 992

Negative 92 (62.16) 64 (62.14) 28 (62.22)

Previous systemic treatment
Second line 43 (29.05) 28 (27.18) 15 (33.33) 0.449
Further line 105 (70.95) 75 (72.82) 30 (66.67)

History of targeted drug therapy
Yes 92 (62.16) 62 (60.19) 30 (66.67) 0.455

No 56 (37.84) 41 (39.81) 15 (33.33)

History of antivascular TKI therapy
Yes 10 (6.76) 7 (6.80) 3 (6.67) 0.977

No 138 (93.24) 96 (93.20) 42 (93.33)

History of PD1/PDL1-inhibitor therapy
Yes 11 (7.4) 7 (6.8) 4 (8.9) 0.655
No 137 (92.6) 96 (93.2) 41 (91.1)

Initial dosage of apatinib (mg)
500 97 (65.54) 67 (65.05) 30 (66.67) 0.849

750 51 (34.46) 36 (34.95) 15 (33.33)

Note: aEGFR mutation or ALK or ROS1 rearrangements. 
Abbreviations: NSCLC, non–small cell lung cancer; ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine-kinase inhibitor.
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Distribution of the three genotypes was in accordance with the 
Hardy–Weinberg Equilibrium (P=0.649). In view of the rela-
tively rare frequency of the CC genotype, CC and TC were 
merged for subsequent analysis. As shown in Table 1, patients 
with TT and TC/CC genotypes were well balanced with similar 
baseline characteristics.

Associations Between rs2297136 
Polymorphism and Clinical Outcomes
The best overall response of each patient was recorded for 
efficacy analysis. No complete response or partial response 

was observed in 26 cases, stable disease noted in 76, and 
progressive disease in 46 based on RECIST version 1.1. 
ORR was 17.6% (95% CI 11.8%-24.7%) and disease- 
control rate (DCR) 68.9% (95% CI 60.8%-76.3%). 
A waterfall plot for the best percentage change in target 
lesions is shown in Figure 2.

The last follow-up in this study was in 
September 2020. Median follow-up duration was 10.3 
(1–36) months. A total of 142 patients had had PFS or 
had died at data cutoff. Therefore, PFS at data maturity 
was 95.9%. As exhibited in Figure 3, median PFS patients 

Figure 2 Waterfall plot of best change (reductions in sum of target-lesion diameters) from baseline.

Figure 3 Progression-free survival and overall survival.
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with NSCLC receiving apatinib was 3.8 (95% CI 3.13– 
4.47) months. In terms of OS, 137 patients had died at data 
cutoff. Consequently, OS at data maturity was 92.6%. As 
exhibited in Figure 3, median OS was 10.5 months(95% 
CI 9.06–11.95).

We further analyzed PFS based on baseline- 
characteristic subgroups, and univariate analysis of this 
is shown in Table 2. Obviously, ECOG score and number 
of metastasis sites were significantly associated with PFS: 
median PFS of patients with ECOG 0 was longer than 
those with ECOG 1–2 score (4.9 vs 3.2 months, P=0.018). 
Median PFS of patients with number of metastasis sites 
fewer than or equal to was superior to those with greater 
than (4.5 vs 3.2, P=0.025). As illustrated in Figure 4, 
median PFS of patients with TT and TC/CC 
genotypes of rs2297136 was 4.5 and 3.0 months, respec-
tively (χ2=7.69, P=0.006). Multivariate Cox regression 
model was used for PFS based on baseline characteristics 
significant on univariate analysis (Table 2) to adjust for 
confounding factors. Multivariate analysis results are 
shown in Table 3, with significant differences confirmed 
for the rs2297136 polymorphism and PFS, with rs2297136 
an independent factor (OR=1.47, P=0.011). Interestingly, 
as shown in Table 3after adjustment in Cox regression 
analysis, ECOG score (OR=1.52, P=0.027) and number 
of metastasis sites (OR=1.39, P=0.039) were independent 
factors in PFS.

In terms of association between rs2297136-genotype 
status and OS, as exhibited in Figure 5, median OS of 
patients with TT and TC/CC genotypeswas 11.6 and 9.0 
months, respectively (χ2=3.98, P=0.04).

Correlation Analysis Between PDL1 
rs2297136 Polymorphism and Safety 
Profile of Patients
The main adverse reactions during apatinib treatment were 
recorded and analyzed. As presented in Table 4, common 
adverse reactions related to apatinib treatment were hyper-
tension, dermal toxicity, fatigue, oral toxicity, appetite 
decrease, diarrhea, nausea and vomiting, and hematologic 
toxicity, with incidence of 45.27%, 41.89%, 37.16%, 
31.76%, 31.08%, 24.32%, 17.57%, and 11.49%, respec-
tively. As demonstrated in Table 4, no significant associa-
tion was observed between adverse reactions and 
rs2297136-genotype status.

Table 2 Univariate analysis of progression-free survival based on 
baseline characteristics

Patients, 
n

Median 
PFS

95% CI P

Age (years)

<58 71 4.0 3.35–4.65 0.513

≥58 77 3.6 2.95–4.25

Sex

Male 96 3.5 3.11–3.89 0.311

Female 52 4.1 3.05–5.15

Pathological stage

IIIB 8 4.2 3.32–4.93 0.635

IV 140 3.7 3.10–4.22

ECOG score

0 39 4.9 3.88–5.87 0.018

1–2 109 3.2 2.85–3.55

Smoking status

Nonsmoker/former 

smoker

107 4.1 3.25–4.95 0.416

Smoker 41 3.3 2.81–3.79

Histology

Adenocarcinoma 114 3.9 3.15–4.65 0.752

Squamous-cell carcinoma 28 3.6 2.88–4.12

Number of 

metastasis sites

≤3 92 4.5 3.73–5.27 0.025

>3 56 3.2 2.44–3.82

Driver-gene mutation 
status a

Positive 56 3.9 3.15–4.65 0.554

Negative 92 3.7 2.98–4.42

Previous systemic 
treatment

Second line 43 4.2 3.34–5.06 0.215

Further line 105 3.6 3.11–4.09

History of targeted 
drug therapy

Yes 92 3.8 3.01–4.59 0.653

No 56 3.7 2.98–4.42

History of antivascular 
TKI therapy

Yes 10 3.5 2.86–4.14 0.718

No 138 3.9 3.24–4.56

Initial dosage of 
apatinib (mg)

500 97 3.7 3.18–4.22 0.616

750 51 3.9 3.21–4.59

Note: aThe driver gene were EGFR mutation or ALK or ROS1 rearrangements 
Abbreviations: NSCLC, non-small cell lung cancer; ECOG, eastern cooperative 
oncology group; TKI, tyrosine kinase inhibitor; PFS, progression-free survival; CI, 
confidence interval.
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Detection of PDL1-mRNA Expression 
and Prognosis Analysis According to 
PDL1-mRNA Status
The genotype status of rs2297136 in the 68 specimens 
was TT genotype 47 cases (69.12%), TC genotype 19 
(27.94%), CC genotype ywo (2.94%), which was similar 
to the genotype-frequency distribution of the 148 
patients. The distribution of the three genotypes corre-
sponded with the Hardy–Weinberg equilibrium (P=0.962) 
as well. CC and TC genotypes were merged in the sub-
sequent analysis similarly. As exhibited in Figure 6, 
patients with the TC/CC genotype showed higher relative 
expression of PDL1 mRNA in biopsied cancer-tissue 
specimens than those with the TT genotype (4.010 
±0.517 vs 2.703±0.677, P<0.001). Additionally, 
PDL1-mRNA expression was divided into highand low 
PDL1expressionbased onmedian PDL1- mRNA 

expressionHigh and lowPDL1 were observed in 33 and 
35 cases, respectively. As presented in Figure 7, patients 
with highPDL1 expression had a trend for worse PFS 
compared with those with low PDL1expression (median 
PFS 3.5 vs 4.6), though difference was not statistically 
significant (χ2=1.53, P=0.216).

Discussion
Our retrospective study provided real-world evidence 
regarding the efficacy and safety of apatinib monotherapy 
for patients with previously treated advanced NSCLC. 
Simultaneously, genetic variation analysis suggested that 
clinical outcomes of patients with advanced NSCLC 
receiving apatinib treatment could be influenced by the 
rs2297136 polymorphism through mediating the 
PDL1-mRNA expression.

The ORR and DCR of the 148 patients with NSCLC 
were 17.6% and 68.9%, respectively. Median PFS was 
3.8 months, slightly inferior to the first phase II clinical 
trial of apatinib in advanced NSCLC by Zhang et al in 
2012 (ORR 20%, DCR 68.89%, and median PFS 4.7 
months).23 This might be attributable to the retrospective 
design. The management of patients was inferior in retro-
spective study when compared with the clinical trials, 
which was demonstrated in the other retrospective 
study.24 These efficacy differences highlighted the gap 
between randomized controlled clinical trials and actual 
clinical practice.25 Patients with an ECOG score of 2 
were included in our study as well. To our knowledge, 
the influence of ECOG score on prognosis has been 

Figure 4 Progression-free survival based on PDL1 rs2297136 genotype status.

Table 3 Multivariate Cox regression analysis for PFS based on 
baseline characteristics and rs2297136 polymorphism status

OR (95% CI) df P

ECOG score

1–2 vs 0 1.52 (1.09–2.02) 1 0.027

Number of metastasis sites

>3 vs ≤3 1.39 (1.05–1.73) 1 0.039

PDL1 rs2297136 status

TC/CC vs TT 1.47 (1.11–1.83) 1 0.011

https://doi.org/10.2147/IJGM.S303717                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2021:14 2710

Hu et al                                                                                                                                                               Dovepress

https://www.dovepress.com
https://www.dovepress.com


confirmed in many studies, which indicate that higher PS 
scores have worse prognoses.26 Results of the multivari-
ate Cox analysis of this study suggested that patients with 
ECOG scores of 1–2 had worse prognoses compared with 
those with a score of 0. However, it should be noted that 
median OS of our study was 10.5 months, which was 
slightly longer than the median OS of another apatinib 
study reported recently.22 The reason for this could be the 
continued license for PD1/PDL1 inhibitors and anlotinib 
in China since 2018.10 Patients with advanced NSCLC 
stood a good chance to choose PD1/PDL1 inhibitors and 
targeted drugs as subsequent treatment, which have 
proven to be effective and brought significant survival 
benefits.27

This study is the first study to focus on the correlation 
between the efficacy of apatinib treatment in patients with 
advanced NSCLCand PDL1-polymorphism analysis in 
Chinese patients. Interestingly, a recent study initiated by 
Wang et al investigated clinical outcomes and safety of 
apatinib in the treatment of advanced nonsquamous 
NSCLC and the clinical significance of KDR-gene 
polymorphism.22 The results suggested that clinical out-
comes of treatment with apatinib might be influenced by 
the KDR 4397T>C polymorphism. The conclusion of that 
study highlighted the potential predictive value of pharma-
cogenomics in the clinical outcomes of patients with 
NSCLC receiving apatinib treatment. In terms of the poly-
morphism analysis in our study, minor-allele frequency of 

Figure 5 Overall survival based on PDL1 rs2297136 genotype status.

Table 4 Correlation analysis between PDL1 rs2297136 polymorphism and safety profile of apatinib administration

Adverse events Grade 1–2 Grade 3–4 Total, (%) rs2297136 genotype status P

TT (n=103) TC/CC (n=45)

Hypertension 50 (33.78) 17 (11.49) 67 (45.27) 46 (44.66) 21 (46.67) 0.822

Dermal toxicity 51 (34.46) 11 (7.43) 62 (41.89) 44 (42.72) 18 (40.00) 0.758

Fatigue 51 (34.46) 4 (2.70) 55 (37.16) 40 (38.83) 15 (33.33) 0.524

Oral toxicity 45 (30.41) 2 (1.35) 47 (31.76) 33 (32.04) 14 (31.11) 0.911

Appetite decreased 43 (29.05) 3 (2.03) 46 (31.08) 34 (33.01) 12 (26.67) 0.443

Diarrhea 32 (21.62) 4 (2.70) 36 (24.32) 27 (26.21) 9 (20.00) 0.418

Nausea and vomiting 26 (17.57) 0 26 (17.57) 19 (18.36) 7 (15.56) 0.671

Hematologic toxicity 15 (10.14) 2 (1.35) 17 (11.49) 10 (9.71) 7 (15.56) 0.305
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rs2297136 was 0.17, in line with the genotype frequency 
of the Chinese population in the NCBI database and the 
results of Xie et al.28 Minor-allele frequency in the 
Caucasian population is significantly different from that 
in our study, which suggests that great ethnic 
differences in PDL1 polymorphisms exist clinically.29 

Xie et al studied 225 hepatocellular carcinoma patients, 
and their results suggested that the CC genotype of 
rs2297136 was correlated with predisposition to this can-
cer type. Their prognosis-analysis results were basically 
consistent with the results of our study. They also showed 
that patients with minor alleles of rs2297136 had worse 
prognoses. Many studies have suggested that PDL1 poly-
morphisms are associated with the risk of cancer.30

Recently, a retrospective analysis by Wu et al 
explored the association between genetic variation of 
PDL1 and its protein expression and prognosis in gastric 
cancer.17 A total of 728 gastric cancer patients were 
included in their polymorphism analysis, and the results 
suggested that rs2297136genotype A was correlated with 
PDL1 protein expression and superior prognosis in 
patients without postoperative chemotherapy, consistent 
with the results of our study to some extent, considering 
that only PDL1-mRNA expression was assessed in 
ours. Previous research has confirmed that PDL1- 
mRNA expression is positively correlated with PDL1 
protein expression among patients with EGFR-mutated 
lung adenocarcinoma.31 Du et al explored the associa-
tion between rs2297136 and predisposition toNSCLC.32 

The results showed that rs2297136 influenced predispo-
sition to NSCLC. A recent real-world studywas con-
ducted on 315 patients with R0-resected colorectal 
cancer who received capecitabine-based adjuvant 
chemotherapy.18 The results indicated that the 901T>C 
TC/CC genotype conferred significantly higher mRNA 

Figure 6 Relative expression level of PDL1 mRNA based on PDL1 rs2297136 
genotype status.

Figure 7 Progression-free survival of the 68 specimens from patients based on PDL1 mRNA–expression status.
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expression than those with the TT genotype, which 
is consistent with the mRNA-expression results in our 
study. Additionally, it should be noted that rs2297136 
was located at PDL1 3ʹUTR, which can cause disruption 
in miRNA attaching to this region, perhaps leading to 
altered PDL1 expression at the protein level and be of 
prognostic significance for patients with NSCLC receiv-
ing apatinib treatment. In terms of safety profile, the 
common adverse reactions were hypertension, dermal 
toxicity, fatigue, oral toxicity, appetite decrease, diar-
rhea, nausea and vomiting, and hematologic toxicity, 
similar to the results of previous retrospective studies 
of apatinib regimens.22,33 The correlation analysis 
between the polymorphism and adverse reactions failed 
to show a significant difference.

Noteworthily, PDL1 is a hot-spot gene for efficacy 
predication of PD1/PDL1 inhibitors.34 However, the clin-
ical significance of PDL1 expression in the prognosis of 
patients with advanced NSCLC receiving antiangiogenic 
drugs instead of immunotherapy is still unknown and 
thus necessary to investigate.35 The results of our study 
preliminarily suggested that patients with high mRNA 
expression of PDL1 might have worse prognosis, in line 
with previous studies in which patients with high PDL1 
expression demonstrated worse prognosis when received 
EGFR TKIs36 and concurrent chemoradiotherapy 
treatment.37 However, the gene’s role in vivo is still 
unclear. Several clinical studies indicated that patients 
with high expression of PDL1 had better prognosis.38 

These results might be attributed to the heterogeneity of 
patients included. Briefly, further in-depth prospective 
clinical trials are needed to explore the clinical signifi-
cance of PDL1 polymorphisms.

We believe our study is of potential clinical signifi-
cance for prognosis evaluation of patients with advanced 
NSCLC who have been treated with apatinib. Further 
randomized controlled clinical trials are warranted to vali-
date the conclusions.

Conclusion
The present retrospective study provided real-world evi-
dence regarding the superior efficacy and tolerable adverse 
reactions of apatinib monotherapy for patients with pre-
viously treated advanced NSCLC. Also, PDL1 polymorph-
ism rs2297136 could be used as a potential biomarker for 
prognosis of patients with NSCLC receiving apatinib 
treatment.
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