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Background: The aim of the present study was to investigate the influence of kinase insert 
domain containing receptor (KDR) genetic variation on the efficacy of treatment and safety 
of patients with chemotherapy-refractory metastatic colorectal cancer (CRC) receiving 
apatinib.
Methods: A total of 108 patients with chemotherapy refractory metastatic CRC who were 
treated with apatinib participated in this study retrospectively. Efficacy of the patients’ 
treatment was evaluated. Prognosis was carried out and safety profile was documented, 
respectively. Blood specimens and peripheral blood mononuclear cells (PBMC) of the 
patients were obtained for the analysis of genetic variation and KDR gene mRNA expres-
sion, respectively. The association between genotype status and clinical outcomes was 
presented.
Results: Objective response rate (ORR) and disease control rate (DCR) of the 108 patients 
with metastatic CRC receiving apatinib treatment were 5.6% and 69.4%, respectively. 
Survival analysis results exhibited that the median progression-free survival (PFS) and 
overall survival (OS) of the 108 patients with metastatic CRC was 3.6 months (95% 
confidence interval (CI): 3.03–4.17 months) and 8.9 months (95% CI: 7.57–10.23 months), 
respectively. Subsequently, the analysis of KDR genetic variation indicated that rs2071559 
was of clinical significance. The minor allele frequency of rs2071559 was 0.22 and the 
genotype status corresponded with Hardy-Weinberg equilibrium (P=0.949). Prognosis ana-
lysis in a dominant inheritance manner through the combination of patients with TC and CC 
genotype showed that the median PFS of patients with TT genotype and TC/CC genotype 
was 4.1 and 3.0 months, respectively (P=0.012). Furthermore, the median OS of patients 
with the two genotypes was 10.5 and 6.1 months, respectively (P=0.007). Additionally, 
multivariate Cox regression analysis of OS showed that TC/CC genotype was an independent 
factor for OS (Hazard ratio (HR)=0.65, P=0.021). Interestingly, mRNA expression analysis 
suggested that the mRNA expression of KDR in PBMC differed significantly according to 
rs2071559 genotype status (P<0.001).
Conclusion: Apatinib demonstrated a potentially superior clinical outcome for patients with 
chemotherapy-refractory metastatic CRC. KDR polymorphism rs2071559 could be used as 
a potential biomarker for the prognosis evaluation of patients with CRC receiving apatinib 
therapy.
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Introduction
Colorectal cancer (CRC) is one of the most common 
malignancies and the leading cause of cancer-related 
death all over the world, and is characterized by the 
somatic mutations of the gene in critical pathways.1 It is 
estimated that annually there are approximately 1.8 million 
new cases and 0.86 million new deaths globally.2 

Currently, there are approximately 375,000 new cases 
and 191,000 new deaths in China annually.3 A previous 
study exhibited that approximately 20% of the newly 
diagnosed patients presented with metastases and about 
30% of patients with stage ІІ/ш who underwent surgical 
resection would experience recurrence within 5 years .4 As 
a result, the estimated patients with CRC of metastatic 
disease were approximately 187,000 each year in China.5 

Therefore, numerous patients lost the opportunity for sur-
gical resection and had to receive the fluorouracil-based 
double regimen as first-line chemotherapy treatment.6 

Although immunotherapy has made significant break-
throughs in a number of tumors in recent years, it had 
been proved that only patients with highly unstable micro-
satellites (MSI-H) have the potentialto benefit from immu-
notherapy in metastatic CRC.7 The research breakthrough 
of targeted drugs in metastatic CRC is relatively limited 
currently, and is mainly concentrated on anti-EGFR cetux-
imab and anti-VEGF bevacizumab therapy.8 The first-line 
conventional chemotherapy regimen combined with EGFR 
antibody or VEGF antibody could prolong the median 
overall survival (OS) to approximately 30 months.9 

Unfortunately, most of the patients experience disease 
progression after two or more lines of systemic treatment 
and a substantial proportion of patients were able to keep 
a relatively superior performance status after previous 
standard chemotherapy.10 Consequently, it was necessary 
to urgently investigate the potentially effective treatment 
options as subsequent line therapy.

To our knowledge, antiangiogenic targeted drugs have 
played an important role as the subsequent line treatment for 
patients with metastatic CRC.11 Regorafenib and fruquinti-
nib were recommended as the subsequent line treatment for 
patients with metastatic CRC who were refractory to stan-
dard first-line and second-line therapy.12,13 As each is an 
antiangiogenic small molecular tyrosine kinase inhibitor 
(TKI), regorafenib and fruquintinib mainly targeted 
VEGFR1-3, FGFR and PDGFR, and were licensed in 
China since 2017 and 2018, respectively.14 However, 
owing to the unavailability of regorafenib and fruquintinib 

in China at a certain time, considerable exploratory studies 
evaluated other vascular epidermal growth factor receptor 
(VEGFR) inhibitors with similar mechanism to regorafenib 
or fruquintinib as the subsequent line treatment of metastatic 
CRC which failed after at least two lines of previous che-
motherapy treatment.15 Apatinib was developed by 
Adrenchen Laboratories and approved as a subsequent line 
regimen for advanced or metastatic gastric cancer by cFDA 
in October 2014.16 Considerable researchdemonstrated that 
apatinib exhibited encouraging anti-tumor activity with tol-
erable toxicity in lung cancer and CRC.15,17,18 Interestingly, 
as far as we know, the overall response of antiangiogenic 
TKI was generally low clinically. In the treatment of meta-
static CRC, the objective response rate (ORR) of apatinib,10 

regorafenib19 and fruquintinib20 monotherapy was 8.3%, 
4.4% and 4.7%, respectively. The conclusion of these stu-
dies highlighted that great individual differences existed 
regarding the efficacy of apatinib. Consequently, predictive 
biomarkers were needed to distinguish patients who would 
be most likely to benefit from antiangiogenic TKI therapy. 
However, the useful biomarkers were mainly focused on 
adverse reactions attributed to VEGF-TKIs, such as hyper-
tension and hand-foot syndrome.21 These biomarkers, of 
course, were limited to post-treatment occurrences. 
Biomarkers for pre-treatment were also needed clinically. 
Interestingly, a recently published exploratory research 
exhibited that polymorphism 4397T>C in kinase insert 
domain containing receptor (KDR) gene could be 
a potential biomarker to predict the prognosis of patients 
with non-squamous non-small cell lung cancer who 
received apatinib treatment.22 As the important target of 
apatinib, KDR gene is located on chromosome 4q12 and 
contains 30 exons. Another previous study suggested that 
rs2071559 of VEGFR2 gene was of clinical significance to 
predict the efficacy in patients with epithelial ovarian carci-
noma (EOC) treated with apatinib.23 In conclusion, these 
data demonstrated the potential predictive value of KDR 
gene for efficacy in patients receiving apatinib treatment.

However, no potential polymorphism biomarkers were 
available to predict the efficacy and safety of apatinib for 
patients with chemotherapy-refractory metastatic CRC. In 
consequence, the present study was to investigate the 
influence of KDR genetic variation on the efficacy and 
safety of apatinib for patients with chemotherapy- 
refractory metastatic CRC.
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Patients and Methods
Patients Enrollment and Study Design
Given that apatinib was licensed in China since October 2014, 
a considerable number of patients with CRC have been treated 
with apatinib therapy clinically, so this study was designed as 
a real-world retrospective analysis. The protocol of the present 
study was approved by the ethics committee of Affiliated 
Tumor Hospital of Tianjin Medical University, and was con-
ducted in accordance with the Declaration of Helsinki and 
Good Clinical Practice guidelines.

In detail, patients with CRC who failed after at least two 
lines of previous chemotherapy regimens in the Department 
of Gastrointestinal Oncology of Affiliated Tumor Hospital 
of Tianjin Medical University from January 2015 to 
March 2020 were included in this study consecutively. The 
main inclusion criteria included: (a) histologically or cyto-
logically diagnosed adenocarcinoma in the colon or rectum; 
(b) age ≥18 years; (c) pathological stage of IV; (d) Eastern 
Cooperative Oncology Group (ECOG) performance status 
score ≤2 ; (e) apatinib was administered for patients who had 
failed after at least two lines of previous systemic che-
motherapy regimens; (f) at least one measurable target lesion 
according to response evaluation criteria in solid tumors 
(RECIST 1.1) to document the tumor response and the 

patients were evaluated for at least one measurement.24 

Primary exclusion criteria were: (a) pathological type of 
mucinous adenocarcinoma; (b) previous exposure to apati-
nib. However, pervious bevacizumab or other antiangio-
genic TKI administration at any line was permitted; (c) 
concomitant with another tumor or serious diseases based 
on the decision of the investigator; (d) data for efficacy 
assessment were not available. The flow chart of our retro-
spective study is illustrated in Figure 1. Eventually, a total of 
108 patients with metastatic CRC was enrolled. The primary 
analysis of the present study was the efficacy of treatment 
and safety of patients with chemotherapy refractory meta-
static CRC who received apatinib treatment according to 
KDR gene polymorphism status.

Administration of Apatinib and 
Assessment of Efficacy and Safety
Apatinib was administered orally at an initial dosage of 
500 mg or 250 mg per day, half an hour after meals with 
warm water and continuously for 28 days until disease 
progression or treatment became intolerable. The dosage 
of 500 mg or 250 mg depended on each doctor’s decision 
according to the physical condition of each patient. The 
dosage of apatinib was adjusted based on the 

Figure 1 The flow chart of retrospective study for the influence of KDR genetic variation on the efficacy and safety of patients with chemotherapy refractory metastatic 
CRC receiving apatinib monotherapy.
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hematological or non-hematological toxicity during the 
treatment. The treatment could be permanently discontin-
ued in the event of severe adverse reactions.

The efficacy was assessed according to RECIST 1.1 
criteria. The comparison of target lesions was assessed 
every two cycles or as necessary if significant symptoms 
with evidence of progression appeared. Adverse reactions 
during treatment were evaluated using Common 
Terminology Criteria for Adverse Events (CTCAE) 4.03 
version to document hematological and non-hematological 
events that might be drug-related.25

With regard to the follow-up protocol, each patient was 
followed up from the onset of enrollment. Firstly, the 
patients were evaluated during the hospitalization period 
when they received apatinib treatment. Demographic char-
acteristics, previous treatment regimens, response status, 
adverse reactions and progression status of the patient 
could be clearly obtained through the electronic medical 
record system. Secondly, the subsequent follow-up was 
mainly carried out by telephone. Each subject was fol-
lowed up every months following the apatinib treatment 
for progression and survival status. The last follow-up date 
of this study was November 30, 2020.

Collection of Peripheral Blood Specimen 
and Genotyping of KDR Gene 
Polymorphism
Peripheral blood specimens of each patient were collected 
(approximately 4 mL). The genomic DNA was extracted 
using phenol chloroform method and then stored at −20°C 
for subsequent analysis.

Given that the previous study showed that 4397T>C 
(rs2071559) was of clinical significance among patients 
with NSCLC,22 rs2071559 was included in our analysis. 

Additionally, other single nucleotide polymorphisms were 
collected in the NCBI database with minor allele fre-
quency (MAF) >10% among the Chinese population. 
The polymorphisms included were rs2071559, 
rs2305948, rs11941492 and rs1870377. We carried out 
the preliminary correlation analysis between the four poly-
morphisms’ genotype status and prognosis first, and the 
results are shown in Table 1. Of the four polymorphisms 
analyzed, only rs2071559 had a significant association 
with prognosis. Consequently, the subsequent analysis of 
this study was focused on the rs2071559 polymorphism.

The rs2071559 polymorphism of KDR gene was geno-
typed using restriction fragment length polymorphism poly-
merase chain reaction (PCR-RFLP). First, the PCR product 
including this polymorphism was amplified . The forward 
primer was 5ʹ-TCACTAGGGCTCTTCGTTGG-3ʹ, the 
reverse primer was 5ʹ-GAAGCGGATACTCAGCCAAG-3ʹ 
according to the previous study.23 The size of the amplified 
products was 271 bp, a total of 2 μL amplified products 
were digested using the restriction enzyme BsmI (Thermo 
Fisher Scientific, USA). The genotypes of the polymorph-
ism were distinguished through the size of PCR bands as 
follows: TT genotype (one 271 bp band); CC genotype (one 
108 bp band and one 163 bp band); TC genotype (one 271 
bp band, one 108 bp band and one 163 bp band). Randomly 
selected genotyping results of rs2071559 were validated 
using ionization-time-of-flight mass spectrometry 
(Sequenom, SanDiego, CA). The two genotyping 
approaches reached 100% agreement.

Collection of PBMC Specimens and 
Analysis of KDR Gene mRNA Expression
Given that polymorphism is an inherited germline muta-
tion rather than a somatic mutation, we collected the 

Table 1 The Four Polymorphisms Included in This Study and the Preliminary Analysis Between Genotypes Status and Prognosis

Polymorphisms Primers Location MAF Median PFS (Month) P

rs2071559 5ʹ- TCACTAGGGCTCTTCGTTGG-3’ Upstream region 0.22 4.1 vs 2.2 (TT vs TC/CC) 0.013

5ʹ- GAAGCGGATACTCAGCCAAG-3’

rs2305948 5ʹ-TTCCAAGACCATAGCTTACCA-3’ Coding region 0.17 3.8 vs 3.2 (CC vs CT/TT) 0.158

5ʹ- TGTTTACCAAAGCCCAGATTT-3’

rs11941492 5ʹ- TTGAGTTCCAATCTCAGCTTCA-3’ Intron region 0.28 3.5 vs 3.6 (CC vs CT/TT) 0.515

5ʹ-CTGGCCTTGAGAAAATCACC-3’

rs1870377 5ʹ-GCTTTGGAAGCCATGAAACT-3’ Coding region 0.45 3.3 vs 3.7 (AA vs AT/TT) 0.423

5ʹ-GGCTGCGTTGGAAGTTATTT-3’

Abbreviations: MAF, minor allele frequency; PFS, progression free survival.
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PBMC specimens instead of cancer tissue specimens to 
explore the potential association between polymorphism 
and mRNA expression. Consequently, the matched PBMC 
specimens were obtained from 81 randomly selected sam-
ples from the 108 patients with CRC initially. However, 6 
patients failed the extraction of PBMC specimens and 9 
specimens failed for the RNA extraction. Finally, a total of 
66 specimens were available for mRNA experimentation 
and preserved in liquid nitrogen. Subsequently, total RNA 
samples were extracted using Trizol reagents (Takara, 
Biotechnology, Dalian, China) according to the manufac-
turer’s instruction and stored at −80°C for mRNA expres-
sion analysis.

A total of 500 ng RNA extracted from the PBMC speci-
mens was used as the templates for reverse-transcription 
polymerase chain reaction to prepare the first-strand of 
cDNA using the PrimeScript RT reagent Kit. Relative quan-
titative analysis of KDR gene mRNA expression was per-
formed using the LightCycler® 480 with SYBR Premix EX 
Taq system. The forward primer of KDR gene was 5ʹ- 
ATGCAGAGCAAGGTGCTGC-3ʹ, the reverse primer was 
5ʹ- TTAAACAGGAGGAGAGCTCAGTG-3ʹ according to 
the previous work.22 Amplification systemcomprised 10 µL 
SYBR Premix EX Taq, 0.2 µL of each primer (20 µM), 7.6 
µL double distilled water (ddH2O) and 2 µL cDNA. KDR 
mRNA expression was detected by comparative Ct 
(2−ΔΔCt). GAPDH mRNA expression was used as an endo-
genous control.

Statistical Analysis
All of the variables were statistically analyzed using the 
statistical analysis software SPSS version 25.0 (IBM, 
USA). Hardy-Weinberg equilibrium test was performed 
for the rs2071559 genotypes using χ2 test. The significance 
of proportion variables and continuous variables according 
to polymorphism genotype status was performed using χ2 

test and the Mann–Whitney U non-parametric test, respec-
tively. With regard to the efficacy of apatinib, ORR was 
the proportion of complete response (CR) plus partial 
response (PR) in the total evaluated patients. DCR was 
calculated according to the percentage of CR plus PR and 
stable disease (SD).

With regard to the prognosis, progression-free survival 
(PFS) was defined as the duration from the onset of apa-
tinib treatment to disease progression or death, whichever 
occurred first. Overall survival (OS) was defined as the 
duration from the onset of apatinib treatment to death of 
the patient from any cause.26 For those who were still 

receiving apatinib treatment or alive, survival end points 
were censored at the date of cut-off. The final cut-off date 
was November 30, 2020. The primary analysis was per-
formed on the association between rs2071559 genotype 
status and PFS. Kaplan-Meier survival curves were gener-
ated using Stata version 14.0 to compare the differences in 
PFS and OS according to rs2071559 genotype status with 
Log rank test. Multivariate Cox regression analysis was 
performed for PFS and OS. P<0.05 was denoted as statis-
tical significance.

Results
Baseline Characteristics of the 108 
Patients with Metastatic CRC According 
to Genotype Status of rs2071559
The baseline characteristics of the 108 patients with 
metastatic CRC are shown in Table 2. The median age 
of subjects enrolled was 58 (27–81) years old; 63 
(58.3%) patients were male and 45 (41.7%) were 
female. ECOG 0–1 score was noted in 61 (56.5%) 
patients. Additionally, right-sided colon cancer and left- 
sided CRC was observed in 37 and 71 patients, respec-
tively. Seventy-three patients were recorded with liver 
metastases from CRC and lung metastases were reported 
in 31 patients. A total of 35 patients had undergone R0 
resection previously, 37 patients had undergone non-R0 
resection previously. Moreover, 69 patients had received 
two lines of treatment and ≥3 lines of therapy was 
observed in 39 patients. The proportion was similar 
among patients with or without a history of targeted 
drugs therapy. Interestingly, 9 patients had received 
immunotherapy previously. Apatinib was administered 
at an initial dosage of 250 mg and 500 mg in 42 and 
66 patients, respectively.

Rs2071559 was of clinical significance in the subse-
quent analysis. The prevalence of rs2071559 in the 108 
patients with CRC were: TT genotype 66 cases (61.1%), 
TC genotype 37 cases (34.3%) and CC genotype 5 cases 
(4.6%). Therefore, the minor allele frequency of 
rs2071559 was 0.22, which corresponded with Hardy- 
Weinberg equilibrium (P=0.949). Given that the frequency 
of CC genotype was relatively rare, CC and TC genotypes 
were merged in a dominant inheritance manner. As shown 
in Table 2, patients with TT and TC/CC genotypes were 
well balanced with similar distribution of baseline 
characteristics.
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Influence of KDR Gene Polymorphism on 
the Clinical Outcomes of 108 Patients 
with CRC
The best overall response of each enrolled patient was 
recorded and analyzed during apatinib treatment. Efficacy 
of apatinib among patients with CRC included complete 
response (CR) in 0 patient, partial response (PR) in 6 
patients, stable disease (SD) in 69 patients and progressive 
disease (PD) in 33 patients according to RECIST version 

1.1. Consequently, ORR of the 108 patients with meta-
static CRC was 5.6%, disease control rate (DCR) was 
69.4%. The waterfall plot for the best percentage change 
in target lesion according to genotype status of rs2071559 
polymorphism is shown in Figure 2. The ORR of patients 
with TT genotype and TC/CC genotype was 6.1% and 
4.8% (P=0.774), respectively; the DCR of patients with 
TT genotype and TC/CC genotype was 74.2% and 61.9% 
(P=0.175), respectively. Interestingly, cavity in the target 
lesion was noted in our study. The MRI changes of the 

Table 2 Baseline Characteristics of the 108 Patients with Metastatic CRC According to Genotype Status of rs2071559 Polymorphism

Characteristics Total (N=108, %) Genotype Status of rs2071559 Polymorphism χ2 P

TT (N=66) TC/CC (N=42)

Age
Median (range) 58 (27–81) 58 (35–81) 59 (27–79) NA 0.372

Gender
Male 63 (58.3) 38 (57.6) 25 (59.5) 0.040 0.841
Female 45 (41.7) 28 (42.4) 17 (40.5)

ECOG score
0–1 61 (56.5) 38 (57.6) 23 (54.8) 0.083 0.774

2 47 (43.5) 28 (42.4) 19 (45.2)

Tumor location
Right-sided colon cancer 37 (34.3) 21 (31.8) 16 (38.1) 0.449 0.503

Left-sided CRC 71 (65.7) 45 (68.2) 26 (61.9)

Metastatic site
Liver 73 (67.6) 44 (66.7) 29 (69.0) 0.010 0.995
Lung 31 (28.7) 19 (28.8) 12 (28.6)

Other 23 (21.3) 14 (21.2) 9 (21.4)

Surgery type
R0 resection 35 (32.4) 22 (33.3) 13 (31.0) 0.179 0.914
Non-R0 resection 37 (34.3) 23 (34.8) 14 (33.3)

No resection 36 (33.3) 21 (31.8) 15 (35.7)

Lines of previous treatment
2 69 (63.9) 45 (68.2) 24 (57.1) 1.356 0.244

≥3 39 (36.1) 21 (31.8) 18 (42.9)

History of targeted drugs therapy
Yes 56 (51.9) 34 (51.5) 22 (52.4) 0.008 0.930
No 52 (48.1) 32 (48.5) 20 (47.6)

History of immunotherapy
Yes 9 (8.3) 5 (7.6) 4 (9.5) 0.128 0.721

No 99 (91.7) 61 (92.4) 38 (90.5)

Initial dosage of apatinib (mg)
250 42 (38.9) 26 (39.4) 16 (38.1) 0.018 0.893

500 66 (61.1) 40 (60.6) 26 (61.9)

Abbreviations: CRC, colorectal cancer; ECOG, Eastern Cooperative Oncology Group.
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lung target lesion in one patient who was treated after 4 
cycles of apatinib are shown in Figure 3. The efficacy in 
this patient receiving apatinib treatment was remarkable, 
an obvious cavity in the target lesion was observed 
dramatically.

With regard to the prognosis, the median follow-up 
duration of all the patients from the time of enrollment 
to the date of cut-off was 8.5 months (follow-up range: 
0.3–24 months). As illustrated in Figure 4, the median PFS 
of the 108 patients with metastatic CRC receiving apatinib 
monotherapy was 3.6 months (95% confidence interval 
(CI): 3.03–4.17 months). Furthermore, overall survival 
was also carried out in this study. As shown in Figure 4, 
the median OS of the 108 patients with metastatic CRC 
was 8.9 months (95% CI: 7.57–10.23 months).

As shown in Table 1, only rs2071559 was of clinical 
significance. Figure 5 shows that the median PFS of the 
patients with TT and TC/CC genotype of rs2071559 poly-
morphism was 4.1 and 3.0 months respectively, which was 
statistically significant (χ2=6.31, P=0.012). Additionally, 
in terms of the association between rs2071559 genotype 
status and OS, as illustrated in Figure 6, the median OS of 
the patients with TT and TC/CC genotype of the 
rs2071559 polymorphism was 10.5 and 6.1 months, 
respectively. This difference was statistically significant 
(χ2=7.24, P=0.007).

Furthermore, a multivariate Cox regression model was 
constructed to identify the independent significance of 
rs2071559 polymorphism. Multivariate analysis was per-
formed after univariate analysis. As illustrated in Table 3, 

Figure 2 Waterfall plot for the best percentage change in target lesion size of the 108 patients with chemotherapy-refractory metastatic CRC according to KDR rs2071559 
genotype status.

Figure 3 The MRI scan changes of target lesions in colorectal cancer patients with lung metastases after 4 cycles of apatinib treatment.
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OS of the 108 patients with metastatic CRC according to 
baseline characteristics and polymorphism was analyzed 
first. Interestingly, only age, ECOG score, tumor location 
and rs2071559 polymorphism were found to be of statis-
tical significance in the univariate analysis, which was 
included in the multivariate analysis. However, it should 
be noted that patients with two lines of previous treatment 
had a trend for superior OS compared with those with ≥3 
lines of previous treatment, even though the difference was 
not statistically significant. In consequence, line of 

previous treatment was included in multivariate analysis 
as well. As shown in Table 3, after the multivariate adjust-
ment, the statistically significant influence was still con-
firmed of KDR rs2071559 polymorphism on OS. 
Therefore, this conclusion demonstrated that rs2071559 
polymorphism was an independent factor for OS (hazard 
ratio (HR)=0.65, P=0.021). Additionally, as indicated in 
Table 3, age (HR=0.82, P=0.040), ECOG score (HR=0.76, 
P=0.024) and tumor location (HR=1.38, P=0.017) were 
also independent factors for OS, respectively.

Figure 4 The progression-free survival and overall survival of the 108 patients with chemotherapy-refractory metastatic CRC.

Figure 5 The progression-free survival of the 108 patients with chemotherapy-refractory metastatic CRC according to KDR rs2071559 genotype status.
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Association Analysis Between KDR 
rs2071559 Polymorphism and Safety 
Profile of Patients with Metastatic CRC
Safety profile was an important aspect to evaluate the 
clinical application of apatinib in patients with meta-
static CRC, especially the initial dosage of 500 mg 
and 250 mg. No grade 5 adverse reactions were 
observed in our study. As illustrated in Figure 7, the 
common adverse reactions related to apatinib treatment 
in the 108 patients with metastatic CRC mainly mani-
fested as hypertension, hand-foot syndrome (HFS), nau-
sea and vomiting, fatigue, leukopenia, diarrhea, appetite 
decrease, AST/ALT elevation, proteinuria and oral 
mucositis. The incidence was 44 cases (40.7%), 41 
cases (38.0%), 38 cases (35.2%), 31 cases (28.7%), 26 
cases (24.1%), 19 cases (17.6%), 15 cases (13.9%), 11 
cases (10.2%), 8 cases (7.4%)and 6 cases (5.6%), 
respectively. Additionally, the grade ≥3 adverse reac-
tions were noted in hypertension 16 cases (14.8%), 
HFS 9 cases (8.3%), nausea and vomiting 6 cases 
(5.6%), leukopenia 4 cases (3.7%), proteinuria 3 cases 
(2.8%)and AST/ALT elevation 2 cases (1.9%). With 
regard to the association between rs2071559 genotype 
status and safety profile, unfortunately, no significant 
correlation was noted between the adverse reactions of 
the 108 patients and rs2071559 genotype status 
(P>0.05).

Detection of KDR Gene mRNA 
Expression According to rs2071559 
Genotype Status
As described in the Method section, a total of 66 patients 
were available for KDR mRNA expression analysis. Of the 
66 specimens included in this study, the prevalence of KDR 
rs2071559 polymorphism was as follows: TT genotype 40 
cases (60.6%), TC genotype 23 cases (34.9%), CC geno-
type 3 cases (4.5%), the minor allele frequency was 0.22, 
the distribution of the three genotypes was in accordance 
with Hardy-Weinberg equilibrium as well (P=0.894). And 
the genotype frequency was comparable with the genotype 
distribution frequency in the 108 patients with metastatic 
CRC. Consequently, TC and CC genotypes were merged 
during the subsequent analysis. As illustrated in Figure 8, 
compared with TT genotype, patients with TC/CC genotype 
demonstrated higher relative expression of KDR mRNA in 
PBMC specimens compared with patients with TT geno-
type (3.96±0.456 vs 2.70±0.661), which was statistically 
significant (t=8.598, P<0.001).

Discussion
To our knowledge, the present retrospective study high-
lighted the real-world evidence regarding the clinical out-
come and safety of apatinib monotherapy in the treatment 
of patients with chemotherapy-refractory metastatic CRC. 
Simultaneously, polymorphism analysis in this study 

Figure 6 The overall survival of the 108 patients with chemotherapy-refractory metastatic CRC according to KDR rs2071559 genotype status.
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suggested that patients with TC/CC genotype of 
rs2071559 was associated with worse PFS and OS. The 
clinical outcomes of patients with metastatic CRC who 
were treated with apatinib could be impacted by KDR 
rs2071559 polymorphism through mediating KDR 
mRNA expression.

As a highly heterogeneous digestive system malig-
nancy, metastatic CRC has been sensitive to fluorouracil- 
based first-line chemotherapy for the past several 
decades.27 Despite a high rate of response to the fluorour-
acil-based first-line therapy, patients with metastatic CRC 
almost always relapsed eventually.28 ORR of the 

Table 3 Overall Survival of the 108 Patients with Metastatic CRC According to Baseline Characteristics and Polymorphism in 
Univariate and Multivariate Analysis

Characteristics Median OS (95% CI) P (Univariate Analysis) Multivariate Analysis

HR (95% CI) P

Age
<58 9.6 (7.89–11.31) 0.025 0.82 (0.66–0.95) 0.040

≥58 7.7 (6.45–8.95)

Gender
Male 8.3 (7.35–9.25) 0.414

Female 8.8 (7.69–9.91)

ECOG score
0–1 9.8 (7.79–11.81) 0.012 0.76 (0.50–0.89) 0.024
2 7.5 (6.37–8.63)

Tumor location
Right-sided colon cancer 6.8 (5.54–8.06) 0.011 1.38 (1.09–1.67) 0.017

Left-sided CRC 9.5 (8.11–10.89)

Metastatic site
Liver 8.4 (7.35–9.45) 0.533

Lung 8.7 (7.21–10.19)

Surgery type
Yes 8.6 (7.51–9.69) 0.713

No 8.6 (7.12–10.08)

Lines of previous treatment
2 9.2 (7.51–10.89) 0.098 0.96 (0.84–1.11) 0.178

≥3 8.1 (6.98–9.22)

History of targeted drugs therapy
Yes 8.8 (7.33–10.27) 0.515
No 8.4 (7.41–9.39)

History of immunotherapy
Yes 9.2 (7.31–11.09) 0.433

No 8.5 (7.17–9.83)

Initial dosage of apatinib (mg)
250 8.3 (7.09–9.51) 0.371

500 8.6 (7.42–9.78)

Genotypes of rs2071559
TT 10.5 (8.31–12.69) 0.007 0.65 (0.24–0.85) 0.021
TC/CC 6.1 (5.04–7.16)

Abbreviations: CRC, colorectal cancer; OS, overall survival; ECOG, Eastern Cooperative Oncology Group; CI, confidence interval; HR, hazard ratio.
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subsequent line treatment was disappointing and great 
individual differences were observed for the efficacy and 
prognosis of patients with chemotherapy refractory 

metastatic CRC clinically.29 To the best of our knowledge, 
single nucleotide polymorphism was the third generation 
of molecular markers of genetic variation and contributed 
to the differences in susceptibility of cancer and diversity 
to drug response.30,31 Gratifyingly, there were considerable 
studies focusing on polymorphisms which could predict 
the efficacy and safety of metastatic CRC at present: JS Su 
and colleagues found in 2020 that the prognosis of patients 
with R0 resection CRC who received capecitabine-based 
adjuvant chemotherapy in real world may be influenced by 
PD-L1 901T>C polymorphism through mediation of the 
mRNA expression of PD-L1.32 Mitsukuni Suenaga and 
colleagues reported in 2020 that RPA2 polymorphism 
rs7356 might serve as a predictive and prognostic marker 
of oxaliplatin responsiveness in a RAS status-dependent 
manner in mCRC patients receiving FOLFOXIRI com-
bined with bevacizumab regimens.33 The work of Ryuma 
Tokunaga and colleagues suggested that CD39 polymorph-
ism rs11188513 in the adenosine pathway could influence 
the clinical outcomes of patients with metastatic CRC who 
were treated with FOLFIRI plus bevacizumab treatment.34 

Mitsukuni Suenaga and colleagues investigated the gene 
polymorphism in the CCL5/CCR5 pathway in metastatic 
CRC receiving regorafenib treatment and the conclusion 
indicated that genetic variants rs1634517 and rs1130371 in 
the CCL5/CCR5 pathway could serve as prognostic mar-
kers and might predict severe hand-foot skin reaction in 
mCRC patients receiving regorafenib therapy.35 In conclu-
sion, these above works demonstrated the potential pre-
dictive value of pharmacogenomics in the clinical 
outcomes and safety of patients with CRC.

Figure 7 The safety profile of patients with chemotherapy refractory metastatic CRC receiving apatinib monotherapy.

Figure 8 Relative mRNA expression level of KDR gene according to KDR 
rs2071559 genotype status.
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Although our study was designed as a retrospective analy-
sis, the clinical outcomes of patients with chemotherapy- 
refractory metastatic CRC receiving apatinib treatment were 
evaluated simultaneously. ORR of the 108 patients with CRC 
who received apatinib treatment was 5.6%, DCR was 69.4%, 
the median PFS was 3.6 months, which were slightly inferior 
to the prospective clinical trial of apatinib in metastatic CRC 
initiated by F Wang and colleagues in 2020 (ORR=8.3%, 
DCR=68.8% and mPFS=4.8 months) and the phase ІІ clinical 
trial initiated by XF Chen and colleagues in 2019 (mPFS=3.9 
months).10,15 We speculated that the discrepancy could be 
attributed to the retrospective design of our study. 
Management of the patients in retrospective study was not 
sufficient and normative compared with a well-designed phase 
ІІ clinical trial, which was demonstrated in the other retro-
spective study of apatinib in metastatic CRC (ORR=3.7%, 
DCR=70.4% and mPFS=2.0 months).36 Additionally, it 
should be noted that the proportion of patients with ECOG 2 
score in our study was higher than that in the phase ІІ study 
(43.5% vs 35.4%). To our knowledge, the previous research 
had suggested that higher ECOG score was associated with 
worse prognosis among patients with metastatic CRC.36,37 

Furthermore, the results of Cox regression analysis in our 
study demonstrated that patients with higher ECOG 2 score 
were associated with worse OS, which was in concert with the 
results of the previous study.38 On the other hand, OS was also 
performed in our study. Interestingly, the median OS of the 
108 patients with metastatic CRC receiving apatinib treatment 
was 8.9 months, which was relatively longer than that reported 
in the phase ІІ clinical trial initiated by XF Chen and collea-
gues (median OS=7.9 months). We speculated that the reason 
could be attributed to the continuous license of immunother-
apy drugs (pembrolizumab and nivolumab) and targeted drug 
(regorafenib and fruquintinib) that could be effective as the 
subsequent line treatment for patients with metastatic CRC in 
China since 2018.19,20,39 Especially, fruquintinib became 
a new standard therapy as third-line and subsequent-line treat-
ment in the FRESCO clinical trial for patients with metastatic 
CRC in China.40 Therefore, immunotherapy and fruquintinib 
or regorafenib were available for patients with chemotherapy 
refractory metastatic CRC to use after the progression of 
apatinib as the subsequent-line treatment, which could con-
tribute to survival benefits for the patients continuously.41

With regard to the KDR gene polymorphism analysis, to 
our knowledge, our study was the first study concentrating on 
the association between the clinical outcome of patients with 
metastatic CRC receiving apatinib treatment and KDR gene 
polymorphism analysis in Chinese population. Interestingly, 

a recent study initiated by YD Wang and colleagues explored 
the clinical outcomes and safety of apatinib for patients with 
advanced non-squamous NSCLC who progressed after stan-
dard therapy and analysis of the KDR gene polymorphism.22 

Results of the study demonstrated that patients with TC/CC 
genotype of KDR rs2071559 polymorphism were associated 
with worse prognosis, which demonstrated the potential pre-
dictive significance of this polymorphism in the clinical out-
comes of patients with NSCLC who received apatinib 
treatment. Additionally, another exploratory study included 
105 patients with metastatic osteosarcoma to investigate the 
influence of VEGFR2 gene polymorphism on the efficacy 
and safety of apatinib for patients with metastatic osteosar-
coma who progressed after standard therapy.42 The results 
suggested that the clinical outcomes of apatinib might be 
influenced by the rs2071559 polymorphism. All the conclu-
sions of the two previous studies were consistent with the 
results of our study to some extent. These 
findings demonstrated that rs2071559 polymorphism of 
KDR gene could play a certain role in apatinib disposition 
and treatment. Additionally, a previous study recruited a total 
of 118 patients with advanced epithelial ovarian carcinoma 
who received apatinib treatment. The peripheral blood and 
peripheral blood mononuclear cell (PBMC) specimens from 
these patients with EOC were collected to perform the geno-
typing of the genetic polymorphism and assess the mRNA 
expression of VEGFR2, respectively. The results demon-
strated that patients with TC/CC genotype of rs2071559 
had a worse PFS and OS compared with those with TT 
genotype, which was consistent with the conclusion in our 
study. On the other hand, the results of a recent study initiated 
by Ivana Sullivan and colleague were in line with that in our 
study as well.43 A total of 170 patients with metastatic 
NSCLC who were treated with first-line platinum-based 
chemotherapy were included in their study and the results 
found that VEGFA rs2010963 and VEGFR2 rs2071559 were 
significantly associated with OS. Specifically, patients with 
rs2071559 major genotype were associated with better prog-
nosis, which was consistent with our results to some extent. 
Besides, a recent phase III trial of adjuvant sunitinib in 
patients with high-risk renal cell carcinoma demonstrated 
that longer DFS was observed with sunitinib versus placebo 
for VEGFR2 rs2071559 TT patients and the stratification 
analysis based on the rs2071559 genotype results showed 
that the median DFS was longer in the patients with TT 
genotype than the total patients that received sunitinib 
treatment,44 which was consistent with our study. From the 
above, KDR rs2071559 was of clinical significance as 
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a biomarker for the prediction of the patients with metastatic 
CRC receiving apatinib monotherapy.

Additionally, a total of 66 randomly selected PBMC 
specimens were also included in our mRNA expression 
analysis. The results suggested that the mRNA expression 
of KDR gene was significantly higher in patients with CT/ 
TT genotype. To our knowledge, KDR was the receptor 
with the strongest binding ability to VEGF-A and played 
an important role in angiogenesis. The protein expression 
level of KDR conferred a crucial role in the process of 
tumor proliferation and metastasis.45 Previous studies 
demonstrated that higher levels of KDR expression in 
tumor cells were associated with a greater chance for 
tumor cells to regenerate blood vessels and relapse or 
metastasize.46,47 Consequently, some of the relevant 
exploratory studies demonstrated that patients with higher 
expression levels of KDR conferred a worse PFS and OS 
in non-small cell lung cancer48 and gastric cancer,49 

respectively. These results were consistent with our results 
to some extent. From the above, KDR rs2071559 poly-
morphism could be used as an independent biomarker for 
the prediction of patients with chemotherapy refractory 
metastatic CRC receiving apatinib monotherapy.

The common adverse reactions of patients with CRC 
receiving apatinib treatment were hypertension, hand-foot 
syndrome (HFS), nausea and vomiting, fatigue and leuko-
penia, which were similar with those of the previous retro-
spective studies of apatinib in metastatic CRC.37,50 No 
adverse reactions were newly detected during the study, 
which indicated that apatinib at an initial dosage of 
250 mg or 500 mg could be safe for the patients. 
Additionally, the correlation analysis between polymorph-
ism and adverse reactions failed to show a significant 
difference. This result demonstrated that the rs2071559 
polymorphism did not contribute to pharmacokinetics of 
apatinib disposition.

In conclusion, the prognosis significance according to 
rs2071559 polymorphism status was interpreted appropriately, 
in that we thought our study was of potential clinical signifi-
cance for the prognosis assessment of patients with che-
motherapy refractory metastatic CRC receiving apatinib 
monotherapy. However, the conclusion should be confirmed 
and validated in large-scale prospective clinical trials in the 
further.
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