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The Different Effect of VEGF Polymorphisms on the Prognosis of 
Non-Small Cell Lung Cancer according to Tumor Histology

Vascular endothelial growth factor (VEGF) contributes to tumor angiogenesis. The role of 
VEGF single nucleotide polymorphisms (SNPs) in lung cancer susceptibility and its prognosis 
remains inconclusive and controversial. This study was performed to investigate whether 
VEGF polymorphisms affect survival outcomes of patients with early stage non-small cell 
lung cancer (NSCLC) after surgery. Three potentially functional VEGF SNPs (rs833061T>C, 
rs2010963G>C, and rs3025039C>T) were genotyped. A total of 782 NSCLC patients who 
were treated with surgical resection were enrolled. The association of the SNPs with overall 
survival (OS) and disease free survival (DFS) was analyzed. In overall population, none of 
the three polymorphisms were significantly associated with OS or DFS. However, when the 
patients were stratified by tumor histology, squamous cell carcinoma (SCC) and 
adenocarcinoma (AC) had significantly different OS (Adjusted hazard ratio [aHR] = 0.76, 
95% CI = 0.56-1.03 in SCC; aHR = 1.33, 95% CI = 0.98-1.82 in AC; P for 
heterogeneity = 0.01) and DFS (aHR = 0.75, 95% CI = 0.58-0.97 in SCC; aHR = 1.26, 
95% CI = 1.00-1.60 in AC; P for heterogeneity = 0.004) according to the rs833061T>C 
genotypes. Our results suggest that the prognostic role of VEGF rs833061T>C may differ 
depending on tumor histology.
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INTRODUCTION

Lung cancer is the most common cause of cancer-related mortality worldwide (1). The 
best available prognostic index for non-small cell lung cancer (NSCLC) is the TNM 
staging. However, there are wide variations in prognosis within the same stage group. 
This indicates that other factors may account for prognostic heterogeneity.
 Angiogenesis is crucial for development, growth, and metastasis of tumors and a va-
riety of growth factors have been shown to stimulate tumor angiogenesis (2). Among 
them, vascular endothelial growth factor (VEGF) is the most important mediator of 
angiogenesis. High VEGF expression has been associated with poor prognosis in many 
cancers (3-5). In NSCLC, higher VEGF expression was reported in tumor tissue than 
their adjacent normal lung tissue (6,7), and high VEGF expression has been closely as-
sociated with poor survival outcome after surgery (6,8-10). In these studies (6,7), tumor-
al VEGF expression level was different according to histology: adenocarcinomas (ACs) 
showed higher VEGF expression than squamous cell carcinomas (SCCs).
 VEGF expression may be influenced by single nucleotide polymorphisms (SNPs) in 
VEGF gene. Several studies have reported the association between VEGF polymorphisms 
and survival outcomes in various carcinomas including NSCLC, and suggested that 
DNA sequence variations in VEGF may modulate the prognosis of tumors by altering 
VEGF expression (11-13). Among the potentially functional VEGF SNPs, the rs833061 
T>C, rs2010963G>C, and rs3025039C>T are important polymorphisms located in the 
promotor region, 5´-untranslated region, and 3´-untranslated region, respectively, and 
have been most commonly investigated in relation to lung cancer prognosis (14-16). 
However, there were no clear conclusions due to inconsistent results in each study.
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 Hypoxia is a common feature in most of the solid tumors in-
cluding lung cancer, and hypoxic condition is the most impor-
tant stimulating factor for the expression of VEGF (17-19). Ei-
lertsen et al. (20) reported that AC and SCC of the lung exhibit-
ed different VEGF response to hypoxia. In AC, VEGF expression 
was significantly higher in hypoxic condition compared to nor-
moxic condition. In contrast, SCC showed no significant change 
of VEGF expression in response to hypoxia. Difference in VEGF 
expression between SCC and AC of the lung suggests that VEGF 
may exert differential effect on the prognosis of SCC and AC. 
Therefore, it is possible that VEGF polymorphisms may affect 
the prognosis of NSCLC differentially depending on tumor his-
tology. Nevertheless, no studies have categorized tumor histol-
ogy when evaluating this relationship.
 In the current study, we analyzed the association between the 
three VEGF SNPs (rs833061 T>C, rs2010963G>C, and rs3025039 
C>T) and survival outcome of surgically resected NSCLC pa-
tients. In addition, we evaluated the effect of VEGF SNPs on the 
prognosis of NSCLC patients according to tumor histology.

MATERIALS AND METHODS

Study population
This study included 782 patients with stage I, II, or IIIA NSCLC 
who underwent surgical resection; 354 patients at Kyungpook 
National University Hospital (KNUH, Daegu, Republic of Ko-
rea) from December 1997 to January 2010 and 428 patients at 
Seoul National University Hospital (Seoul, Korea) from June 
2006 to May 2012. The histologic types of lung cancers were as 
follows: 341 SCCs (43.6%), 425 ACs (54.3%) and 16 large cell 
carcinomas (2%). The pathologic staging of the tumors, which 
was determined according to the International System for Stag-
ing Lung Cancer (21), was as follows: stage I (n = 378, 48.3%) 
and stage II + IIIA (n = 404, 51.6%). All of the patients included 
in this study were ethnic Koreans.

VEGF genotyping
The three SNPs (rs833061T>C, rs2010963G>C, and rs3025039 
C>T) were genotyped using a polymerase chain reaction (PCR)-
restriction fragment length polymorphism assay. The primer 
sequences and annealing temperature for the PCR analysis and 
the restriction enzymes are shown in Supplementary Table 1. 
Genotyping analysis was performed blind with respect to the 
subjects. Approximately 5% of the samples were randomly se-
lected to be genotyped again by a different investigator, and the 
results were found to be 100% concordant.

Statistical analysis
Demographic and clinical information were compared using 
chi-square tests for categorical variables. The Hardy-Weinberg 
equilibrium was tested by comparing the observed and expect-

ed genotype frequencies using a goodness-of-fit χ2 test. The pri-
mary outcomes used for the present study were overall survival 
(OS) and disease-free survival (DFS). OS was measured from 
the day of surgery until the date of death or to the date of the 
last follow-up. DFS was calculated from the day of surgery until 
recurrence or death from any cause. The differences in OS and 
DFS across different genotypes were compared using the log-
rank test. Hazard ratios (HRs), 95% confidence intervals (CIs) 
and corresponding P values were calculated using multivariate 
Cox proportional hazard models, adjusted for age (≤ 65 years 
vs. > 65 years), gender (female vs. male), smoking status (nev-
er-smokers vs. ever-smoker), tumor histology (squamous vs. 
non-squamous), pathologic stage (I vs. II-IIIA), and adjuvant 
therapy (yes vs. no). A homogeneity test was performed to com-
pare the difference between genotype-related HRs of the differ-
ent group. All analyses were performed using Statistical Analy-
sis System for Windows, version 9.2 (SAS Institute, Cary, NC, 
USA).

Ethics statement
This study was approved by the institutional review board of the 
Kyungpook National University Hospital. The board exempted 
informed consent because of the retrospective nature of this 
study.

RESULTS

The clinical and pathologic characteristics of the patients and 
their association with OS and DFS are shown in Table 1. There 
were total 208 deaths (26.5%) and the estimated 5-year OS and 
DFS for all patients were 62% (95% CI = 0.57-0.68) and 45% (95% 
CI = 0.40-0.49), respectively. Pathologic stage was significantly 
associated with both OS and DFS. Age, gender and smoking 
status were significantly associated with OS, but not with DFS 
in univariate analysis. There were no significant differences in 
survival outcome by histologic type and adjuvant therapy.
 In overall patients’ analyses, the rs833061T>C, rs2010963G>C, 
and rs3025039C>T were not significantly associated with OS 
and DFS (Table 2). Interestingly, however, when the patients 
were stratified by tumor histology, the rs833061 T>C had a sig-
nificantly different effect on survival outcomes between SCC 
and AC (Tables 3 and 4). The rs833061 T>C was associated with 
better OS in SCC and worse OS in AC under a codominant mod-
el, although marginally significant (adjusted HR [aHR] = 0.76, 
95% CI = 0.56-1.03 in SCC; aHR = 1.33, 95% CI = 0.98-1.82 in 
AC; P for heterogeneity = 0.01). In addition, the rs833061T>C 
was significantly associated with better DFS in SCC and worse 
DFS in AC under a codominant model (aHR = 0.75, 95% CI =  
0.58-0.97 in SCC; aHR = 1.26, 95% CI = 1.00-1.60 in AC; P for 
heterogeneity = 0.004).
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DISCUSSION

In the present study, we evaluated the association between po-
tentially functional VEGF polymorphisms (rs833061T>C, rs2010 
963G>C, and rs3025039C>T) and survival outcomes of NSCLC 

patients after surgery in a Korean population. Although none of 
the three genetic variants were significantly associated with OS 
and DFS in overall patient population, the rs833061T>C showed 
differential effect on the prognosis of patients when the subjects 
were stratified by tumor histology. The SNP was associated with 

Table 1. Univariate analysis for overall survival and disease-free survival by age, gender, smoking status, histological type, pathologic stage, and adjuvant therapy

Variables No. of cases
Overall survival Disease-free survival

No. of death (%)* 5Y-OSR, %† Log-rank P No. of event (%)* 5Y-DFSR, %† Log-rank P

Overall 782 208 (26.5) 62 340 (43.5) 45
Age, yr
  ≤ 65 383 88 (23.0) 69 0.002 162 (42.3) 48 0.14
  > 65 399 120 (30.1) 55 178 (44.6) 41
Gender
   Male 572 173 (30.2) 59 < 0.001 261 (45.6) 42 0.10
   Female 210 35 (16.7) 71 79 (37.6) 52
Smoking status
   Never 233 40 (17.2) 74 < 0.001 90 (38.6) 50 0.15
   Ever 549 168 (30.6) 57 250 (45.5) 43
Pack-years‡

  < 40 254 70 (27.6) 59 0.18 111 (43.7) 43 0.59
  ≥ 40 295 98 (33.2) 56 139 (47.1) 42
Histological type
   Squamous cell carcinomas 341 103 (30.2) 60 0.17 146 (42.8) 48 0.22
   Adenocarcinomas 425 99 (23.3) 63 184 (43.3) 42
   Large cell carcinomas   16 6 (37.5) 59 10 (62.5) 35
Pathologic stage
   I 378 59 (15.6) 76 2.1 × 10-11 107 (28.3) 60 6.2 × 10-18

   II+IIIA 404 149 (36.9) 50 233 (57.4) 31
Adjuvant therapy§

   No 182 72 (39.6) 49 0.57 102 (56.0) 37 0.36
   Yes 222 77 (34.7) 50 131 (59.0) 25

*Row percentage; †Five year-overall survival rate (5Y-OSR) and 5 year-disease free survival rate (5Y-DFSR), proportion of survival derived from Kaplan-Meier analysis; ‡In ever-
smokers; §In pathologic stage II + IIIA : 182 cases received p aclitaxel-cisplatin, 11 cases received radiotherapy, and 27 cases received chemotherapy and radiotherapy.

Table 2. Overall survival and disease-free survival according to genotypes in patients with non-small cell lung cancer

SNP Genotypell
No. of  
cases  
(%)*

Overall survival Disease-free survival

No. of 
deaths (%)†

5Y-OSR, 
%‡

Log-rank 
P

HR  
(95% CI)§

P § No. of 
events (%)†

5Y-DFSR, 
%‡

Log-rank 
P

HR  
(95% CI)§

P §

rs833061 TT 353 (46.5) 94 (26.6) 66 0.32 1.00 - 151 (42.8) 45 0.79 1.00 -
CT 312 (41.1) 75 (24.0) 63 - 0.77 (0.57-1.04) 0.09 131 (42.0) 47 - 0.86 (0.68-1.08) 0.19
CC 94 (12.4) 29 (30.9) 55 - 1.13 (0.74-1.72) 0.58 41 (43.6) 45 - 1.06 (0.75-1.51) 0.74
Dominant 406 (53.5) 104 (25.6) 61 0.65 0.84 (0.64-1.12) 0.24 172 (42.4) 46 0.71 0.90 (0.72-1.12) 0.33
Recessive 665 (87.6) 169 (25.4) 64 0.23 1.27 (0.85-1.90) 0.24 282 (42.4) 46 0.67 1.14 (0.82-1.59) 0.43
Codominant - - - 0.81 0.97 (0.79-1.19) 0.76 - - 0.95 0.97 (0.82-1.15) 0.72

rs2010963 CC 148 (19.2) 34 (23.0) 71 0.34 1.00 - 58 (39.2) 51 0.57 1.00 -
CG 380 (49.4) 107 (28.2) 59 - 1.25 (0.84-1.86) 0.26 172 (45.3) 41 - 1.13 (0.84-1.53) 0.42
GG 242 (31.4) 63 (26.0) 62 - 1.16 (0.76-1.78) 0.48 102 (42.2) 48 - 1.07 (0.77-1.48) 0.68
Dominant 622 (80.8) 170 (27.3) 60 0.15 1.22 (0.84-1.77) 0.31 274 (44.1) 43 0.34 1.11 (0.83-1.47) 0.49
Recessive 528 (68.6) 141 (26.7) 62 0.87 0.99 (0.73-1.34) 0.94 230 (43.6) 44 0.93 0.98 (0.77-1.24) 0.85
Codominant - - - 0.36 1.06 (0.87-1.29) 0.60 - - 0.63 1.02 (0.87-1.19) 0.79

rs3025039 CC 517 (66.6) 137 (26.5) 61 0.71 1.00 - 224 (43.3) 45 0.62 1.00 -
CT 235 (30.3) 59 (25.1) 66 - 0.92 (0.68-1.25) 0.60 96 (40.9) 47 - 0.91 (0.72-1.16) 0.44
TT 24 (3.1) 9 (37.5) 62 - 0.92 (0.47-1.83) 0.82 14 (58.3) 34 - 0.93 (0.54-1.60) 0.78
Dominant 259 (33.4) 68 (26.3) 65 0.66 0.92 (0.69-1.24) 0.59 110 (42.5) 46 0.58 0.91 (0.72-1.15) 0.43
Recessive 752 (96.9) 196 (26.1) 62 0.58 0.95 (0.48-1.87) 0.87 320 (42.6) 45 0.53 0.95 (0.56-1.64) 0.86
Codominant - - - 0.85 0.94 (0.73-1.20) 0.61 - - 0.79 0.93 (0.77-1.13) 0.47

SNP = single nucleotide polymorphism.
*Column percentage; †Row percentage; ‡Five year-overall survival rate (5Y-OSR) and 5 year-disease free survival rate (5Y-DFSR), proportion of survival derived from Kaplan-Meier 
analysis; §Hazard ratios (HRs), 95% confidence intervals (CIs) and corresponding P values were calculated using multivariate Cox proportional hazard models, adjusted for age, 
gender, smoking status, tumor histology, pathologic stage and adjuvant therapy; llGenotype failure: 23 cases for the rs833061, 12 cases for the rs2010963 and 6 cases for the 
rs3025039.
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Table 3. Overall Survival according to the rs833061, rs2010963 and rs3025039 genotypes by tumor histology

SNP Geno typell

SCC AC

PH
ll

No. of  
cases (%)*

No. of 
deaths (%)†

5Y-OSR 
(%)‡

Log-
rank P

HR  
(95% CI)‡

P § No. of  
cases (%)*

No. of 
deaths (%)†

5Y-OSR 
(%)‡

Log-
rank P

HR  
(95% CI)‡

P §

Overall survival
   rs833061

TT 164 (49.3) 58 (35.4) 58 0.05 1.00 - 183 (44.6) 33 (18.0) 74 0.10 1.00 - -
CT 127 (38.1) 30 (23.6) 63 - 0.51 (0.33-0.80) 0.004 181 (44.2) 44 (24.3) 64 - 1.26 (0.80-1.98) 0.33 -
CC 42 (12.6) 13 (31.0) 65 - 0.84 (0.46-1.54) 0.57 46 (11.2) 14 (30.4) 38 - 1.84 (0.97-3.50) 0.06 -
Dominant 169 (50.8) 43 (25.4) 63 0.03 0.58 (0.39-0.87) 0.01 227 (55.4) 58 (25.6) 59 0.06 1.36 (0.88-2.09) 0.17 0.005 
Recessive 291 (87.4) 88 (30.2) 60 0.78 1.10 (0.61-1.97) 0.76 364 (88.8) 77 (21.2) 69 0.14 1.63 (0.91-2.91) 0.10 0.35 
Codominant - - - 0.15 0.76 (0.56-1.03) 0.08 - - - 0.03 1.33 (0.98-1.82) 0.07 0.01 

   rs2010963
CC 59 (17.5) 16 (27.1) 69 0.73 1.00 - 86 (20.6) 17 (19.8) 72 0.35 1.00 - -
CG 175 (51.9) 54 (30.9) 59 - 1.04 (0.59-1.84) 0.883 199 (47.7) 50 (25.1) 60 - 1.60 (0.91-2.81) 0.10 -
GG 103 (30.6) 32 (31.1) 57 - 1.25 (0.68-2.30) 0.48 132 (31.7) 29 (22.0) 65 - 1.14 (0.62-2.09) 0.68 -
Dominant 278 (82.5) 86 (30.9) 58 0.52 1.11 (0.65-1.91) 0.70 331 (79.4) 79 (23.9) 62 0.20 1.38 (0.81-2.36) 0.24 0.58 
Recessive 234 (69.4) 70 (29.9) 62 0.52 1.21 (0.79-1.85) 0.39 285 (68.4) 97 (23.5) 64 0.86 0.82 (0.53-1.28) 0.39 0.22 
Codominant - - - 0.43 1.13 (0.84-1.53) 0.42 0.54 1.02 (0.77-1.34) 0.91 0.62 

   rs3025039
CC 236 (69.4) 69 (29.2) 60 0.50 1.00 - 273 (65.0) 65 (23.8) 61 0.71 1.00 - -
CT 94 (27.7) 29 (30.9) 60 - 1.04 (0.67-1.61) 0.867 133 (31.7) 27 (20.3) 71 - 0.81 (0.52-1.28) 0.37 -
TT 10 (2.9) 5 (50.0) 56 - 1.59 (0.64-3.96) 0.32 14 (3.3) 4 (28.6) 67 - 0.54 (0.19-1.50) 0.23 -
Dominant 104 (30.6) 34 (32.7) 59 0.77 1.10 (0.72-1.66) 0.67 147 (35.0) 31 (21.1) 71 0.41 0.77 (0.50-1.19) 0.24 0.24 
Recessive 330 (97.1) 98 (29.7) 60 0.24 1.58 (0.64-3.89) 0.33 406 (96.7) 92 (22.7) 64 0.82 0.57 (0.21-1.59) 0.29 0.14 
Codominant - - - 0.53 1.13 (0.80-1.60) 0.49 - - - 0.44 0.78 (0.54-1.11) 0.16 0.14 

SNP = single nucleotide polymorphism, SCC = squamous cell carcinoma, AC = adenocarcinoma.
*Column percentage; †Row percentage; ‡Five year-overall survival rate (5Y-OSR) and 5 year-disease free survival rate (5Y-DFSR), proportion of survival derived from Kaplan-Meier 
analysis; §Hazard ratios (HRs), 95% confidence intervals (CIs) and corresponding P values were calculated using multivariate Cox proportional hazard models, adjusted for age, 
gender, smoking status, tumor histology, pathologic stage and adjuvant therapy; llP value of test for homogeneity.

Table 4. Disease-Free Survival according to the rs833061, rs2010963 and rs3025039 genotypes by tumor histology

SNP Genotype§

SCC AC

P H
§

No. of  
cases (%)*

No. of 
events (%)†

5Y-DF-
SR (%)†

Log-
rank P

HR  
(95% CI)†

P ‡ No. of  
cases (%)*

No. of 
events (%)†

5Y-DF-
SR (%)†

Log-
rank P

HR  
(95% CI)†

P ‡

Disease free survival
   rs833061

TT 164 (49.3) 77 (47.0) 45 0.14 1.00 - 183 (44.6) 69 (37.7) 47 0.22 1.00 - -
CT 127 (38.1) 50 (39.4) 50 - 0.64 (0.44-0.92) 0.02 181 (44.2) 80 (44.2) 44 - 1.12 (0.81-1.56) 0.48 -
CC 42 (12.6) 15 (35.7) 58 - 0.68 (0.39-1.18) 0.17 46 (11.2) 22 (47.8) 32 - 1.78 (1.09-2.90) 0.02 -
Dominant 169 (50.8) 65 (38.5) 52 0.05 0.65 (0.46-0.91) 0.01 227 (55.4) 102 (44.9) 42 0.12 1.22 (0.90-1.66) 0.20 0.01 
Recessive 291 (87.4) 127 (43.6) 47 0.37 0.82 (0.48-1.41) 0.47 364 (88.8) 149 (40.9) 45 0.21 1.67 (1.06-2.65) 0.03 0.05 
Codominant - - - 0.07 0.75 (0.58-0.97) 0.03 - - - 0.08 1.26 (1.00-1.60) 0.05 0.004 

   rs2010963
CC 59 (17.5) 22 (37.3) 55 0.83 1.00 - 86 (20.6) 33 (38.4) 51 0.45 1.00 - -
CG 175 (51.9) 78 (44.6) 45 - 1.08 (0.67-1.74) 0.75 199 (47.7) 91 (45.7) 36 - 1.25 (0.83-1.87) 0.29 -
GG 103 (30.6) 43 (41.8) 50 - 1.07 (0.63-1.80) 0.80 132 (31.7) 55 (41.7) 46 - 1.13 (0.73-1.75) 0.58 -
Dominant 278 (82.5) 121 (43.5) 47 0.55 1.08 (0.68-1.71) 0.75 331 (79.4) 146 (44.1) 40 0.27 1.20 (0.82-1.76) 0.36 0.73 
Recessive 234 (69.4) 100 (42.7) 48 0.95 1.01 (0.70-1.45) 0.97 285 (68.4) 124 (43.5) 41 0.86 0.97 (0.71-1.34) 0.85 0.87 
Codominant - - - 0.71 1.03 (0.80-1.32) 0.84 - - - 0.61 1.04 (0.85-1.28) 0.69 0.95 

   rs3025039
CC 236 (69.4) 98 (41.5) 48 0.59 1.00 - 273 (65.0) 120 (43.96) 43 0.50 1.00 - -
CT 94 (27.7) 41 (43.6) 50 - 1.11 (0.77-1.60) 0.58 133 (31.7) 51 (38.4) 45 - 0.81 (0.58-1.13) 0.21 -
TT 10 (2.9) 6 (60.0) 35 - 1.42 (0.62-3.26) 0.40 14 (3.3) 8 (57.1) 38 - 0.71 (0.34-1.47) 0.36 -
Dominant 104 (30.6) 47 (45.2) 48 0.64 1.14 (0.80-1.62) 0.46 147 (35.0) 59 (40.1) 44 0.26 0.79 (0.58-1.09) 0.15 0.13 
Recessive 330 (97.1) 139 (42.1) 48 0.32 1.38 (0.61-3.14) 0.44 406 (96.7) 171 (42.1) 43 1.00 0.76 (0.37-1.57) 0.46 0.29 
Codominant - - - 0.47 1.14 (0.85-1.54) 0.38 - - - 0.35 0.82 (0.63-1.07) 0.15 0.11 

SCC = squamous cell carcinoma, AC = adenocarcinoma.
*Column percentage; †Five year-overall survival rate (5Y-OSR) and 5 year-disease free survival rate (5Y-DFSR), proportion of survival derived from Kaplan-Meier analysis; ‡Haz-
ard ratios (HRs), 95% confidence intervals (CIs) and corresponding P values were calculated using multivariate Cox proportional hazard models, adjusted for age, gender, smok-
ing status, tumor histology, pathologic stage and adjuvant therapy; §P value of test for homogeneity.
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worse OS and DFS in AC, whereas it was associated with better 
OS and DFS in SCC. Our results suggest that the prognostic role 
of VEGF rs833061T>C may differ depending on tumor histology.
 This is the first study evaluating the relationship between 
VEGF polymorphisms and prognosis of NSCLC patients ac-
cording to tumor histology. Several studies have evaluated the 
relationship between potentially functional VEGF polymorphi-
sms and the outcome of NSCLC patients, but the results were 
inconsistent (14-16). For instance, Heist et al. (14) evaluated the 
relationship between VEGF SNPs and OS among patients with 
stage I and II NSCLC treated with surgical resection and report-
ed that the rs833061T>C was not significantly associated with 
OS. Guan et al. (15) reported rs833061 TC or CC genotypes were 
associated with better survival among Caucasian patients with 
locally advanced NSCLC. In contrast, Masago et al. (16) found 
that the rs833061T>C was associated with worse survival in Jap-
anese NSCLC patients.
 The VEGF gene is located on chromosome 6p21.3 and con-
sists of 8 exons and 7 introns (22). Previous studies found that 
this gene has at least 30 SNPs (23). Among them, rs833061T>C, 
rs2010963G>C, and rs3025039C>T are putatively functional SNPs 
which may influence levels of VEGF expression. It has been re-
ported that the rs833061T>C may be associated with increased 
VEGF promoter activity and plasma levels (24,25).
 In our study, the rs833061 T>C was associated with better 
survival outcomes in SCC but worse survival outcomes in AC. 
The reason for this finding remains unclear, but our results may 
be explained by a different VEGF expression and angiogenesis 
depending on tumor histology. Hypoxia is an important feature 
of tumors and induces hypoxia-inducible factor-1 which regu-
lates various mediators including VEGF, activating angiogenesis 
(26). In addition, hypoxia induces variant tumor cells which 
adapt to survive and to proliferate under hypoxic condition by 
various mechanisms (15,16). These variant tumor cells are se-
lected through clonal expansion and aggravate tumor hypoxia 
by increasing the structurally and functionally disturbed angio-
genesis (15,16). This vicious cycle contributes to the poor out-
come including development of aggressive phenotype with high 
metastatic rate, resistance to treatment, and higher tumor re-
currence rates (17-19). In previous studies, the degree of VEGF 
expression and tumor angiogenesis in response to hypoxia was 
different according to tumor histology: AC showed more prom-
inent VEGF expression and microvessel formation than SCC 
(6,20,27,28). Taken together, it is possible that VEGF mediated 
tumor angiogenesis is a more important determinant of the 
prognosis in AC compared to SCC. This may partially explain 
the different prognostic effect of VEGF rs833061T>C according 
to tumor histology. In this study, the rs833061T>C, associated 
with increased VEGF expression (24,25), could predict worse 
prognosis only in AC. However, the VEGF may not have a criti-
cal role in determining the prognosis in SCC. Instead, a possible 

alternative explanation is that another angiogenic factor might 
contribute to the angiogenesis and prognosis in SCC. Recent 
advances in the molecular biology of lung cancer have led to 
the understanding that NSCLC is a heterogeneous disease: dif-
ferent pathogenesis and clinical features, as well as markedly 
different genetic alterations between SCC and AC (29,30). Fur-
ther research is warranted on the mechanism of different prog-
nostic role of VEGF rs833061T>C between SCC and AC, which 
may lead to better understanding of the pathogenesis of lung 
cancer.
 Antiangiogenic drugs such as bevacizumab, a monoclonal 
antibody to VEGF, are currently available in selected patients 
with advanced stage AC (31). Several clinical studies have inves-
tigated the benefit of bevacizumab as an adjuvant or a neoadju-
vant therapy in early stage AC (32-34). In early stage NSCLC, 
adjuvant therapy is considered for patients who have risk factors 
for poor outcome (e.g. vascular invasion, tumors > 4 cm, vis-
ceral pleural involvement) (35). In addition to these factors, the 
rs833062T>C may help select AC patients with poor prognosis 
who may benefit from adjuvant antiangiogenic drug therapy.
 In conclusion, the rs833061T>C may be a useful prognostic 
marker for patients with surgically resected NSCLC, which has 
dissimilar roles in different tumor histology. Consequently, test-
ing for the presence of the rs833061T>C may help identify pa-
tients with high risk of poor disease outcome, thereby helping 
to refine therapeutic decisions. However, because this study is 
the first trial to investigate the association between VEGF poly-
morphisms and survival outcome according to NSCLC tumor 
histology, additional studies are required to confirm the find-
ings in diverse ethnic populations.
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