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Aim: The efficacy of a cetuximab-based regimen used to treat metastatic colorectal 

cancer (mCRC) could be influenced by VEGFA polymorphisms. Materials & methods: 

We studied the effects of five polymorphisms in the VEGFA gene (-2549D/I, -1154G/A, 

-460T/C, +405G/C and +936C/T) on the outcome of 98 mCRC patients treated with 

FOLFIRI plus cetuximab. Results: Patients homozygous for the -2549D, -1154G and 

-460T alleles did exhibit higher response rates to treatment and longer progression-

free survival compared with others. In addition, the DGTGC and IGCGC haplotypes 

were significantly associated with a lower risk of disease progression. Conclusion: 

These findings suggest that VEGFA genetic variations might influence response/

resistance of FOLFIRI plus cetuximab treatment in mCRC patients.
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Colorectal cancer (CRC) is one of the most 
common causes of cancer-related death in the 
Western world, ranking second in Europe 
and third in USA [1]. In the past few years, 
the management of metastatic colorectal 
cancer (mCRC) has been transformed by the 
availability of EGFR-targeted monoclonal 
antibodies, including cetuximab. Cetuximab 
is a chimeric IgG1 monoclonal antibody that 
binds EGFR with high specificity, and with a 
higher affinity than EGFR. The binding of 
cetuximab to EGFR, which leads to the inhi-
bition of ligand-induced downstream signal-
ing, inhibits proliferation, angiogenesis and 
metastasis, and promotes apoptosis [2]. The 
efficacy of cetuximab in the treatment of 
mCRC is limited to patients with a wild-type 
CRC at exons 2, 3 and 4 of RAS genes KRAS 
and NRAS [3]. However, a subset of patients 
with wild-type RAS tumors do not benefit 
from cetuximab treatment, and other bio-
markers predictive of the response to cetux-
imab need to be identified. Few studies have 
investigated the impact of genetic polymor-
phisms on the effectiveness of cetuximab-
based chemotherapy in CRC. It has been 
shown that polymorphisms in the FCGR, 

EGF, let-KRAS, Cyclin D1 or COX-2 genes 
could predict patient outcomes of cetux-
imab-based chemotherapy [4]. In addition, 
several preclinical studies have suggested 
that the VEGF pathway is modulated by 
cetuximab [5–7]. Interestingly, Vincenzi et al. 
showed that circulating levels of VEGF fell 
during treatment of advanced CRCs with a 
combination of cetuximab plus irinotecan, 
and that this decrease was related to the clini-
cal response and survival of patients [8]. On 
the other hand, Grimminger et al. demon-
strated that in advanced rectal cancer high 
intratumoral VEGF mRNA levels before 
treatment by cetuximab were associated with 
a complete pathological response in the wild-
type KRAS subgroup of patients [9]. VEGF 
is encoded by the VEGFA gene, which is 
known to be highly polymorphic, with sev-
eral SNPs in the promoter and in the 5́  
and 3 -́UTR that influence VEGF expres-
sion [10]. The -2549DD, -1154GG, -460CC 
and +405GG genotypes appear to be asso-
ciated with a higher VEGF expression [11,12], 
whereas the 936T allele is correlated to lower 
VEGF expression [13]. We hypothesized that 
SNPs of VEGFA could influence the expres-
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sion of VEGF and therefore efficacy of cetuximab-
based regimens in mCRC. We analyzed the effect of 
these five functional polymorphisms in the VEGFA 
gene (-2549 D/I, -1154 G/A, -460 T/C, +405 G/C 
and +936C/T) on the outcome in 98 mCRC patients 
treated with FOLFIRI in addition to cetuximab. We 
also examined the association between levels of circu-
lating VEGF and the response to treatment as well as 
progression-free survival (PFS).

Materials & methods
Study design & patients

This ancillary study was a part of a completed mul-
ticenter, noncomparative, open-label, Phase II study 
that included 102 patients (ClinicalTrials.gov identi-
fier: NCT00559741) between October 2005 and Janu-
ary 2008. KRAS exon 2 (codons 12 and 13) mutation 
analysis was retrospectively performed in 61 patients 
for whom tumor material was available and who gave 
additional informed consent. There was not enough 
amount of tumoral DNA available to analyze other 
RAS mutations. The study design, patient eligibility 
criteria and treatment regimen have been described 
previously [14]. Briefly, patients were assigned to receive 
cetuximab weekly and FOLFIRI every 2 weeks. Dose 
adjustments of irinotecan and 5FU were decided on 
the basis of pharmacogenetic and pharmacokinetic 
parameters, using the internet-based calculator ODPM 
protocol web access (France). The clinical trial proto-
col and biomarker studies were approved by the Ethics 
Committee of Angers University Hospital (France), 
and blood samples were collected after informed con-
sent had been obtained in accordance with the Dec-
laration of Helsinki. Patients were treated until they 
improved or until unacceptable toxicity occurred. 
Tumor response was evaluated 2 months after start-
ing cetuximab plus FOLFIRI using the Response 
Evaluation Criteria In Solid Tumors (RECIST) cri-
teria. In this study, a patient with complete response 
(CR), partial response or stable disease was defined as 
a ‘responder’; in contrast, a patient whose cancer pro-
gressed (PD) was defined as a ‘nonresponder’. Tumoral 
response data were not available for 14 patients.

VEGFA polymorphisms

We selected five most common polymorphisms of the 
VEGFA gene, that is, -2549D/I (deletion/insertion of 
18pb) (rs35569394), -1154G/A (rs1570360), -460C/T 
(rs833061), +405G/C (rs2010963) and +936C/T 
(rs3025039) that have been previously involved in 
regulation of VEGFA expression within tissue or 
plasma [10]. Therefore, the -2549D/I, -1154G/A 
and -460C/T are localized in promoter region and 
-2549D/I has been described in complete linkage 

disequilibrium (LD) with the -2578C/A polymor-
phism [15]. In addition, +405G/C and +936C/T are 
localized in the 5́ and 3´ UTR region, respectively. All 
these SNPs have been previously studied as predictive 
or prognostic markers in several solid tumors. Ger-
minal DNA was extracted from the peripheral blood 
of 98 out of 102 patients. SNPs were genotyped by 
previously described PCR-RFLP methods [16].

Serum VEGF measurement

Serum VEGF concentration was measured 2 h after the 
first infusion of cetuximab (D0), and before the eighth 
infusion (after about 60 days; D60) using the Quan-
tikine VEGF immunoassay according to the manufac-
turer’s instructions (R&D system). The detection limit 
of this assay was 31.2 pg/ml.

Statistical analyze

Wilcoxon’s test was used to compare the variation 
in VEGF concentrations between D0 and D60, and 
the Mann–Whitney U test to analyze the concen-
tration ratios of VEGF (D60/D0) according to the 
tumor response. Genotype analysis of each polymor-
phism was performed using χ2 or Fisher’s exact test. 
The endpoint assessed in this study was the impact of 
genotypes and haplotypes of the VEGFA gene on PFS, 
defined as per the protocol as the time from the first 
day of cetuximab treatment to the date of first disease 
progression or death due to any cause. The median 
PFS was estimated by the Kaplan–Meier method. 
The PFS data were plotted as Kaplan–Meier curves, 
and the differences between the groups categorized by 
VEGFA gene polymorphisms were compared by the 
log-rank test. The Hardy–Weinberg equilibrium, LD 
and haplotypes were analyzed using the THESIAS 3.1 
program, which is based on the maximum likelihood 
method and linked to the SEM algorithm for haplo-
type–phenotype association [17,18]. This method is used 
to estimate haplotype frequencies as well as haplotype 
effects, expressed as odds ratios (ORs) for a binary 
phenotype (case–control status) by comparison to a 
reference haplotype. The effects of haplotypes on the 
survival were expressed as hazard risk ratios (HRRs) 
and compared with those of a reference haplotype. In 
all analyses, the most frequent haplotype was used as 
the reference haplotype. All statistical tests were two-
sided, and p ≤ 0.05 was considered to be statistically 
significant.

Results
The demographic and clinical data of the population (n 
= 98) available for genotyping and measurement of cir-
culating VEGF levels are shown in Table 1. Disease con-
trol (CR + PD + SD) was obtained in 61.5% of patients, 
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who were therefore included in the ‘responder’ group; 
conversely, disease progression was observed 2 months 
after initiation of the cetuximab regimen in 24.5% of 
patients. The median time to progression was about 
6.5 months in the 98 patients treated with FOLFIRI-
cetuximab. In addition, no difference in PFS was found 
in relation to the KRAS exon 2 mutation detected in 
42.6% of analyzed tumors (median = 6.62 months in 
mutated KRAS vs 6.65 months in nonmutated KRAS).

Genotype frequencies of the VEGFA gene are sum-
marized in Table 2. The allelic frequencies did not devi-

ate significantly from those expected according to the 
Hardy–Weinberg equilibrium hypothesis. Genotype 
analysis demonstrated that the proportion of -2549D 
homozygous patients (absence of a 18bp insertion) was 
significantly higher in the ‘responder’ than in the ‘non-
responder’ group (30 vs 4%, respectively; p = 0.02; OR 
= 10; 95% CI: 1.2–100). Similar results were observed 
with the -460TT genotype, which was also associated 
with a significantly higher rate of response to treatment 
(30.5 vs 4%, respectively; p = 0.02; OR = 10; 95% CI: 
1.2–100). In addition, -1154G homozygous patients 

Table 1. Baseline characteristics of metastatic colorectal cancer patients.

Patient characteristics Patients (n) %

Sex: 

– Male 55 56.1

– Female 43 43.9

WHO baseline performance status:

– 0 60 61.2

– 1 31 31.6

– 2 7 7.2

Primary tumor site:

– Colon 58 59.2

– Rectum 26 26.5

– Hinge rectosigmoid 13 13.3

– Other 1 1

Tumor KRAS status:

– Mutated 26 26.5

– Wild-type 35 35.7

– Nonassessable 37 37.8

Line before FOLFIRI CETUX:

– 0 14 14.3

– 1 47 47.9

– 2 or 3 37 37.8

RECIST (M2):

– CR 1 1.0

– PR 24 24.5

– SD 35 35.7

– PD 24 24.5

– ND 14 14.3

Median Range

Age (years) 62 38–79

Bodyweight (kg) 70.5 34–113

Progression-free survival (months) 6.5 0.2–19.3

CR:Completeresponse;ND:Notdetermined;PD:Progressivedisease;PR:Partialresponse;RECIST(M2):ResponseEvaluationCriteriain
SolidTumorsafter2monthsoftreatment;SD:Stabledisease.
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were more in numbers in the group responding to 
cetuximab than in the ‘nonresponder’ group (48.5 
vs 16.5%, respectively; p = 0.015; OR = 5; 95% CI: 
[1.4–16.5]). Neither of the two other tested polymor-
phisms (i.e., +405G/C and +936C/T) was associated 
with tumor response.

The polymorphisms at positions -2549, -460 and 
-1154 in the VEGFA gene were also associated with PFS. 
Patients homozygous for the -2549D allele did exhibit a 
significantly longer PFS than those carrying the I allele 
(median PFS 9.7 vs 6 months, respectively; p = 0.03; 
Figure 1A). In addition, the same impact on median PFS 
was observed when the homozygous -460TT genotype 
was compared with the other genotypes (p = 0.03, data 
not shown). Median PFS was also significantly longer 
in patients homozygous for the -1154G allele than in 
patients carrying the -1154A allele (9.4 vs 6 months, 
respectively; p = 0.007; Figure 1C). Interestingly, in 

the subgroup of patients without the KRAS mutation 
(n = 35), those with the -1154GG genotype exhibited 
a median PFS of about 10 months, compared with 6 
months in those carrying the -1154A allele (p = 0.04; 
Figure 1D). In contrast, in the subgroup of patients with 
the KRAS mutation, the SNP -1154G/A did not appear 
to influence survival (median PFS = 7.8 vs 6.5 months 
for noncarriers and carriers of the -1154A allele, respec-
tively, p = 0.4). No association was found between the 
other studied VEGFA polymorphisms (405C/G and 
936C/T) and PFS.

A complete LD was evidenced between SNPs at posi-
tions -2549 and -460, whereas the linkage between the 
three other SNPs were weak (range of D’: 0.06–0.47). 
Haplotype analyses were conducted to evaluate the 
combined effect of these five VEGFA gene polymor-
phisms on the efficacy of treatment. Ten haplotypes 
were identified, and the effects of those exhibiting fre-

Table 2. Genotypes and minor allele frequency of VEGFA single nucleotide polymorphisms 

according to Response Evaluation Criteria in Solid Tumors criteria.

SNPs of VEGFA Genotypes  All (n = 98) ‘Responders’ 

(n = 60)

‘Nonresponders’ 

(n = 24)

OR (95% CI) p-value

-2549 D/I (rs35569394) 

Genotypes, 

n (%)

DD 20 (20.5) 18 (30) 1 (4) 10 (1.2–100) p = 0.02

II + ID 78 (79.5) 42 (70) 23 (96)

MAF I 0.46 0.45 0.71 3 (1.4–6.2) p = 0.004

-460 T/C (rs833061)

Genotypes, 

n (%)

TT 20 (20.5) 18 (30.5) 1 (4) 10 (1.2–100) p = 0.02

TC + CC 77 (79.5) 41 (69.5) 23 (96)

MAF C 0.46 0.44 0.71 3.1 (1.5–6.6) p = 0.003

-1154 G/A (rs1570360)

Genotypes, 

n (%)

GG 38 (38.5) 29 (48.5) 4 (16.5) 5 (1.4–16.5) p = 0.015

GA + AA 60 (61.5) 31 (51.5) 20 (84.5)

MAF A 0.37 0.30 0.52 2.4 (1.2–4.8) p = 0.025

+405 G/C (rs2010963)

Genotypes, 

n (%)

GG 50 (51) 29 (48.5) 13 (54) NS

GC + CC 48 (49) 31 (51.5) 11 (46)

MAF C 0.28 0.32 0.23 NS

+936 C/T (rs3025039)

Genotypes, 

n (%)

CC 65 (66.5) 37 (61.5) 18 (75) NS

CT + TT 33 (33.5) 23 (38.5) 6 (25)

MAF T 0.17 0.20 0.125 NS

CR:Completeresponse;MAF:Minorallelfrequency;‘Nonresponders’=PD;NS:Notsignificant;OR:Oddsratio;PD:Progressivedisease;
‘Responders’=CR+PD+SD;SD:Stabledisease.
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Figure 1. Polymorphisms at positions -2549 and -1154 in the VEGFA gene and progression-free survival. 

Kaplan–Meier estimates of progression-free survival according to VEGFA polymorphism. (A) -2549I/D;  

(B) -1154G/A; (C) -1154G/A polymorphism in the subgroup of patients without KRAS mutation.
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quencies greater than 1% were evaluated (Table 3). The 
results obtained showed that carriers of the DGTGC 
or IGCGC haplotypes had a lower risk of progression 
than in patients with the IACGC haplotype, used as 
reference (HRR = 0.48; p = 0.004 and HRR = 0.45; 
p = 0.003, respectively; Table 3). In the subgroup 
of patients with the wild-type KRAS (n = 35), the 
DGTGC haplotype was still significantly associated 
with a lower risk of progression than the IACGC hap-
lotype (HRR = 0.31; 95% CI: 0.1–0.97; p = 0.045).

Finally, serum concentrations of VEGF were also 
studied in 84 out of 98 patients for whom both D0 
and D60 blood samples were available. Median serum 
VEGF levels at the beginning of treatment with FOL-
FIRI-cetuximab were similar to that measured after 
2 months (median of concentration = 187 vs 195 pg/
ml, respectively; p = 0.9, Figure 2A). However, VEGF 
concentration ratios ([VEGFA]

D60
/[VEGFA]

D0
) were 

lower in ‘responders’ than in ‘nonresponders’ (median 
ratio = 0.77 vs 1.15 respectively; p = 0.03, Figure 2B), but 
without any significant association with the PFS (data 

not shown). In addition, no relationship was found 
between any of the gene polymorphisms or haplotypes 
studied and serum concentrations of VEGFA.

Discussion
Drugs that target the EGFR have had a major impact 
in CRC therapy. In the present study, the influence 
of -2549D/I (rs35569394), -1154G/A (rs1570360), 
-460T/C (rs833061), +405C/G (rs2010963) and 
+936C/T (rs3025039) polymorphisms of VEGFA gene 
on the response to FOLFIRI-cetuximab therapy was 
investigated in a cohort of 98 patients with mCCR. 
Allelic and genotype frequencies observed were similar 
to those previously described in CRC patients [10,19–20] 
and in the French general population [16]. We demon-
strated that the -2549DD genotype was associated with 
a higher response rate and longer PFS. Similar results 
were found for the -460TT genotype, explained by 
the complete LD between the -2549I/D and -460C/T 
polymorphisms. In addition, the PFS of -1154GG 
homozygous patients was ∼50% longer than that of 
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patients carrying the GA and AA genotypes. No dif-
ference in the response to treatment or PFS was related 
to the +405C/G and +936C/T polymorphisms. Only 
one previous study had evaluated the influence of one 
VEGFA polymorphism on the response to cetuximab 
in CRC [21]. Our results are in agreement with their 
findings, as the VEGFA +936C/T polymorphism was 
not related to the response to the cetuximab-based regi-
men in 39 mCCR patients [21]. However, a recent meta-
analysis has demonstrated a significant association 
between the responsiveness to different chemotherapy 
in CRC evaluated by RECIST criteria and both VEGF 
-2578C/A and -460C/T polymorphisms (i.e., CC vs 
CA [OR = 1.40, 95% CI: 1.00–1.97; p = 0.05] and 
CC+CT vs TT [OR = 0.71, 95% CI: 0.53–0.96; p = 
0.02], respectively). However, no relationship was found 
between +405C/G and +936C/T polymorphisms and 
no data were available regarding the -1154G/A poly-
morphism. Knowing that -2549D/I SNP has been 
described in absolute LD with the -2578C/A poly-
morphism, these results were in accordance with our 
study and suggested that -2549DD and -460TT geno-
types increase the response to chemotherapy alone or 
in association with cetuximab and could lead to better 
outcome of CRC patients being treated [22].

Our study confirmed that the promoter and the 
5′UTR of the VEGFA gene harbor a high degree of LD 
and haplotype analyses of this region may provide fur-
ther information compared with the study of individual 
SNPs. In this regard, DGTGC and IGCGC haplotype 
carriers had a lower risk of death, about 50% lower than 
patients carrying the IACGC haplotype suggesting that 
the -1154G allele has a strong influence on the response 
to FOLFIRI plus cetuximab therapy. Several studies 
have shown that the homozygous -1154GG genotype is 
associated with higher cell expression of VEGFA than 
other genotypes [23,24]. Stevens et al. using MCF-7 
cells (a breast cancer cell line) demonstrated that both 
-460C/T and +405C/G SNPs could influence the pro-

moter effect of VEGFA, but this effect is strongly depen-
dent on other proximal polymorphisms, including the 
-1154G/A SNP [24]. In addition, higher intratumoral 
mRNA levels of VEGF were found in CRC in patients 
carrying the DGG haplotype (i.e., -2549D/I, -1154G/A, 
405C/G) [19]. In the present study, haplotypes harbor-
ing the DG-G- allele were associated with better out-
comes. However, no association was observed between 
VEGF serum concentrations and the VEGFA polymor-
phisms or haplotypes studied. However, it is important 
to outline that serum concentrations of VEGF are likely 
not reflecting the expression of VEGFA in the primary 
tumor. Interestingly, study in advanced rectal cancer 
showed that high intratumoral VEGFA mRNA levels 
before treatment by cetuximab were associated with a 
pathological response in the wild-type KRAS subgroup 
of patients [9]. The authors thus suggested that upregu-
lation of VEGFA expression could be due to an indi-
rect effect induced by high EGFR signaling and high 
EGFR activity could therefore be associated to a strong 
cetuximab efficiency. In addition, we also speculated 
that SNPs of VEGFA associate to high VEGF tumors 
expression which could lead to the greater drug deliv-
ery but additional studies are required to investigate this 
hypothesis. Inversely, Vallböhmer et al. studied a small 
cohort of mCCRs (n = 31) treated with cetuximab with-
out any other chemotherapy and showed that a high 
intratumoral mRNA level of VEGFA was associated 
with reduced tumor response probably due to increase 
in neoangiogenesis of the tumor although no association 
was found with PFS [25].

Circulating serum concentrations of VEGF were 
measured in 84 patients when cetuximab therapy 
was initiated and after 2 months of treatment, and 
VEGF concentration ratios (D60/D0) were lower 
in the ‘responder’ group than in the ‘nonresponder’ 
group. These results partly confirm the findings of a 
previous study performed in a cohort of 45 patients 
with mCCR treated with cetuximab and for which a 

Table 3. Association between VEGFA haplotypes and progression-free survival.

VEGFA haplotypes (-2549; 

-1154; -460; +405; +936)

Frequency HRR (95% CI) p-value

IACGC 0.28 –†

DGTCC 0.21 0.81 (0.50–1.20) NS

DGTGC 0.17 0.48 (0.29–0.78) 0.004

IGCGC 0.15 0.45 (0.26–0.77) 0.003

IACGT 0.073 0.82 (0.50–1.60) NS

DGTCT 0.072 0.50 (0.25–1.10) NS

IGCGT 0.03 0.80 (0.30–2.00) NS

†Referencehaplotype.
HRR:Hazardriskratio;NS:Notsignificant.
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Figure 2. Serum VEGFA concentration of metastatic colorectal cancer patients treated with FOLFIRI-cetuximab. 

(A) VEGFA serum concentration on day 0 and after 2 months of treatment were similar. (B) The VEGFA 

concentration ratios calculated for each patient ([VEGFA]
D60

/[VEGFA]
D0

) were lower in ‘responders’ (black) than in 

‘nonresponders’ (gray). 
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decrease in VEGFA concentration was associated with 
the tumor response and PFS [8]. However, we did not 
find any relation between PFS and changes in serum 
concentration of VEGFA.

Interestingly, despite the limited number of patients 
with wt KRAS exon 2 tumors in our cohort (n = 35), a 
significantly longer PFS was still observed in homozy-
gous carriers of the -1154G allele and of the DGTGC 
haplotype. Mutations of KRAS exon 2 are well-estab-
lished negative predictive factors for clinical response 
to anti-EGFR monoclonal antibodies [26]. However, 
the tumor KRAS exon 2 status did not appear to exert 
a significant influence on PFS in our patients. Patients 
were recruited from 2004, and tumor tissue was avail-
able in 61 cases only, and this negative result could thus 
be attributable to the insufficient power of our study 
regarding this issue. Individual dosage adaptation of 
conventional chemotherapy scheduled in the clinical 
study also possibly contributed to the lack of effect of 
KRAS exon 2 mutation on the response to cetuximab. 
Another study limitation is that the extended RAS 
panel was not analyzed. Recent data demonstrate that 
other RAS mutations impact response to cetuximab, in 
particular, mutations in KRAS exons 3 and 4 and NRAS 
exons 2, 3 and 4 [3]. In our study, the extended RAS 
panel was not analyzed because tumoral DNA was no 
longer available and its potential interference with the 
VEGFA SNP in the present study remained unknown.

Conclusion & future perspective
In summary, our findings show that germline poly-
morphisms of the VEGFA gene may predict the clinical 
outcome in mCRC patients receiving cetuximab-based 
chemotherapy. Our assessment of the VEGFA SNP gene 
as a predictor of the efficacy of FOLFIRI plus cetux-
imab treatment in patients with mCRC suggests that 

three VEGFA polymorphisms and two VEGFA haplo-
types are strongly associated with PFS. These findings 
indicate that alternative treatment approaches should 
be developed for patients with these genetic variants. 
However, our findings obtained with a small number 
of patients might be confirmed and validated in larger 
prospective and randomized controlled clinical trials.
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