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Abstract: Numerous studies focusing on genetic variants in order to find cetuximab subpopulation biomarkers have 
emerged, yet the significance of each biomarker is diverse. Based on these results, we carried out a meta-analysis 
to assess the correlation between epidermal growth factor (EGF) A61G polymorphism and clinical outcomes of 
metastatic colorectal cancer (mCRC) patients treated with cetuximab. We aim to prove that EGF polymorphisms may 
be potential biomarkers for cetuximab therapeutic strategies. We identified 6 previously published studies including 
569 patients treated with cetuximab-based regimens. Outcomes included clinical response, progression-free sur-
vival (PFS), and overall survival (OS). GG homozygote showed association with better response rates (GG vs. AA+AG, 
OR = 2.82; 95% CI = 1.58-5.04) and than AA+AG genotypes. This meta-analysis showed that mCRC patients har-
boring GG genotype of EGF A61G polymorphism inclined to have a better response rate with cetuximab treatment.
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Introduction

Recently, the development of novel therapeutic 
agents that specifically target growth factor 
pathways has triggered great interest. Such tar-
geted agents may offer alternative treatments 
for patients sensitive or refractory to standard 
chemotherapy. In particular, agents targeting 
members of the epidermal growth factor recep-
tor (EGFR) have shown promising therapeutic 
efficacy [1].

Nowadays, two different anti-EGFR targeting 
regimens are clinically available: small mole-
cule inhibitors in intracellular phosphotyrosine 
kinase domain; and monoclonal antibodies tar-
geting the extracellular domain of the receptor. 
As the most extensively investigated anti-EGFR 
monoclonal antibody, cetuximab is currently 
approved as a single agent or in combination 
with irinotecan for the treatment of patients 

with metastatic colorectal cancer (mCRC). 
Cetuximab is a chimeric monoclonal G1 (IgG1) 
antibody that sticks to the EGFR with high affin-
ity. The antibody down-regulates surface EGFR 
expression through blocking ligand binding and 
inducing receptor internalization and degrada-
tion [2].

Although cetuximab has shown effectiveness  
in metastatic colorectal cancer and has been 
approved for use in combination with irinotecan 
in chemorefractory patients [3, 4], clinical 
assessments showed that the response rate 
was only 30% in patients with mCRC [5]. In view 
of this low response rate, investigators were 
spurred on into identifying mechanisms that 
can improve the response rate, if only in a sub-
group of patients with mCRC. As known to all, 
EGFR expressed in colorectal cancer has been 
regarded as a poor prognostic factor correlating 
with aggressive disease and decreased surviv-
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al [6, 7]. Therefore upon first entering the clinic, 
cetuximab trials were conducted in patients 
whose tumors were tested positive for EGFR 
expression by immunohistochemistry. However, 
studies failed to demonstrate a consistent  
relationship between EGFR expression and 
response rate to cetuximab therapy [5, 8]. With 
these findings, the National Comprehensive 
Cancer Network shut the door on the use of 
EGFR-expression test as criteria for selecting 
patients for cetuximab therapy [3, 9].

Gene variants have been associated with 
response to cetuximab in mCRC patients, 
including gene copy number of EGFR [10, 11]; 
and single nucleotide polymorphism (SNP) on 
the encode gene of EGF. Functional variant  
in the EGF 5’-untranslated region (EGF A61G, 
rs4444903) [12] has been regarded as modu-
lating the EGFR ligand EGF, resulting in correla-
tion with sensitivity to EGFR-targeted therapy. 
But the true relationship between them remains 
an important focus of evidence-based investi- 
gations.

Herein, we present the findings of a meta-anal-
ysis, attempting to assess the association 
between EGF A61G polymorphism and clinical 
outcomes of mCRC patients treated with cetux-
imab. We aim to show that EGF polymorphisms 
may be the potential biomarkers for cetuximab 
therapeutic strategies.

Materials and methods

This study was conducted in accordance with 
the ‘preferred reporting items for systematic 
reviews and meta-analyses’ (PRISMA) guide- 
lines.

Study eligibility and identification

We did systematic computerized search in  
the PubMed and EMBASE databases, using  
following terms: ‘cetuximab’, ‘colorectal neo-
plasm’, in combination with ‘polymorphism’. 
The search details in PubMed database were 
as follows: (“cetuximab” [Supplementary Con- 
cept] OR “cetuximab” [All Fields]) AND (“colorec-
tal neoplasms” [MeSH Terms] OR (“colorectal” 
[All Fields] AND “neoplasms” [All Fields]) OR 
“colorectal neoplasms” [All Fields] OR (“colorec-
tal” [All Fields] AND “neoplasm” [All Fields]) OR 
“colorectal neoplasm” [All Fields]) AND (“poly-
morphism, genetic” [MeSH Terms] OR (“poly-

morphism” [All Fields] AND “genetic” [All Fields]) 
OR “genetic polymorphism” [All Fields] OR 
“polymorphism” [All Fields]). References in the 
retrieved articles were further screened for ear-
lier original studies. The inclusion criteria were 
as followings: patients with histopathologically 
confirmed metastatic colorectal cancer, cetux-
imab-based therapies, comparisons of clinical 
response ratio among different genotypes of 
EGF A61G polymorphism, and relationship 
between this polymorphism and prognosis. 
When datasets were incomplete for necessary 
data, the corresponding authors were contact-
ed to obtain missing information. Some studies 
were excluded if critical information was still 
missing after requests.

Data extraction and quality assessment

The following information was recorded from 
each recovered article: first author, journal  
and year of publication, number of patients 
analyzed, method of genotype discrimination, 
previous treatment, strategies of cetuximab 
administration and data linking variants to 
treatment outcomes.

We assessed the study quality in a descriptive 
and qualitative approach rather than a quanti-
tative one, with regard to the following aspects, 
which were largely consistent with REMARK 
(Reporting recommendations for tumor marker 
prognostic studies) guidelines [13].

Data extraction and quality assessment of 
each study were conducted by two authors 
(Xiaoli Lu and Xiaowan Chen) independently, 
and discrepancies were resolved by consensus 
including a third author (Jingxu Sun).

Statistical analysis

The primary end point was clinical response 
rate, which was defined as the rate of complete 
response and the partial response rate. The 
relationship between EGF polymorphism and 
clinical response rate was assessed by odds 
ratio (OR) and corresponding 95% confidence 
intervals (CIs). A total of six genetic models, 
with three main models (M1, allele comparison, 
A vs. a; M2, recessive model, AA vs. Aa+aa; or 
M3, dominant model, AA+Aa vs. aa) and three 
models of multiple pairwise comparisons (M4, 
AA vs. aa; M5, Aa vs. aa; or M6, AA vs. Aa) were 
considered in this meta-analysis. Models M1 to 
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M3 were considered as the primary genetic 
models of interest [14]. The risk ratio (RR) with 
95% CI was used to assess the association 
between these polymorphisms and cetuximab-
related skin toxicity (grades 0-1 versus 2-3).

The secondary end points were progression-
free survival (PFS) and overall survival (OS). 
Hazard ratios (HRs) and their 95% CIs were 
combined to give an effective value for the 
quantitative aggregation of survival results. 
They were estimated from available data using 
the methods reported by Tierney [15], if these 
statistical variables were not given explicitly in 
an article.

Between-study heterogeneity was estimated 
using the χ2-based Q statistic [16]. Heterogen- 
eity was considered statistically significant 
when p for heterogeneity < 0.05 and/or I2 > 
50%. Fixed-effects model was used if heteroge-
neity did not exist; otherwise, a random-effects 
model was used. Subgroup-stratification analy-

1). Among these, 48 were duplicates and 65 
further studies were excluded because they did 
not include polymorphisms of interest; or did 
not assess any pharmacokinetic or prognostic 
outcomes of interest. Six studies met the inclu-
sion criteria and were included in the final anal-
ysis [18-23]. The eligible studies and the corre-
sponding characteristics are presented in Table 
1.

EGF A61G polymorphism (rs4444903) and 
clinical response to cetuximab

Data concerning the predictive value of EGF 
A61G with respect to the sensitivity of mCRC to 
cetuximab-based treatment were available in 5 
trials [18-21, 23]. These covered 449 individu-
als. In allele comparison (M1), the 61G allele 
was more associated with better response rate 
than the 61A allele (G vs. A, OR = 2.11; 95% CI 
= 1.47-3.03; I2 = 46%). Moreover, in recessive 
model (M2), the GG homozygote showed asso-
ciation with a better response rate than AA+AG 

Figure 1. Flowchart of the 
studies selected.

sis was appraised based 
on the therapeutic regi-
men of cetuximab, such  
as whether cetuximab was 
used as a single agent or 
in combination with the 
chemotherapy, and wheth-
er patients received cetux-
imab-based treatment as 
initial therapy or after re- 
fractory to chemotherapy. 
Finally, potential publica-
tion biases were evaluat-
ed in both Begg’s and 
Egger’s tests. A two-tailed 
p value of < 0.05 was con-
sidered statistically signifi-
cant [17]. All data were 
analyzed using RevMan 
5.2 analysis software (The 
Cochrane Collaboration) 
and STATA 12.0 analysis 
software (Stata Corpora- 
tion, College Station, TX, 
USA).

Results

Summary of included and 
excluded studies

A total of 120 studies were 
initially identified (Figure 
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Table 1. Characteristics of eligible studies considered in the report

Author_Year Genetic variant Patients 
included, n Study design Genotype analysis Previous treatment Study treatment Response criteria

Zhang_2006 [22] (IMCL-0144) EGF A61G 34 Retrospective† PCR-RFLP ≥ 2 chemotherapy C alone WHO
Graziano-2008 [19] EGF A61G 110 Prospective PCR-RFLP ≥ 1 chemotherapy C + I RECIST
Lurje-2008 (IMCL-0144) [21] EGF A61G 116 Retrospective† PCR-RFLP ≥ 2 chemotherapy C alone WHO
Garm-2009 [18] EGF A61G 71 Retrospective Taq-PCR ≥ 1 chemotherapy C + I RECIST
Pander-2010 (CAIRO2) [23] EGF A61G 120 Retrospective† Taq-PCR untreated C + O RECIST
Hu-2011 (multicenter) [20] EGF A61G 118 Retrospective† PCR-RFLP RT C + O Dworak
C alone: cetuximab used as single agent; C + I: cetuximab used in combination with irinotecan; C + O: cetuximab used in combination with oxaliplatin; RECIST: Response Evaluation 
Criteria in Solid Tumors; PCR-RFLP: Polymerase Chain Reaction-Restriction Fragment Length Polymorphism.
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genotypes (GG vs. AA+AG, OR = 2.82; 95% CI = 
1.58-5.04; I2 = 19%). While In dominant model 
(M3), no significant difference of response rate 
between AA homozygote and AG+GG geno-
types were shown (GG+AG vs. AA, OR = 2.07; 
95% CI = 0.74-5.79; I2 = 55%). In M4 model, GG 
homozygote showed significant association 
with a better response rate than the AA homo-
zygote (GG vs. AA, OR = 3.91; 95% CI = 1.94-
7.90; I2 = 41%). In M5 model, there was no sig-
nificant difference between AA homozygote 
and AG heterozygote in terms of response rates 
(AG vs. AA, OR = 1.54; 95% CI = 0.49-4.91; I2 = 
57%). However, in M6 model, GG homozygote 
showed significant association with better 
response rate than the AG heterozygote (GG vs. 
AG, OR = 2.25; 95% CI = 1.19-4.25; I2 = 39%). 
All pooled analysis findings were tabulated in 
Table 2.

EGF A61G polymorphism (rs4444903) and 
PFS

A total of 4 studies targeted the relationship 
between EGF A61G polymorphism and PFS in 
dominant model (M3) [18-20, 22]. Pooled anal-
ysis indicated that there was no significant 
association (GG+AG vs. AA, HR = 0.80; 95% CI 
= 0.54-1.18; I2 = 72%) between polymorphism 
and PFS in mCRC patients treated with cetux-
imab. In M4 model, no significant association 
between PFS and the EGF polymorphism homo-
zygotes (GG vs. AA, HR = 0.65; 95% CI = 0.36-
1.31; I2 = 63%). While in M5 model, a significant 
association was presented that AG heterozy-
gote was related to better PFS than the AA 
homozygote (AG vs. AA, HR = 0.72; 95% CI = 
0.54-0.96; I2 = 35%). All pooled analysis find-
ings were tabulated in Table 3.

Table 2. Analysis of the association between EGF A61G and odds ratio of clinical response rate in main models
M1: G vs. A M2: GG vs. AG+AA M3: GG+AG vs. AA

Study groups Studies Numbers OR (95% CI) P I2 OR (95% CI) P I2 OR (95% CI) P I2

Overall 5 2.11 (1.47, 3.03) 0.00 46% 2.82 (1.58, 5.04) 0.00 19% 2.07 (0.74, 5.79) 0.16 55%

Therapy regimens

    C alone 2 1.69 (0.76, 3.74) 0.20 67% 2.87 (0.89, 9.23) 0.08 0% 0.72 (0.03, 16.99) 0.84 70%

    C combine 3 2.24 (1.50, 3.36) 0.00 55% 2.81 (1.44, 5.48) 0.00 57% 2.75 (0.79, 9.55) 0.11 64%

M4: GG vs AA M5: AG vs. AA M6: GG vs.AG
Study groups Studies Numbers HR (95% CI) P I2 HR (95% CI) P I2 HR (95% CI) P I2

Overall 5 3.91 (1.94, 7.90) 0.00 41% 1.54 (0.49, 4.91) 0.46 57% 2.25 (1.19, 4.25) 0.01 39%

Therapy regimens

    C alone 2 2.68 (0.68, 10.55) 0.16 31% 0.68 (0.05, 8.39) 0.76 52% 2.62 (0.64, 10.77) 0.18 0%

    C combine 3 4.49 (1.97, 10.23) 0.00 60% 2.17 (0.46, 10.23) 0.33 71% 2.16 (1.06, 4.41) 0.03 59%
C alone: cetuximab used as single agent; C combine: cetuximab used in combination with irinotecan or oxaliplatin based chemotherapy.

Table 3. Analysis of the association between EGF A61G and progression-free survival (PFS) in main 
models

M3: GG+AG vs. AA M4: GG vs. AA M5: AG vs. AA
Study groups Studies Numbers HR (95% CI) P I2 HR (95% CI) P I2 HR (95% CI) P I2

Overall 4 0.80 (0.54-1.18) 0.26 72% 0.65 (0.36-1.31) 0.25 63% 0.72 (0.54-0.96) 0.02 35%

Therapy regimens

    C alone 2 0.86 (0.32-2.34) 0.76 87% 1.01 (0.27-3.78) 0.99 76% 0.83 (0.57-1.20) 0.02 41%

    C combine 1 0.80 (0.58-1.20) 0.28 61% 0.47 (0.27-0.81) 0.01 -- 0.58 (0.37-0.92) 0.32 --
C alone: cetuximab used as single agent; C combine: cetuximab used in combination with irinotecan or oxaliplatin based chemotherapy.

Table 4. Analysis of the association between EGF A61G and overall survival (OS) in main models
M3: GG+AG vs. AA M4: GG vs. AA M5: AG vs. AA

Study groups Studies Numbers HR (95% CI) P I2 HR (95% CI) P I2 HR (95% CI) P I2

Overall 3 0.99 (0.49-1.99) 0.97 86% 0.98 (0.41-2.38) 0.97 77% 0.97 (0.53-1.77) 0.91 70%

Therapy regimens

    C alone 2 1.37 (0.75-2.50) 0.31 62% 1.56 (0.50-4.92) 0.44 65% 1.25 (0.84-1.86) 0.28 0%

    C combine 1 0.51 (0.35-0.75) 0.00 -- 0.46 (0.25-0.83) 0.01 -- 0.55 (0.33-0.92) 0.02 --
C alone: cetuximab used as single agent; C combine: cetuximab used in combination with irinotecan or oxaliplatin based chemotherapy.
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EGF A61G polymorphism (rs4444903) and OS

Data concerning the relationship between EGF 
A61G polymorphism and OS was investigated 
in 3 studies [18-20]. In dominant model (M3), 
the variant showed no association with OS 
(GG+AG vs. AA, HR = 0.99; 95% CI = 0.49-1.99; 
I2 = 86%). In M4 model, no significant relation-
ship was found between genetic variant and OS 
(GG vs. AA, HR = 1.25; 95% CI = 0.85-1.84). In 
M5 model, negative association was shown (AG 
vs. GG, HR = 1.12; 95% CI = 0.89-1.41). In M6 
model, there was also no significant associa-
tion between polymorphism and better OS  
(AA vs. AG, HR = 1.09; 95% CI = 0.8-1.50). All 
pooled analysis findings were tabulated in 
Table 4.

EGF A61G polymorphism (rs4444903) and 
toxicity

Pooled analysis result showed that EGF A61G 
polymorphism was not significantly associated 

genetic variant is an appropriate marker for 
identifying a subgroup of patients who are more 
likely to have response rate with cetuximab.

EGF A61G polymorphism was widely investi- 
gated on the association with the risk to malig-
nancies, including glioma [24, 25], gastric can-
cer [26], hepatocellular carcinoma [27, 28] as 
well as melanoma [29]. These evidence-based 
studies suggested that EGF 61G allele was like-
ly to be associated with the risk of tumor sus-
ceptibility. On the other hand, GG genotype is 
related to less tumor recurrence in patients 
with esophageal cancers [30]. Every coin has 
two sides. EGF 61G allele played a paradoxical 
role of either increasing risk of cancer or 
improving prognosis of malignant disease. The 
mechanism remains to be defined.

In-vitro study has confirmed that cells carrying 
G allele produced significantly more EGF than 
cells with AA homozygotes [12]. Moreover,  
EGF could induce amphiregulin and epiregulin 

Figure 2. Association between EGF A61G polymorphism (rs4444903) and toxicity of cetuximab.

Figure 3. Funnel plot for publication bias.

with grades 2-3 cetux-
imab-related skin toxicity 
(RR = 1.25; 95% CI = 0.81-
1.93) (Figure 2).

Publication bias

The publication bias was 
not considered to be sig-
nificant (Figure 3).

Discussion

The present meta-analysis 
was performed to assess 
the potential value of EGF 
A61G polymorphism as 
predictive factors for ce- 
tuximab agents. Overall, 
we found substantial evi-
dence that in mCRC this 
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mRNA expression [31] both of which belong to 
epidermal growth factor family and are ligands 
to EGFR. Although epiregulin is known to bind 
less closely to EGFR than EGF, it can lead to 
prolonged state of receptor activation [32]. 
Khambata and his colleague [33] demonstrat-
ed that increased expression of epiregulin can 
promote tumor growth and survival, which may 
indicate the ability of cetuximab to block ligand-
receptor interaction. All in all, patients with 
higher level expression of epiregulin and amphi-
regulin are more likely to have disease control 
with cetuximab, and the expression of epiregu-
lin could be elevated by epidermal growth fac-
tor which synthesizes more in the cases harbor-
ing EGF 61G allele.

Our findings showed that patients carrying  
GG genotype showed a better response rate 
and prolonged PFS after being treated with 
cetuximab, which was in lined with those exper-
iment results. Regarding of the association 
between variant and response rate to cetux-
imab, patients harboring GG homozygotes had 
a better clinical response rate than patients 
with AA homozygotes or AG heterozygotes. 
Concerning the association between EGF poly-
morphism and prognosis, as all studies only 
presented the HR and their 95% (CIs) of PFS or 
OS in M3 (AG+GG vs. AA). In our findings, GG 
carriers showed significantly prolonged PFS 
than both AA and AG carriers. Unfortunately, no 
better OS was found.

Almost all the studies included in this meta-
analysis investigated the association betw- 
een EGF A61G polymorphism and clinical out-
comes independent of KRAS status, except for 
Pander’s research [22]. Pander and colleagues 
reported no significant correlation between this 
genetic variant and the efficacy of cetuximab 
for patients with KRAS wild-type metastatic 
colorectal cancer. As known, KRAS plays an 
important role in the RAS/MAPK pathway, and 
is involved in cell proliferation. The presence of 
activated KRAS mutations might circumvent 
cetuximab’s inhibitory activity.

Our statistical analysis showed that publication 
bias did not exist. However, there is no guaran-
tee of the absence of bias, since the meta-anal-
ysis was based on a limited number of studies, 
which might reduce the chance of detecting 
publication bias to some extent [34, 35]. 
Additionally, most of the studies had small sam-

ple sizes and variant previous treatments and 
concomitant medication. In addition, the crite-
ria for assessing the response rate were differ-
ent. Another limitation of current study is the 
confounding factors of KRAS status in patients 
with mCRC, which are complex and diverse. 
However, our review only included some of the 
confounding factors. Those unanalyzed factors 
that were inconsistent with our results might 
inevitably affect the presented results.

According to our meta-analysis, we would like 
to suggest further recommendations about rel-
evant studies. To identify a biomarker in a more 
meaningful manner, additional trials should be 
conducted to value the influence of cetuximab 
on mCRC patients with mutated KRAS status. 
In addition, more high quality studies to evalu-
ate the relationship between EGF polymor-
phism and cetuximab treated mCRC are war-
ranted. Our meta-analysis has shown that the 
patients harboring GG homozygotes with mCRC 
received a better response rate after cetux-
imab treatment; however, this finding will deter-
mine whether the putative markers are predic-
tive and/or prognostic and also whether they 
are associated with an improved clinical out-
come measured by OS. Although there is still 
some space to improve, we consider that our 
study is powerful enough to show that EGF 
A61G polymorphism might predict improved 
clinical outcomes for mCRC patients treated 
with cetuximab.

In summary, this meta-analysis showed that 
mCRC patients harboring GG genotype of EGF 
A61G polymorphism are more likely to have a 
better clinical response with cetuximab treat-
ment. The identified markers could be devel-
oped further to select patients for cetuximab 
therapy.
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