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Abstract.  The epidermal growth factor receptor 
(EGFR)‑targeting monoclonal antibody, cetuximab, has 
been added to standard chemotherapy regimens for treating 
metastatic colorectal cancer (mCRC). However, the efficacy 
of adding cetuximab to chemotherapy regimens for patients 
of differing genetic backgrounds remains controversial. The 
present study aimed to investigate the efficacy of adding 
cetuximab to chemotherapeutic regimens in subgroups of 
patients defined according to the RAS and BRAF mutation 
status in the first‑line treatment of patients with mCRC. A 
systematic literature search was performed in databases 
(including PubMed, Embase, the Cochrane library, the 
American Society of Clinical Oncology and the European 
Society For Medical Oncology) up to August  2015. 
Randomized controlled trials analyzing overall survival (OS) 
and progression‑free survival (PFS) in mCRC treated with 
cetuximab, and grouped by RAS and BRAF mutation status, 
were identified. The major outcome measures were hazard 
ratios (HRs). Pooled HRs were calculated using fixed‑ or 
random‑effects models, according to the magnitude of 
the heterogeneity. A total of nine studies met the inclusion 
criteria. Use of cetuximab was significantly associated with 
longer OS in KRAS exon 2 wild‑type tumors [HR=0.87, 95% 
confidence interval (CI)=0.79‑0.96, Z=2.91, P=0.004] and 
wild‑type KRAS/RAS (in exons 2, 3 and 4 of KRAS and 
exons 2, 3 and 4 of an associated gene, NRAS; HR=0.72, 

95% CI=0.60‑0.85, Z=3.74, P=0.0002). No significant differ-
ences in OS and PFS were identified between KRAS exon 2 
mutations and tumors with the other RAS mutations (in 
exons 3 and 4 of KRAS and exons 2, 3 and 4 of an associ-
ated gene, NRAS). The meta‑analysis demonstrated that 
cetuximab‑based chemotherapeutic regimens led to a marked 
improvement in OS in patients with mCRC who lacked any 
RAS mutations (either KRAS exon 2 or any other RAS muta-
tion). By contrast, the subgroup analyses revealed no evident 
PFS or OS benefit in using cetuximab for patients with any 
RAS mutation. Taken together, the evidence indicates that 
cetuximab should only be used for mCRC patients with the 
wild‑type RAS gene. Some benefits were observed in patients 
with wild‑type KRAS/BRAF who received cetuximab‑based 
chemotherapy, even though there were insufficient data to 
perform meta‑analysis with the BRAF mutation status.

Introduction

Colorectal cancer (CRC) remains one of the most common 
causes of cancer‑associated mortality  (1). Over the past 
decades, novel therapeutic options have been introduced as 
treatments for metastatic CRC (mCRC). A combination of 
chemotherapy with targeted therapy has been regarded as a 
standard first‑line treatment plan (2). Cetuximab, a monoclonal 
antibody, targets the extracellular domain of the epidermal 
growth factor receptor (EGFR), exerting an important role 
in the treatment of patients with mCRC. However, studies 
concerning the effects of cetuximab‑based chemotherapy 
as a first‑line mCRC treatment have demonstrated divergent 
results  (2‑4). RAS family proteins (including KRAS and 
NRAS) exert important roles in EGFR‑mediated intracellular 
signaling cascades. Mutations in RAS genes (occurring at 
loci in exons 2, 3 and 4) are often identified in mCRC, and 
the most common of these is KRAS exon 2 (codon 12/13). In 
several previous studies, including CRYSTAL phase III (2) 
and OPUS phase II (3) randomized clinical trials (RCTs), the 
use of cetuximab was limited to treatment for mCRC patients 
with the wild‑type KRAS gene. However, as revealed in the 
COIN (4) and NORDIC‑VII (5) trials, cetuximab is not always 
effective in KRAS wild‑type patients. The previous studies 
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evaluating anti‑EGFR monoclonal antibodies in mCRC were 
amended to focus on KRAS exon  2‑selected populations, 
either retrospectively evaluating outcomes in KRAS exon 2 
wild‑type patients or prospectively enrolling KRAS exon 2 
wild‑type patients (6‑8). Mutations of KRAS predominantly 
lie in codons 12 and 13 of exon 2. However, additionally, there 
are ~5% of CRC patients who have mutations in KRAS exons 3 
or 4, usually at codons 61 or 146, and a further ~5% of patients 
with CRC with mutations in NRAS exons 2, 3 or 4. Furthermore, 
almost 10% of patients with CRC have mutations in BRAF (9). 
It was suggested that other mutations, including ones in RAS 
(in exons 3 and 4 of KRAS and exons 2, 3 and 4 of NRAS) 
and BRAF (KRAS exon 2), in patients with wild‑type mCRC 
patients may exert similar negative effects on the efficacy of 
EGFR‑targeted therapy (2,3,10). Previously, data from certain 
retrospective analyses of several phase III trials indicated that 
all RAS mutations were regarded as a negative predictive 
factor of anti‑EGFR therapy (11). Similar analyses performed 
for patients with BRAF mutations, mutually exclusive of 
RAS mutations, demonstrated a consistently poor prognosis, 
regardless of the treatment strategy employed (11,12).

Therefore, the meta‑analysis in the present study was 
performed to assess the efficacy of adding cetuximab to 
chemotherapies in the first‑line treatment of mCRC, and to 
investigate the prognosis and outcomes for cetuximab‑based 
chemotherapy in populations of differing RAS and BRAF 
mutation status.

Materials and methods

Search strategy. Two independent investigators (L. Lin 
and L.L. Chen) searched electronic databases, including 
PubMed, Embase, the Cochrane library, the American 
Society of Clinical Oncology and the European Society 
For Medical Oncology, up to August 2015. The following 
search items were used: ‘Colorectal Neoplasms’ AND 
‘cetuximab’ AND ‘Clinical Trial’ AND ‘Ras’, and relevant 
Medical Subject Heading (‘MeSH’) terms were utilized. 
References cited in the publications were searched to iden-
tify additional relevant studies. Additional articles that were 
missed from the search strategy were also searched after.

Eligibility criteria. Eligible studies had to meet the 
following criteria: i) the study was an RCT; ii) the patients 
had pathologically confirmed mCRC; iii) cetuximab‑based 
chemotherapy was compared with chemotherapy ± other 
targeted agents (e.g. bevacizumab) as the first‑line treatment; 
iv) the outcomes of interest were survival according to the 
RAS and BRAF gene mutation status; v)  the study either 
provided, or allowed for, the calculation of hazard ratios 
(HRs) with corresponding 95% confidence intervals (CIs); 
and vi) only studies with full text were included. If duplicated 
or overlapped data were identified in multiple reports, the one 
with most comprehensive information was included. Studies 
with a single‑arm design, or RCTs with arms all containing 
cetuximab, were excluded. Finally, studies not published in 
English were excluded.

Quality assessment. Two investigators (L. Lin and L.L. Chen) 
independently rated the quality of the retrieved studies. The 

risk of bias items recommended by The Cochrane Handbook 
for Systematic Reviews of Interventions (13) was selected.

Data extraction. Two investigators (L. Lin and L.L. Chen) 
independently extracted the following information from each 
study. Disagreements were revolved by consensus. From each 
of the eligible studies, the following information was collected: 
The first author's family name, publication year, treatment 
regimens, sample size, blind trial type, type of controls, HRs 
with corresponding 95% CIs or relevant data for HR, and the 
95% CI calculation for OS and/or PFS. The data were extracted 
separately according to the RAS and BRAF mutation status.

Statistical analysis. The efficacy of adding cetuximab to the 
chemotherapy regimen in the treatment of mCRC, based on 
the data from RCTs, was assessed. The endpoints of interest 
in the pooled analysis were OS and PFS, and they were 
thus expressed by HRs with 95% CIs for each study. The 
association between the efficacy of adding cetuximab to the 
chemotherapy in the treatment of mCRC, and OS or PFS, was 
considered as a weighted average of the individual estimate 
of the HR in every included study, using the inverse variance 
method. The natural logarithms of the HRs (lnHRs) were 
considered to obey a normal distribution. If the HRs and the 
corresponding 95% CIs were reported, lnHRs and the corre-
sponding natural logarithms of the upper and lower limbs 
of the distribution were used as data points in the pooling 
analysis. A sensitivity analysis was also performed to examine 
the impact on the overall results (PFS and OS), depending on 
the heterogeneity between the included studies. Prior to the 
synthesis of the original data, I2 statistics were used to assess 
the homogeneity (13). Studies with an I2 of 25‑50, 50‑75 or 
>75% were considered to have low, moderate or high heteroge-
neity, respectively (14). The pooled HRs were first calculated 
using the fixed‑effects model. If there was high heterogeneity 
among the studies, the randomized‑effects model was used. 
Subgroup analysis was performed according to the KRAS 
and BRAF gene type, with the aim of exploring important 
clinical differences among trials that could be expected to 
affect the magnitude of the treatment effect. P<0.05 was 
considered to indicate a statistically significant difference. 
All the statistical tests in this meta‑analysis were performed 
with Review Manager version 5.3 software (Revman; The 
Cochrane collaboration Oxford, United Kingdom). The find-
ings of the present meta‑analysis are shown in forest plots.

Results

Overview of the literature search and study characteristics. 
An overall total of 336 studies were retrieved initially after 
searching the databases and hand‑searched articles. Of these 
articles, 14 full‑text articles were evaluated in more detail, 
and a total of nine articles were included in the meta‑anal-
ysis (Fig. 1). All studies included in the present study were 
considered to be of moderate quality, at least. Table I shows the 
primary characteristics of the nine studies, and the risk of bias 
items is shown in Fig. 2. In the present review, cetuximab‑based 
chemotherapy was administered as a first‑line treatment in 
patients with mCRC. Seven of the studies were open‑label, 
randomized, multicenter phase  III trials, and two of them 
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Table I. Baseline characteristics of patients in the trials included in the meta‑analysis.

		  Type of	 Treatment	 Subgroup
Authors, year	 Clinical trial	 study	 regimen	 analysis	 Refs.

Maughan et al, 2011	 COIN	 Phase Ⅲ	 Oxa+FU vs. Oxa+FU+cet	 KRAS BRAF	 (4)
Bokemeyer et al, 2011	 OPUS	 Phase Ⅱ	 FOLFOX‑4+cet vs. FOLFOX‑4	 ITT KRAS BRAF	 (3)
Van Cutsem et al, 2011	 CRYSTAL	 Phase Ⅲ	 FOLFIRI vs. FOLFIRI+cet	 ITT KRAS BRAF	 (2)
Tveita et al, 2012 	 NORDIC‑Ⅶ 	 Phase Ⅲ	 A; Nordic FLOX	 ITT KRAS	 (5)
				   B: FLOX+cet
				   C: intermittent FLOX +cet	
Stintzing et al, 2012	 AIO‑0306	 Phase Ⅲ	 FOLFIRI+cet vs. FOLFIRI +bev	 ITTb	 (17)
Ye et al, 2013		  Phase Ⅲ	 CT+cet vs. CT	 ITTc	 (19)
Heinemann et al, 2014	 FIRE‑3	 Phase Ⅲ	 FOLFIRI +cet vs. FOLFORI +bev	 ITTc KRAS RAS	 (18)
Van Cutsem et al, 2015	 CRYSTAL	 Phase Ⅲ	 FOLFIRI vs. FOLFIRI+cet	 KRAS RAS	 (16)
Bokemeyer et al, 2015	 OPUS	 Phase Ⅱ	 FOLFOX‑4+cet vs. FOLFOX‑4	 KRAS RAS	 (20)

aTveit 1: arms B vs. A; Tveit 2: arms C vs. arms A. bAmong the whole population with data available on KRAS‑mt status. cAmong the 
whole population with data available about KRAS‑wt status. cet, cetuximab; bev; bevacizumab; Oxa + FU, oxaliplatin + fluoropyrimidine; 
FOLFOX‑4, 5‑fluoropyrimidine + folinic acid + oxaliplatin; FOLFIRI, fluorouracil + leucovorin + irinotecan; Nordic FLOX, fluorouracil/folinic 
acid and oxaliplatin; FLOX, oxaliplatin + fluoropyrimidine; CT, FOLFIRI (fluorouracil + leucovorin + irinotecan) or mFOLFOX6 (modified 
fluorouracil + leucovorin + oxaliplatin); ITT, intention‑to‑treat.

Figure 1. PRISMA flow chart of selection process to identify studies eligible 
for pooling. Figure 2. Risk of bias summary.
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were updated analyses of the CRYSTAL trial (15), wherein 
the authors reported on an updated analysis of the larger 
cohort, as well as novel data on the impact of tumor BRAF 
and RAS mutations, respectively, among KRAS‑wild type 
tumors on the clinical outcome (2,16). The AIO KRK‑0306 
trial (17) and FIRE‑3 (18) compared the treatment efficacy 
of irinotecan/5‑fluorouracil/leucovorin (FOLFIRI) combined 
with bevacizumab or cetuximab, which is a first‑line treat-
ment for mCRC. The NORDIC‑VII (5) multicenter phase III 
trial investigated the efficacy of cetuximab when added 
to bolus fluorouracil/folinic acid and oxaliplatin (‘Nordic 
FLOX’), administered continuously or intermittently. Patients 
were randomly assigned to receive either standard Nordic 

FLOX (arm A), cetuximab and FLOX (arm B), or cetuximab 
combined with intermittent FLOX (arm C). The predominant 
comparison was made between arms A and B. Arms B vs. A, 
and arms C vs. arms A, were defined as Tveit 1 and Tveit 2, 
respectively. Of the seven articles, the study by Ye et al (19) 
was the only one that assessed the effects of cetuximab plus 
chemotherapy as a first‑line treatment, which was restricted to 
unresectable colorectal liver metastases. The remaining two 
studies by Bokemeyer et al (3,20) were randomized phase II 
studies, which reported an updated analysis based on the 
OPUS study: These updated retrospective analyses compara-
tively investigated efficacy in the patient subgroups, defined 
according to the BRAF and RAS mutation status.

Figure 3. Comparison of cetuximab‑based treatment group with the control group for KRAS‑wild‑type patients in terms of the overall survival. CI, confidence 
interval; SE, standard error of the mean.

Figure 4. Comparison of cetuximab‑based treatment group with the control group for KRAS‑mutant patients in terms of the overall survival. CI, confidence 
interval; SE, standard error of the mean.

Figure 5. Comparison of cetuximab‑based treatment group with the control group for KRAS‑mt patients in terms of the progression free survival. CI, confi-
dence interval; SE, standard error of the mean.



MOLECULAR AND CLINICAL ONCOLOGY  4:  1017-1024,  2016 1021

A pooled analysis of OS and PFS between cetuximab‑based 
therapy and chemotherapy ± other targeted agents in KRAS 
exon 2 wild‑type patients was performed.

The effects of cetuximab‑based treatment on OS are shown 
in Fig. 3. OS data were available in six RCTs (4,5,16,18‑20). 
The aggregated results suggested that there was a significant 
OS benefit from cetuximab‑based chemotherapy (HR=0.87, 
95% CI=0.79‑0.96, Z=2.91, P=0.004). All six RCTs reported 
data concerning PFS. However, even though the pooled 
analysis of PFS with an I2 value of 77% was considered to 
have high heterogeneity, the randomized‑effects model was 
not available to be used.

Pooled analysis of OS and PFS between cetuximab‑based 
therapy and chemotherapy ± other targeted agents in KRAS 
exon 2 mutation‑type patients. In the analysis of OS and 
PFS in patients with mCRC treated with chemotherapy, five 
studies (2,4,5,17,20) were included, and the data are shown 
in Figs. 4 and 5. Since PFS was not an appropriate end point 
for the stop‑and‑go principle in the NORDIC‑VII trial  (5), 
comparisons including arm C were of interest primarily for 
OS. The OS (HR=1.04, 95% CI=0.92‑1.16, Z=0.59, P=0.55) 
and PFS (HR=0.97, 95%  CI=0.82‑1.14, Z=0.41, P=0.68) 
benefits were not identified in the combined treatments.

Subgroup analysis of efficacy according to RAS mutation 
status in KRAS exon 2 wild‑type patients. The effects of cetux-
imab‑based chemotherapy treatment on OS and PFS in KRAS 
exon 2 wild‑type and other RAS‑mutant subgroup patients are 
shown in Figs. 6‑9. OS and PFS data were available for three 
trials (16,18,20). These individuals with wild‑type KRAS exon 2 
were divided into two subgroups: The ‘all RAS wild‑type’ 
subgroup (no mutations in exons 2, 3 and 4 for either KRAS 
or NRAS), and the ‘new RAS mutant’ subgroup (wild‑type for 
KRAS exon 2, but with a KRAS mutation in exons 3 or 4 and/or 

a NRAS mutation in exons 2, 3 or 4). A significant OS benefit of 
cetuximab‑based chemotherapy was evident in patients without 
any RAS mutations (HR=0.72, 95% CI=0.60‑0.85, Z=3.74, 
P=0.0002), although not for PFS (HR=0.68, 95% CI=0.45‑1.03, 
Z=1.82, P=0.07). For the KRAS exon 2 wild‑type with other 
RAS mutations, KRAS‑wild/RAS‑mutant tumors, no signifi-
cant differences in the cetuximab‑based treatment effects were 
observed in either PFS (HR=1.19, 95% CI=0.56‑2.54, Z=0.45, 
P=0.65) or OS (HR=1.19, 95% CI=0.81‑1.74, Z=0.88, P=0.38). 
In other words, adding cetuximab to the treatment for patients 
with KRAS exon  2 wild‑type/other RAS‑mutants did not 
improve PFS and OS compared with the control groups.

Subgroup analysis of efficacy according to BRAF mutation 
status in KRAS exon 2 wild‑type patients. Three RCTs reported 
data of KRAS and BRAF tumor mutation status. However, 
not all the studies reported available data on OS and PFS, so 
it was therefore not possible to perform meta‑analysis. The 
CRYSTAL trial (2) reported PFS (median, 8.0 vs. 5.6 months, 
HR=0.934, P=0.87) and OS (median, 14.1 vs. 10.3 months, 
HR=0.908, P=0.74) in patients with KRAS exon  2 
wild‑type/BRAF mutations who were treated with FOLFIRI 
plus cetuximab, although no statistical significance was iden-
tified. In addition, no trial was concerned with independent 
treatment for patients with BRAF mutations. Thus, with the 
current data, the BRAF mutation status cannot be a predictive 
factor for treatment outcomes of cetuximab plus FOLFIRI. 
KRAS exon 2 wild‑type/BRAF wild‑type patients treated 
with FOLFOX‑4 plus cetuximab demonstrated marked 
improvements in PFS.

In the OPUS trial  (3), only a small number of patients 
with mutations in the RAS gene were identified. For patients 
with the KRAS exon 2 wild‑type/BRAF mutant (n=11), OS 
was prolonged in those receiving cetuximab plus FOLFOX‑4 
compared with those receiving FOLFOX‑4 therapy alone 

Figure 6. Forest plot of overall survival between cetuximab‑based therapy and control in KRAS‑wild‑type/RAS‑wild‑type carriers. CI, confidence interval; 
SE, standard error of the mean.

Figure 7. Forest plot of the progression free survival between cetuximab‑based therapy and control in KRAS‑wild‑type/RAS‑wild‑type carriers. CI, confi-
dence interval; SE, standard error of the mean.
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(median, 20.7 vs. 4.4  months). This difference should be 
interpreted cautiously since, given the small sample size, 
no definitive conclusions concerning possible predictive or 
prognostic utility may be reached. In the COIN trial (4), the 
median OS was shorter in patients with BRAF mutations 
(n=102, 8.8 months) compared with those with both the BRAF 
wild‑type and KRAS mutations (n=548, 14.4 months) or NRAS 
mutations (n=38, 13.8 months). The median PFS ranged from 
5.6 months in patients with BRAF mutations, to 9.0 months for 
those with the wild type of all of KRAS, NRAS and BRAF.

Discussion

The predominant purpose of the meta‑analysis performed 
in the present study was to critically evaluate the efficacy 
of adding cetuximab to chemotherapy in patient subgroups 
defined according to the RAS and BRAF gene type. In the 
meta‑analysis, an OS benefit was observed in patients with 
KRAS exon 2 wild‑type tumors (HR=0.87, 95% CI=0.79‑0.96, 
Z=2.90, P=0.004) and wild‑type KRAS/RAS patients 
(HR=0.72, 95% CI=0.60‑0.85, Z=3.74, P=0.0002). In contrast, 
in patients carrying KRAS mutations, no matter whether in 
exon 2, exon 3 or 4 and/or a NRAS mutation in exons 2, 3 or 4, 
no evidence was identified of a benefit associated with cetux-
imab according to PFS and OS. In RAS subgroups (16,18,20), 
patients with the KRAS/RAS‑wild‑type had a longer median 
OS time compared with the KRAS exon 2 wild‑type. There are 
also additional trials [CALGB/SWOG 80405 (21); NORDIC 
VII (22)] that could potentially be retrospectively analyzed to 
determine whether there was a beneficial effect when cetux-
imab was combined with the KRAS exon 2 wild‑type patients.

A potential direction of future study would be to evaluate 
individual RAS mutations in order to understand whether 
cetuximab efficacy varies among mutations. Several clinical 

studies have demonstrated that mCRC patients with the BRAF 
V600E mutation appear to have a poor prognosis. However, 
the association between the BRAF V600E mutation and the 
outcome of cetuximab‑based treatment in the first‑line treat-
ment for patients with mCRC remains controversial  (2,3). To 
date, only two meta‑analytical studies have been performed on 
the BRAF mutation status of HRs for PFS and OS, and this offers 
the explanation as to why meta‑analysis of the BRAF mutation 
on the survival of patients with mCRC treated with cetuximab 
was not performed. For the CRYSTAL (2) and the COIN (4) 
trials, the advantage of the efficacy of the cetuximab‑based 
chemotherapy is restricted to KRAS exon 2 wild‑type/BRAF 
wild‑type patients. In the OPUS trial (3), the results for the 
KRAS exon  2 wild‑type/BRAF wild‑type patients were 
very similar to those of the KRAS exon 2 wild‑type patients 
receiving cetuximab plus FOLFOX‑4, and were associated 
with significant improvements in the overall response rate and 
PFS. However, the sample size of patients with mutations in 
this gene was too small, analysis of the outcomes may have 
been influenced by imbalances in prognostic variables, and 
no definitive conclusions concerning possible predictive or 
prognostic utility may be reached. Analyses of larger numbers 
of patients are required to fully explore the biomarker poten-
tial of the BRAF mutation status for mCRC. Previously, 
patients with BRAF‑mutant CRC have had an extremely poor 
prognosis compared with BRAF‑wild‑type patients, which 
has been subsequently confirmed by meta‑analysis (23,24). 
Bokemeyer et al (12) performed an analysis of the CRYSTAL 
and OPUS studies, and the objective of this pooled analysis 
was to investigate the efficacy of adding cetuximab to standard 
first‑line chemotherapy according to KRAS and BRAF mutation 
status. This analysis collected data, including OS, PFS and the 
best overall response rate in 845 patients with KRAS wild‑type 
receiving cetuximab plus chemotherapy. The cetuximab‑based 

Figure 8. Forest plot of overall survival between cetuximab‑based therapy and control in KRAS‑wild‑type/RAS‑mutant carriers. CI, confidence interval; SE, 
standard error of the mean.

Figure 9. Forest plot of progression free survival between cetuximab‑based therapy and control in KRAS‑wild‑type/RAS‑mutant carriers. CI, confidence 
interval; SE, standard error of the mean.
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therapy significantly prolonged OS (HR=0.81, P=0.0062) and 
PFS (HR=0.66, P<0.001). The prognosis was worse in each 
treatment arm for patients with BRAF mutations compared 
with those with the BRAF wild‑type. However, given the small 
sample size of BRAF mutation carriers, this result may not 
be entirely reliable. Taken together, BRAF mutations do not 
appear to be a predictive biomarker in current meta‑analysis, 
but they do have predictive value for poor prognosis.

The meta‑analysis performed in the present study had 
certain limitations. First, the trial results included in this 
meta‑analysis were extracted from published data, rather 
than being based on data of the individual patients. Secondly, 
only studies with full published text were included in this 
analysis: All presentations at conferences were excluded. It is 
possible that the results of the full publication may differ from 
conference presentations due to updating of the data. Finally, 
inevitable variations existed among the studies, including the 
study design, basic therapies, follow‑up intervals and type of 
therapy. All these factors could potentially affect the results of 
the meta‑analysis.

In conclusion, the meta‑analysis performed in the present 
study indicated that adding cetuximab to chemotherapy 
significantly improves OS in patients with mCRC who lack 
any RAS mutations (i.e., either in the KRAS exon 2 or any 
other RAS mutation). Individuals who carry the KRAS 
exon 2 wild‑type, but who also have any novel type of RAS 
mutation, receive distinctly less benefit from cetuximab‑based 
treatment compared with those without any RAS mutations. 
This meta‑analysis also reveals that the BRAF V600E muta-
tion may be associated with a poorer response and worse 
survival rates in wild‑type KRAS mCRC patients treated with 
cetuximab. Given the limited number of studies included in the 
present meta‑analysis, our findings need to be further explored 
and verified in larger randomized studies. Furthermore, 
all‑RAS mutation and BRAF testing should be undertaken 
prior to the administration of cetuximab in order to obtain 
valuable prognostic and predictive information that may drive 
treatment decisions.
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