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Background: Cetuximab, an IgG1 chimeric monoclonal antibody against epidermal growth factor receptor (EGFR), has 
activity against colorectal cancers. This meta-analysis was performed to compare the effi cacy of cetuximab on wild-type 
and mutant KRAS in advanced colorectal cancers. Methods: A total of 2,875 patients from 18 clinical trials were avail-
able for analysis. The effi cacy data included overall response rate, progression-free survival, and overall survival. Re-
sults: The overall response rate of patients with wild-type KRAS is signifi cantly higher than that of patients with mutant 
KRAS (OR= 5.01, 95% CI, 3.89 to 6.45). The same is true for progression-free survival (HR= 0.46, 95% CI, 0.37 to 0.58) 
and overall survival (HR= 0.51, 95% CI, 0.38 to 0.69). In patients with mutant KRAS, the overall survival is worse for 
cetuximab treatment than that for non-cetuximab treatment (OR=0.67, 95% CI, 0.47 to 0.95). Conclusions: Patients with 
wild-type KRAS treated with cetuximab have signifi cantly increased overall response rate, progression-free survival, and 
overall survival. However, patients with mutant KRAS treated with cetuximab not only showed no signifi cant difference 
in progression-free survival, they also had decreased overall response rate.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common 
form of cancer and the second leading cause of cancer-
related death in the Western world.1 In Taiwan, the in-
cidence of CRC has risen to become the most common 
cancer.2 The initial treatment of CRC is surgical resec-
tion, but about 40-60% of patients will have disease 
recurrence or metastasis.3 Chemotherapy is indicated for 
the treatment of patients with advanced disease to extend 
survival and control symptoms.4 Cytotoxic agents such 
as irinotecan, capecitabine, leucovorin, fl uorouracil, and 
oxaliplatin have increased the median survival.5-7 These 
agents have been widely used in first-line therapy in 
clinical treatment. Latest advances have led to the devel-
opment of agents that specifi cally inhibit tumor growth, 

such as epidermal growth factor receptor (EGFR) inhibi-
tor.8 EGFR is the cell-surface transmembrane receptor 
and binding of its specifi c ligands leads to autophospho-
rylation of receptor tyrosine kinase and consequential 
activation of signal transduction pathways involved in 
regulating cellular proliferation, migration, adhesion, 
and invasion.9 Mutations that lead to overexpression of 
EGFR have been associated with many tumors, including 
CRC and lung cancer.10

Cetuximab is an IgG1 chimeric monoclonal antibody 
that binds to the extracellular domain of EGFR, inhibits 
EGF binding and receptor auto-phosphorylation, thus 
blocking ligand-induced receptor signaling and regulat-
ing tumor growth.8,11 Significant improvements have 
been made in both response rate and survival of patients 
with colorectal cancer treated with cetuximab.12-14 Muta-
tions of KRAS, a small G protein functions downstream 
of EGFR-induced cell signaling, occur in over 30% of 
CRCs, the majority (~82%) of reported mutations are in 
codons 12 and 13.15 These mutations lead to constitutive 
activation of the RAS, and subsequent signaling events 
are unregulated and independent of EGFR control.16 

Clinical trials comparing the effi cacy of cetuximab on 
wild-type KRAS and mutant KRAS in advanced colorec-
tal cancers have been conducted.17-19 In 2008, Linardou 
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et al.20 reported a meta-analysis of five clinical 
trials of cetuximab administered for colorectal 
cancer.19,21-24 Their results showed that the overall 
response rate of patients with wild-type KRAS is 
signifi cantly higher than that of patients with mu-
tant KRAS. However, meta-analysis of progres-
sion-free survival and overall survival were not 
performed in their studies. To date, meta-analysis 
with a greater power of using statistical compari-
sons to detect efficacy of cetuximab on mutant 
KRAS has not been reported. 

In the past two years, there were 13 relevant 
clinical trials published.17-18,25-35 Here, we integrat-
ed these trials with those in the report of Linardou 
et al.19,21-24 for meta-analysis, and then compared 
not only the overall response rate, but also pro-
gression-free survival and overall survival for 
CRC patients with wild-type and mutant KRAS 
treated with and without cetuximab.  

METHODS

Literature search 
The PubMed was employed to search systematically 

for all articles published from May 1996 to December 
2009, which included the following terms in their titles, 
or abstracts: “cetuximab”, “colorectal neoplasm”, “col-
orectal tumor”, “colorectal adenoma”, “colorectal can-
cer”, “colorectal carcinoma”, “colorectal disease”, “col-
orectal polyps”, “colonic”, “sigmoid neoplasms”, “rectal 
neoplasms”, and “anus neoplasms”. From these studies, 
we obtained relevant data concerning number of patients, 
baseline characteristics, treatment strategies, and study 
results including treatment effi ciency.

Selection of studies 
The reference lists of all candidate articles of this 

study were examined manually. Reviews, comments, 
guidelines, news, and case reports were excluded. Cita-
tions selected from this preliminary search were subse-
quently screened for eligibility as clinical trials according 
to the following criteria: (1) patients with metastatic (or 
advanced) colorectal cancer; (2) patients treated with 
cetuximab versus without cetuximab and not confounded 
by additional agents or interventions (i.e. cetuximab is 
the only difference in treatment between the combined 
chemotherapy, control and experimental groups); and (3) 
KRAS gene mutations analyzed in tumors of patients.

Data extraction 

We recorded the following information from each ar-
ticle: fi rst author, journal and year of publication, number 
of patients screened, number of patients with KRAS mu-
tations, age, gender, regimens used, overall response rate, 
progression-free survival, and median overall survival. 

Data analysis
Meta-analysis was performed on all clinical trials 

comparing the efficacy of cetuximab on wild-type and 
mutant KRAS in advanced colorectal cancers. The out-
comes used were (1) overall response rate, defined as 
the sum of partial and complete response rates accord-
ing to the Response Evaluation Criteria in Solid Tumors 
(RECIST);36 (2) progression-free survival, defined as 
the time from randomization until the fi rst documented 
progression or death from any cause; (3) overall survival, 
defi ned as the time from randomization until death from 
any cause, censoring patients who had not died at the 
date last known alive. These trials were pooled and sub-
jected to fixed-effects or random-effects meta-analysis 
using Review Manager V. 5.0.20. All reported P values 
were two-sided. I2=[(Q – df )/Q] x 100%, where Q is the 
chi-square statistic for heterogeneity and df denoting its 
degrees of freedom is a statistic for quantifying inconsis-
tency among the study results. If P values were less than 
0.1, the assumption of homogeneity was deemed invalid, 
and the random-effects model was reported.37 Publication 
bias was assessed through visual inspection of funnel 
plots of outcomes.38 Pooled results are expressed as odds 
ratio (OR) and hazard ratio (HR) with 95% confi dence 

Fig. 1 Flow chart of the meta-analysis.
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intervals (CI). Odds ratio > 1 reflects a favorable out-
come in response rate of wild-type KRAS to cetuximab 
therapy, or hazard ratio < 1 refl ects a favorable outcome 
in survival of wild-type KRAS to non-cetuximab therapy. 
The results are presented as Forest plots with point esti-
mates and 95% CI for each trial and the entire study.

RESULTS

Description of Included Trials 
Our initial literature search identifi ed 846 articles, 828 

of them were excluded as they were not relevant to the 
study. Figure 1 is the fl ow chart of the meta-analysis in 
this study. A total of 2,875 patients from 18 clinical stud-
ies were available for analysis, including 1,764 patients 

with wild-type KRAS and 1,111 patients with mutant 
KRAS. Table 1 summarizes the baseline characteristics 
of patients. The prior treatment included best support-
ive care (BSC), bevacizumab, capecitabine, irinotecan, 
capecitabine + oxaliplatin (CAPOX), leucovorin + fl uo-
rouracil + irinotecan (FOLFIRI), and leucovorin + ox-
aliplatin + fl uorouracil (FOLFOX-4). Their average age 
ranged from 22 to 89 years; the percentage of male pa-
tients ranged from 49.2% to 84.6%; and the total number 
of patients in each trial varied from 21 to 520.

Effi cacy of cetuximab on wild-type KRAS versus mu-
tant KRAS

Overall response rate

Table 1 Baseline characteristics of included Patients

Abbreviations: Be, bevacizumab; Ca, capecitabine; Ce, cetuximab; Ir: irinotecan; Ox, oxaliplatin; CAPOX, capecitabine+ oxaliplatin; FOLFIRI, leuco-
vorin + fl uorouracil + irinotecan; FOLFOX-4, leucovorin + oxaliplatin + fl uorouracil 

Author Year Patients included
in analysis, n

KRAS mutation
positive, n Age Male

(%) Treatment

Moroni19 2005 21 5 67 84.6 Ce;
Ir + Ce;

Benvenuti17 2007 23 6 65 73.9 Ce;
Ir + Ce

Di Fiore22 2007 59 22 NA NA Ir + Ce;
Ox + Ce

Frattin23 2007 27 10 66 66.7 Ir + Ce;
CAPOX + Ce

Cappuzzo18 2008 80 42 63.2 63.5 Ce;
Ir + Ce;

De Roock21 2008 108 42 60 61.9 Ce;
Ir + Ce;

Lievre24 2008 114 36 59.2 49.4 Ir + Ce;
FOLFIRI + Ce

Karapetis25 2008 394 164 62.3 94.7 BSC + Ce;
Ce

Lurje26 2008 130 42 NA 49.2 Ce

Bibeau27 2009 64 27 60 67 Ir + Ce

Garm Spindler29 2009 64 22 61 52 Ir + Ce

Bokemeyer28 2009 233 99 59.5 52.5 FOLFOX-4 +Ce;
FOLFOX-4

Loupakis30 2009 138 51 62 59 Ir + Ce

Prenen31 2009 199 77 61 60 Ce;
Ir + Ce

Sohn32 2009 66 27 58 60.6 Ir + Ce

Tol33 2009 520 206 62 68.5 Ca + Ox +Be + Ce;
Ca + Ox + Be

Van Cutsem34 2009 540 192 61 60.5 FOLFIRI + Ce;
FOLFIRI

Yen35 2009 95 41 66 57.9 FOLFOX + Ce;
FOLFIRI+ Ce
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All the 18 clinical studies17-19,21-35 included in our meta-
analysis reported data of overall response rate. The over-
all response rate for patients with wild-type KRAS was 
41.3% (515/1,246), while that for patients with mutant 
KRAS was 15.5% (121/782). As can be seen, among pa-
tients treated with cetuximab, the response rate for those 
with wild-type KRAS was signifi cantly higher than that 
for those with mutant KRAS (OR= 7.32, 95% CI: 4.22 to 
12.72, heterogeneity P = 0.0005, Fig. 2). 

Progression-free survival
Three eligible trials24,28,31 contained data on progres-

sion-free survival of 334 patients with wild-type KRAS 
and 212 patients with mutant KRAS. Patients with wild-
type KRAS had a statistically significant improvement 
in progression-free survival compared with their coun-
terparts with mutant KRAS (HR = 0.44, 95% CI: 0.30 to 
0.63, heterogeneity P = 0.10, Fig. 3A).

Overall survival
Three eligible trials21,24,32 contained data on overall 

survival of 183 patients with wild-type KRAS and 105 
patients with mutant KRAS. Patients with wild-type 
KRAS had a statistically signifi cant improvement in over-
all survival compared with their counterparts with mutant 

KRAS (HR = 0.51, 95% CI: 0.38 to 0.69, heterogeneity P 
= 0.41, Fig. 3B).

Outcomes of patients with mutant KRAS treated with 
versus without cetuximab

Overall response rate
Data of overall response rate were available from four 

studies.25,28,33-34 The overall response rate for patients 
with mutant KRAS treated with cetuximab was 30.1% 
(101/336), while that for those treated without cetuximab 
was 37.5% (122/325). As can be seen, among patients 
with mutant KRAS, the response rate for those with 
cetuximab treatment is lower than that for those without 
cetuximab treatment (OR = 0.67, 95% CI: 0.47 to 0.95, 
heterogeneity P = 0.54, Fig. 4A).

Progression-free survival
Three eligible trials25,28,34 contained data on progres-

sion-free survival of 712 patients treated with cetuximab 
and 455 patients treated without cetuximab. There was 
no signifi cant difference in progression-free survival be-
tween patients with mutant KRAS treated with and with-
out cetuximab (HR = 1.19, 95% CI: 0.85 to 1.66, hetero-
geneity P = 0.12, Fig. 4B).

Fig. 2 Meta-analysis of overall response rate for KRAS wild-type and KRAS mutated patients treated with cetuximab. 
KRAS wild-type patients had a statistically signifi cant improvement in overall response rate compared with KRAS 
mutated patients. Odds ratios were calculated using a random-effects model.
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Fig. 3 Meta-analysis of survival for KRAS wild-type and KRAS mutated patients treated with cetuximab. KRAS wild-type 
patients had a statistically signifi cant improvement in progression-free survival (A) and overall survival (B) compared 
with KRAS mutated patients. Hazard ratios were calculated using the random-effects (A) and fi xed-effects models (B).

Fig. 4 Meta-analysis of overall response rate and progression-free survival for KRAS mutated patients treated with and without 
cetuximab. KRAS mutated patients had signifi cantly lower overall response rate in the cetuximab group than in the non-
cetuximab group (A), and there was no signifi cant difference in progression-free survival (B). Odds ratios and Hazard 
ratios were calculated using the fi xed-effects and random-effects models, respectively.
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Outcomes of patients with wild-type KRAS treated 
with versus without cetuximab

Overall response rate
Data of overall response rate data were available from 

four studies.25,28,33-34 The overall response rate for patients 
treated with cetuximab was 49.4% (251/508), while 
that for patients treated without cetuximab was 34.9% 
(181/518). As can be seen, among patients with wild-
type KRAS, cetuximab treatment achieved a statistically 
signifi cant improvement in response rate compared with 
non-cetuximab treatment (OR = 2.08, 95% CI: 1.58 to 
2.73, heterogeneity P = 0.13, Fig. 5A).

Progression-free survival
Three eligible trials25,28,34 contained data on pro-

gression-free survival of 712 patients treated with 
cetuximab and 455 patients treated without cetuximab. 
Among patients with wild-type KRAS, cetuximab treat-
ment achieved a statistically signifi cant improvement in 
progression-free survival compared with non-cetuximab 
treatment (HR = 0.53, 95% CI: 0.37 to 0.76, heterogene-
ity P = 0.05, Fig. 5B).

Assessment of publication bias
In our study, publication bias was assessed through 

visual inspection of the funnel plots of outcomes. Visual 
inspection of the funnel plots showed no substantial evi-
dence of publication bias, except the one shown Fig. 6, 
which included studies for the overall response rate of 
patients with wild-type and mutant KRAS treated with 
cetuximab. This plot tended to cluster toward the right, 
suggesting the possibility of publication bias. However, 
this might just refl ect what the American Society of Clin-
ical Oncology (ASCO) has recently confi rmed;39 that is, 
patients with mutant KRAS showed no response to cetux-
imab treatment.

DISCUSSION

The meta-analysis of Liu et al.13 has shown that over-
all response rate of CRC patients in the cetuximab group 
(40.0%) is higher with statistical signifi cance, compared 
with that in the non-cetuximab group (34.5%). Only 5.5% 
of CRC patients benefi t from the treatment of cetuximab, 
suggesting that a reliable molecule or biomarker is need-
ed to identify patients suitable for cetuximab treatment. 

Fig. 5 Meta-analysis of overall response rate and progression-free survival for KRAS wild-type patients treated with and with-
out cetuximab. Overall response rate (A) and progression-free survival (B) of KRAS wild-type patients treated with 
cetuximab were signifi cantly higher than that of patients treated without cetuximab. Odds ratios and Hazard ratios were 
calculated using the fi xed-effects and random-effects models, respectively.
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The study of Di Fiore et al.22 has confi rmed the predic-
tive value of KRAS mutation in metastatic CRC patients 
treated with cetuximab. Linardou et al.3 have also proven 
that the overall response rate of cetuximab-treated pa-
tients with wild-type KRAS is better than those with mu-
tant KRAS.

To evaluate the efficacy of cetuximab in patients 
with mutant KRAS in terms of overall response rate 
and progression-free survival, we have systematically 
integrated currently available clinical trial data17-19,21-35 
containing KRAS mutation status in CRC patients treated 
with cetuximab. In addition to previous meta-analysis20 
of overall response rate for cetuximab-treated patients 
with wild-type KRAS and mutant KRAS, we have also 
included progression-free survival and overall survival in 
this study. Our study combined 18 clinical trial data17-19,21-35 
that included a total of 2,875 patients, comprising 1,111 
with mutant KRAS and 1764 with wild-type KRAS. 

This study confirmed that patients having wild-type 
KRAS treated with cetuximab had significantly higher 
overall response rate (OR= 2.08, 95% CI: 1.58 to 2.73) 
and progression-free survival (HR= 0.52, 95% CI: 0.43 to 
0.63) than those treated without cetuximab. In addition, 
our results showed that patients with wild-type KRAS had 
a statistically signifi cant improvement in overall response 
rate (OR= 5.01, 95% CI: 3.89 to 6.45) compared with 
patients with mutant KRAS. As for survival, the results 
showed that patients with wild-type KRAS had signifi-
cantly higher progression-free survival (HR= 0.46, 95% 
CI: 0.37 to 0.58) and overall survival (HR= 0.51, 95% 
CI: 0.38 to 0.69) compared with patients with mutant 

KRAS. These data confi rmed that KRAS mutation status 
could serve as a reliable biomarker in predicting the ef-
fi cacy of cetuximab treatment in CRC patients. Thus, it is 
wise to test KRAS mutation in colorectal cancer patients 
before initiating cetuximab therapy. 

Unexpectedly, among CRC patients with mutant 
KRAS in this study, the cetuximab group showed a lower 
overall response rate than the non-cetuximab group (OR 
= 0.67, 95%CI: 0.47 to 0.95). In contrast, there was no 
significant difference in progression-free survival (HR 
= 1.14, 95% CI: 0.91 to 1.42). This result is consistent 
with the latest meta-analysis of the effect of KRAS muta-
tion on cetuximab-based therapy for CRC (OR= 0.67, 
95% CI: 0.50 to 0.90).40 Thus, we recommend that CRC 
patients with mutant KRAS should not be treated with 
cetuximab, regardless whether it is fi nanced by insurance 
or at their own expense. 

The molecular mechanism by which CRC patients 
with mutant KRAS show a lower overall response rate 
to cetuximab treatment remains unclear. One possible 
explanation for this is that colorectal tumor cells with 
KRAS mutation are less sensitive to cetuximab-combined 
chemotherapy than chemotherapy alone. The recent 
study of de Bruijn et al. has shown that KRAS mutation 
sensitizes colorectal tumor cells to chemotherapy by p53-
dependent induction of Noxa. Noxa suppression does 
not affect tumor growth per se, but reduces strongly the 
response of these tumors to chemotherapy.41 Moreover, 
it has been shown that cetuximab in culture medium de-
creases expression of human HIF1A protein42 and HIF1A 
is involved in activity of promoter fragment from Noxa 
gene.43 Thus, it is possible that cetuximab desensitize the 
tumor cells with KRAS mutation to cetuximab-combined 
chemotherapy by decreasing the expression of HIF1A. 
HIF1A induces the expression of Noxa gene. The HI-
F1A-mediated suppression of Noxa by cetuximab may 
lead to a lower overall response rate in the cetuximab-
combined chemotherapy.

As mentioned previously, CRC patients having wild-
type KRAS treated with cetuximab showed a signifi cant 
increase in overall response rate and progression-free 
survival. However, there are also some evidences that pa-
tients with wild-type KRAS do not respond to cetuximab. 
This suggests that besides KRAS mutation, there are 
other factors that affect the effi cacy of cetuximab in CRC 
patients with wild-type KRAS.

There are also recent evidences indicating that muta-
tions in B-type Raf kinase,21 PI3K genes,44 and EGFR 
gene copy numbers45 are also significantly associated 
with the effi cacy of cetuximab in CRC patients. Further 

Fig. 6 Funnel plot of the 18 included studies for the overall 
response rate of KRAS wild-type and KRAS mutated 
patients treated with cetuximab.
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research is required to investigate the role of these genes 
in predicting the effi cacy of cetuximab therapy in CRC 
patients when cetuximab or EGFR-targeted therapy is 
considered. 

CONCLUSIONS

Patients having mutant KRAS treated with cetuximab 
show signifi cant decrease in overall response rate but no 
signifi cant difference in progression-free survival. How-
ever, patients having wild-type KRAS treated with cetux-
imab show signifi cant increase in both progression-free 
survival and overall survival.

ACKNOWLEDGEMENTS

This study was supported by grants from the National 
Defense Medical Center (DOD 97-T11-05 and DOD98-
14-08-021), Taipei, Taiwan, ROC.

REFERENCE

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. 
Cancer statistics, 2009. CA Cancer J Clin 2009;59:225-
249.

2. Department of Health, Executive Yuan, R.O.C (Tai-
wan). (Accessed at http://www.doh.gov.tw/.)

3. Simmonds PC. Palliative chemotherapy for advanced 
colorectal cancer: systematic review and meta-anal-
ysis. Colorectal Cancer Collaborative Group. BMJ 
2000;321:531-535.

4. Adjei AA. A review of the pharmacology and clini-
cal activity of new chemotherapy agents for the 
treatment of colorectal cancer. Br J Clin Pharmacol 
1999;48:265-277.

5. de Gramont A, Figer A, Seymour M, Homerin M, 
Hmissi A, Cassidy J, Boni C, Cortes-Funes H, Cer-
vantes A, Freyer G, Papamichael D, Le Bail N, Lou-
vet C, Hendler D, de Braud F, Wilson C, Morvan 
F, Bonetti A. Leucovorin and fluorouracil with or 
without oxaliplatin as fi rst-line treatment in advanced 
colorectal cancer. J Clin Oncol 2000;18:2938-2947.

6. Douillard JY, Cunningham D, Roth AD, Navarro M, 
James RD, Karasek P, Jandik P, Iveson T, Carmichael 
J, Alakl M, Gruia G, Awad L, Rougier P. Irinotecan 
combined with fluorouracil compared with fluorou-
racil alone as first-line treatment for metastatic col-
orectal cancer: a multicentre randomised trial. Lancet 
2000;355:1041-1047.

7. Saltz LB, Cox JV, Blanke C, Rosen LS, Fehrenbacher 

L, Moore MJ, Maroun JA, Ackland SP, Locker PK, 
Pirotta N, Elfring GL, Miller LL. Irinotecan plus 
fluorouracil and leucovorin for metastatic colorec-
tal cancer. Irinotecan Study Group. N Engl J Med 
2000;343:905-914.

8. Raymond E, Faivre S, Armand JP. Epidermal growth 
factor receptor tyrosine kinase as a target for antican-
cer therapy. Drugs 2000;60 Suppl 1:15-23; discussion 
41-42.

9. Herbst RS. Review of epidermal growth factor recep-
tor biology. Int J Radiat Oncol Biol Phys 2004;59:21-
26.

10. Nicholson RI, Gee JM, Harper ME. EGFR and cancer 
prognosis. Eur J Cancer 2001;37 Suppl 4:S9-15.

11. Baselga J. The EGFR as a target for anticancer thera-
py--focus on cetuximab. Eur J Cancer 2001;37 Suppl 
4:S16-22.

12. Borner M, Koeberle D, Von Moos R, Saletti P, Rauch 
D, Hess V, Trojan A, Helbling D, Pestalozzi B, Caspar 
C, Ruhstaller T, Roth A, Kappeler A, Dietrich D, Lanz 
D, Mingrone W; Swiss Group for Clinical Cancer Re-
search (SAKK), Bern, Switzerland. Adding cetuximab 
to capecitabine plus oxaliplatin (XELOX) in fi rst-line 
treatment of metastatic colorectal cancer: a random-
ized phase II trial of the Swiss Group for Clinical 
Cancer Research SAKK. Ann Oncol 2008;19:1288-
1292.

13. Liu L, Cao Y, Tan A, Liao C, Mo Z, Gao F. Cetuximab 
based therapy versus non-cetuximab therapy in ad-
vanced or metastatic colorectal cancer: a meta-anal-
ysis of 7 randomized controlled trials. Colorectal Dis 
2009.

14. Jonker DJ, O’Callaghan CJ, Karapetis CS, Zalcberg 
JR, Tu D, Au HJ, Berry SR, Krahn M, Price T, Simes 
RJ, Tebbutt NC, van Hazel G, Wierzbicki R, Langer C, 
Moore MJ. Cetuximab for the treatment of colorectal 
cancer. N Engl J Med 2007;357:2040-2048.

15. Edkins S, O’Meara S, Parker A, Stevens C, Reis M, 
Jones S, Greenman C, Davies H, Dalgliesh G, Forbes 
S, Hunter C, Smith R, Stephens P, Goldstraw P, Nich-
olson A, Chan TL, Velculescu VE, Yuen ST, Leung 
SY, Stratton MR, Futreal PA. Recurrent KRAS codon 
146 mutations in human colorectal cancer. Cancer 
Biol Ther 2006;5:928-932.

16. Bos JL. ras oncogenes in human cancer: a review. 
Cancer Res 1989;49:4682-9.

17. Benvenuti S, Sartore-Bianchi A, Di Nicolantonio F, 
Zanon C, Moroni M, Veronese S, Siena S, Bardelli 
A. Oncogenic activation of the RAS/RAF signaling 
pathway impairs the response of metastatic colorectal 



197

Ju Chuko, et al.

cancers to anti-epidermal growth factor receptor anti-
body therapies. Cancer Res 2007;67:2643-2648.

18. Cappuzzo F, Varella-Garcia M, Finocchiaro G, Sko-
kan M, Gajapathy S, Carnaghi C, Rimassa L, Rossi 
E, Ligorio C, Di Tommaso L, Holmes AJ, Toschi L, 
Tallini G, Destro A, Roncalli M, Santoro A, Jänne 
PA. Primary resistance to cetuximab therapy in EGFR 
FISH-positive colorectal cancer patients. Br J Cancer 
2008;99:83-89.

19. Moroni M, Veronese S, Benvenuti S, Marrapese G, 
Sartore-Bianchi A, Di Nicolantonio F, Gambacorta M, 
Siena S, Bardelli A. Gene copy number for epidermal 
growth factor receptor (EGFR) and clinical response 
to antiEGFR treatment in colorectal cancer: a cohort 
study. Lancet Oncol 2005;6:279-286.

20. Linardou H, Dahabreh IJ, Kanaloupiti D, Siannis F, 
Bafaloukos D, Kosmidis P, Papadimitriou CA, Mur-
ray S. Assessment of somatic k-RAS mutations as 
a mechanism associated with resistance to EGFR-
targeted agents: a systematic review and meta-
analysis of studies in advanced non-small-cell lung 
cancer and metastatic colorectal cancer. Lancet Oncol 
2008;9:962-972.

21. De Roock W, Piessevaux H, De Schutter J, Janssens 
M, De Hertogh G, Personeni N, Biesmans B, Van La-
ethem JL, Peeters M, Humblet Y, Van Cutsem E, Tej-
par S. KRAS wild-type state predicts survival and is 
associated to early radiological response in metastatic 
colorectal cancer treated with cetuximab. Ann Oncol 
2008;19:508-515.

22. Di Fiore F, Blanchard F, Charbonnier F, Le Pessot 
F, Lamy A, Galais MP, Bastit L, Killian A, Sesboüé 
R, Tuech JJ, Queuniet AM, Paillot B, Sabourin JC, 
Michot F, Michel P, Frebourg T. Clinical relevance 
of KRAS mutation detection in metastatic colorectal 
cancer treated by Cetuximab plus chemotherapy. Br J 
Cancer 2007;96:1166-1169.

23. Frattini M, Saletti P, Romagnani E, Martin V, Mo-
linari F, Ghisletta M, Camponovo A, Etienne LL, 
Cavalli F, Mazzucchelli L. PTEN loss of expression 
predicts cetuximab efficacy in metastatic colorectal 
cancer patients. Br J Cancer 2007;97:1139-1145.

24. Lièvre A, Bachet JB, Boige V, Cayre A, Le Corre D, 
Buc E, Ychou M, Bouché O, Landi B, Louvet C, An-
dré T, Bibeau F, Diebold MD, Rougier P, Ducreux M, 
Tomasic G, Emile JF, Penault-Llorca F, Laurent-Puig 
P. KRAS mutations as an independent prognostic fac-
tor in patients with advanced colorectal cancer treated 
with cetuximab. J Clin Oncol 2008;26:374-379.

25. Karapet i s CS, Khambata-Ford S, Jonker DJ, 

O’Callaghan CJ, Tu D, Tebbutt NC, Simes RJ, Chal-
chal H, Shapiro JD, Robitaille S, Price TJ, Shepherd 
L, Au HJ, Langer C, Moore MJ, Zalcberg JR. K-ras 
mutations and benefit from cetuximab in advanced 
colorectal cancer. N Engl J Med 2008;359:1757-1765.

26. Lurje G, Nagashima F, Zhang W, Yang D, Chang 
HM, Gordon MA, El-Khoueiry A, Husain H, Wilson 
PM, Ladner RD, Mauro DJ, Langer C, Rowinsky EK, 
Lenz HJ. Polymorphisms in cyclooxygenase-2 and 
epidermal growth factor receptor are associated with 
progression-free survival independent of K-ras in 
metastatic colorectal cancer patients treated with sin-
gle-agent cetuximab. Clin Cancer Res 2008;14:7884-
7895.

27. Bibeau F, Lopez-Crapez E, Di Fiore F, Thezenas S, 
Ychou M, Blanchard F, Lamy A, Penault-Llorca F, 
Frébourg T, Michel P, Sabourin JC, Boissière-Michot 
F. Impact of Fc{gamma}RIIa-Fc{gamma}RIIIa 
polymorphisms and KRAS mutations on the clinical 
outcome of patients with metastatic colorectal cancer 
treated with cetuximab plus irinotecan. J Clin Oncol 
2009;27:1122-1129.

28. Bokemeyer C, Bondarenko I, Makhson A, Hartmann 
JT, Aparicio J, de Braud F, Donea S, Ludwig H, 
Schuch G, Stroh C, Loos AH, Zubel A, Koralewski 
P. Fluorouracil, leucovorin, and oxaliplatin with and 
without cetuximab in the fi rst-line treatment of meta-
static colorectal cancer. J Clin Oncol 2009;27:663-
671.

29. Garm Spindler KL, Pallisgaard N, Rasmussen AA, 
Lindebjerg J, Andersen RF, Crüger D, Jakobsen A. 
The importance of KRAS mutations and EGF61A>G 
polymorphism to the effect of cetuximab and iri-
notecan in metastatic colorectal cancer. Ann Oncol 
2009;20:879-884.

30. Loupakis F, Ruzzo A, Cremolini C, Vincenzi B, Sal-
vatore L, Santini D, Masi G, Stasi I, Canestrari E, 
Rulli E, Floriani I, Bencardino K, Galluccio N, Cata-
lano V, Tonini G, Magnani M, Fontanini G, Basolo 
F, Falcone A, Graziano F. KRAS codon 61, 146 and 
BRAF mutations predict resistance to cetuximab plus 
irinotecan in KRAS codon 12 and 13 wild-type meta-
static colorectal cancer. Br J Cancer 2009;101:715-
721.

31. Prenen H, De Schutter J, Jacobs B, De Roock. W, 
Biesmans B, Claes B, Lambrechts D, Van. Cutsem E, 
Tejpar S. PIK3CA mutations are not a major deter-
minant of resistance to the epidermal growth factor 
receptor inhibitor cetuximab in metastatic colorectal 
cancer. Clin Cancer Res 2009;15:3184-3188.



198

KRAS mutation and cetuximab in colorectal cancer

32. Sohn BS, Kim TW, Lee JL, Ryu MH, Chang HM, 
Kang YK, Park HS, Na YS, Jang SJ, Kim JC, Lee 
JS. The Role of KRAS Mutations in Predicting the 
Efficacy of Cetuximab-Plus-Irinotecan Therapy in 
Irinotecan-Refractory Korean Metastatic Colorectal 
Cancer Patients. Oncology 2009;77:224-230.                                                                

33. Tol J, Koopman M, Cats A, Rodenburg CJ, Creem-
ers GJ, Schrama JG, Erdkamp FL, Vos AH, van 
Groeningen CJ, Sinnige HA, Richel DJ, Voest EE, 
Dijkstra JR, Vink-Börger ME, Antonini NF, Mol L, 
van Krieken JH, Dalesio O, Punt CJ. Chemotherapy, 
bevacizumab, and cetuximab in metastatic colorectal 
cancer. N Engl J Med 2009;360:563-572.

34. Van Cutsem E, Köhne CH, Hitre E, Zaluski J, Chang 
Chien CR, Makhson A, D’Haens G, Pintér T, Lim R, 
Bodoky G, Roh JK, Folprecht G, Ruff P, Stroh C, Tej-
par S, Schlichting M, Nippgen J, Rougier P. Cetux-
imab and chemotherapy as initial treatment for meta-
static colorectal cancer. N Engl J Med 2009;360:1408-
1417.

35. Yen LC, Uen YH, Wu DC, Lu CY, Yu FJ, Wu IC, 
Lin SR, Wang JY. Activating KRAS mutations and 
overexpression of epidermal growth factor receptor as 
independent predictors in metastatic colorectal cancer 
patients treated with cetuximab. Ann Surg 2009.

36. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, 
Kaplan RS, Rubinstein L, Verweij J, Van Glabbeke M, 
van Oosterom AT, Christian MC, Gwyther SG. New 
guidelines to evaluate the response to treatment in 
solid tumors. European Organization for Research and 
Treatment of Cancer, National Cancer Institute of the 
United States, National Cancer Institute of Canada. J 
Natl Cancer Inst 2000;92:205-216.

37. Lau J, Ioannidis JP, Schmid CH. Quantitative 
synthesis in systematic reviews. Ann Intern Med 
1997;127:820-826.

38. Egger M, Davey Smith G, Schneider M, Minder C. 
Bias in meta-analysis detected by a simple, graphical 
test. BMJ 1997;315:629-634.

39. Allegra CJ, Jessup JM, Somerfi eld MR, Hamilton SR, 
Hammond EH, Hayes DF, McAllister PK, Morton RF, 
Schilsky RL. American Society of Clinical Oncology 
provisional clinical opinion: testing for KRAS gene 
mutations in patients with metastatic colorectal car-
cinoma to predict response to anti-epidermal growth 
factor receptor monoclonal antibody therapy. J Clin 
Oncol 2009;27:2091-2096.

40. Ibrahim EM, Zekri JM, Bin Sadiq BM. Cetuximab-
based therapy for metastatic colorectal cancer: a 
meta-analysis of the effect of K-ras mutations. Int J 
Colorectal Dis 2010.

41. de Bruijn MT, Raats DA, Hoogwater FJ, van Houdt 
WJ, Cameron K, Medema JP, Borel Rinkes IH, 
Kranenburg O. Oncogenic KRAS sensitises colorectal 
tumour cells to chemotherapy by p53-dependent in-
duction of Noxa. Br J Cancer 2010;102:1254-1264.

42. Luwor RB, Lu Y, Li X, Mendelsohn J, Fan Z. The 
antiepidermal growth factor receptor monoclonal 
antibody cetuximab/C225 reduces hypoxia-inducible 
factor-1 alpha, leading to transcriptional inhibition of 
vascular endothelial growth factor expression. Onco-
gene 2005;24:4433-4441.

43. Kim JY, Ahn HJ, Ryu JH, Suk K, Park JH. BH3-only 
protein Noxa is a mediator of hypoxic cell death in-
duced by hypoxia-inducible factor 1alpha. J Exp Med 
2004;199:113-124.

44. Sartore-Bianchi A, Martini M, Molinari F, Veronese 
S, Nichelatti M, Artale S, Di Nicolantonio F, Saletti 
P, De Dosso S, Mazzucchelli L, Frattini M, Siena S, 
Bardelli A. PIK3CA mutations in colorectal cancer 
are associated with clinical resistance to EGFR-target-
ed monoclonal antibodies. Cancer Res 2009;69:1851-
1857.

45. Cappuzzo F, Finocchiaro G, Rossi E, Jänne PA, Car-
naghi C, Calandri C, Bencardino K, Ligorio C, Ciar-
diello F, Pressiani T, Destro A, Roncalli M, Crino L, 
Franklin WA, Santoro A, Varella-Garcia M. EGFR 
FISH assay predicts for response to cetuximab in che-
motherapy refractory colorectal cancer patients. Ann 
Oncol 2008;19:717-723.


