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Abstract
Purpose: KRAS mutations represent the main cause of resistance to anti-epidermal growth factor

receptor (EGFR) monoclonal antibodies (MoAbs) in metastatic colorectal cancer (mCRC). We evaluated

whether highly sensitive methods for KRAS investigation improve the accuracy of predictions of anti-EGFR

MoAbs efficacy.

Experimental Design:We retrospectively evaluated objective tumor responses inmCRC patients treated

with cetuximab or panitumumab. KRAS codons 12 and 13 were examined by direct sequencing, MALDI-
TOF MS, mutant-enriched PCR, and engineered mutant-enriched PCR, which have a sensitivity of 20%,

10%, 0.1%, and 0.1%, respectively. In addition, we analyzed KRAS codon 61, BRAF, and PIK3CA by direct

sequencing and PTEN expression by immunohistochemistry.

Results: In total, 111 patients were considered. Direct sequencing revealed mutations in codons 12 and

13 of KRAS in 43/111 patients (39%) and BRAF mutations in 9/111 (8%), with almost all of these

occurring in nonresponder patients. Using highly sensitive methods, we identified up to 13 additional

KRAS mutations compared with direct sequencing, all occurring in nonresponders. By analyzing PIK3CA

and PTEN, we found that of these 13 patients, 7 did not show any additional alteration in the PI3K
pathway.

Conclusions: The application of highly sensitive methods for the detection of KRAS mutations

significantly improves the identification of mCRC patients resistant to anti-EGFR MoAbs. Clin Cancer

Res; 17(14); 4901–14. ’2011 AACR.

Introduction

Cetuximab and panitumumab are monoclonal antibo-
dies (MoAbs) that inhibit the activation of the epidermal

growth factor receptor (EGFR) and its downstream path-
ways, namely the RAS-RAF-MAPK and the PI3K-PTEN-AKT
axes (1). As the response rate to anti-EGFR MoAbs varies
from 10% to 20% in patients with metastatic colorectal
cancer (mCRC; ref. 2), several studies have been performed
to identify markers that can predict the efficacy of these
agents.

It is widely accepted that a lack of response to anti-EGFR
MoAbs occurs in the presence of oncogenic KRAS muta-
tions (3–11). This finding led the European Medicines
Agency and, subsequently, the Food and Drug Adminis-
tration to limit the use of cetuximab and panitumumab
only to patients with wild-type KRAS tumors (12, 13).

In addition, the presence of oncogenic deregulation of
EGFR and other members of its downstream signaling
pathways, such as BRAF, PIK3CA, and PTEN, might influ-
ence the response to cetuximab and panitumumab and
could, therefore, help to identify nonresponder (NR)
patients (4, 14–19). However, the evaluation of these
additional molecular markers does not seem to be suffi-
cient to fully predict the response to EGFR-targeted agents
(20, 21). This lack could be explained by inappropriate or
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