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The anti-epidermal growth factor receptor (EGFR)
antibodies cetuximab and panitumumab have been
demonstrated to be efficient in the treatment of
irinotecan-resistant and chemorefractory metastatic
colorectal cancer (mCRC) respectively. However, these
costly and potentially toxic treatments are only effi-
cient in a small proportion of patients. It is therefore
necessary to identify markers better able to define
which patients will benefit from these treatments.
The major potential molecular predictive markers
of response to cetuximab and/or panitumumab are
involved more or less directly in the EGF signalling
pathway. Among them, KRAS mutations, EGFR gene
copy number and, more recently, expression of the
PTEN protein andthe epiregulin and amphiregulin
genes are those that appear to be the most relevant and
which will have to be validated in future clinical trials
before being incorporated in the therapeutic strategy
of CRC.

KRAS mutations

Recently, several groups have shown that activating
mutations in the Kirsten rat sarcoma viral oncogene
homologue (KRAS) protein, which partially trans-
duces the activation signal from EGFR, abrogates the
therapeutic effect of anti-EGFR therapy [1–6]. This
effect is seen in colorectal cancer patients regardless
of the line of treatment or which anti-EGFR antibody
is used. These results have changed the way in
which anti-EGFR drugs are prescribed. For example,
the European Medicine Agency has restricted drug
prescription to the set of patients with wild-type KRAS
tumours.
However, selection of patients on the basis of

tumour KRAS status is not perfect. While the test
for non-response is highly specific, (nearly 95% of
the patients with somatic mutations of KRAS fail to
respond to anti-EGFR therapy), it is not sensitive. In
fact, 40−60% of patients with wild type KRAS fail
to respond to the treatment [7]. This suggests that

there are other important molecular determinants of
response that have yet to be identified.

EGFR copy number

In colorectal cancer, a first study described an
association between an increased EGFR copy number,
analysed by fluorescent in situ hybridisation (FISH),
and tumour response to cetuximab [8]. This asso-
ciation was reported both with cetuximab and pan-
itumumab in subsequent studies [5,9–11]. However,
tumour response was observed in colorectal tumours
without an increase of EGFR copy number [12]
and discrepant results were observed when EGFR
copy number was assessed by quantitative polymerase
chain reaction (PCR) and not by FISH [2,13,14].
The lack of sensitivity of the PCR technique for
the detection of an increase of EGFR copy number,
partly due to tumour DNA dilution, and the lack of
reproducibility of FISH data, because of the absence
of standardised EGFR scoring and the heterogeneity
of FISH patterns, may explain these differences and
render this molecular marker difficult to include in
clinical practice [15,16].

Amphiregulin and epiregulin

Contrary to previous studies which focussed their re-
search on one to several molecular markers, Khambata-
Ford and colleagueshave used a more global genomic
approach by analysing, on microarrays, the gene
expression profiles of 95 tumours of metastatic CRC
patients treated by cetuximab [2]. This approach
showed that the expression of the EGFR ligands
epiregulin (EREG) and amphiregulin (AREG) are very
discriminate in distinguishing patients with disease
control from those with progressive disease under
cetuximab. The EREG and AREG gene expression
level was significantly higher in the group of patients
with disease control (P = 0.000015 and P = 0.000025,
respectively). Moreover, patients with a high EREG
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and AREG expression had longer progression-free sur-
vival than those with a low expression (EREG: median
of 103.5 versus 57 days, P = 0.0002; AREG: median
of 115.5 versus 57 days, P < 0.0001). Therefore,
epiregulin and amphiregulin seem to be coordinately
regulated. Although epiregulin binds more weakly to
EGFR than EGF, it is known to be more efficient
as it induces a more prolonged activation of the
receptor. According to the authors an overexpression
of epiregulin and/or amphiregulin could play a major
role in tumour growth and survival by stimulating
an autocrine loop through EGFR and, therefore, it
could be possible to characterise an EGFR-dependent
tumour potentially more sensitive to the receptor
blockade by cetuximab.

PI3K and PTEN

As PTEN negatively regulates the PI3K/AKT path-
way, it is easy to speculate that PTEN inactivation
downstream of the EGFR could lead to a resistance to
the EGFR inhibitors. Frattini and colleagues showed,
in a series of 27 colorectal cancer patients, that
PTEN expression by immunohistochemistry allows
the distinction of responders to cetuximab from non
responder patients [10]. With a cut-off of 50% of
stained cells for positivity, all the responder patients
were PTEN positive whereas only 35% of the non
responders had a PTEN positive tumour. Another
in vitro study examined the effect of cetuximab on
several colon cancer cell lines and found that cell
lines with loss of PTEN expression and/or PI3KCA
mutation were resistant to cetuximab [17]. This later
study underlines the implication of the PI3K/AKT
pathway in the modulation of response to cetuximab
and this was also recently suggested in a small series
of colorectal cancers in which the activation of this
pathway by the means of PI3KCA mutation and/or
PTEN allelic loss was observed in 28% of cases, all
being non responders to cetuximab [18].

Conflict of interest statement

Honorarium from Amgen, Merck; Research subven-
tion from Amgen, Meck Myriad Genetics

References

1 Di Fiore F, Blanchard F, Charbonnier F, et al. Clinical relevance
of KRAS mutation detection in metastatic colorectal cancer
treated by Cetuximab plus chemotherapy. Br J Cancer 2007;96:
1166−9.

2 Khambata-Ford S, Garrett CR, Meropol NJ, et al. Expression of
epiregulin and amphiregulin and K-ras mutation status predict

disease control in metastatic colorectal cancer patients treated
with cetuximab. J Clin Oncol 2007;25:3230−7.

3 De Roock W, Piessevaux H, De Schutter J, et al. KRAS wild-
type state predicts survival and is associated to early radiological
response in metastatic colorectal cancer treated with cetuximab.
Ann Oncol 2008;19:508−15.

4 Amado RG, Wolf M, Peeters M, et al. Wild-type KRAS is
required for panitumumab efficacy in patients with metastatic
colorectal cancer. J Clin Oncol 2008;26:1626−34.

5 Lievre A, Bachet JB, Le Corre D, et al. KRAS mutation status is
predictive of response to cetuximab therapy in colorectal cancer.
Cancer Res 2006;66:3992−5.

6 Lievre A, Bachet JB, Boige V, et al. KRAS mutations as
an independent prognostic factor in patients with advanced
colorectal cancer treated with cetuximab. J Clin Oncol
2008;26:374−9.

7 Linardou H, Dahabreh IJ, Kanaloupiti D, et al. 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;9:962−72.

8 Moroni M, Veronese S, Benvenuti S, et al. Gene copy number for
epidermal growth factor receptor (EGFR) and clinical response
to antiEGFR treatment in colorectal cancer: a cohort study.
Lancet Oncol 2005;6:279−86.

9 Cappuzzo F, Finocchiaro G, Rossi E, et al. EGFR FISH assay
predicts for response to cetuximab in chemotherapy refractory
colorectal cancer patients. Ann Oncol 2008;19:717−23.

10 Frattini M, Saletti P, Romagnani E, et al. PTEN loss of
expression predicts cetuximab efficacy in metastatic colorectal
cancer patients. Br J Cancer 2007;97:1139−45.

11 Sartore-Bianchi A, Moroni M, Veronese S, et al. Epidermal
growth factor receptor gene copy number and clinical outcome
of metastatic colorectal cancer treated with panitumumab. J Clin
Oncol 2007;25:3238−45.

12 Italiano A, Follana P, Caroli FX, et al. Cetuximab shows activity
in colorectal cancer patients with tumors for which FISH analysis
does not detect an increase in EGFR gene copy number. Ann
Surg Oncol 2008;15:649−54.

13 Lenz HJ, Van Cutsem E, Khambata-Ford S, et al. Multicenter
phase II and translational study of cetuximab in metastatic
colorectal carcinoma refractory to irinotecan, oxaliplatin, and
fluoropyrimidines. J Clin Oncol 2006;24:4914−21.

14 Vallbohmer D, Zhang W, Gordon M, et al. Molecular
determinants of cetuximab efficacy. J Clin Oncol 2005;23:
3536−44.

15 Moroni M, Sartore-Bianchi A, Veronese S, Siena S. EGFR FISH
in colorectal cancer: what is the current reality? Lancet Oncol
2008;9:402−3.

16 Personeni N, Fieuws S, Piessevaux H, et al. Clinical usefulness
of EGFR gene copy number as a predictive marker in colorectal
cancer patients treated with cetuximab: A fluorescent in situ
hydridization study. Clin Cancer Res 2008;14:5969−76.

17 Jhawer M, Goel S, Wilson AJ, et al. PIK3CA mutation/PTEN
expression status predicts response of colon cancer cells to the
epidermal growth factor receptor inhibitor cetuximab. Cancer
Res 2008;68:1953−61.

18 Perrone F, Lampis A, Orsenigo M, et al. PI3KCA/PTEN
deregulation contributes to impaired responses to cetuximab
in metastatic colorectal cancer patients. Ann Oncol 2009;20:
84−90.


	Beyond the KRAS test
	KRAS mutations
	EGFR copy number
	Amphiregulin and epiregulin
	PI3K and PTEN
	Conflict of interest statement
	References




