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ABSTRACT

Background: Next to KRAS mutation status, additional predictive markers are needed for the
response to cetuximab in patients with metastatic colorectal cancer (mCRC). Previous stud-
ies indicated that germline polymorphisms in specific genes may predict efficacy and tox-
icity of cetuximab in mCRC patients.
Methods: Germline DNA was isolated from 246 KRAS wild-type mCRC patients who were
treated in the phase III CAIRO2 study with chemotherapy and bevacizumab alone or with
the addition of cetuximab. Associations of epidermal growth factor (EGF) 61A > G, EGF
receptor (EGFR) CA14-25, cyclin D1 (CCND1) 932G > A, fragment-C gamma receptor (FCGR)
2A 535A>G and FCGR3A 818A > C polymorphisms with progression-free survival (PFS)
and cetuximab-related skin toxicity were studied.
Results: In cetuximab-treated patients, the FCGR3A 818C-allele was associated with
decreased PFS compared with the FCGR3A 818AA genotype (median PFS, 8.2 [95%CI, 6.7-
10.3] versus 12.8 [95%CI, 10.3-14.7] months, respectively; HR, 1.57 [95%CI, 1.06-2.34];
P =.025). The EGFR > 20 genotype was associated with decreased PFS compared with the
EGFR < 20 genotype (median PFS, 7.6 [95%CI, 6.7-10.0] versus 12.4 [95%CI, 10.3-13.4] months,
respectively; HR, 1.58 [95%CI, 1.06-2.35]; P =.024). The FCGR3A and EGFR polymorphisms
were not associated with PFS in patients treated without cetuximab. None of the polymor-
phisms were associated with the incidence of grades 2-3 skin toxicity.
Conclusion: EGFR and FCGR3A germline polymorphisms are associated with PFS in KRAS
wild-type mCRC patients treated with cetuximab, bevacizumab and chemotherapy.
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1. Introduction

Cetuximab is an IgG;-type chimeric monoclonal antibody that
targets the epidermal growth factor receptor (EGFR). Its prin-
cipal mechanism of action is the inhibition of ligand induced
EGFR activation, resulting in reduced cell proliferation, cell
survival and angiogenesis. Also, cetuximab may induce anti-
body-dependent cell cytotoxicity (ADCC) by recruitment of
immune effector cells.’

Cetuximab is effective in patients with chemotherapy-
refractory metastatic colorectal cancer (mCRC).>* A modest
clinical benefit was shown for cetuximab when added to
first-line chemotherapy.*® The indication for the use of
cetuximab is restricted to patients with wild-type KRAS tu-
mours.”® However, the KRAS mutation status does not com-
pletely predict the response to cetuximab and other tumour
characteristics such as BRAF mutation status have been
investigated.>® The severity of acneiform skin rash is also
associated with the efficacy of cetuximab®?, but as this ad-
verse event occurs after therapy has started, it cannot be used
to predict response before start of treatment. Therefore, addi-
tional predictive markers are needed to better identify pa-
tients who will benefit from cetuximab.

Germline polymorphisms in genes involved in the mecha-
nism of action of cetuximab have been investigated previ-
ously.’™™* A CA-repeat polymorphism in intron 1 of the
EGFR gene and the single nucleotide polymorphisms (SNPs)
EGF c.61A > G, cyclin D1 (CCND1) ¢.932G > A and fragment-C
gamma receptors 2A (FCGR2A) c.535A > G and 3A (FCGR3A)
c.818A > C have previously been associated with the efficacy
of cetuximab in chemotherapy-refractory mCRC patients
who were treated with cetuximab either as monotherapy***?
or in combination with irinotecan.'®'* However, these find-
ings have been investigated in relation to KRAS mutation sta-
tus in only one small study.'* Furthermore, these former
studies were hypothesis generating, and lacked a control
group.

To provide more robust data, we investigated the associa-
tion of these germline polymorphisms with the efficacy of
cetuximab in a large cohort of KRAS wild-type mCRC patients
who were treated in first-line with capecitabine, oxaliplatin,
bevacizumab with or without cetuximab.

2. Patients and methods

2.1.  Study population

Seven hundred and fifty five previously untreated mCRC pa-
tients participated in the multicentre phase III randomised
CAIRO2 study of the Dutch Colorectal Cancer Group (DCCG)
and were treated with capecitabine, oxaliplatin and bev-
acizumab or the same regimen plus cetuximab.'>'® Patient
eligibility criteria are described in detail elsewhere.'® Patients
were stratified according to prior adjuvant chemotherapy, ser-
um LDH, number of affected organs and per institution. Mem-
brane expression of EGFR in the tumour was not required.
Cetuximab was administered intravenously at a dose of
400 mg/m? on the first day, followed by 250 mg/m? weekly
thereafter. Dose reductions were carried out according to
the study protocol. The duration of a treatment cycle was

three weeks. Treatment was continued until disease progres-
sion, death or unacceptable toxicity, whichever occurred first.

The collection of a peripheral blood sample for pharmaco-
genetic research was pre-specified in the study protocol and
required additional written informed consent. The protocol
was approved by the local institutional review boards of all
participating centres.

2.2.  Clinical evaluation and toxicity criteria

Progression-free survival (PFS) was calculated using tumour
response assessments every three cycles by CT scan accord-
ing to RECIST 1.0 criteria.’® PFS was defined as the interval
from the date of randomisation to the date of disease progres-
sion, death or last follow-up, whichever occurred first. Toxic-
ity was scored according to the National Cancer Institute
Common Toxicity Criteria version 3.0. Cetuximab-related skin
toxicity was defined as any skin toxicity with the exception of
hand-foot syndrome.

2.3.  Analysis of genetic variants

The KRAS mutation status was determined in 528 patients
from whom primary tumour tissue was available. Tumour
DNA was extracted and KRAS mutation status was analysed
using a commercially available real-time PCR-based assay
(DxS, Manchester, UK) and by direct sequencing.’”

Of the 314 KRAS wild-type patients, a peripheral blood
sample was available from 246 patients (127 and 119 from
the treatment arms with and without cetuximab, respec-
tively). For the germline polymorphisms, germline DNA
was isolated from peripheral white blood cells by the stan-
dard manual salting-out method. Genotyping was performed
on a TagMan 7500 (Applied Biosystems, Foster City, CA, USA)
with pre-designed assays for EGF c.61A>G (rs4444903),
CCND1 c.932G>A (rs9344; also referred to as 870G > A),
FCGR2A c.535A>G (rs1801274; resulting in amino-acid
change of histidine to arginine at position 131) and FCGR3A
c.818A > C (rs396991; resulting in amino-acid change of
phenylalanine to valine at position 158), according to the
manufacturer’s protocol. Negative controls (water) were in-
cluded. In addition, genotypes were confirmed on the Bio-
mark (Fluidigm, South San Francisco, CA, USA) according
to the protocol provided by the manufacturer using the same
TagMan assays. The FCGR3A polymorphism was also ana-
lysed by Pyrosequencing for 15% of the samples, which con-
firmed the TagMan results.

The EGFR (CA), polymorphism was analysed by fragment
analysis. Briefly, 10 ng of DNA was PCR amplified using prim-
ers FAM-5-CCAAAATATTAAACCTGTCTT-3' and 5'-AACCAGG-
GACAGCAATCC-3'. PCR products were run on an ABI PRISM®
3730xl Analyzer and analysed with Genemapper v3.5 software
(Applied Biosystems). Plasmids with an EGFR insert contain-
ing 14-21 CA-repeats were used as a control.’® For the purpose
of this analysis, the EGFR CA-repeat polymorphism was
dichotomised according to the criterion applied by Zhang
and colleagues.’ Patients with two alleles containing less
than 20 CA-repeats were designated ‘EGFR < 20’, whereas pa-
tients with either one or two alleles with 20 CA-repeats or
more were designated as ‘EGFR > 20’.
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All genotype frequencies were
equilibrium.

in Hardy-Weinberg

2.4.  Statistical analysis

The primary objective was to assess the association of the
EGFR, EGF, CCND1, FCGR2A and FCGR3A polymorphisms with
PFS in KRAS wild-type mCRC patients treated with cetuximab
added to chemotherapy and bevacizumab. The secondary
objective was to assess the association between these poly-
morphisms and cetuximab-related skin toxicity (grades 0-1
versus 2-3).

The PFS of each polymorphism was analysed per treatment
arm. Survival curves were estimated using the Kaplan-Meier
method. The hazard ratios and 95% confidence intervals
(95%CI) were estimated using a multivariate Cox proportional
hazards model per treatment arm, using the most appropriate
of a dominant or recessive model. The effects of the genotypes
were assessed with the wild-type genotype as the reference, as
this is the most frequent and therefore ‘normal’ genotype.
Since age (<65 versus >65 years) and gender potentially affect
the influence of a genetic polymorphism'®, these factors were
included in the multivariate analysis in addition to serum
LDH (normal versus abnormal), which was an independent
prognostic factor in the CAIRO2 study.”

For patients in the cetuximab arm, the association between
the genotype and cetuximab-related skin toxicity (grades 0-1
versus 2-3) was analysed and odds ratios (ORs) and 95% Cls
were estimated using a multivariate logistic regression model
with age, gender and serum LDH as covariates.

All statistical analyses were performed using the Statisti-
cal Analysis Software version 9.1 (SAS Inc., Bethesda, Mary-
land, USA).

3. Results

In the cetuximab arm, the 65 patients who were carriers of
the FCGR3A C-allele (AC and CC genotypes combined) had
a significantly decreased PFS compared with the 57 patients
with the FCGR3A AA genotype (median PFS, 8.2 [95%CI, 6.7—-
10.3] versus 12.8 [95%CI, 10.3-14.7] months, respectively; HR,
1.57 [95%CI, 1.06-2.34]; P =.025, Table 1 and Fig. 1A). The 51
patients with the EGFR > 20 genotype had significantly de-
creased PFS compared with the 72 patients with the
EGFR < 20 genotype (median PFS, 7.6 [95%ClI, 6.7-10.0] versus
12.4 [95%CI, 10.3-13.4] months, respectively; HR, 1.58 [95%CI,
1.06-2.35]; P=.024, Table 1 and Fig. 1B). The FCGR3A and
EGFR polymorphisms were not associated with PFS in the
arm without cetuximab (P=.832 and P =.649, respectively).
The FCGR2A, EGF and CCND1 polymorphisms were not
significantly associated with PFS in the cetuximab arm
(P=.076, P=.999 and P =.111, respectively), nor in the arm
without (P=.111, P=.067 and P=.185,
respectively).

The FCGR3A, EGFR, FCGR2A, EGF and CCND1 polymor-
phisms were not significantly associated with grades 2-3
cetuximab-related skin toxicity (P=.203, P=.903, P=.338,
P =.549 and P =.128, respectively, Table 1).

cetuximab

4, Discussion

We demonstrate that the FCGR3A 818C-allele and the
EGFR > 20 genotype were associated with a decreased PFS
in a large group of KRAS wild-type mCRC patients treated with
cetuximab, bevacizumab and chemotherapy in a phase III
trial, compared with patients with the FCGR3A 818AA or
EGFR < 20 genotype, respectively.

Table 1 - Analysis of progression-free survival and of the incidence of grades 2-3 cetuximab-related skin toxicity for KRAS

ild-type metastatic colorectal cancer patients treated with first-line capecitabine, oxaliplatin, bevacizumab and cetuximab.

n Median PFS HR® for PFS 95%CI P ORP for grade 2-3 95%Cl P
(months [95%CI]) skin toxicity

EGFR CA-repeat
EGFR < 20 72 12.4 [10.3-13.4] 1.00 = = 1.00 = =
EGFR > 20 51 7.6 [6.7-10.0] 1.58 1.06-2.35 .024 1.05 0.46-2.39 .903
FCGR3A 818A>C
AA 57 12.8 [10.3-14.7] 1.00 - = 1.00 = -
AC or CC 65 8.2 [6.7-10.3] 1.57 1.06-2.34 .025 0.59 0.28-1.33 .203
FCGR2A 535A > G
AA 34 12.6 [9.8-16.8] 1.00 = — 1.00 = =
AG or GG 92 10.0 [8.4-12.3] 1.50 0.96-2.36 .076 1.54 0.64-3.72 .338
EGF 61A>G
AA 50 10.8 [8.5-12.7] 1.00 — = 1.00 = =
AG or GG 70 10.3 [8.4-13.2] 1.00 0.67-1.49 .999 1.29 0.56-2.95 .549
CCND1 870G > A
GG or GA 91 10.8 [8.2-12.7] 1.00 = = 1.00 = =
AA 34 9.9 [8.4-12.7] 141 0.92-2.15 11 0.50 0.21-1.22 128

Abbreviations: PFS, progression-free survival; FCGR, immunoglobulin-G fragment C receptor; EGFR, epidermal growth factor receptor.

& Hazard ratios (HRs), 95% confidence intervals (95% ClIs) and P values were calculated from the Cox proportional hazards model, with the wild-
type genotype as the reference, and included age, gender and serum LDH as covariates.

 Odds ratios (ORs), 95% Cls and P values were calculated from the logistic regression model, with the wild-type genotype as the reference, and

included age, gender and serum LDH as covariates.
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Fig. 1 - Progression-free survival for (A) the FCGR3A 818A > C
polymorphism and (B) the EGFR CA-repeat polymorphism
for patients with metastatic colorectal cancer treated with
first-line capecitabine, oxaliplatin, bevacizumab and cetux-
imab (P =.025 and P = .024, respectively).

Bibeau and colleagues recently also reported that the
FCGR3A polymorphism is associated with PFS in KRAS wild-
type mCRC patients treated with cetuximab. However, in their
study patients who were homozygous for the C-allele had
longer PFS compared with carriers of the A-allele™, which is
not in agreement with our data. In one previous study the
FCGR3A C-allele was also associated with decreased PFS in
previously pretreated mCRC patients who were treated with
cetuximab as a single agent?, though this was not confirmed
in an extended analysis of this study.?° This indicates that the
former finding was a false positive, making it not suitable for
comparison with our study. Another study with 110 patients
who received cetuximab monotherapy as salvage treatment
for mCRC did also not find a significant association between
the FCGR3A polymorphism and the efficacy of cetuximab.®
A possible mechanism for the opposite association of the
FCGR3A polymorphism could be that the high affinity C-al-
lele?™? results in increased activation of tumour associated
macrophages (TAMs) by cetuximab through cross-linking of
the Fc gamma receptor®?, instead of increasing ADCC in our
study. As a result of TAM activation, pro-angiogenic media-
tors are released in the tumour microenvironment, such as
VEGF and matrix metalloproteinases (MMPs).?*>?® In our study,
patients had not received palliative chemotherapy before,

whereas patients in the other studies had been exposed to iri-
notecan and/or other lines of chemotherapy prior to cetux-
imab>'*2° which could have altered the infiltration of cells
of the myeloid lineage, such as TAMs.?”” However, it must be
noted that the FCGR3A C-allele was associated with increased
efficacy of the IgG;-type monoclonal antibodies rituximab in
lymphoma?®?° and trastuzumab in advanced breast cancer.>®
Therefore, fundamental research should be performed to sup-
port our highly speculative hypothesis.

Our finding that patients with a lower number of CA-re-
peats for the EGFR polymorphism experience longer PFS is
in line with the study by Graziano and colleagues.® However,
another study did not find a significant association between
this EGFR polymorphism and PFS in cetuximab-treated mCRC
patients.?®

The biological mechanism for the association of the EGFR
polymorphism is concordant with the finding that patients
with the EGFR > 20 genotype had shorter PFS. Transcription
of the EGFR gene is lower for an increased number of CA-re-
peats.®! Although EGFR expression, as measured by immuno-
histochemistry, is not a predictor of the efficacy of
cetuximab®>33, the number of EGFR gene copies is associated
with the response to cetuximab treatment.>*

Unexpectedly, we did not confirm previous findings that a
lower number of CA-repeats is associated with increased inci-
dence of skin toxicity during anti-EGFR therapy.>** However,
previous findings could have been biased by the correlation be-
tween the response to anti-EGFR therapy and the incidence of
skin toxicity.>® The mechanism underlying the development
of cetuximab-related skin toxicity is poorly understood, and
could be independent of EGFR expression and polymorphisms.

Even though the previous pharmacogenetic studies on
cetuximab have used peripheral blood'**?, normal tissue'* or
tumour tissue?°, this should not have influenced the results,
because there is an almost perfect degree of concordance be-
tween germline genotype in tumour and normal tissue.?®

Importantly, the polymorphisms in FCGR3A and EGFR are
only predictive for the efficacy of cetuximab and do not influ-
ence the PFS in patients not treated with cetuximab.

Biomarker and genetic association studies are hampered
by divergent and inconsistent results.’” Retrospective phar-
macogenetic studies must therefore be interpreted as hypoth-
esis generating studies that require confirmation in an
independent cohort.

Although our large study was set up to confirm previously
published associations and included a control group**~*4, the
results are conflicting and therefore remain inconclusive. It is
likely that heterogeneity among the different studies, such as
the stage and nature of the disease, previous treatment and
concomitant medication may explain the discordance. These
variables should therefore be carefully considered in retro-
spective biomarker studies, as these factors probably have
large influence on the results.

In conclusion, we demonstrate that germline polymor-
phisms in FCGR3A and EGFR are associated with the efficacy
of cetuximab. Confirmation and prospective studies are
needed to define the predictive value of these markers. Due
to inconsistent results among studies, our results require fur-
ther confirmation before they can be applied in clinical
practice.



EUROPEAN JOURNAL OF GANCER 46 (2010) 1829-1834 1833

5. Conflict of interest statement

None declared.

Acknowledgements

We thank S.H. van der Burg and T. van Hall for their contribu-
tion to the discussion.

The CAIRO2 clinical study was supported by the Dutch
Colorectal Cancer Group (DCCG). The DCCG received grants
for data management and analysis from the Commissie Kli-
nisch Toegepast Onderzoek of the Dutch Cancer Foundation
and unrestricted scientific grants from Roche, Merck Serono
and Sanofi-Aventis.

REFERENCES

1. Ciardiello F, Tortora G. EGFR antagonists in cancer treatment.
N Engl ] Med 2008;358:1160-74.

2. Cunningham D, Humblet Y, Siena S, et al. Cetuximab
monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl ] Med
2004;351:337-45.

3. Jonker DJ, O’Callaghan CJ, Karapetis CS, et al. Cetuximab for
the treatment of colorectal cancer. N Engl ] Med
2007;357:2040-8.

4. Borner M, Koeberle D, Von Moos R, et al. Adding cetuximab to
capecitabine plus oxaliplatin (XELOX) in first-line treatment
of metastatic colorectal cancer: a randomized phase II trial of
the Swiss Group for Clinical Cancer Research SAKK. Ann Oncol
2008;19:1288-92.

5. Van Cutsem E, Kohne CH, Hitre E, et al. Cetuximab and
chemotherapy as initial treatment for metastatic colorectal
cancer. N Engl ] Med 2009;360:1408-17.

6. Bokemeyer C, Bondarenko I, Makhson A, et al. Fluorouracil,
leucovorin, and oxaliplatin with and without cetuximab in
the first-line treatment of metastatic colorectal cancer. J Clin
Oncol 2009;27:663-71.

7. Karapetis CS, Khambata-Ford S, Jonker D], et al. K-ras
mutations and benefit from cetuximab in advanced colorectal
cancer. N Engl ] Med 2008;359:1757-65.

8. 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.

9. Di Nicolantonio F, Martini M, Molinari F, et al. Wild-type BRAF
is required for response to panitumumab or cetuximab in
metastatic colorectal cancer. J Clin Oncol 2008;26:5705-12.

10. Tol ], Nagtegaal ID, Punt CJ. BRAF mutation in metastatic
colorectal cancer. N Engl ] Med 2009;361:98-9.

11. Zhang W, Gordon M, Press OA, et al. Cyclin D1 and epidermal
growth factor polymorphisms associated with survival in
patients with advanced colorectal cancer treated with
cetuximab. Pharmacogenet Genomics 2006;16:475-83.

12. Zhang W, Gordon M, Schultheis AM, et al. FCGR2A and
FCGR3A polymorphisms associated with clinical outcome of
epidermal growth factor receptor expressing metastatic
colorectal cancer patients treated with single-agent
cetuximab. J Clin Oncol 2007;25:3712-8.

13. Graziano F, Ruzzo A, Loupakis F, et al. Pharmacogenetic
profiling for cetuximab plus irinotecan therapy in patients

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

with refractory advanced colorectal cancer. J Clin Oncol
2008;26:1427-34.

Bibeau F, Lopez-Crapez E, Di Fiore F, et al. Impact of FcyRIla-
FcyRIlla polymorphisms and KRAS mutations on the clinical
outcome of patients with metastatic colorectal cancer treated
with cetuximab plus irinotecan. J Clin Oncol 2009;27:1122-9.
Tol J, Koopman M, Cats A, et al. Chemotherapy, bevacizumab
and cetuximab in metastatic colorectal cancer. N Engl ] Med
2009;360:563-72.

Tol ], Koopman M, Rodenburg CJ, et al. A randomised phase III
study on capecitabine, oxaliplatin and bevacizumab with or
without cetuximab in first-line advanced colorectal cancer,
the CAIRO2 study of the Dutch Colorectal Cancer Group
(DCCG). An interim analysis of toxicity. Ann Oncol
2008;19:734-8.

TolJ, Dijkstra JR, Vink-Borger ME, et al. High sensitivity of both
sequencing and real-time PCR analysis of KRAS mutations in
colorectal cancer tissue. J Cell Mol Med, in press. doi:10.1111/
j.1582-4934.2009.00788.x.

van der Straaten T, Swen ], Baak-Pablo R, Guchelaar HJ. Use of
plasmid-derived external quality control samples in
pharmacogenetic testing. Pharmacogenomics 2008;9:1261-6.
Zhang W, Press OA, Haiman CA, et al. Association of
methylenetetrahydrofolate reductase gene polymorphisms
and sex-specific survival in patients with metastatic colon
cancer. ] Clin Oncol 2007;25:3726-31.

Lurje G, Nagashima F, Zhang W, et al. 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
single-agent cetuximab. Clin Cancer Res 2008;14:7884-95.
Koene HR, Kleijer M, Algra J, et al. Fc gammaRIlla-158V/F
polymorphism influences the binding of IgG by natural killer
cell Fc gammakRIlla, independently of the Fc gammaRIIla-48L/
R/H phenotype. Blood 1997;90:1109-14.

Wu ], Edberg JC, Redecha PB, et al. A novel polymorphism of
FcgammaRlIlla (CD16) alters receptor function and
predisposes to autoimmune disease. J Clin Invest
1997;100:1059-70.

Pander ], Gelderblom H, Guchelaar HJ. Pharmacogenetics of
EGFR and VEGF inhibition. Drug Discov Today 2007;12:
1054-60.

Nimmerjahn F, Ravetch JV. Fc gamma receptors as regulators
of immune responses. Nat Rev Immunol 2008;8:34-47.

Pollard JW. Tumour-educated macrophages promote tumour
progression and metastasis. Nat Rev Cancer 2004;4:71-8.
ChenJJ, Lin YC, Yao PL, et al. Tumor-associated macrophages:
the double-edged sword in cancer progression. J Clin Oncol
2005;23:953-64.

Douillard JY, Cunningham D, Roth AD, et al. Irinotecan
combined with fluorouracil compared with fluorouracil alone
as first-line treatment for metastatic colorectal cancer: a
multicentre randomised trial. Lancet 2000;355:1041-7.
Cartron G, Dacheux L, Salles G, et al. Therapeutic activity of
humanized anti-CD20 monoclonal antibody and
polymorphism in IgG Fc receptor Fc gammaRIIla gene. Blood
2002;99:754-8.

Weng WK, Levy R. Two immunoglobulin G fragment C
receptor polymorphisms independently predict response to
rituximab in patients with follicular lymphoma. J Clin Oncol
2003;21:3940-7.

Musolino A, Naldi N, Bortesi B, et al. Immunoglobulin G
fragment C receptor polymorphisms and clinical efficacy of
trastuzumab-based therapy in patients with HER-2/neu-
positive metastatic breast cancer. J Clin Oncol
2008;26:1789-96.

Gebhardt F, Zanker KS, Brandt B. Modulation of epidermal
growth factor receptor gene transcription by a polymorphic



http://dx.doi.org/10.1111/j.1582-4934.2009.00788.x
http://dx.doi.org/10.1111/j.1582-4934.2009.00788.x

1834

EUROPEAN JOURNAL OF CANCER 46 (2010) 1829-1834

32.

33.

34.

dinucleotide repeat in intron 1. J Biol Chem 1999;274:
13176-80.

ChungKY, Shia J, Kemeny NE, et al. Cetuximab shows activity
in colorectal cancer patients with tumors that do not express
the epidermal growth factor receptor by
immunohistochemistry. J Clin Oncol 2005;23:1803-10.

Siena S, Sartore-Bianchi A, Di Nicolantonio F, Balfour J,
Bardelli A. Biomarkers predicting clinical outcome of
epidermal growth factor receptor-targeted therapy in
metastatic colorectal cancer. ] Natl Cancer Inst
2009;101:1308-24.

Moroni M, Veronese S, Benvenuti S, et al. Gene copy number
for epidermal growth factor receptor (EGFR) and clinical

35.

36.

37.

response to antiEGFR treatment in colorectal cancer: a cohort
study. Lancet Oncol 2005;6:279-86.

Amador ML, Oppenheimer D, Perea S, et al. An epidermal
growth factor receptor intron 1 polymorphism mediates
response to epidermal growth factor receptor inhibitors.
Cancer Res 2004;64:9139-43.

McWhinney SR, McLeod HL. Using germline genotype in
cancer pharmacogenetic studies. Pharmacogenomics
2009;10:489-93.

Koopman M, Venderbosch S, Nagtegaal ID, van Krieken JH,
Punt CJ. A review on the use of molecular markers of cytotoxic
therapy for colorectal cancer, what have we learned? Eur J
Cancer 2009;45:1935-49.



	Correlation of FCGR3A and EGFR germline polymorphisms with the efficacy of cetuximab in KRAS wild-type metastatic colorectal cancer
	Introduction
	Patients and methods
	Study population
	Clinical evaluation and toxicity criteria
	Analysis of genetic variants
	Statistical analysis

	Results
	Discussion
	Conflict of interest statement
	Acknowledgements
	References


