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Summary Penile carcinoma (PC) is more frequent in underdeveloped countries, generally is diagnosed at an
advanced stage when therapeutic options are restricted, and thus is associated with high morbidity/mortality
rates. Recent studies have demonstrated clinical benefits with epidermal growth factor receptor (EGFR)–targeted
therapy in patients with PC, although there is no test that provides accurate patient selection. The aim of
the present study was to evaluate the prognostic value of EGFR gene and protein status in tumor sam-
ples from patients with primary penile squamous cell carcinoma. We assessed the expression of wild-
type and 2 mutant EGFR isoforms (delA746-E750 and mL858R) by immunohistochemistry in 139
samples, of which 49 were also evaluated for EGFR copy number by fluorescence in situ hybridization
(FISH). Positive immunohistochemical staining of wild-type and mutant EGFR was evidenced by complete
and strong membranous staining. For FISH analysis, cases were considered unaltered, polysomic, or ampli-
fied, as determined by signals of the EGFR gene and chromosome 7. An independent cohort of 107 PC sam-
ples was evaluated for mutations in EGFR, KRAS, and BRAF. Protein overexpression was noted in nearly
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half of the cases and was associated with cancer recurrence (P = .004) and perineural invasion (P = .005).
Expression of the 2 mutated EGFR isoforms was not observed. The FISH status was not associated with
protein expression. Altered FISH (polysomy and gene amplification) was an independent risk factor for
dying of cancer. Only 1 patient of 107 presented KRAS mutations, and no mutations of EGFR or BRAF
were observed.
© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Penile carcinoma (PC) is relatively frequent in underdevel-
oped countries such as Brazil, where its diagnosis usually
is made in advanced stages of the disease when therapeutic
options are limited [1-3]. Distant metastases are rare; the
presence of lymph node metastases (LNMs) is the most
significant prognostic variable [1,4], as 5-year survival rate
declines to less than 40% in patients with tumorous lymph
nodes [5].

Several histologic variants of PC have been recognized
[6-8], some of which present higher rates of regional
metastasis and adverse outcome [1,6,8-10], whereas
others rarely invade the lymph nodes or cause death [1,10].
Usually, squamous cell carcinoma (SCC) is the most
frequent histologic type, in which the mortality rate and the
risk of LNMs are heterogeneous [10]. Other morphologic as-
pects such as high histologic grade, presence of vascular/peri-
neural invasion, and a dissociative invasion front are
associated with a poor prognosis [2,10-14]. Although several
biomarkers have been reported as useful predictors of LNMs,
few are in wide use.

The molecular pathways involved in penile carcinogenesis
are poorly understood. The 2 main molecular subtypes are
characterized by the presence or absence of human papilloma-
virus. As for SCC from other primary sites, there is a chromo-
somal instability background that results in different patterns
of gene alterations. Epidermal growth factor receptor (EGFR)
has been implicated as an important target based on reports of
the clinical benefit of EGFR-targeted therapy in patients with
advanced PC [15-19].

Therapies targeting EGFR may be based on monoclonal
antibodies, with similar application of treatment of metastatic
colorectal cancer (in patients who harbor wild-type [wt]
RAS and BRAF) and head and neck carcinoma (in which
protein overexpression and gene gains are associated with
a poor prognosis). Another therapeutic strategy is represented
by small tyrosine kinase inhibitors for lung cancer (in
patients with activating mutations in exons 19 to 21 of
EGFR, which encode the tyrosine kinase domain). Patients
with increased EGFR gene copies may benefit from both kinds
of therapy [20-22].

Most PC lesions express EGFR [23-26]. Its phosphorylated
form has been associated with activation of the AKT pathway,
but not with gene amplification, prognosis, or survival [26]. In
a small series of patients with PC, no mutations in the exons

that encode the tyrosine kinase domain have been reported, ei-
ther immunohistochemically [27] or by sequencing [28].

Because EGFR-targeted therapies are promising in the
treatment for patients with advanced PC, it is desirable to eval-
uate this gene and protein further. Hence, it was our purpose to
evaluate the status of EGFR and the encoded protein in tumor
samples from patients with primary penile SCC and their asso-
ciation with patient prognosis. The immunohistochemical ex-
pression of wt EGFR and of 2 isoforms with activating
mutations (delA746-E750 in exon 19 and mL858R in exon
21) was analyzed in a large cohort of patients with PC. A sub-
set of these cases also was tested to determine EGFR copy
number. In an independent set of patients, mutations in exons
18 to 21, the sequence that encodes the tyrosine kinase do-
main, were investigated using the cobas EGFR Mutation Test
(Roche Molecular Systems, Pleasanton, CA).

2. Materials and methods

2.1. Tissue samples

Paraffin-embedded tissue samples from 139 cases of prima-
ry penile SCC with at least 5 years of follow-up were obtained
from the files of the Department of Pathology, A. C. Camargo
Cancer Center, São Paulo, Brazil. Themean age of the patients
was 53.8 years (range, 21-87 years). Most patients were un-
treated initially and underwent surgery as the primary treat-
ment per our PC protocol [1]. This cohort is part of a larger
group of patients already studied by our group [10]. Seven
cancers from this cohort had been tested for EGFRmutations,
as reported elsewhere [28]. Most patients had not undergone
circumcision, nor did the tumors present lymphatic or perineu-
ral invasion. Tumors were mainly in the T2 and T3 stages ac-
cording to the American Joint Committee on Cancer TNM
system [29]. Other clinical and histologic details are shown
in the Supplementary Table.

EGFR mutation was assessed in a different cohort of 107
patients from Instituto do Cancer do Ceara (a state in the north-
east part of Brazil that has a higher incidence of PC) to validate
our previously published data on EGFR direct sequencing
[28]. This cohort also was investigated for mutations in down-
stream effectors of the EGFR pathway, KRAS and BRAF.

The institutional ethics committee approved this study
(Protocol # 1096/08).
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