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Abstract

Two protooncogene products, EGFR (Her-1, c-erbB-1)
and HER2 (Her-2/neu, c-erbB-2), have been reported to
be frequently overexpressed in head and neck squa-
mous cell carcinoma (HNSCC). In order to identify pa-
tients who may benefit from targeted cancer treatment
for these two molecules, we determined the expression
status of EGFR and HER2 in 129 HNSCC tumor speci-
mens. Two pharmacodiagnostic kits (EGFR pharmDx™
and HercepTest™) were used to identify HNSCC tumors
that overexpress EGFR or HER2. Overexpression of
EGFR was detected in 42.6% of the tumor specimens,
while HER2 was only rarely expressed (overexpression
was observed in just 3.1% of all cases). Given the neces-
sity of new therapeutic modalities for patients suffering
from HNSCC, treatment EGFR signaling inhibitors ap-
pears to be warranted, whereas therapeutic intervention
with HER2 inhibitors seems to be inappropriate in this
tumor type.

Copyright© 2004 S. Karger AG, Basel

Introduction

The superfamily of cell surface tyrosine kinase recep-
tors plays an important role in fundamental cellular pro-
cesses, including cell cycle progression, migration, metab-
olism, proliferation, differentiation and survival. Many
human tumors express high levels of growth factor recep-
tors, raising the possibility that receptor blockade may be
useful as a cancer treatment strategy [1]. The HER growth
receptor family consists of 4 cell surface receptors, includ-
ing the epidermal growth factor receptor (EGFR, c-erbB-1
or HER1), c-erbB-2 (HER2/neu), c-erbB-3 (HER3) and
c-erbB-4 (HER4) [2]. EGFR, HER2 and HER4 possess
intrinsic tyrosine kinase activity, whereas HER 3 does not.
All receptors of the HER family can function synergisti-
cally with one another. Receptor activation results in the
phosphorylation of specific tyrosine residues within the
cytoplasmic region, which leads to simultaneous stimula-
tion of multiple signaling pathways.

EGFR overexpression has been observed in human
cancers including breast, ovarian, prostate, bladder, lung,
brain and pancreatic cancer [3]. EGFR expression in head
and neck squamous cell carcinoma (HNSCC) has been
reported in approximately 90% of specimens; it is associ-
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ated with poor prognosis [4, 5]. The HER2/neu oncopro-
tein has been most extensively characterized in breast
cancer, where its expression correlates with poor progno-
sis and resistance to chemotherapeutic agents [6, 7].
HER?2 overexpression in HNSCC has been described pre-
viously [8-10]. However, reports on the role of HER2 in
HNSCC are less conclusive, as HER2 has been described
to be overexpressed in very few investigated HNSCC
specimens and because the correlation with clinical pa-
rameters is controversial [8-13].

The critical role that EGFR and HER2 play in cancer
has led to an extensive search for selective inhibitors of
their signaling pathways. The results of a large body of
clinical trials thus far conducted suggest that targeting the
HER receptor family could represent a significant contri-
bution to improvement of HNSCC therapy [14]. The
most promising strategies in clinical development in-
clude: (1) immunotherapy with monoclonal antibodies
(mAb) to prevent ligand binding, and (2) targeted chemo-
therapy with small molecule inhibitors of the tyrosine
kinase enzymatic activity to inhibit autophosphorylation
and downstream intracellular signaling of the HER recep-
tor family [15, 16]. However, optimal use of this type of
targeted cancer therapy requires quantitative determina-
tion of the EGFR and HER2 status in every patient
treated, since the presence of receptor overexpression is
the sole eligibility criterion for treatment with target-spe-
cific therapeutic agents. In order to identify those patients
who may benefit from targeted cancer therapy with
EGFR and HER?2 signaling pathway inhibitors, we used
semiquantitative immunohistochemistry to determine
the EGFR and HER2 expression status in tissue speci-
mens of 129 HNSCC patients.

Materials and Methods

One hundred and thirty-seven potential candidates for targeted
cancer therapy fulfilled the inclusion criteria of histopathologically
confirmed squamous cell carcinoma of the pharynx or oral cavity and
cancer therapy at the Department of Otorhinolaryngology of the Uni-
versity Hospital Innsbruck between 1997 and 2002. The following
details were recorded: patient gender, age at tumor resection, site,
stage, grade, therapy and day of death. The majority of the survival
data was provided from the local cancer registry of the federal state of
Tyrol.

Formalin-fixed, paraffin-embedded tissue blocks containing sec-
tions of primary tumor were available from 129 patients. Specimens
were recut and deparaffinized in 2 sequential xylene baths (5 min),
100% ethanol (3 min) and 95% ethanol (3 min), followed by a 5-min
washing step in water. Thereafter, semiquantitative pharmacodiag-
nostic kits were used according to the manufacturers’ guidelines.
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To identify tumors that overexpress EGFR, stainings were per-
formed with EGFR pharmDx™ test (DakoCytomation, Glostrup,
Denmark). All reagents were included in the kit and the staining pro-
tocol was followed minutely. Briefly, following washes and incuba-
tions were applied sequentially: 5S-min wash using wash buffer, 5-min
proteinase-K incubation, 5-min wash, 5-min peroxidase blocking
agent incubation, 5-min wash, 30-min incubation with primary anti-
EGFR mAb, clone 2-18C9, 5-min wash, 30-min incubation with
HRP-labeled goat anti-mouse Ig polymer, 2 X 5-min wash, 10-min
incubation using DAB substrate, 5-min wash, 1-min counterstaining
with hematoxylin, 5-min gentle rinse in water.

HercepTest™ (DakoCytomation) was used to identify HER2-
overexpressing tumors. Stainings were performed after rehydration
of slides in strict adherence to the manufacturer’s protocol as follows:
60-min incubation at 99°C in epitope retrieval solution, 20-min
cooling down at RT, 5-min wash in wash buffer, 5-min peroxidase
blocking agent incubation, 5-min wash, 30-min incubation with rab-
bit anti-HER2 pAb, 5-min wash, 30-min incubation with HRP-
labeled goat anti-rabbit Ig polymer, 2 X 5-min wash, 10-min incuba-
tion using DAB substrate, 5-min wash, 1-min counterstaining with
hematoxylin, 5-min gentle rinse in water. Finally, the slides were
mounted using faramount aqueous mounting medium (Dako).

Using a light microscope, slide evaluation was performed by one
author (V.H.S.) and by a pathologist. All slides were scored and
recorded without knowledge of the patient’s outcome. For EGFR
pharmDx the intensity of the immunohistochemical staining was
scored using the four-tier system described in the manufacturer’s
guidelines (0 = no staining; 1 = weak; 2 = moderate; 3 = strong). The
percentage of positive-stained tumor cells represented the propor-
tion score (0 = none; 1 = <10%; 2 = 10-50%; 3 = 50-80%; 4 =
>80%). The total score was calculated by multiplying the intensity
with the proportion score. A total score >4 was defined as overex-
pression. The staining pattern achieved with HercepTest was cate-
gorized as 0 (none or staining in <10% of tumor cells), 1+ (weak
membrane staining in >10% of tumor cells), 2+ (moderate staining
in >10%) and 3+ (strong staining in >10%) as recommended by the
manufacturer.

Statistical analyses were done with SPSS software. The relation-
ship between the expression of markers and the clinical parameters
was calculated with the %2 test. Survival rates were calculated with
the Kaplan-Meier method and analyzed with the log rank test.

Results

Of the 129 patients tested the EGFR and HER2 over-
expression, 109 patients had first, 9 had second and 4
third head and neck carcinoma. For the other 7 patients,
only recurrent data were available for the observed time
frame. Tumors were either located in the pharynx (96
specimens) or in the oral cavity (33 samples). One
hundred and six men and 22 women with a median age of
57.2 (37-92) years were assigned to 4 groups according to
the UICC classification guidelines: 11 in stage I, 9 in stage
II, 12 in stage III and 97 cases in stage IV. Patient charac-
teristics are listed in table 1.
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Table 1. Patient characteristics (n = 129)

Sex
Male 106
Female 22
Not known 1

Age at diagnosis, years

Mean 58.2
Median 57.2
Range 37-92
Tumor site
Hypopharynx 6
Oropharynx 88
Nasopharynx 2
Oral cavity 33
Tumor size
T1 20
T2 25
T3 12
T4 72
Nodal stage
NO 40
N1 22
N2 51
N3 14
Nx 2
Metastases
MO 114
Ml 7
Mx 8
Stage
1 11
II 9
111 12
v 97
Grading
Gl 7
G2 73
G3 33
G4 4
Gx 12
Alcohol consumption!
None, occasionally 55
Daily, alcohol abuse 46
Not known 28
Nicotine consumption!
None, light smoker 31
Moderate or heavy smoker 81
Not known 17

1 Patient information.

Pharmacodiagnostic Value of the HER
Family in HNSCC

All patients except 1 underwent a surgical tumor resec-
tion or combined radio-chemotherapeutical treatment or
both, depending on staging and compliance. So far, 94
patients have completed their recommended therapy (ta-
ble 2) while 35 are either still receiving therapy or have
dropped out.

All sections remained adherent and background stain-
ing or artifacts were not observed. Strong and complete
membrane staining with occasional cytoplasmic reactivi-
ty (considered a 3+ score) was detected in 52 samples
stained with EGFR pharmDxE kit. The results of this
immunohistochemical examination are summarized in
table 3. A moderate, complete or incomplete membrane
staining (2+ score) was observed in 21 samples, a weak
(1+) intensity in 18 and no reaction was observed in 38
cases. A total score >4 was observed in 55 specimens
(42.6%).

Similarly, HER2 reactivity was determined in all 129
specimens using the FDA-approved HercepTest. A weak
(1+) reaction was observed in 18, a moderate (2+) in 1 and
a strong (3+) in 3 cases, whereas no signal was detected in
the remaining 107 cases. Only 3.1% of all cases were rated
as overexpressing HER2 according to the manufacturer’s
recommendation.

Another field of interest was the possible correlation
between overall survival and EGFR or HER2 expression
in particular tumor specimens. These analyses yielded no

Table 2. Therapy of 94 patients

Surgical therapy

Surgery (primary site) 7
Neck dissection 6
Surgery (primary site + ND) 72
None 9
Radiochemotherapy Ist cycle 2nd cycle
Combined adjuvant 31 53
Combined neoadjuvant 30 -
Combined palliative 13 14
Radiation 8 4
Chemotherapy 1

None 11 21

ND = Neck dissection.
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Table 3. Expression of EGFR and HER2 in 129 HNSCC specimens

Stage EGFR pharmDX Total HercepTest

0 1+ 2+ 3t score >4 0 1+ 2+ 3t
| - 6 - 5 5 10 1 - -
1I 4 - 2 3 3 9 - - -
111 5 2 3 2 3 11 1 - -
v 29 10 16 42 44 77 16 1 3
Total 38 18 21 52 55 107 18 1 3

statistically relevant data either for EGFR positivity or
EGFR overexpression (fig. 1a, b). On the contrary, the
presence of HER2 in tumors was significantly correlated
with reduced overall survival of patients (fig. 1c).

Discussion

It has been repeatedly demonstrated that the good
results achieved by surgical and radiotherapeutic treat-
ment in early-stage HNSCC cannot be matched when
applied to advanced disease. Therefore the current ap-
proach to the treatment of advanced HNSCC is a combi-
nation of tumor resection, radiotherapy and chemothera-
py. Since chemo- and radiotherapy generally do not dis-
criminate between normal and malignant tissues, radio-
chemotherapeutic regimens in HNSCC patients have
been found to be associated with significant toxicity. Such
cytotoxic schedules generally show poor outcome in terms
of disease control and overall survival, and have not
improved over the last 20 years [17]. These sobering facts
underscore a need for new approaches in the treatment of
HNSCC that demonstrate efficacy in targeting the tumor
while limiting the damage to healthy cells. Cancer treat-
ment targeted at the growth factor receptors is one such
approach that has shown promising results for the man-
agement of a broad range of tumors.

Pharmacodiagnostics should provide oncologists with
reliable and rapid information whether a patient can ben-
efit from tumor-specific therapy with a particular mAb or
synthetic inhibitor. For this purpose, it is necessary to
determine the expression status of the tumor-associated
target for each individual patient. In this study we used
two immunohistochemical pharmacodiagnostic kits to
determine the EGFR and HER2 expression status in a
population of HNSCC patients.
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EGFR was detected in 70.5% of the samples, and
EGFR overexpression was observed in 42.6% of the
investigated HNSCC specimens and with the highest fre-
quency in advanced tumors. Since there are no accepted
guidelines for the pharmacodiagnostic evaluation of the
EGFR expression status, overexpression was calculated as
the product (total score) of the four-tier intensity score
and the proportion score [18, 19]. In our study, a total
score >4 was evaluated as EGFR overexpression. We sug-
gest that the criteria described are suitable for preliminary
studies, but a definitive EGFR scoring system and the
threshold for a positive result have to be determined on
the basis of the clinical response to EGFR-targeted thera-
py in clinical trials.

EGFR expression in primary tumors was found to pre-
dict clinical outcome independently of cervical lymph
node status, currently the most accurate prognostic pa-
rameter in HNSCC [4]. Moreover, EGFR overexpression
has been reported to be a highly significant and indepen-
dent indicator of prognosis in HNSCC patients; EGFR
protein levels in primary head and neck tumors were also
found to be associated with decreased disease-free and
cause-specific overall survival [20, 21]. In disagreement
with these reports, we did not observe a significant asso-
ciation between EGFR overexpression and disease pro-
gression in our patient cohort. After a thorough compari-
son between previously published data and our results, we
conclude that this discrepancy may be associated with a
higher overall survival rate of the patients in our study
and a difference in the methodological approach for
detecting EGFR expression. From a pharmacodiagnostic
point of view, however, the tumor specimens obtained
from nearly 50% of HNSCC cases overexpressed EGFR,
and these patients appear to be eligible for treatment with
EGFR-targeted cancer therapy.

HER?2 was only expressed in 17% of HNSCC tumors
and an overexpression was detected in just 3.1% of speci-
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Fig. 1. Kaplan-Meier analysis showing the
overall survival of 129 HNSCC patients in 0
relation to EGFR expression (a), EGFR
overexpression (EGFR score >4) vs. non- T T T T 1
overexpression (EGFR score =<4) (b) or 0 20 40 60 80

HER2 expression status in the tumor speci-
men (c¢).

mens. These data contrast with a previous report that
demonstrated HER2 overexpression in 47% of HNSCC
specimens [10]. However, different anti-HER2 mAb and
avidin-biotin-based immunoperoxidase detection sys-
tems were used in the mentioned study. These controver-

Pharmacodiagnostic Value of the HER
Family in HNSCC

Time (months)

sial data support the necessity of standardization and
usage of validated immunohistochemical stainings for
pharmacodiagnostic purposes.

Furthermore, it has been shown previously that of all
the members of the HER family, HER2 was the most sig-
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nificant factor in predicting outcome in HNSCC patients
[22]. In our patient cohort, a statistically significant corre-
lation between HER2 expression and decreased overall
survival was demonstrated (p = 0.013). On the other
hand, only a small proportion of tumors obtained from
HNSCC patients (3%) overexpressed HER2. These data
clearly show that even though HER2 may be a good prog-
nostic marker for HNSCC, the therapeutic intervention
with HER2-blocking agents might only play a marginal
role in HNSCC due to the low incidence of suitable
patients for this type of targeted cancer therapy.

In conclusion, we assume that a large proportion of
patients suffering from HNSCC may be considered candi-
dates for treatment with EGFR-specific inhibitors. By

HABE:B74:ZORLB919XA.98

contrast, therapeutic intervention with trastuzumab or
other inhibitors of the HER2 signaling pathway seems to
be inappropriate in this type of tumor. Finally, this study
demonstrates the necessity of rethinking the design of
clinical analyses performed for pharmacodiagnostic rea-
sons, which may run counter to the objectives of the prog-
nostic clinicopathological studies.
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