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Abstract

AIM: To analyze the pathogenetic role and potential
clinical usefulness of the epidermal growth factor re-
ceptor (EGFR) and the human epidermal growth factor
receptor 2 (HER2) in patients with advanced biliary
tract cancer (BTC).

METHODS: EGFR and HER2 expression was studied
in biopsy samples from 124 patients (51% women;
median age 64.8 years), with advanced BTC diagnosed
between 1997 and 2004. Five micrometers sections of
paraffin embedded tissue were examined by standard,
FDA approved immunohistochemistry. Tumors with
scores of 2+ or 3+ for HERZ expression on immuno-
chemistry were additionally tested for HER2 gene am-
plification by fluorescence /n situ hybridisation (FISH).

RESULTS: 34/124 patients (27.4%) had gallblad-
der cancer, 47 (37.9%) had intrahepatic BTC and
43 (34.7%) had extrahepatic or perihilar BTC. EGFR
expression was examined in a subset of 56 samples.
EGFR expression was absent in 22/56 tumors (39.3%).
Of the remaining samples expression was scored as
1+ in 12 (21.5%), 2+ in 13 (23.2%) and 3+ in 9 (16%),
respectively. HER2 expression was as follows: score 0
73/124 (58.8%), score 1+ 27/124 (21.8%), score 2+
21/124 (17%) and score 3+ 4/124 (3.2%). HERZ gene
amplification was present in 6/124, resulting in an
overall amplification rate of 5%.

CONCLUSION: Our data suggest that routine testing
and therapeutic targeting of HER2 does not seem to
be useful in patients with BTC, while targeting EGFR
may be promising.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Biliary tract cancer (BTC) is a heterogeneous tumor
entity consisting of an intrahepatic mass forming type
cholangiocarcinoma, perihilar Klatskin tumors, extrahe-
patic BTC, also termed intraductal growth type, and gall-
bladder cancer. More than 50% of tumors are diagnosed
at an advanced stage with these patients having a dismal
prognosis with a mean overall survival of 7-8 mo'"?.
Chemotherapy is widely used but of only little benefit.
Therefore, new treatment options are urgently needed.
Growth factor inhibitors or antibodies and small mol-
ecules such as erlotinib, gefitinib, cetuximab, panitumu-
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mab, trastuzumab and lapatinib targeting the epidermal
growth factor receptor (EGFR) or the human epidermal
growth factor receptor 2 (HER2) have been success-
fully used for the treatment of colorectal, breast, lung
and head and neck cancers among others””. While there
are some case reports and a phase II trial reporting
promising results targeting EGEFR in BTC there are no
data regarding the use of trastuzumab or lapatinib also
targeting HER2®". For pancreatic carcinoma, a malig-
nancy somewhat related to BTC, trastuzumab has been
successfully used in one study and at least one further
multicenter study is currently under way'"'"”.

EGFR and HER2 are receptor tyrosine kinases
encoded by proto-oncogenes. Growth factors such as
epidermal growth factor (EGF) or transforming growth
factor (TGF) bind to these receptors at their extracel-
lular ligand-binding domain and initiate intracellular
signalling cascades, leading to tumor cell proliferation,
migration, invasion, resistance to apoptosis and an-
giogenesis™. Tn an experimental tumor model a high
proportion of ErbB-2 (HER2) transgenic mice develop
BTC, suggesting a role of ErbB-2 signalling in biliary
carcinogenesism].

Overall, overexpression of EGFR and HER2 in tu-
mor cells has been associated with a poor prognosis, but
also offers the therapeutic option of pharmacologically
targeting these receptors. To date, EGFR and HER2
overexpression has been reported in up to about 80%
of BTC, mostly in small patient cohorts"”. Neverthe-
less, there are no data regarding the correlation of im-
munohistochemical scores, determined by standardized
methods, with clinical findings, including the overall
survival of patients with advanced BTC treated by che-
motherapy. The aim of this study, therefore, was to asses
the clinical significance of the expression of EGFR and
HER?2 proteins and their potential as therapeutic targets
in advanced BTC.

MATERIALS AND METHODS

Patients

Expression of EGFR and HER2 was analyzed in biopsy
samples from 124 patients with advanced or relapsed,
unresectable BTC (51% women, median age 64.8 years).
The patients had been consecutively diagnosed at the
Tumorzentrum Ludwig Heilmeyer-Comprehensive
Cancer Center Freiburg between 1997 and 2004, and
were followed for a median of 71 mo. All BTC cases
were histologically proven adenocarcinoma. Written
informed consent was obtained from all patients. Primary
gastrointestinal cancers other than BTC were excluded by
upper endoscopy, colonoscopy and a multislice computed
tomography (CT) scan according to the consensus
guidelines published in 2002, Sixty-one patients (49.2%)
had been treated by chemotherapy and could be restaged
for response. The chemotherapy regimens were based
on 5-fluorouracil or gemcitabine, often in combination
with cisplatin or oxaliplatin. The treatment response
was measured by CT, magnetic resonance imaging or
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Patients (7 = 124) n (%)
Age (y1)

Range 32.8-84.8
Median 64.8
mean + SD 63.4+11.0
Male:female 61:63 (49:51)
Gallbladder cancer 33 (26.6)
Mass forming type 47 (37.9)
Intraductal growth type 44 (35.5)
Histological type
Well differentiated 8 (6.5)
Moderately differentiated 80 (64.5)
Poorly differentiated 36 (29)
Stage'
I 9(7.3)
1l 20 (16.1)
it 31 (25)
v 64 (51.6)
Chemotherapy 62 (50)
Partial response 9 (14.5)
Stable disease 27 (43.5)
Progressive disease 26 (42)

lAccording to AJCC/UICC classification 2002.

ultrasound according to the standard World Health
Organization (WHO) criteria (WHO, 1979). The patients
subgroup analyzed for EGFR was randomly selected.
The different tumor types were similar between the
subgroup and the whole study population. The baseline
characteristics of the study population are given in Table 1.

Immunohistochemistry

Biopsy samples were fixed in 10% formalin, embed-
ded in paraffin, cut in 5 pm sections and stained with
hematoxylin/eosin for histological typing and grading.
Immunohistochemistry (IHC) was performed on adja-
cent freshly cut deparaffinized sections using the per-
oxidase-labelled streptavidin-biotin technique, EGFR
pharmDx™ for EGFR and Dako REAL™ detection
system for HER2 staining (both Dako Glostrup, Den-
mark). Immunostaining was performed according to
the package insert of the two FDA-approved detection
systems, using only the supplied reagents and proce-
dures.

IHC results were scored independently by two pa-
thologists (Waiz O and Schmitt-Graeff A) blind to all
clinical data. As recommended by the manufacturer ad-
ditional tissue controls were performed along with the
cell line controls.

The EGFR pharmDx™ kit is based on the dextran
technology. First sections were treated with proteinase K
at 37°C for 5 min (epitope retrieval) prior to incubation
with the EGFR antibody for 1 h at room temperature.
Following incubation with the primary antibody, the
visualization reagent consists of both labeled polymer
and HRP (Horseradish peroxidase). Subsequently added
chromogen DAB+ results in a visible reaction product
(brown) at the antigen site. Staining was performed using
the Dako Autostainet® (Dako Glostrup, Denmark) au-
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Figure 1 Immunohistochemistry of biliary tract cancer specimens for expression of HER2 (A, C, E and G) and EGFR (B, D, F and H). A: HER2 neg.; B: EGFR

neg.; C: HER2 1+; D: EGFR 1+; E: HER2 2+; F: EGFR 2+; G: HER2 3+; H: EGFR 3+.

tomated system. As recommended for the interpretation
of EGFR pharmDx™, both the intensity and percent-
age of tumor cells exhibiting membranous and/or cy-
toplasmic staining were assessed. If specific membrane
staining was observed in less than 1% of tumor cells,
the specimen was reported to be EGFR negative. The

four categories negative, weak (1+), moderate (2+) and
intense (3+) were used as recommended by the manu-
facturer and approved by the FDA (Figure 1).

The detection of HER2 was performed with heat
induced epitope retrieval (HIER) in 10 mmol/L citrate
buffer (Target Retrieval Solution, pH 6.1, Dako) in a
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water bath at 98°C for 45 min and anti-HER2 primary
antibody (Polyclonal Rabbit Anti Human c-erbB-2 on-
coprotein, Dako Glostrup, Denmark). Following incuba-
tion with the primary antibody, the visualization is based
on the sequential application of biotinylated link anti-
body and streptavidin labeled with alkaline phosphatase
antibody. Subsequently added chromogen Fast RED
results in a visible reaction product (red) at the antigen
site. HER staining was also performed using the Dako
Autostainet® (Dako Glostrup, Denmark). Tumors wete
counted negative if less than 10% of carcinoma cells
were stained, irrespective of membrane signal intensity.
If 10% or more of catcinoma cells showed membrane
staining, the staining intensity was classified as weak
(1+), moderate (2+) or intense (3+) as recommended
by the manufacturer and approved by the FDA (Figure 1).
Cytoplasmic staining was discounted. Images provided
by DAKO were used to define these staining categories.

Fluorescence in situ hybridization (FISH)

The PathVysion™ detection kit (Abbott, Illinios, USA)
was used for FISH analysis in cases of IHC expression
scotes 2+ or 3+ for HER2. FISH staining was carried
out according to the manufacturer’s manual. The pres-
ence of gene amplification was determined using the
supplied fluorescence-labelled DNA probe for chromo-
somal locus 17q11.2-q12 for the detection of HERZ2.
FISH-stained sections were scanned at X 1000 magni-
fication and in each of three separate carcinoma areas.
Twenty nuclei were analyzed. HER2 and chromosome
17 copy number were counted for all cells and the ratio
of HER?2 to chromosome 17 was calculated. A normal
HER2:17 ratio was defined as < 2; a ratio > 2 was in-
terpreted as gene amplification. A normal HER2 copy
number was attested at < four signals per cell (Figure 2).

Statistical analysis

Data are presented as mean = SD or medians with range
for continuous variables and as absolute and relative
frequencies for categorical variables. Overall survival
estimates and median survival times were calculated
by the Kaplan-Meier method followed by Cox models
estimating relative risks. All statistical tests were two-
sided using a 5% significance level. SASS software was
used for the calculations.

Figure 2 Dual color FISH analysis of HER2 in cholangio-
carcinoma specimens. A: Nonamplified tumor with single
HER? gene copy status. The red probe is specific for HER2.
The green probe is specific for chromosome 17 centromere;
B: Tumor with high amplification of the HER2 gene. There
are multiple red HER2 specific signals in this tumor in rela-
tion to the green chromosome 17 signals.

RESULTS

Expression of EGFR and HER2 protein

From the 124 patients examined 34 (27.4%) had gallbladder
cancer, 47 (37.9%) had intrahepatic mass forming type
BTC (IHCC) and 43 (34.7%) had extrahepatic or perihilar,
intraductal growth type BTC (EHCC). Because EGFR
expression was expected to be present two fold more
frequently than HER2 expression in BTC only a subset
of 56 samples was examined. EGFR expression was
negative in 39.3% (22/56) of the patients. Weak (1+)
positive EGFR staining was found in 21.5% (12/56),
moderate (2+) in 23.2% (13/56) and intense (3+) in 16%
(9/56) of the tumors. Overall 39.2% of the samples
showed EGFR overexpression (scores 2+ and 3+), being
significantly (P = 0.028) more frequent in EHCC (57.9%)
than in IHCC (25%). HER2 expression was as follows:
72/124 (58%) were negative, 26 (21%) 1+, 22 (18%)
2+ and 4 (3%) 3+. Representative examples of EGFR
and HER2 immunohistochemical staining and in situ
hybridization are shown in Figures 1 and 2.

A close correlation between treatment response and
gene amplification has been shown for HER2 in previous
studies™. However, unlike the case of trastuzumab
and HER2 in breast cancer, EGFR gene amplification
detected by FISH has not been approved as being as
useful for deciding on an EGFR targeted therapy yet.
Therefore, we did not study EGFR gene amplification
in our patient cohort. Regarding HER2, based on
published data and the manufacturer’s recommendation,
tumors with no or 1+ HER2 immunostaining were not
further investigated for gene amplification. Of the 124
patients samples tested 25 were examined for HER?2
gene amplification. HER2 FISH was performed in 2+
and 3+ samples and was successfully performed in all
but one tumor examined. All specimens exhibiting 3+
immunostaining (4/4) showed gene HERZ2 amplification
while amplification was present in 2/21 (10%) of 2+
samples. Taken together, HER2 gene amplification could
be detected in 6/124 (5%) tumorts.

Correlation of EGFR and HER2 expression with
clinicopathological factors

Among the 124 patients 80 (64.5%) had moderately dif-
ferentiated tumors, 36 (29%) had pootly differentiated and
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Parameter EGFR2+ and P HER22+ and P
3+ tumors 3+ tumors
Gallbladder cancer 5/13 8/34
Mass forming type 6/24 0.088 7/47 0.517
Intraductal growth type 11/19 10/43
Histological type
Well differentiated 2/3 1/8
Moderately differentiated 16/39 0.511 20/80 0.202
Poorly differentiated 4/14 4/36
Stage'
I 3/4 4/9
il 2/6 0.317 4/20 0.059
il 8/17 9/31
\Y 9/29 8/64
Chemotherapy
Partial response 2/3 4/9
Stable disease 3/13 0.296 4/27 0.156
Progressive disease 5/13 5/26

!According to AJCC/UICC classification 2002.

8 (6.5%) had well differentiated tumors. The majority of
patients (64/124, 51.6%) had stage IV disease, 31 (25%)
had stage Il, 20 (16.1%) stage II and 9 stage I (7.3%).
The patients had not undergone surgery because of un-
resectability, comorbidity or patients’ wish. Half of the
patients (62/124) had been treated with chemotherapy,
resulting in tumor control in 59% (14.7% PR, 44.3%
SD). Median overall survival was 13 mo with a median
OS of 14 mo for patients treated with chemotherapy
compared to 9 mo for patients not treated with chemo-
therapy. There was no statistical association between
protein expression and grade, stage, overall survival and
treatment response for EGFR and HER2, respectively.
The frequencies of EGFR and HER2 overexpression
and clinicopathological variables are summarized in Table 2.
In univariate analysis EGFR and HER2 expression could
not be shown to be of prognostic relevance for overall

survival (P = 0.06 and P = 0.49).

DISCUSSION

Expression of the two ErbB family growth factor
receptors EGFR and HER2 has been intensively studied
in different tumor entities and led to the use of targeted
therapy with specific inhibitors or antibodies of these
receptors in colorectal, breast, lung as well as head and
neck cancer!”. To date in other cancers monoclonal
antibodies and small molecule tyrosine kinase inhibitors
such as cetuximab, trastuzumab, erlotinib, gefitinib and
lapatinib are under investigation. Expression of EGFR
and HER2 as potential therapeutic targets has been
reported in various tumors™®"*"*. For BTC, data for
EGFR and HER2 overexpression have been presented in
mostly small patient cohorts """ Recently Yoshikawa
et al”™ described an unselected large cohort of 236 cases
of resected BTC. In this study, we investigated EGFR
and HER2 expression in a large cohort of patients with
advanced, unresectable BTC.

In BTC the percentage of EGFR overexpressing tu-
mors in previously reported series ranged from 8.1% to
81%. Yoshikawa e a/* showed EGFR overexpression
in 26.4% of EHCC and 17.7% of IHCC. Similatly, in
our study EGFR overexpression was more frequent in
EHCC (57.9%) than in IHCC (25%, P = 0.028). In these
reports by Ito ez al” and Yoshikawa ¢z a/* EGFR over-
expression was associated with biological aggressiveness
of BTC. In addition, there is increasing evidence that
EHCC and IHCC respond differently to chemotherapy
suggesting different biological properties of these two
tumor subtypes of “cholangiocarcinoma”[25’26].

HER2 overexpression and amplification has been
found in a range between 5% and 76% in BTC!M247,
This wide range may in part reflect the lack of
standardized methodologies used within the different
studies to assess HER2 status. In our cohort with
advanced, unresectable BTC, HER2 overexpression
was present in 20% and treatment relevant HER
amplification in 5%. Some authors suggest that HER2
overexpression is due to gene deregulation rather than
gene amplification because in some reports there is
no strict correlation between protein expression and
gene amplification"”. Overall, the highest concordance
between HER2 expression and gene amplification was
demonstrated for breast cancer””*”. Our data suggest
that in advanced BTC with high HER2 expression
there is also a good correlation between overexpression
and amplification, since all samples with a 3+ HER2
score showed gene amplification as compared to only
2/21 (10%) with a 2+ HER2 score. Similar correlations
have been reported for other malignancies, including
breast cancer with a tendency towards lower therapeutic
relevant expression rates with improved, standardized
detection methods. It has to be assumed that eatlier
reports overestimated HER2 expression in BTC,
explaining the discrepancy between HER2 expression
and gene amplificationlzg’w’m. Despite the fact that
HER?2 transgenic mice frequently develop BTC, HER2
does not seem to play a major role in human biliary tract
malignancies. This animal tumor model may therefore be
of limited value as a2 model for human BTC.

In recent reports in early stage, resected BTC
overall HER2 amplification was about 5%-10%"*.
In our cohort of patients with advanced BTC, HER2
amplification was merely 5%. Since targeted therapy
with the anti-HER2 antibody trastuzumab in breast
cancer is only effective when the HER2/neu receptor is
overexpressed zia gene amplification HER2 seems not to
be a promising target in BTC. Therapeutic trials targeting
HER2 should therefore not further be initiated.

Since EGFR expression does not predict its
therapeutic usefulness, future clinical trials have to evaluate
the advantage of Anti-EGIR therapy in comparison with
standard treatment in patients with BTC.

In summary, our findings demonstrate that EGFR
overexpression is frequent in BTC, especially in
EHCC. In contrast, HER2 overexpression and gene
amplification is a rare event. While therapeutic targeting
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of HER2 seems to be not promising, future clinical trials
in patients with BTC should focus on EGFR.

COMMENTS

Background

The epidermal growth factor receptor (EGFR) and the human epidermal
growth factor receptor 2 (HER2) are involved in the carcinogenesis of many
malignancies. Therapeutic molecules targeting EGFR and HER2 have been
successfully used for the treatment of colorectal, breast, lung and head
and neck cancers among others. It is unknown if EGFR and HER2 are
overexpressed in advanced biliary tract cancer (BTC) and therefore may serve
as therapeutic targets in these cancers.

Research frontiers

As the so called targeted therapies are most effective when the corresponding
receptor or signalling pathway is activated, previous studies have focused
on EGFR and HER2 in various tumors. There are conflicting data about
overexpression of EGFR and HER2 in BTC and about the therapeutic
importance of the two growth factor receptors in these tumors. Because of
the low incidence, clinical trials on BTC are difficult and mostly performed in
small patient cohorts. A possible selection bias might additionally explain these
conflicting data.

Innovations and breakthroughs

While EGFR is significantly overexpressed in advanced BTC, HER2
overexpression and amplification is rare and therefore seems not to play a role in
the carcinogenesis of BTCs.

Applications

Because of these expression data on EGFR and HER2 in BTC, and the
correlation of expression and therapeutic effectiveness, especially with HER2
in other tumors, future clinical trials in BTC should focus on EGFR as a
therapeutic target.

Terminology

EGFR and HER2 are receptor tyrosine kinases encoded by proto-oncogenes.
Growth factors such as epidermal growth factor or transforming growth factor
bind to these receptors and initiate tumor cell proliferation, migration, invasion,
resistance to apoptosis and angiogenesis. BTC is a heterogeneous tumor
entity with rising incidence, consisting of intrahepatic mass forming type
cholangiocarcinoma, perihilar Klatskin tumors, extrahepatic bile duct tumors,
also termed intraductal growth type cholangiocarcinoma, and gallbladder
cancer.

Peer review

Harder et al describe low expression and gene amplification of HER2 in
biopsy samples of advanced BTC, as assessed by immunohistochemistry
and fluorescence in situ hybridisation, respectively. The authors suggest that
deviating numbers of some earlier studies may be due to non-standardized
techniques. It is convincing that in the present paper results for protein
expression and gene amplification correlated well.
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