
Abstract. Background: Gastric cancer is a relatively common
malignancy. Recently, the presence of the human epidermal
growth factor receptor 2 (HER2) was identified as a molecular
target in a proportion of patients who benefited from the addition
of appropriate anti-HER2 treatments. Our study explored the
clinical and prognostic role of known HER family members,
human epidermal growth factor receptor 1 (EGFR or HER1),
HER2, HER3 and HER4. Patients and Methods: Formalin-fixed

paraffin-embedded (FFPE) tumor tissue samples from 249
gastric cancer patients were studied by immunohistochemistry
for protein expression of EGFR, HER2, HER3 and HER4.
Results: Of the 249 evaluable patients, 32 did not have complete
data of treatment details and/or follow-up and were excluded
from the survival analyses. Of the 217 patients with complete
treatment and follow-up data, 178 were operated and treated for
early disease (group 1), while 39 for advanced disease (group
2). The frequency of positive EGFR, HER2, HER3 and HER4
protein expression in all patients was 17.5%, 11.8%, 14.8% and
32.9%, respectively. There were no differences in protein
expression of any of the markers between the two groups. There
were, however, statistically significant associations between
HER4 and all other HER family members, as well as between
HER2 and HER3 expression. Of note, EGFR-positive
membranous protein expression was significantly associated with
the presence of lymphovascular invasion (p=0.027) and HER3
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and HER4 negative cytoplasmic protein expression with
well/moderately-differentiated tumors (p=0.030 and p=0.014,
respectively). None of the HER family members were of
prognostic value for OS in univariate analysis. Conclusion: The
present study confirmed the known protein expression
frequencies of HER family members in gastric cancer in a Greek
population. Several associations were observed among the HER
family members and between clinicopathological characteristics
and HER family members. Further research is needed on their
exact prognostic role, as well as their therapeutic targeting.

Gastric cancer is one of the most common malignancies. Almost
one million new cases of gastric cancer were estimated to have
occurred in 2012 (952,000 cases, 6.8% of the total), making it
the fifth most common malignancy in the world after cancers of
the lung, breast, colorectum and prostate. Gastric cancer is the
cause of 723,000 deaths from cancer (8.8% of the total), making
it the third leading cause of cancer-related death worldwide (1).

The epidermal growth factor family of receptor tyrosine
kinases (ErbBs) consists of four members: EGFR (ErbB1,
HER1), ErbB2 (HER2, neu in rodents), ErbB3 (HER3) and
ErbB4 (HER4). These receptors play an essential role in
regulating cell proliferation, survival, differentiation and
migration and are involved in the pathogenesis and progression
of several solid tumors that include cancer of the breast, lung,
colon, ovary and stomach (2). Several malignancies have been
associated with mutations in ErbB receptors or increased
expression of members of the ErbB family including lung,
breast, stomach, colorectal, head and neck and pancreatic
carcinoma (3).

The expression of several members of the ErbB family of
receptors in gastric cancer has been examined in several
studies, in different patient populations and with different
methods. This probably has led to different percentages of
expression and therefore the prognostic utility of these markers
has not been clearly established. Few studies have examined
all four members simultaneously.

The aim of this study was to retrospectively evaluate the
expression of all four HER family receptors in gastric cancer
tumor tissue samples from Greek patients that have been
collected in the tumor tissue repository of the Hellenic
Cooperative Oncology Group, correlate their expression with
other clinicopathological factors, and evaluate their possible
prognostic role.

Patients and Methods
Patients. The present study included 249 patients that underwent
surgery for gastric cancer in Greece from 1991 to 2008 and for whom
tissue was available at the Hellenic Cooperative Oncology Group
tumor tissue repository. This study has been approved by the
institutional review board of the Papageorgiou Hospital, Thessaloniki,
Greece. TNM staging was according to AJCC 7th edition (4). The
REMARK diagram for the study is shown in Figure 1.

Patient characteristics are presented in Table I. Of the 249 evaluable
patients, 32 did not have complete data of treatment details and/or
follow-up and were excluded from the survival analyses. The 217
patients with complete treatment and follow-up data (eligible cohort)
were separated in two groups according to the use of systemic therapy
for advanced disease at some point of their disease course. Group 1
included 178 of the 249 patients (71.4%) that had early-onset disease
(surgery with or without adjuvant treatment) and group 2 included 39
patients (15.6%), who received systemic treatment for advanced
disease. Only one patient did not have surgery and received
chemotherapy for advanced disease, and for this analysis he was
included in group 2. All patients entered the study before the
introduction of trastuzumab treatment, therefore none of them were
treated with trastuzumab.

Basic patient and disease characteristics. Basic patient and tumor
characteristics in the whole sample, the eligible cohort and the early
and advanced disease groups are presented in Table I. No differences
were observed in any of these characteristics when the whole sample
was compared to the eligible cohort of patients. The median age in the
early disease group was 67.1 years whereas in the advanced disease
group it was 64.4 years. The male to female percentage did not differ
in the two groups (66.3% male vs. 33.7% female and 66.7% male vs.
33.3% female, respectively). The most common histological type in
both groups was the intestinal (51.7 and 48.7%, respectively), while
poor differentiation was the commonest histological grade (68.6 and
61.1%, respectively).

Lymphovascular invasion was identified in more patients with
advanced disease compared to the early disease group (p=0.036).
Other variables, such as age, gender, tumor location, histological grade
or histological type did not differ between the two groups.
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Figure 1. REMARK diagram for the study.



Tissue Microarray (TMA). Formalin-fixed paraffin-embedded (FFPE)
primary tumor tissue samples were selected from the archival tissue
material of the Hellenic Cooperative Oncology Group tumor
repository. Tissue specimens were prepared in a TMA format at the
TMA lab of Yale University (New Haven, CT, USA) containing one
0.6 mm tumor tissue core for each primary tumor. In total two
duplicate TMA blocks were created. In each TMA block, 493 tissue
cores were included, of which, 18 cores were from normal gastric
specimens and 14 cores from the FFPE cell line pellets MCF7, HT-
29, MB-435, H1666-162, 2CHO HER2 B, SW480, A431 and H1666-
162 [obtained from the American Type Culture Collection (Manassas,
VA, USA) or donated by other labs].

Immunohistochemistry (IHC). IHC staining for HER1 (EGFR), HER2,
HER3 and HER4 was performed on serial 3-μm thick sections from
both duplicate TMAs at the Laboratory of Molecular Oncology of the

Hellenic Foundation for Cancer Research/Aristotle University of
Thessaloniki School of Medicine. The EGFR (clone 31G7; Invitrogen,
Carlsbad, CA, USA, at dilution 1:50), HER2 (code Nu. A0485, Dako,
Glostrup, Denmark, at dilution 1:500), HER3 (clone SGP1; Thermo
Fisher Scientific, Fremont, CA, USA, at dilution 1:80) and HER4
(83B10; Cell Signaling Technology, Danvers, MA, USA, at dilution
1:400) antibodies were subjected to IHC labeling using the Bond
Max™ (Leica Microsystems, Wetzlar, Germany) and i6000 (Biogenex,
San Ramon, CA, USA) autostainers. For identification of tumor cells
the sections were also stained with an in-house cytokeratin cocktail.
DAB (3,3-diaminobenzidine) was used as a chromogen and
hematoxylin as a counterstain.

IHC evaluation. IHC staining was evaluated at the pathology
department of the Patras University Hospital by an experienced
pathologist (ACT). In each case, the intensity of the staining, the

Makatsoris et al: HER Family Protein Expression in Greek Patients with Gastric Cancer

1583

Table I. Basic patient and tumor characteristics.

Group

Whole sample Eligible cohort Early disease Advanced disease

Patients
N 249 217 178 39

Age
Median 66.0 66.0 67.1 64.4
Mean (SD) 64.7 (10.9) 64.7 (10.6) 65.7 (10.0) 59.9 (12.2)
Min-Max 21-90 21-90 26-90 21-76

N (%) N (%) N (%) N (%)

Gender
Male 162 (65.1) 144 (66.4) 118 (66.3) 26 (66.7)
Female 87 (34.9) 73 (33.6) 60 (33.7) 13 (33.3)

Tumor location (N=243)
Proximal 51 (21.0) 42 (19.8) 33 (18.8) 9 (25.0)
Andrum 137 (56.4) 118 (55.7) 99 (56.2) 19 (52.8)
Distant 55 (22.6) 52 (24.5) 44 (25.0) 8 (22.2)

Histological type 
Intestinal 128 (51.4) 111 (51.2) 92 (51.7) 19 (48.7)
Diffused 99 (39.8) 87 (40.0) 73 (41.0) 14 (35.9)
Mixed 22 (8.8) 19 (8.8) 13 (7.3) 6 (15.4)

Histological grade (N=242)
Well-Moderately differentiated 75 (31.0) 69 (32.7) 55 (31.4) 14 (38.9)
Poorly differentiated 167 (69.0) 142 (67.3) 120 (68.6) 22 (61.1)

Lymphovascular invasion (N=239)
Not present 110 (45.8) 102 (48.8) 91 (52.0) 11 (32.4)
Present 130 (54.2) 107 (51.2) 84 (48.0) 23 (67.6)

Residual tumor (N=239)
No (R0) 227 (95.0) 196 (94.2) 168 (94.4) 28 (71.8)
Microscopic (R1) 11 (4.6) 11 (5.3) 8 (4.5) 3 (7.7)
Cannot be assessed (Rx) 1 (0.4) 1 (0.5) 2 (1.1) 8 (20.5)

TNM stage (N=239)
I 22 (9.2) 20 (9.6) 17 (9.8) 3 (8.8)
II 69 (28.9) 63 (30.3) 57 (32.8) 6 (17.6)
III 141 (59.0) 118 (56.7) 98 (56.3) 20 (58.8)
IV 7 (2.9) 7 (3.4) 2 (1.1) 5 (14.7)

TNM stage (grouped) (N=239)
I-II 91 (38.1) 83 (39.9) 74 (42.5) 9 (26.5)
III-IV 148 (61.9) 125 (60.1) 100 (57.5) 25 (73.5)

TNM, Tumor node metastasis.



percentage of positive tumor cells and the localization of the stain were
indicated. The intensity was scored as 0=no staining, 1=weakly
positive, 2=moderately positive, and 3=strongly positive. The
percentage of positive tumor cells was calculated in 5% increments.
The EGFR and HER2 proteins were evaluated based on the established

scoring criteria (5-7). EGFR intensity of reactivity was also scored
using a four-tier system as: 0 (negative), no staining or background
staining; 1+, weak discontinuous membranous staining; 2+, moderate
complete or incomplete membranous staining; and 3+, strong and
complete membranous staining.
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Figure 2. Human epidermal growth factor receptor (HER) family immunohistochemical images. Immunohistochemistry was performed on tissue
microarrays from gastric carcinoma cases for all four HER family members. A. EGFR-positive tumor revealed strong membranous positivity; B.
EGFR-negative tumor showed absence or mild cytoplasmic staining; C. HER2 strong circumferential and membranous staining; D. HER2 mild
cytoplasmic staining interpreted as negative; E. HER3 strong nuclear and mild cytoplasmic staining of tumor cells; F. HER3 negativity in non-
cohesive gastric carcinoma; G. HER4 moderate cytoplasmic staining; H. HER4 negative tumor. Scale bar: 10 μm.



Additionally, the scores for EGFR and HER2 were also grouped
resulting to negative (0, 1+) and positive (2+, 3+) expression. For
HER3, evaluation included neoplastic cells that expressed nuclear or
cytoplasmic staining (8). The cut-off percentage was 5%, which means
that tumors with <5% of positive tumor cells were considered as
negative and tumors with ≥5% of positive tumor cells were considered
as positive. Similarly the cytoplasmic and nuclear evaluations of HER4
protein expression were considered positive if expressed in ≥5% of the
cells (9). Presence of membranous HER4 protein expression was
considered positive. Membranous, cytoplasmic and nuclear protein
expressions were evaluated separately. Examples of the different
immunohistochemical stainings (positive and negative for each HER
family member) are shown in Figure 2.

Statistical analysis. This analysis included patients in early stage of
the disease, as well as patients with advanced/metastatic disease. They
were categorized in two groups according to treatment: a) undergone
surgery followed by adjuvant treatment or observation and b) receiving
treatment for metastatic disease irrespectively of having received
adjuvant treatment or not. Categorical variables were presented as
frequencies and percentages, while continuous data by the use of
various measures (mean, standard deviation, medians and
corresponding ranges). In order to examine possible associations
between clinical characteristics and immunohistochemically evaluated
markers, as well as possible associations among markers, the chi-
square test was used. Patients’ categorization was also examined for
potential associations with clinical characteristics and IHC markers.

According to the stage of the disease, overall survival (OS) was
measured from the date of the histology report or treatment
initiation for the adjuvant patients and from the date of the last
chemotherapy initiation for the advanced, until death or last contact.
Disease-free survival (DFS) was measured for those patients who
had surgery and subsequently were followed or received adjuvant
treatment, as the time from the histology report or treatment
initiation until documented relapse of the disease, death or last
contact, whichever occurred first. Progression-free survival (PFS)
was measured for those who received treatment for metastatic
disease, as the time from first treatment initiation until documented
progression, death or last contact.

Every marker was examined for possible prognostic value in
terms of OS, DFS and PFS. Survival status was updated in June
2013. Time-to-event distributions were estimated using Kaplan-
Meier curves. The log-rank test was used to examine the prognostic
significance of the markers for OS, DFS and PFS. For all univariate
tests significance level (α) was set at 0.05. The analysis was fully
compliant with the reporting recommendations for tumor marker
prognostic studies (10). The SAS software was used for statistical
analysis (SAS for Windows, version 9.3, SAS Institute Inc., Cary,
NC, USA).

Results

As shown in the REMARK diagram (Figure 1), data from 473
patients with gastric cancer were identified in the HeCOG web
registry. FFPE primary tumor tissue samples were obtained
from 249 patients and were evaluated with IHC for protein
expression of EGFR, HER2, HER3 and HER4. Material of
sufficient quality and quantity for at least one biomarker was
available for 243 patients and for all biomarkers in 89 patients.

EGFR results. Results for the HER family marker protein
expression frequencies are presented in Table II, while in Table
III these results are presented according to the treatment group
(early disease or group 1 and advanced disease or group 2).

Of the 249 specimens, 217 (87.1%) were evaluated with
IHC for expression of EGFR on the membrane. Thirty-eight of
the tumors had positive EGFR expression (score 2+ or 3+), a
positivity rate of 17.5% of the evaluable population. The
expression rate of EGFR in the two patient groups was 13.5%
in group 1 and 21.2% in group 2 (Table III). There were no
significant differences among the two patient groups (p=0.26).

The association of EGFR protein expression with
clinicopathological characteristics was also evaluated and no
association with most of the factors examined (gender, tumor
location, grade, histological type, TNM stage, T stage, N status,
M status) was found. The only statistically significant
association found was between EGFR positivity and presence
of lymphovascular invasion (p=0.027).

HER2 results. Of the 249 specimens, 220 (88.3%) could be
evaluated with IHC for membranous expression of HER2.
Twenty-six specimens were scored as 2+ or 3+ for a positive
expression rate of 11.8% of the evaluable cases. There was no
statistically significant difference of HER2 protein expression
between the 2 patient groups, as shown in Table III (p=0.33).
Interestingly, HER2 2+ or 3+ expression was associated with
better tumor differentiation (p=0.002) and intestinal histological
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Table II. Marker protein expression frequencies in evaluable cases.

Total

N %

EGFR membranous 217
Negative 179 82.5
Positive 38 17.5

HER2 membranous 220
Negative 194 88.2
Positive 26 11.8

HER3 cytoplasmic 210
Negative 179 85.2
Positive 31 14.8

HER3 nuclear 179
Negative 108 60.3
Positive 71 39.6

HER4 membranous 215
Negative 209 97.2
Positive 6 2.8

HER4 cytoplasmic 210
Negative 141 67.1
Positive 69 32.9

HER4 nuclear 215
Negative 215 100.0
Positive 0 0.0



type (p=0.003). There was no significant association with age
(p=0.39), gender (p=0.86), lymphovascular invasion (p=0.26),
lymph node status (p=0.55), T stage (p=0.74), or tumor location
(p=0.18).

HER3 results. HER3 expression was examined in the
cytoplasm and the nucleus. Of the 249 specimens, nuclear
protein expression of HER3 could be evaluated in 179 cases
(71.9%), while cytoplasmic expression was evaluated in 210
specimens (84.3%). Nuclear staining was considered positive
if 5% or more of the nuclei were positive, which was observed
in 71 cases (39.6% of the evaluable cases), while positive
cytoplasmic expression was noted in 31 cases (14.8% of the
evaluable cases).

Both nuclear and cytoplasmic protein expression of HER3
did not differ significantly between the 2 patient groups
(p=0.54 and p=0.19, respectively), as shown in Table III.

Nuclear expression of HER3 was associated with stage III-
IV as compared to stage I-II (p=0.009) and also with tumor
location in the antrum, compared to the distal or proximal
stomach (p=0.048), while it was not associated with age
(p=0.62), gender (p=0.95), histological grade (p=0.19),
histological type (p=0.11), lymphovascular invasion (p=0.99),
or lymph node status (p=0.29). Cytoplasmic expression of
HER3 was associated with better-differentiated tumors
(p=0.030) and with intestinal histological sub-type (p<0.001).
It was not associated with age (p=0.54), gender (p=0.26),
lymphovascular invasion (p=0.64), lymph node status

(p=0.50), earlier disease stage (I-II) (p=0.079), T stage (T1/T2
vs. T3/T4) (p=0.60), or tumor location (p=0.19).

HER4 results. HER4 nuclear protein expression was evaluated
in 215 cases but was not found positive in any of the cases,
while cytoplasmic staining was evaluated in 210 cases and was
positive in 69 (32.9%). Membranous staining was positive in
only 6 of the 215 evaluable cases (2.8%). No differences in
membranous or cytoplasmic HER4 protein expression was
observed between the 2 patient groups (p=0.29 and p=0.95,
respectively), as shown in Table III.

Clinicopathological features significantly associated with
cytoplasmic expression of HER4 included better-differentiated
tumors (p=0.014) and intestinal histology (p=0.03), while it
was not associated with characteristics such as age (p=0.34),
sex (p=0.08), lymphovascular invasion (p=0.18), lymph node
status (p=0.25), T stage (p=0.52), or tumor location (p=0.18).
Associations between HER family member expression. Each
HER family member expression was examined for
associations with the expression of the other members. EGFR
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Table III. Marker protein expression in the two groups of patients

Group 1 Group 2 Chi-square  
Early Advanced test

disease disease p-value

EGFR membranous
Negative 134 (86.5) 26 (78.8) 0.26
Positive 21 (13.5) 7 (21.2)

HER2 membranous
Negative 143 (90.5) 28 (84.8) 0.33
Positive 15 (9.5) 5 (15.2)

HER3 cytoplasmic
Negative 127 (84.7) 29 (93.5) 0.19
Positive 23 (15.3) 2 (6.5)

HER3 nuclear
Negative 78 (61.4) 16 (55.2) 0.54
Positive 49 (38.6) 13 (44.8)

HER4 membranous
Negative 151 (96.2) 28 (100.0) 0.29
Positive 6 (3.8) 0 (0.0)

HER4 cytoplasmic
Negative 104 (68.4) 19 (67.9) 0.95
Positive 48 (31.6) 9 (32.1)

HER4 nuclear
Negative 157 (100.0) 28 (100.0) -

Table IV. Significant associations between markers

EGFR membranous

Negative Positive p-Value

HER4 cytoplasmic
Negative 17 (100.0) 0 (0.0) 0.011
Positive 6 (66.7) 3 (33.3)
In advanced disease only

HER2 membranous

Negative Positive p-Value

HER4 cytoplasmic
Negative 124 (69.7) 11 (45.8) 0.020
Positive 54 (30.3) 13 (54.2)
In the whole population

HER2 membranous

Negative Positive p-Value

HER3 nuclear
Negative 69 (62.7) 3 (30.0) 0.043
Positive 41 (37.3) 7 (70.0)
In early disease only

HER4 membranous

Negative Positive p-Value

HER3 cytoplasmic
Negative 113 (84.9) 3 (50.0) 0.024
Positive 20 (6.1) 3 (50.0)
In early disease only



expression was associated with the expression of cytoplasmic
HER4 (p=0.011) in patients with advanced disease, while
membranous HER2 protein expression was associated with
cytoplasmic expression of HER4 (p=0.020) in the whole
population and with nuclear HER3 expression in early-
disease patients (p=0.043). The cytoplasmic expression of
HER3 was associated with membranous expression of HER4
in early disease patients (p=0.024). The above statistically
significant associations are shown in Table IV.

Prognostic factors for survival. Overall survival data were
available for 210 of the 249 patients in this study. The median
overall survival was 30.4 months (95% CI 23.1-50.3). In
univariate analysis, clinicopathological factors that were
associated with longer OS included absence of lymphovascular
invasion (log-rank, p=0.007), negative lymph nodes (p<0.001),
lower TNM stage (p<0.001), lower T stage (p<0.001) and no
metastatic disease (p<0.001), while no associations with
survival was observed for age (p=0.36), sex (p=0.19),
histological grade (p=0.26), histological type (p=0.14), or
tumor location (p=0.51).

None of the HER family members were of prognostic value
for OS in the univariate analysis. Representative Kaplan-Meier
curves for OS according to protein expression of EGFR,
HER2, HER3 and HER4 are shown in Figure 3.

DFS was evaluated in 161 patients, with the median value
not being reached yet at the time of follow-up.
Clinicopathological factors that were associated with longer
DFS were: absence of lymph node involvement (log-rank,
p<0.020), negative lymph nodes (p=0.003), lower TNM stage
(p<0.001) and early versus advanced disease (p=0.001). Age,
gender, histological grade, histological type, lymphovascular
invasion and tumor location were not associated with DFS.

In 37 patients (of the 39 who received treatment for
advanced disease), PFS was evaluated and the only statistically
significant predictor for better PFS was lower histological
grade (log-rank, p=0.024). No HER family member protein
expression had any impact on PFS.

Evaluation of overall survival in the two different groups of
patients showed that group 1 had the longest median OS (48.3
months), while in group 2 median OS was shorter (22.9
months) (log-rank, p<0.001).

Discussion

Gastric cancer is an aggressive and heterogeneous disease for
which biomarkers are beginning to change our understanding
of prognosis and management. Surgery is the main treatment
and can lead to cure of patients with early-stage disease.
However, survival of advanced resectable gastric cancer
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Figure 3. Overall survival (OS) in early-disease patients according to human epidermal growth factor receptor (HER) family member protein expression.



patients remains poor despite the introduction of new treatment
strategies, including adjuvant chemoradiation or perioperative
chemotherapy. Metastatic or advanced unresectable gastric
cancer is an aggressive malignancy with a poor prognosis,
despite chemotherapy treatment resulting in a median survival
of 7.5 to 12 months that is reduced to a median survival of 3 to
5 months if managed by best supportive care only (11). 

The epidermal growth factor family of receptor tyrosine
kinases (EGFR, HER2, HER3 and HER4) have similar
molecular structures with an extracellular ligand-binding
domain, a short transmembrane domain and an intracellular
domain with tyrosine kinase activity (excluding HER3) (12).
Binding of the ligand induces homodimerization of the
receptor, as well as heterodimerization with other types of HER
proteins. The dimerization of the HER family receptors
activates downstream signal transduction pathways and
promotes tumor progression. HER2 does not bind to any
known ligand, it is however the preferred heterodimerization
partner for the other members of the HER family, while the
HER3 receptor is kinase impaired and serves as an allosteric
activator or regulator of the other HER family members or their
downstream pathway molecules (13). In addition to the well-
studied roles of the ErbB receptors functioning from the
plasma membrane, there is also evidence that these receptors
are translocated to the nucleus, where they participate in cell
signaling (14) and could thus affect cell proliferation, DNA
replication, DNA damage repair, transcription, development
and cancer growth or spread (15). 

The important role that the HER family of receptors play in
several types of solid tumors has led to development of targeted
therapies that have revolutionized the treatment of breast cancer
(by targeting HER2), non-small cell lung cancer by targeting
HER1 (EGFR) and colorectal cancer with the use of
monoclonal antibodies against EGFR. In advanced gastric
cancer, the ToGA trial showed that the addition of the anti-
HER2 monoclonal antibody trastuzumab to chemotherapy in
HER2 overexpressing cases, increases response rates and
improves progression-free survival and overall survival (6).

However, there is no clear evidence with regard to the
prognostic role of HER2 overexpression in gastric cancer, as
well as that of other members of the HER family of receptors.
In addition, there could be regional differences in the
expression rates of these receptors. We undertook this
retrospective study in an attempt to evaluate the rates of
expression of the HER family of receptors in Greek patients
with gastric cancer and investigate any possible prognostic role,
as well their associations with other clinicopathological factors.

In gastric cancer there is a wide variation of EGFR
expression ranging from 2 to 44% in several reports (16-23)
and has been associated with increased invasion (18), a poorly
differentiated histology (22) and shorter survival (17-20, 22).

In our study the expression rate was 17.5%, that is in
agreement with other reports (17, 21, 24). There was significant

association between EGFR expression and lymphovascular
invasion (p=0.027), but we did not find any prognostic value
of EGFR expression neither in the two patient groups we
examined nor in the whole population of our study. Currently,
there is no consensus on the prognostic value of EGFR
expression, as there are data suggesting no effect in prognosis
(21, 24), while one study found an association of positive
EGFR expression with improved prognosis (25). However, in a
recent meta-analysis of 7 studies it was found that increased
EGFR levels were significantly associated with decreased OS,
with a pooled hazard ratio (HR) estimate of 1.66 (95% CI:
1.35-2.02) (26). It is possible that the different techniques and
scoring systems used in the various studies contribute to these
contradictory results.

Positive HER2 protein expression has been reported to
occur in 8-34% of the cases (5, 27, 28). Additionally in a
recent systematic review of 49 studies totaling 11,337
patients, with the majority having undergone curative surgery,
the median rate of HER2 overexpression was 18% (range, 4-
53%) and it appeared to be associated with poor survival and
with intestinal-type gastric cancer (29). Higher rates of HER2
expression have also been reported in the gastroesophageal
junction, as compared to distal gastric tumors (6, 30). In our
study we evaluated HER2 expression according to the
established Hofmann criteria and the rate of HER2 expression
(2+/3+) was 11.8%, which is within the limits of reported
studies. The Chinese results of the HER-EAGLE study, which
included tumor samples from 734 gastric cancer (GC) or
gastroesophageal junction cancer (GJC) patients, were
recently reported. HER2 status was assessed by IHC,
followed by dual-color silver-enhanced in situ hybridization
(DSISH) in IHC 2+ cases. HER2-positive tumors were
identified in 12.0% (88/734) of the GC and GJC cases. There
were significantly higher rates of HER2 positivity in patients
with GJC (GJC: 18.1%, GC: 9.7%, p=0.002), and intestinal-
type cancers using the Lauren classification (intestinal:
23.6%, diffused/mixed: 4.3%, p<0.0001). No significant
differences in HER2 positivity were identified between
resection and biopsy samples, or between early and advanced
disease. Additionally the agreement between local
laboratories and the central laboratory on HER2 status
scoring was good (kappa=0.86) (31).

Our results showed lower frequency of positive HER2
expression (11.8%) than those of the ToGA study (IHC 3+ or
IHC 2+/FISH+: 16.0%) and the Spanish results (32) of the
HER-EAGLE study (14.1%). This may be due to differences
in patient characteristics, in particular the Lauren classification
and the location of the tumor. A higher percentage of intestinal-
type tumors were analyzed in the ToGA study (51.4%) and the
Spanish HER-EAGLE study (58.2%), while this tumor type
was detected in 48.7% of our metastatic disease cases (51.4%
in the whole population) and there were no patients with GE
junction tumors in our study.
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We also found an association with intestinal histological type
(when +2 and +3 expression was taken into account) and well-
differentiated tumors, while we did not identify any associations
between the location of the tumor and HER2 expression.

We did not find any associations of HER2 protein expression
with survival end-points. The role of HER2 as a prognostic
factor in gastric cancer has not been fully elucidated, since
some of the initial studies failed to find an association with
prognosis, while other authors reported a direct association
between HER2 overexpression and poor survival (12). A recent
meta-analysis of eight studies evaluating the role of HER2 in
gastric cancer showed that high HER2 levels predicted poor
overall survival (HR=1.43, 95% CI=1.09-1.88) (26), while in
another meta-analysis of fifteen studies with 5,290 patients,
HER2 overexpression also had an unfavorable prognostic role
for patients with gastric cancer (33).

The role of HER3 protein expression in gastric cancer is
not clear as yet. In a study from China, tumor samples were
obtained from gastric adenocarcinomas of 134 patients who
underwent a gastrectomy from 1999 to 2002. HER3 protein
expression, which was noted on the membrane in 13% and in
the cytoplasm in 58% of the cases, was significantly
associated with several adverse characteristics, including the
depth of tumor invasion (T1 vs. T2-T4), number of involved
lymph nodes, distant metastases, tumor stage and recurrent
disease. HER3 overexpression was associated with a
significantly worse survival and was an independent
prognostic factor in the multivariate analysis (HR=2.38, 95%
CI=1.01-5.63, p=0.048) (34).

In the present study we noted positive cytoplasmic HER3
expression in 14.8% of the cases, which is lower than the one
reported by Hayashi et al. (34) and also lower than other
studies that have evaluated HER3 expression: Begnami et al.
reported HER3 expression in 64% of their cases (24) and
Jacome et al. found a rate of 62% (21). This could be the result
of differences in technique, in the antibody used for IHC or the
use of different criteria for interpretation of the stains. For
example, we considered HER3 protein expression as positive
if 5% or more of the cells showed expression of HER3, while
Begnami et al. used the Rajkumar score and Hayashi et al. and
Jacome et al. used in their studies a score similar to the one
used for EGFR and HER2 evaluation. In contrast to other
studies (24, 34) we did not find a prognostic role of HER3
protein overexpression.

The role of HER4 in gastric cancer is unclear, as well.
Positive HER4 protein expression by IHC has been reported
to be associated with favorable features, such as the intestinal
sub-type, well- and moderately differentiated tumors, lower
stage and absence of lymph node metastases, as well as
absence of vascular, lymphatic and perineural invasion (24).
However there was no association with overall survival. In
our study, we did find an association with moderately or well-
differentiated tumors, but again no association of HER4

expression with prognosis. There is some recent evidence that
HER4 and its ligand neuregulin 4 (NRG4) are downregulated
in cancerous gastric tissue, a finding that could imply a
potential protective or anti-carcinogenic function (35).

In conclusion, this retrospective study in a Greek patient
population diagnosed with gastric cancer at various stages of
the disease confirms results from other published studies on the
frequency and role of EGFR, HER2, HER3 and HER4 protein
expression. It is the first study to evaluate protein expression
of the HER family members and their possible prognostic
value in a Greek population. Some of the differences noted
between our results and those of other studies might be
justified by the absence of gastroesophageal cancer patients
within our cohort, as well as the various stages of disease. It is
clear, that prospective data from larger studies are needed to
clarify the exact role of each of the HER family members at
various stages of this aggressive disease and guide our
therapeutic approaches accordingly.

References

1 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo
M, Parkin DM, Forman D and Bray F: Cancer incidence and
mortality worldwide: Sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 136: 359-386, 2015.

2 Wieduwilt MJ and Moasser MM: The epidermal growth factor
receptor family: biology driving targeted therapeutics. Cell Mol
Life Sci 65: 1566-1584, 2008.

3 Roskoski R Jr.: The ErbB/HER family of protein-tyrosine kinases
and cancer. Pharmacol Res 79: 34-74, 2014.

4 Edge S, Byrd DR, Compton CC, Fritz AG, Greene FL and Trotti A
(eds). AJCC cancer staging manual, 7th edition. New York,
Springer, 2010.

5 Hofmann M, Stoss O, Shi D, Buttner R, van d, V, Kim W, Ochiai
A, Ruschoff J and Henkel T: Assessment of a HER2 scoring
system for gastric cancer: results from a validation study.
Histopathology 52: 797-805, 2008.

6 Bang YJ, Van CE, Feyereislova A, Chung HC, Shen L, Sawaki A,
Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G, Kulikov E, Hill
J, Lehle M, Ruschoff J and Kang YK: Trastuzumab in combination
with chemotherapy versus chemotherapy alone for treatment of
HER2-positive advanced gastric or gastro-oesophageal junction
cancer (ToGA): a phase 3, open-label, randomised controlled trial.
Lancet 376: 687-697, 2010.

7 Ruschoff J, Dietel M, Baretton G, Arbogast S, Walch A, Monges
G, Chenard MP, Penault-Llorca F, Nagelmeier I, Schlake W, Hofler
H and Kreipe HH: HER2 diagnostics in gastric cancer-guideline
validation and development of standardized immunohistochemical
testing. Virchows Arch 457: 299-307, 2010.

8 Grivas PD, Antonacopoulou A, Tzelepi V, Sotiropoulou-Bonikou
G, Kefalopoulou Z, Papavassiliou AG and Kalofonos H: HER-3 in
colorectal tumourigenesis: from mRNA levels through protein
status to clinicopathologic relationships. Eur J Cancer 43: 2602-
2611, 2007.

9 Kountourakis P, Pavlakis K, Psyrri A, Rontogianni D, Xiros N,
Patsouris E, Pectasides D and Economopoulos T: Prognostic
significance of HER3 and HER4 protein expression in colorectal
adenocarcinomas. BMC Cancer 6: 46, 2006.

Makatsoris et al: HER Family Protein Expression in Greek Patients with Gastric Cancer

1589



10 McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M and
Clark GM: REporting recommendations for tumor MARKer
prognostic studies (REMARK). Breast Cancer Res Treat 100: 229-
235, 2006.

11 Wagner AD, Unverzagt S, Grothe W, Kleber G, Grothey A,
Haerting J and Fleig WE: Chemotherapy for advanced gastric
cancer. Cochrane Database Syst Rev CD004064, 2010.

12 Gravalos C and Jimeno A: HER2 in gastric cancer: a new
prognostic factor and a novel therapeutic target. Ann Oncol 19:
1523-1529, 2008.

13 Choi BK, Cai X, Yuan B, Huang Z, Fan X, Deng H, Zhang N and
An Z: HER3 intracellular domains play a crucial role in
HER3/HER2 dimerization and activation of downstream signaling
pathways. Protein Cell 3: 781-789, 2012.

14 Carpenter G and Liao HJ: Trafficking of receptor tyrosine kinases
to the nucleus. Exp Cell Res 315: 1556-1566, 2009.

15 Wang SC and Hung MC: Nuclear translocation of the epidermal
growth factor receptor family membrane tyrosine kinase receptors.
Clin Cancer Res 15: 6484-6489, 2009.

16 Kim JY, Jeon TJ, Bae BN, Kwon JE, Kim HJ, Park K and Shin E:
The prognostic significance of growth factors and growth factor
receptors in gastric adenocarcinoma. APMIS 121: 95-104, 2013.

17 Paliga A, Marginean H, Tessier-Cloutier B, Purgina B, Jonker D
and Marginean EC: The Prognostic Significance of c-MET and
EGFR Overexpression in Resected Gastric Adenocarcinomas. Am
J Clin Oncol 2015 [Epub ahead of print].

18 Tang D, Liu CY, Shen D, Fan S, Su X, Ye P, Gavine PR and Yin X:
Assessment and prognostic analysis of EGFR, HER2, and HER3
protein expression in surgically resected gastric adenocarcinomas.
Onco Targets Ther 8: 7-14, 2015.

19 Lieto E, Ferraraccio F, Orditura M, Castellano P, Mura AL, Pinto
M, Zamboli A, De VF and Galizia G: Expression of vascular
endothelial growth factor (VEGF) and epidermal growth factor
receptor (EGFR) is an independent prognostic indicator of worse
outcome in gastric cancer patients. Ann Surg Oncol 15: 69-79,
2008.

20 Galizia G, Lieto E, Orditura M, Castellano P, Mura AL, Imperatore
V, Pinto M, Zamboli A, De VF and Ferraraccio F: Epidermal
growth factor receptor (EGFR) expression is associated with a
worse prognosis in gastric cancer patients undergoing curative
surgery. World J Surg 31: 1458-1468, 2007.

21 Jacome AA, Wohnrath DR, Scapulatempo NC, Carneseca EC,
Serrano SV, Viana LS, Nunes JS, Martinez EZ and Santos JS:
Prognostic value of epidermal growth factor receptors in gastric
cancer: a survival analysis by Weibull model incorporating long-
term survivors. Gastric Cancer 17: 76-86, 2014.

22 Wang KL, Wu TT, Choi IS, Wang H, Resetkova E, Correa AM,
Hofstetter WL, Swisher SG, Ajani JA, Rashid A and Albarracin
CT: Expression of epidermal growth factor receptor in esophageal
and esophagogastric junction adenocarcinomas: association with
poor outcome. Cancer 109: 658-667, 2007.

23 Mammano E, Belluco C, Sciro M, Mencarelli R, Agostini M,
Michelotto M, Marchet A and Nitti D: Epidermal growth factor
receptor (EGFR): mutational and protein expression analysis in
gastric cancer. Anticancer Res 26: 3547-3550, 2006.

24 Begnami MD, Fukuda E, Fregnani JH, Nonogaki S, Montagnini
AL, da Costa WLJ and Soares FA: Prognostic implications of
altered human epidermal growth factor receptors (HERs) in gastric
carcinomas: HER2 and HER3 are predictors of poor outcome. J
Clin Oncol 29: 3030-3036, 2011.

25 Kim JS, Kim MA, Kim TM, Lee SH, Kim DW, Im SA, Kim TY,
Kim WH, Yang HK, Heo DS, Bang YJ, Lee KU, Choe KJ and Kim
NK: Biomarker analysis in stage III-IV (M0) gastric cancer
patients who received curative surgery followed by adjuvant 5-
fluorouracil and cisplatin chemotherapy: epidermal growth factor
receptor (EGFR) associated with favourable survival. Br J Cancer
100: 732-738, 2009.

26 Chen C, Yang JM, Hu TT, Xu TJ, Yan G, Hu SL, Wei W and Xu
WP: Prognostic role of human epidermal growth factor receptor in
gastric cancer: a systematic review and meta-analysis. Arch Med
Res 44: 380-389, 2013.

27 Goldberg RM: Genomic Profiling in Gastrointestinal Cancer: Are
We Ready To Use These Data to Make Treatment Decisions? The
Oncologist 20: 1448-1456, 2015.

28 Van Cutsem E, Bang YJ, Feng-yi F, Xu JM, Lee KW, Jiao SC,
Chong JLn, Lopez-Sanchez RI, Price T, Gladkov O, Stoss O, Hill
J, Ng V, Lehle M, Thomas M, Kiermaier A and Ruschoff J: HER2
screening data from ToGA: targeting HER2 in gastric and
gastroesophageal junction cancer. Gastric Cancer 18: 476-484,
2015.

29 Chua TC and Merrett ND: Clinicopathologic factors associated with
HER2-positive gastric cancer and its impact on survival outcomes –
a systematic review. Int J Cancer 130: 2845-2856, 2012.

30 Tanner M, Hollmen M, Junttila TT, Kapanen AI, Tommola S, Soini
Y, Helin H, Salo J, Joensuu H, Sihvo E, Elenius K and Isola J:
Amplification of HER-2 in gastric carcinoma: association with
Topoisomerase IIalpha gene amplification, intestinal type, poor
prognosis and sensitivity to trastuzumab. Ann Oncol 16: 273-278,
2005.

31 Huang D, Lu N, Fan Q, Sheng W, Bu H, Jin X, Li G, Liu Y, Li X,
Sun W, Zhang H, Li X, Zhou Z, Yan M, Wang X, Sha W, Ji J,
Cheng X, Zhou Z, Xu J and Du X: HER2 status in gastric and
gastroesophageal junction cancer assessed by local and central
laboratories: Chinese results of the HER-EAGLE study. PLoS One
8: e80290, 2013.

32 Gomez L, Concha A, Garcia-Caballero T, Busteros JI, Burgos E,
Company M, Landolfi S, Ruiz I, Gonzalez-Carrero J, Ortiz Duran
RM, Ibanez Martinez J, Martinez C, Iglesias M, Florez MdP,
Peligros I, Rodriguez R, Musulen E, Leon PB, Parra JF and
Vilardell F: Assessment of HER2 status from an epidemiology
study in tumor tissue samples of gastric and gastro-esophageal
junction cancer: Spanish results of the HER-EAGLE study. J Clin
Oncol (Meeting Abstracts) 30: 4089, 2012.

33 Liang JW, Zhang JJ, Zhang T and Zheng ZC: Clinicopathological
and prognostic significance of HER2 overexpression in gastric
cancer: a meta-analysis of the literature. Tumour Biol 35: 4849-
4858, 2014.

34 Hayashi M, Inokuchi M, Takagi Y, Yamada H, Kojima K, Kumagai
J, Kawano T and Sugihara K: High expression of HER3 is
associated with a decreased survival in gastric cancer. Clin Cancer
Res 14: 7843-7849, 2008.

35 Nielsen TO, Friis-Hansen L, Poulsen SS, Federspiel B and
Sorensen BS: Expression of the EGF family in gastric cancer:
downregulation of HER4 and its activating ligand NRG4. PLoS
One 9: e94606, 2014.

Received January 26, 2016
Revised March 3, 2016

Accepted March 7, 2016

ANTICANCER RESEARCH 36: 1581-1590 (2016)

1590


