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Purpose: The purpose of this study was to investigate
the prognostic significance of the expression of EGFR
and C-erbB-2 gene products by immunohistochemical
analysis for curatively resected gastric adenocarcinoma.

Materials and Methods: Between January 1996 and
December 2001, 739 patients with curatively resected
gastric cancer patients underwent imnmunohistochemical
staining for EGFR and C-erbB-2 proteins, and we retro-
spectively analyzed their correlation with the clinical
outcome.

Results: The overexpressions of EGFR and C-erbB-2
were 25.4% and 26.2%, respectively. The overexpressions
of EGFR was associated with the more poorly differentiated
tumor (p=0.000) and with neuronal invasion (p=0.03).
Overexpression of C-erbB-2 was associated with less
vascular invasion (p=0.001). Tumor depth or node
metastasis was not related to the overexpression of

INTRODUCTION

Gastric cancer is one of the most common cancers and the
second leading cause of cancer death in Korea (1). A
population-based cancer registry was established in January 1,
1997 to estimate the incidence of cancer in Daegu. The
age-standardized incidence rates (ASR) of gastric cancer were
69.0/100,000 people for males and 26.9/100,000 people for
female by the Daegu Cancer Registry in 1997~ 1998 (2).
Recently, the proportion of gastric cancer cases among all the
malignancies is declining; the annual reported cases of gastric
cancer was 24.1% of all cancers in 1990, and 20.8% of all
cancers in 2000 as reported by the Korea Cancer Registry

Correspondence: Hong Suk Song, Department of Hematooncology,
Dongsan Medical Center, Keimyung University School of
Medicine, 194 Dongsan-dong, Jung-gu, Daegu 700-712, Korea.
(Tel) 82-53-250-7436, (Fax) 82-53-250-7434, (E-mail) shs7436
@dsmc.or.kr

Received September 15, 2003, Accepted May 6, 2004

240

EGFR or C-erbB-2. The seven-year overall survival and
relapse-free survival rates were 87.2% and 75.8%, re-
spectively. Upon multivariate Cox regression analysis, the
tumor stage, tumor size and patient age were important
prognostic factors for overall survival, and tumor stage
was the important factor for relapse-free survival. Over-
expressions of EGFR or c-erbB-2 were not significant
prognostic factors.

Conclusion: Immunohistochemical staining of EGFR
and C-erbB-2 gene products were not independent prog-
nostic factors for predicting the overall survival and the
relapse-free survival in curatively resected gastric cancer.
(Cancer Research and Treatment 2004,;36:240-245)
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Program (3), and the decline is principally because of changes
in the diet and food preparation, and also the early diagnosis
of gastric cancer.

Greater insight has recently been gained into the biological
properties of tumor cells. Epidermal growth factor (EGF)
promotes the growth of cells from both an ectodermal and
mesodermal origin, and EFG plays an important role in cellular
proliferation, differentiation and tumor progression of human
gastric carcinomas (4). The EGF receptor/ligand system seems
to be involved in the regulation of gastric mucosa proliferation
and growth regulation of gastric carcinomas (5). Expression of
C-erbB-2 genes can easily be detected by immunohistochemical
methods in a variety of human malignancies including gastric
cancer. (6). C-erbB-2 has been linked to tumor progression. and
it is one of the well-known oncogenes involved in the patho-
genesis of non-small cell lung cancer. C-erbB-2 amplification
and overexpression are currently attracting a great deal of
attention because a new adjuvant therapy used against the
c-erbB-2 gene product, trastuzumab (Herceptin) has been
proved effective in treating the type of breast cancer having an
amplification and/or overexpression of c-erbB-2 (7). However,
the prognostic role of c-etbB-2 in gastric cancer as an indepen-
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dent marker of poor prognosis still has to be confirmed by
further studies.

The purpose of this study was to investigate the prognostic
significance of immunohistochemical staining of EGFR and
C-erbB-2 in curatively resected gastric adenocarcinoma.

MATERIALS AND METHODS

1) Patients and setting

From January 1996 to December 2001, 2,104 pathologically
confirmed gastric cancer patients were registered in our hos-
pital. Of these, there were 1,158 curatively resected patients,
and immunohistochemical analyses of EGFR and c-erbB-2
were performed in 739 of these patients. We reviewed the
clinicopathologic parameters of TNM stage, the World Health
Organization classification, histological grade, Lauren classi-
fication, Ming classification, vascular invasion and neuronal
invasion of these patients. Staging evaluation was done by the
guidelines of the American Joint Committee of the Cancer, Sth
edition (8).

Curative resection was defined as the removal of all gross
tumors and the demonstration of tumor-negative proximal and
distal surgical margins by microscopic examination. A total
gastrectomy was performed in 114 patients (15.4%), subtotal
gastrectomy in 625 patients (84.6%), D1 and D1+ @ resection
was performed in 232 patients (31.4%) and D2 and D 2+«
resection was performed in 507 patients (68.6%). Four hundred
ninety-five (67.0%) of these patients were male, and 244
(33.0%) of these patients were female. The median age of the
subjects was 59.0 years (the range was 19~ 80 years). The

Table 1. Clinical characteristics of curatively resected gastric
cancer patients

Number of patients 739
Sex

Male 495 (67.0%)

Female 244 (33.0%)
Age, years

Median 59.0

Range 19780

Operation method
Total gastrectomy
Subtotal gastrectomy

114 (15.4%)
625 (84.6%)

D1, DI +a 232 (31.4%)

D2, D2 +a 507 (68.6%)
Stage

T1/T2/T3/T4 380/138/218/3

NO/N1/N2 469/174/96

1A 340 (46.0%)

1B 104 (14.1%)

I 116 (15.7%)

IA 106 (14.3%)

1B 73 ( 9.9%)
Follow-up period, months

Median 37.0

Range 0.2796.7

staging was as follows; IA in 340 (46.0%) patients, IB in 104
patients (14.1%), II in 116 patients (15.7%), IIIA in 106
patients (14.3%), and IIIB in 73 patients (9.9%) (Table 1).

2) Immunohistochemical staining

Immunohistochemical staining was performed using the
avidin-biotin-peroxidase complex with monoclonal antibodies
raised against EGFR (Sigma, diluteed 1 : 500, St Louis, MO
and C-erbB-2 (NCL-L-CBI11, diluted 1 : 40, Novocastra, UK).
Representative paraffin blocks containing tumor from each case
were sectioned in 5 #m slices and affixed to slides and then
they were dried for 1 hour at 60°C. The sections were de-par-
affined in xylene and rehydrated with a descending series of
alcohol concentrations. Endogenous peroxidase activity was
blocked by 3% hydrogen peroxidase for 15 min, and this was
followed by washing with phosphate buffered saline (PBS), pH
7.2. The sections were then subjected to a heated antigen
retrieval process by autoclaving with 1% zinc sulfate solution
for 5 min. After cooling for 20 min at room temperature, the
sections were incubated with 10% normal horse serum
(Vectastain Elite kit) for 30 min. After decanting away the
excess serum, the sections were incubated with primary
antibody for 2 hour at 37°C. For the EGFR study, Sigma E2760
monoclonal antibody was used at a 1 : 500 dilution, and for
the c-erbB-2 study, the monoclonal antibody NCL-L-CB11 was
used at a 1 : 40 dilution (Novocastra, UK). The sections were
subsequently incubated with prediluted biotinylated anti-mouse
immunoglobulins (Vectastain Elite kit) for 30 min at 37°C.
After washing with PBS, the sections were reacted with
peroxidase-conjugated streptoavidin (Dako, Denmark) at a
dilution of 1: 500 for 30 min at 37°C. After washing with
PBS, the peroxidase activity was detected using 3,3’-diamino-
benzidine tetrahydrochloride (DAB), and the sections were
counterstained with Mayer’s hematoxylin.

Two pathologists, who were blind to the clinical outcome
and features of the patients, independently evaluated all the
immunohistochemical slides. The tumor cells with a positive
cytoplasmic staining for EGFR and C-erbB-2 in more than 10%
of tumor cells were interpreted as having a positive expression.

3) Statistical analysis

Statistical analysis was performed using x-2 tests to
compare percentages in the cross tabulations, and independent
sample T tests were used to compare the means. Survival
curves were generated by the Kaplan-Meier method (9), and
they were compared by using the log-rank test (10). To
determine the significant prognostic factors related to survival
and relapse-free survival, multivariate analysis was performed
with the Cox proportional hazards regression model (11). All
the significance levels refer to two-sided tests. P values less
than 0.05 were considered significant.

Statistical analyses were performed using SPSS for Windows
11.0 (Microsoft, Chicago, IL).

RESULTS

Tumor samples with positive staining for EGFR and
C-erbB-2 were found in 186 of the 732 samples (25.4%) and
193 of 738 (26.2%) samples examined, respectively (Table 2).
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Table 2. Immunohistochemical expression rates according to histologic characteristics of curatively resected gastric cancer patients

EGFR EGFR C-erbB-2 C-erbB-2

positive negative positive negative
Total 186 (25.4%) 546 (74.6%) 193 (26.2%) 545 (73.8%)
Vascular invasion Positive 61 (24.5%) 188 (75.5%) 40 (16.1%)* 209 (83.9%)*
Negative 72 (26.3%) 202 (73.7%) 75 (27.4%) 199 (72.6%)
WHO classification  Tubular 94 (24.0%) 298 (76.0%) 85 (21.6%) 308 (78.4%)
Signet-ring 30 (30.6%) 68 (69.4%) 23 (23.5%) 75 (76.5%)
Histologic grade Well differentiated 10 (12.5%) 70 (87.5%) 20 (25.0%) 60 (75.0%)
Moderate differentiated 54 (20.4%) 211 (79.6%) 76 (28.1%) 194 (71.9%)
Poorly differentiated 100 (32.7%)* 206 (67.3%)* 73 (23.8%) 234 (76.2%)
Lauren classification Intestinal 90 (23.1%) 300 (76.9%) 109 (27.7%) 285 (72.3%)
Diffuse 80 (28.4%) 202 (71.6%) 64 (22.5%) 220 (77.5%)
Neuronal invasion Positive 77 (31,7%)Jr 166 (68.3%)Jr 64 (26.3%) 179 (73.7%)
Negative 82 (23.4%) 268 (76.6%) 93 (26.6%) 257 (73.4%)

*p<0.005: neuronal invasion according to EGFR expression, Tp<0.05: histologic grade according to EGFR expression, and vascular

invasion according to C-erbB-2 expression.

Table 3. Immunohistochemical expression rates according to tumor

stage
EGFR EGFR C-erbB-2 C-erbB-2
positive negative positive negative

T1 87 (23.0%) 292 (771.0%) 101 (26.6%) 279 (73.4%)
T2 34 (25.0%) 102 (75.0%) 40 (292%) 97 (70.8%)
T3 65 (30.4%) 149 (69.6%) 50 (22.9%) 168 (77.1%)
NO 114 (24.5%) 352 (75.5%) 115 (24.5%) 354 (75.5%)
N1 42 (24.6%) 129 (75.4%) 49 (28.3%) 124 (71.7%)
N2 30 31.6%) 65 (684%) 29 (30.2%) 67 (69.8%)
1A 78 (23.0%) 261 (77.0%) 86 (25.3%) 254 (74.7%)
1B 21 (204%) 82 (719.6%) 32 (30.8%) 72 (692%)
I 37 32.5%) 77 (675%) 25 (21.7%) 90 (78.3%)
IMA 30 (288%) 74 (712%) 30 (283%) 76 (71.7%)
mB 20 (27.8%) 52 (72.2%) 20 (27.4%) 53 (72.6%)

EGFR and C-erbB-2 were expressed in the cytoplasm for all
the cases, and C-erbB-2 was more strongly expressed along the
cytoplasmic membrane.

1) Correlation with clinicopathologic parameters

According to the World Health Organization classification,
overexpression of C-erbB-2 was inversely associated with
vascular invasion; vascular invasion was detected in 34.8% of
patients with positive c-erbB-2 expressions, and in 51.2% of
patients with negative c-erbB-2 expressions (p=0.001). Positive
EGFR expressions were associated with more poorly differ-
entiated tumor; there was EGFR expression in 32.7% of poorly
differentiated tumor, 20.4% in moderately differentiated tumor
and 12.5% in well differentiated tumor, respectively (p=0.000),
and in neuronal invasions (p=0.03) (Table 2).

No significant correlation was observed for the overexpres-
sion of EGFR and C-erbB-2, and the Lauren classification, Ming
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Fig. 1. Overall survival curve of curatively resected gastric cancer
patients.

classification, depth of invasion (pT category), lymph node
involvement (pN category), and pathologic stage (Table 3).

2) Survival analysis

The 7-year overall survival rate (Fig. 1), and the relapse-free
survival rate (Fig. 2) were 87.2%, and 79.8%, respectively.
There were no significant differences in the overall survival rate
and relapse-free survival rates between patients with positive
and negative EGFR expression (p=0.954, p=0.181, respectively)
(Fig. 3, 4), and positive and negative C-erbB-2 expression
(p=0.134, p=0.982, respectively) (Fig. 5, 6). According to mul-
tivariate Cox regression analysis, the tumor stage, size and age
were important prognostic factors for overall survival, and
tumor stage was important for the relapse-free survival. Positive
expression of EGFR and C-erbB-2 were not independent
prognostic factors for survival rates (Table 4).
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Table 4. Multivariate analysis of the prognostic factors for overall survival and relapse-free survival in curatively resected gastric cancer

patients
Overall survival Relapse free survival
RR 95% CI RR 95% CI
Tumor size 1.106 1.002 1.222 1.045 0.957 1.141
Stage Ivs II 2.135 0.947 4.817 7.718 3.562 16.722
I vs. ITIA 5.796 2.874 11.689 15914 7.613 33.267
I vs. IIIB 8.095 3.856 16.995 28.101 13.121 60.184
Age 1.030 1.007 1.053 1.014 0.996 1.032
1.0 4 1.0 -
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Fig. 2. Relapse-free survival curve of curatively resected gastric
cancer patients.
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Fig. 3. Overall survival curve of curatively resected gastric cancer
patients according to EGFR expression.

Fig. 4. Relapse-free survival curve of curatively resected gastric
cancer patients according to EGFR expression.
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Fig. 5. Overall survival curve of curatively resected gastric cancer
patients according to c-erbB-2 expression.
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Fig. 6. Relapse-free survival curve of curatively resected gastric
cancer patients according to c-erbB-2 expression.

DISCUSSION

Among the various malignancies, gastric cancer is the second
most common cause of cancer death through out the world, and
the prognosis for advanced gastric cancer is still very poor. The
human C-erbB-2 gene is an oncogene encoding a 185-kDa
glycoprotein that belongs to the transmembrane type 1 tyrosine
kinase receptor family that includes the EGF receptors, HER3
and HER4. The increased expression of EGF receptor protein
in gastric cancer appears to be related to the tumor’ s biologic
aggressiveness (12). C-erbB-2 is frequently overexpressed in
the adenocarcinomas of breast, ovary, lung and stomach (6).
Although the mechanism of erbB-2 overexpression is thought
to be the result of transcriptional upregulation in many primary
human carcinomas, the expression rate of c-erbB-2 or its
mRNA level is usually lower than the level of the translated
protein (13). Immunohistochemical membrane staining for
c-erbB-2 protein has been reported to correspond well to gene
amplification and the expression of protein (14), and in the
current study, immunohistochemical staining of c-erbB-2 protein
was usually found in the cytoplasm; stronger staining on the
plasma membrane of cells in the intestinal metaplasia was found
and membrane staining was detected only in the cancer cells.

In the pervious studies, the positive rate for c-erbB-2
expression in gastric cancer was 12-34% (157 17) and the
c-erbB-2 expression rate for gastric cancer was 26.2% in our
study. In regards to the WHO histopathologic type, the rate for
positive immunohistochemical staining of the c-erbB-2 protein
was significantly higher for the tubular cell type gastric cancer
than signet ring cell type of gastric cancer (18,19). No
correlation was demonstrated in our study between the ex-
pression of c-erbB-2 and the WHO histopathologic types of
gastric cancer. The incidence of c-erbB-2 expression is higher
for the intestinal type than for the diffuse carcinoma (39.7%
vs. 18.4%) (15), but our study did not show any difference
between the Lauren classification and the C-erbB-2 expressions.
For well-differentiated adenocarcinoma, the incidence of c-erbB-2
expression was shown to be higher than for the poorly
differentiated carcinomas (20), but in our study, the expression

of c-erbB-2 and the histologic tumor grade was not related.
Vascular invasion had an inverse correlation to c-erbB-2
expression in our study; vascular invasion was detected for 34.8%
of patients with positive c-erbB-2 expression and in 51.2% of
patients with negative c-erbB-2 expressions (p=0.001).

In the previous studies, EGFR expression was positive for
38% of the gastric tumors (21), and in our study, there was
25.4% rate of expression in the gastric tumors. Positive EGFR
expressions were strongly associated with poorly differentiated
tumors, and this is a similar result as was found in Koullias’s
study (21); there was 32.7% EGFR expression in the poorly
differentiated tumor, 20.4% EGFR expression in moderately
differentiated tumor and 12.5% EGFR expression in well
differentiated tumor, respectively (p=0.000). The positive
EGFR expression in gastric cancer was correlated with the
histologic grade (p=0.000) and the neuronal invasion status
(p=0.030).

There was no significant correlation found between age, sex,
tumor size, depth of tumor invasion, lymph node metastasis and
overexpressions of c-erbB-2 and EGFR in our study of
curatively resected gastric cancer patients.

In our current study, the 7-year survival rate and relapse-free
survival rate were 87.2% and 79.8% respectively. It has been
found that patients with c-erbB-2 positive tumors had poor
survival rates in many studies (12,15,20,22), and the relative
risk of death for patients with c-erbB-2-positive tumors was
increased 5-fold (20). The c-erbB-2 marker is a useful indicator
of poor prognosis for the patients with well-differentiated
adenocarcinomas (20) but not for patients with poorly dif-
ferentiated carcinomas, and patients with c-erbB-2-positive
tumors had poor survival rates in the early stages (23), but not
in the advanced stages. However, in several Korean studies, no
significant association was found between c-erbB-2 status and
survival duration (24,25), which is the same result as found in
our study. The survival rate was significantly lower for patients
with EGFR positive tumors in several studies (12), but there
was no significant relationship between the EGFR levels of the
tumors and the overall survival in other studies (4), as was also
the case in our study.

By the multivariate Cox regression analysis, stage, tumor
size, and age were the important prognostic factors for overall
survival, and tumor stage was the important prognostic factor
for relapse-free survival. Currently, the most accurate prog-
nostic indicator for gastric cancer is the tumor stage. In our
study, there was no significant difference on the subset analysis
according to Lauren histological type.

CONCLUSIONS

The immunohistochemical staining of EGFR and c-erbB-2
were not independent prognostic factors in curatively resected
gastric cancer.
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