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Correlation between HER2 Overexpression and 
Clinicopathological Characteristics in Gastric Cancer Patients 

Who Have Undergone Curative Resection
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Hee Kyung Jang1, Sang-Ho Lee, Song I Yang, and Jeong Hoon Kim
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Purpose: At present, a human epidermal growth factor receptor 2 (HER2)-based concept of tumor biology has been established, and 
trastuzumab (Herceptin®; Genentech/Roche, San Francisco, CA, USA), a monoclonal humanized antibody directed against HER2, is 
a pivotal agent for the management of HER2 positive (HER2+) metastatic breast cancer. It is also known that HER2 has a predictive 
value in gastric cancer; however, its association with the prognosis of this disease remains uncertain. The purpose of this study was to 
evaluate both the relationship between HER2 overexpression in the tumors of gastric cancer patients, and the prognosis of these patients 
who have had curative resection.
Materials and Methods: A total of 139 consecutive patients with gastric cancer who underwent surgery at the Kosin University Gospel 
Hospital between October 2011 and March 2012 were included in this retrospective study. All tumor samples were examined for HER2 
expression by immunohistochemistry. A retrospective review of the medical records was conducted to determine the correlation between 
the presence of HER2 overexpression and clinicopathological factors.
Results: The HER2+ rate was 15.1%. HER2 overexpression was associated with histological grade (P=0.044) and Lauren classifica-
tion (P=0.036). There was no significant difference in the 2-year overall survival between HER2+ and HER2- patients (P=0.396). 
Multivariate analysis showed that HER2 was not an independent prognostic factor.
Conclusions: HER2 overexpression in tumors was associated with histological grade and Lauren classification in gastric cancer patients 
with curative resection. However, HER2 was not an independent prognostic factor for gastric cancer in our study.
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Introduction

Gastric cancer is one of the most common and aggressive 

carcinomas worldwide with a high mortality, especially in South 

Korea. The trastuzumab for gastric cancer (ToGA) trial, has as-

sessed human epidermal growth factor receptor 2 (HER2)-targeting 

agents for treating advanced gastric cancer;1,2 and HER2 evaluation 

is an important approach for predicting patient response to HER2-

targeting agents. Although many studies have previously evaluated 

HER2 status in gastric cancer, the patient cohorts and scoring cri-

teria have varied, resulting in discrepancies in HER2 positivity that 

have ranged from 8.2% to 53.4%.3 The HER2 status of South Ko-

rean gastric cancer patients currently remains uncertain. Further-

more, the association between HER2 status and prognosis in gastric 

cancer patients is even more unclear. The purpose of this study was 

to evaluate the frequency of HER2+ gastric cancer, by applying the 

standard scoring criteria in patients with curatively resected gastric 

cancer; and elucidating the relationships between HER2 expres-
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sion, prognosis, and clinicopathological features. 

Materials and Methods

From October 2011 to March 2012, a total of 139 consecu-

tive cases with gastric cancer treated by curative resection without 

any preoperative therapy, were retrieved from the Department of 

Surgery at Kosin University College of Medicine. The medical re-

cords and surgical specimens of these patients were retrospectively 

evaluated after obtaining approval from the Investigational Review 

Board of the Kosin University Gospel Hospital. The disease stage 

was determined according to the American Joint Committee on 

Cancer tumor size, lymph nodes affected, and metastases (TNM) 

classification.4 One patient who experienced gastric cancer recur-

rence and 4 patients with synchronous multiple primary cancers 

(e.g., thyroid cancer and colon cancer) were excluded from the 

study. The clinicopathological characteristics of each patient were 

retrieved from hospital information systems, retrospectively. Clini-

copathological parameters, including age, gender, tumor location, 

histological classification, pathological TNM stage, neural invasion, 

lymphatic invasion, and vascular invasion status were retrieved 

from medical charts or pathology reports. Histological classification 

was determined according to Lauren’s classification and the World 

Health Organization (WHO) classification.

1. Immunohistochemistry (IHC) 

Tumor tissues were fixed in 10% formalin and embedded in 

paraffin. Immunohistochemical staining was carried out using anti-

HER2/neu (Dako, Glostrup, Denmark) as the primary antibody 

for c-erbB-2. After using a microtome to cut 4 mm-thick tissue 

sections, the sections were immersed in xylene solution to remove 

residual paraffin and hydrated in an alcohol series. Sections were 

boiled for 5 minutes in citrate buffer (pH 6.0) to retrieve antigenic-

ity and left for 30 minutes at room temperature. After exhausting 

Fig. 1. Immunohistochemical analysis of human epidermal growth factor receptor 2 protein expression (×200). (A) Immunostaining shows no 
staining on tumor cell membrane. (B) Immunostaining shows positive reaction (1+). (C) Immunostaining shows positive reaction (2+). (D) Immu-
nostaining shows positive reaction (3+) with complete or basolateral membraneous staining.
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endogenous peroxidase for 10 minutes with H2O2 in methyl alco-

hol, sections were washed thrice with phosphate-buffered saline 

(PBS). Under room temperature conditions, sections were blocked 

for 30 minutes with blocking solution (HistostainTM kit; Zymed 

Company, San Francisco, CA, USA), and then incubated with anti-

HER2/neu (1 : 200; Dako). After rinsing thrice with PBS, sections 

were incubated with biotinylated anti-mouse immunoglobulin G 

(1 : 300; Zymed Company), washed, and incubated with avidin-

alkaline phosphatase for 7 minutes at 40oC. Next, sections were vi-

sualized with red chromogen at 40oC and counterstained using the 

Mayer hematoxylin method, before being mounted and observed 

under light microscopy. 

2. Assessment of HER2 expression

The amended c-erbB-2 scoring system was applied according 

to location and degree of completion of staining: 0 points: staining 

of membrane was ≤10%; 1 point: incomplete membrane stain-

ing was ＞10%; 2 points: weak-to-moderate complete staining 

of the membrane; and 3 points: strong or complete staining of the 

membrane. An IHC score of 3+, or an IHC score of 2+ and HER2 

gene amplification as detected by double-color fluorescent in situ 

hybridization (FISH), were defined as overexpression of HER2 (Fig. 

1). 

3. Follow-up and statistical analysis

According to the study method, the Institutional Ethics Com-

mittee of the Kosin University Gospel Hospital approved the col-

lection of survival information, for the 139 patients. Patients were 

asked to return for follow-up every 6 months for oncological as-

sessment.

Data analysis was conducted using PASW Statistical Software 

version 18 (IBM Co., Armonk, NY, USA). The chi-squared test 

Table 1. Patient demographics and tumor-related factors in 139 patients with curative resection

Variable Number (%) Variable Number (%)

Gender

      Male 90 (64.7)

      Female 49 (35.3)

Location

      Upper 22 (15.8)

      Middle 40 (28.8)

      Lower 76 (54.7)

      Whole stomach 1 (0.7)

Operation

      Total gastrectomy 29 (20.9)

      Subtotal gastrectomy 110 (79.1)

HER2

      Negative 118 (84.9)

      Positive 21 (15.1)

WHO classification

      Well 74 (53.2)

      Moderate 9 (6.5)

      Poorly 56 (40.3)

Depth of tumor (T)*

      T1a 96 (69.1)

      T1b 17 (12.2)

      T2 0 (0.0)

      T3 16 (11.5)

      T4a 10 (7.2)

Nodal stage (N)*

      N0 108 (77.7)

      N1 14 (10.1)

      N2 3 (2.2)

      N3 14 (10.1)

Pathological TNM stage*

      I 103 (74.1)

      II 19 (13.7)

      III 17 (12.2)

Neural invasion

      No 112 (80.6)

      Yes 27 (19.4)

Lymphatic invasion

      No 104 (74.8)

      Yes 35 (25.2)

Vascular invasion

      No 132 (95.0)

      Yes 7 (5.0)

HER2 = human epidermal growth factor receptor 2; WHO = World Health Organization. *Classification according to the standard of TNM stage. 
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and Kruskal-Wallis test were carried out to compare the distribu-

tions of HER2 status and clinicopathological factors. The chi-

squared test and the logistic regression test were used to investigate 

the association between HER2 status and each clinicopathological 

variable. Survival analysis was carried out using the Kaplan-Meier 

method and multivariate survival analysis was conducted using 

COX proportional hazards regression models. All significance tests 

were two-sided and a P-value of ＜0.05 was considered statistically 

significant.

Results

1. Demographic characteristics

Of the 139 cases enrolled in this study, there were 90 men 

Table 2. Correlation of HER2 overexpression with demographics and tumor-related factors

Variable

HER2+

P-value Variable

HER2+

P-valuePositive 
(n=21)

Negative 
(n=118)

Positive 
(n=21)

Negative 
(n=118)

Age (yr) 60.71±8.91 60.16±11.95 0.020

      <60 8 (10.8) 66 (89.2) 0.102

      ≥60 13 (20.0) 52 (80.0)

Gender 0.111

      Male 11 (12.2) 79 (87.8)

      Female 10 (20.4) 39 (79.6)

Location 0.866

      Upper  5 (22.7) 17 (77.3)

      Middle 3 (7.5) 37 (92.5)

      Lower 12 (15.8) 64 (84.2)

      Whole stomach 1 (0.7)  0 (0.0)

WHO classification 0.041

      Well 15 (20.3) 59 (79.7)

      Moderate  2 (22.2) 7 (77.8)

      Poorly  4 (7.1) 52 (92.9)

Lauren classification 0.044

      Intestinal 16 (20.8) 61 (79.2)

      Diffuse  4 (9.1) 40 (90.9)

      Mixed  1 (6.7) 14 (93.3)

      Indeterminate  0 (0.0)  3 (100.0)

Tumor size (cm) 0.965

      <5  4 (15.4) 22 (84.6)

      ≥5 17 (15.0) 96 (85.0)

Depth of tumor 
   (T stage)*

0.309

      T1a 12 (12.5) 84 (87.5)

      T1b 5 (29.4) 12 (70.6)

      T2 0 (0.0) 0 (0.0)

      T3 3 (18.8) 13 (81.3)

      T4a 1 (10.0)  9 (90.0)

Nodal stage (N)* 0.805

      N0 16 (14.8) 92 (85.2)

      N1 3 (21.4) 11 (78.6)

      N2 0 (0.0)  3 (100.0)

      N3 2 (14.3) 12 (85.7)

Stage (TNM)* 0.706

      I 15 (14.6) 88 (85.4)

      II  4 (21.1) 15 (78.9)

      III  2 (11.8) 15 (88.2)

Stage (TNM)* 0.789

      I 15 (14.6) 88 (85.4)

      II~III  6 (16.7) 30 (83.3)

Neural invasion 0.962

      Yes 4 (14.8) 23 (85.2)

      No 17 (15.2) 95 (84.8)

Lymphatic invasion 0.875

      Yes  5 (14.3) 30 (85.7)

      No 16 (15.4) 88 (84.6)

Vascular invasion 0.594

      Yes 0 (0.0)  7 (100.0)

      No 21 (15.9) 111 (84.1)

Values are presented as mean±standard deviation or number (%). HER2 = human epidermal growth factor receptor 2. *Classification according to 
the standard of TNM stage. 
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and 49 women, the median age of the patients at diagnosis was 

60 years (range 34~85 years), and all patients were Korean. The 

demographics and tumor-related factors are summarized in Table 

1. Seventy-six, 40, and 22 cases had a tumor located in the lower, 

middle, and upper third of the stomach, respectively. According to 

the WHO classification standards, 83 patients (59.7%) had well or 

moderately differentiated tumors and 56 patients (40.3%) had poor-

ly differentiated carcinomas. According to the pathological depth 

of tumor, 96 patients (69.1%) were pT1a, 17 (12.2%) were pT1b, 

0 (0.0%) was pT2, 16 (11.5%) were pT3, and 10 (7.2%) was pT4a. 

Regarding the tumor stage, 103 (74.1%) were stage I, 19 (13.7%) 

stage II, and 17 (12.2%) were stage III.

2. Correlation of HER2 status with clinicopatholo

gical features

The correlation between HER2 status and patient clinicopatho-

logical features is shown in Table 2. HER2 positivity was statisti-

cally associated (P=0.044) with histological grade and Lauren clas-

sification. HER2 overexpression was more frequently detected in 

intestinal-type tumors (20.8%) than in the diffuse-, mixed-, or in-

determinate-type tumors (9.1%, 6.7%, and 0.0%, respectively). The 

positivity rate of HER2 was similar between stage I and stage II to 

III diseases (14.6% and 16.7%, respectively; P=0.789). There were 

no statistically significant associations with lymph node metastasis, 

pT stage, or pN stage. The presence of HER2 overexpression in 

the tumor was not influenced by tumor location or tumor size.

3. Correlation of HER2 status with survival

A total of 139 patients were successfully followed for survival 

analysis. The median follow-up time was 23.5 months (range: 

3~27 months), and 4 patients (2.9%) died of cancer, while the re-

maining 135 patients (97.1%) were still alive at the end of the study 

period. The 2-year overall survival (OS) rates were 76.2% and 61% 

in HER2+ and HER2- patients, respectively (P=0.225). The mean 

survival time was 24.5 months (range: 22~27 months) in HER2+ 

patients, compared with 23.7 months (range: 6~27 months) in 

HER2- patients. Tumor location, Lauren classification, stage, grade, 

gender, HER2 status, lymph node metastasis, lymphatic invasion, 

and vascular invasion were included in the univariate and multivar-

iate analyses. TNM stage, N stage, lymphatic invasion, and vascular 

invasion were identified as independent risk factors for OS (P=0.012, 

0.008, 0.005, and 0.016, respectively); however, there was no sta-

tistically significant association with OS on multivariate regression 

analysis. HER2 positivity was not found to be an independent 

prognostic factor for gastric cancer (Fig. 2).

Discussion

The c-erbB-2 gene is a proto-oncogene located on chromo-

some 17. It expresses HER2/neu protein, one of the epithelial 

growth factor receptor families, and has tyrosine kinase activity, 

which mediates cancer proliferation.5 Since the overexpression of 

HER2 in gastric cancer was first published in 1986,6 many studies 

have reported the frequency of HER2 positivity in gastric cancer 

patients from various regions throughout the world. According 

to a review by Jørgensen and Hersom,3 the positivity rate ranged 

from 4% to 53% by IHC alone and from 9% to 18% when in situ 

hybridization (ISH) was included. Additionally, Sheng et al.7 re-

ported a HER2+ rate of 13%, as detected by both IHC and ISH. In 

the present study, the rate of HER2 positivity was estimated to be 

Fig. 2. Kaplan-Meier survival analysis. (A) Overall survival curves of 139 gastric cancer patients according to human epidermal growth factor re-
ceptor 2 (HER2) detection (P=0.908). (B) Recurrence-free survival (P=0.057).
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15.1%. Recently, in an open-label international phase 3 random-

ized controlled trial (ToGA) undertaken in 122 centers in 24 coun-

tries, patients with advanced gastric or gastro-esophageal junction 

carcinomas were studied in order to verify if their tumors showed 

overexpression of HER2 protein by IHC or gene amplification by 

FISH.1 In the ToGA study, the HER2+ ratio was higher in tumors 

at the gastroesophageal junction than that in gastric cancer (33.2% 

vs. 20.9%). It has been shown that the addition of trastuzumab to 

chemotherapy improved survival in patients with advanced gastric 

or gastro-esophageal junction carcinomas compared with chemo-

therapy alone.1,8-10 Of the 21 HER2+ tumors in the present study, 

16 were intestinal-type and 4 were diffuse-type according to Lau-

ren’s classification. These data are consistent with previous reports 

that the intestinal-type showed a higher rate of HER2 positivity 

than the diffuse/mixed-type.8,11-16 A strong correlation between 

HER2 positivity and intestinal histological type is also supported 

by our finding. HER2 positivity was correlated with moderate- to 

well-differentiated histology, but not associated with lymph node 

metastasis, pT, pN, or pM staging.

In breast cancer, genomic amplification and overexpression of 

the HER2 gene were also associated with poor outcomes, higher 

mortality, and increased higher recurrence and metastasis.17-19 

However, the association between HER2 status and prognosis in 

gastric cancer remains controversial, and a correlation between 

HER2 amplification or overexpression and favorable survival has 

only been shown in a few studies.20-22 Some studies have indicated 

that HER2 overexpression is strongly associated with differentiated 

or intestinal-type gastric cancers, which generally have a better 

prognosis than undifferentiated or diffuse-type cancers. This may 

be the major source of controversies surrounding the prognostic 

value of HER2 overexpression. Most published studies assessing 

this association have shown a poor prognosis in HER2+ gastric 

cancers, and although reported rates of HER2 overexpression seem 

to be very variable, there is a general agreement about a higher 

HER2 positivity in gastro-esophageal junction cancer (24%~35%) 

than in gastric carcinoma (9.5%~21%).8,23,24 In our study, no signifi-

cant difference in the 2-year OS was found between HER2+ and 

HER2- patients. Moreover, HER2 positivity was not an indepen-

dent prognostic factor by multivariate analyses.

In summary, we assessed the HER2 status in 139 samples from 

consecutive surgical cases of gastric cancer. The total HER2+ rate 

was 15.1%; and although HER2 status was found to be associ-

ated with histological grade and Lauren classification, it was not 

a prognostic marker for gastric cancer based on the results of our 

study. During the study, the HerceptinⓇ experimental group size 

(n=1) was smaller than the control group and the due to the short-

term follow-up of this group, statistical verification could not be 

accomplished. To produce successful results, long-term follow-

up should be done in the future. We recognize that this study has 

some limitations. First, the study’s follow-up-period was too short, 

and second, there was only one patient who used HerceptinⓇ. For 

the above reasons, there were limitations in analyzing the expres-

sion of HER2 and additional therapies such as chemotherapies and 

HerceptinⓇ. To overcome these limitations, we think that a further 

randomized control study design in a large population is necessary.

In summary, we assessed the HER2 status in 139 samples of 

consecutive surgical cases of gastric cancer. The total HER2+ rate 

was 15.1%. HER2 overexpression was correlated with histological 

grade and Lauren classification; however, HER2 was not a prog-

nostic marker for gastric cancer based on the results of our study.
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