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Abstract: Objective ― HER-2/neu assay in gastric cancers is routinely evaluated by immunohistochemistry and fluorescent in situ 
hybridization methods because the monoclonal antibody trastuzumab developed against HER-2/neu give rise to significant improving on 
the survival. In the HER-2/neu evaluation, some problems related to the sampling process, analysis method, tumor biology and 
heterogeinity are encountered. Our aim in the present study was to analyze these evaluation problems on endoscopic biopsy samples and 
resection materials of our cases with gastric carcinoma. 
Material and Methods ― The study included 109 gastric cancer cases. The analyses were realized on the resection materials of the 109 
cases and the endoscopic mucosa biopsies of 43 out of these 109 cases. Immunohistochemistry was applied on mucosa biopsies and, 
tumor sections of resections, while fluorescent in situ hybridization was performed on tumor sections of resections (21 cases). The assays 
results were compared with each other and clinicopathological parameters.  
Results ― Our rate of HER-2/neu positivity (IHC3+ and IHC2+/FISH+ cases) was 6.42%. The compatibility rate between the rates of 
overexpression and amplification in resections was 90.5% while the compatibility ratio between the overexpression rates of mucosa 
samples and resections was 95.4%. The false negativity rate on mucosa biopsies was detected as 4.65%. HER-2/neu status was not 
correlated with unfavorable clinicopatological features.  
Conclusion ― Our gene positivity rate was near the lower limit of the range reported in the literature. Our compatibility rate between the 
results of immunohistochemistry and fluorescent in situ hybridization was over 90%. However our false negativity rate in mucosa biopsy 
analysis was low according to the literature. In order to preclude false negativity arising from tumor heterogeinity, we think that 
immunohistochemistry should be applied on the whole section. 
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Introduction  

Gastric cancer/adenocarcinoma (GCa) is the fifth most 
common cancer in the world and the second most common cause 
of cancer related deaths worldwide [1, 2]. In our country, the 
incidence of GCa in males and females is 14.3/100,000 and 
6.5/100,000, respectively. Among the top 10 cancer types, it is 
fifth in males and sixth in females [3]. GCa frequency varies 
geographically and diet, lifestyle, economic status and H. pylori 
infection are important predisposing factors [1]. GCa incidence in 
the Western countries has declined over the past decades, but 
there has been no significant change in cancer-related mortality. 
Five-year survival rates are still between 10-30% despite 
improvements in diagnosis and treatment [4]. 

Biological heterogeneity in GCa leads to variable prognosis. 
This heterogeneity has led to analysis of some factors that may 
also be indicative of the indications of novel treatment modalities, 
other than conventional prognostic factors, such as tumor 
histological type, tumor invasion depth (TID), lymph node 

metastasis (LNM), distant metastasis. Over-amplification of the 
human epidermal growth factor receptor (HER-2/neu, c-erbB2) 
gene and overexpression of the protein encoded by this gene have 
been described in many human malignant tumors. These include 
breast, colon, lung, over and GCa [5]. 

HER-2/neu gene is mapped in 17q12-q21 and is a proto-
oncogene that encodes a transmembrane tyrosine kinase receptor 
from the epidermal growth factor receptor family at 185 kilograms 
Dalton molecular weight [6]. HER-2/neu gene 
amplification/overexpression in tumor cells plays an important 
role in cell proliferation, leading to excessive receptor expression. 
Amplification and/or overexpression in breast cancers are 
associated with LNM and unfavorable prognosis. 

Trastuzumab (Herceptin®: F Hoffmann-La Roche, Base, 
Switzerland) is a recombinant human monoclonal antibody against 
to the HER-2/neu receptor. Trastuzumab exhibits anti-tumor 
activity by inhibiting HER-2/neu-associated tumor cell 
proliferation, exhibiting antibody-dependent cytotoxicity, 
accumulating cytotoxic T-lymphocytes in the tumor region, and 
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activating apoptosis in tumor cells. It may also play a role in anti-
tumor activities by causing changes in adhesion, migration and 
differentiation processes in cells [7]. Trastuzumab is used as an 
effective treatment for HER-2/neu positive early and metastatic 
breast cancer patients due to its anti-tumor activities [8]. 

Our goals in the present study, by using methods of 
immunohistochemistry (IHC) and flouresan in situ hybridization 
(FISH) in our series, were to analyze HER-2/neu status, to compare 
to the assay results of biopsy and resection, to examine 
hetereogeinity of HER-2/neu, to reveal probable relations between 
gene status and conventional clinicopathologic parameters (CCP). 

 

Material and Methods 

Study design 

The study was realized on the paraffine blocks of 109 cases of 
primary GCa after approval from the Ethics Committee of the 
Faculty of Medicine. The cases included in the study were 
surgically resected between 2000-2014. Pathologic archive 
materials were reviewed and appropriate blocks for IHC were 
selected. CCP analyzed in the study; histological grade, tumor size, 
TID, blood and lymphatic vessel invasion, perineural/neural 
invasion, LNM and metastatic lymph node number (<10, and ≥10). 
HER-2/neu IHC analyses were performed on mucosa biopsies (in 
43 of 109 GCa cases) and tumor tissues in gastric resections (109 
GCa cases). In the study, IHC analyzes were performed on a fully 
automated IHC device of Leica brand Bond model (Leica 
Biosystems, Nussloch, Germany) by using HER-2/neu primary 
antibody (Clone; e24001+ 3B5, dilution; 1/400, antigen retriveal; 
citrate, incubation period; 30 minutes, Thermo Fisher Scientific, 
Fremeont, USA). Breast cancer tissue sample known to be HER-
2/neu positive was used as positive control. The tissue sections 
were incubated with phosphate buffer solution instead of the 
primary antibody for negative control. 

 

Evaluation of HER-2/neu immune expression 

Basal or basolateral incomplete membranous staining in U-
shape without luminal border staining of glandular cells was 
considered significant due to the natural histomorphological 
character of normal gastric mucosal glands and tumors. IHC 
analyses were performed in whole section areas of tumors due to 
HER-2/neu heterogeneity in GCa. The revised scoring system (RSS) 
of the Hercep-Test™ was used for HER-2/neu scoring in GCa 
(Table 1) [9].  

IHC0 and IHC1+ immunostainings were considered as 
"negative" while IHC3+ immunostaining was accepted as 
"positive". IHC2+ immunostaining was accepted as "equivocal 
positive" (Figure 1). IHC2+ immunostaining are directed to FISH 
analysis in general practice. HER-2/neu IHC scores on endoscopic 
mucosa biopsy samples and, tumor sections in gastric resections 
were defined by the abbreviations of biopsy-IHC (Bx-IHC) and 
resection-IHC (R-IHC), respectively. In our study, the FISH method 
for HER-2/neu was applied manually. The process was carried out 
on paraffin sections with a thickness of 3 micrometers. FISH was 
performed on the tumor sections of 21 cases showing HER-2/neu 
immune expression. FISH analysis was not performed in the cases 
without immune expression (IHC0). Zytovision brand Zytolight 
SPEC HER2/CEN17 dual color probe kit (ZytoVision, Bremerhaven, 
Germany) was used for FISH analysis. 

 

 
Figure 1. A. Weak partial membranous immunostaining in intestinal type 
adenocarcinoma with IHC1+ immune expression for HER-2/neu (DAB, 
X20). B. Moderate, weak complete/basolaretal membranous 
immunostaining in intestinal type adenocarcinoma with IHC2+ immune 
expression for HER-2/neu (DAB, X20). C. Strong complete/basolateral 
immunostaining in intestinal type adenocarcinoma with IHC 3+ immune 
expression for HER-2/neu (DAB, X20). D. Tumor showing strong complete 
membranous HER-2/neu immunostaining in endoscopic biopsy specimen 
(DAB, X4). E. Tumoral infiltration showing heterogenous immune 
expression for HER-2/neu in endoscopic biopsy specimen (DAB, X10). F. 
High magnification view of HER-2/neu positive tumor cell clone in 
endoscopic biopsy specimen (DAB, X40). 

 

 

FISH assessment 

With the use of appropriate filter sets (DAPI, FITC, Texas Red, 
TRITC and Triple filters), hybridization signals were observed in 
green and orange-yellow colors. While the green signal 
represented the HER-2/neu gene, the orange-yellow signal 
represented chromosome 17 centromere (CEN17). In cells without 
gene amplification, the HER-2 gene was represented by 2 green 
signals while the chromosome 17 centromere was marked by 2 
orange-yellow signals. On the PTT sample of the each case, at least 
20 nuclei without overlapping were assessed for FISH analysis. If 
the ratio of the number of green signals to the number of yellow 
signals was ≥2, it was considered positive for gene amplification 
(Figure 2). For the optimal evaluation, the signals had to be within 
the integrity-preserved nuclei and to be seen separately from each 
other. Chromosome 17 polysomy is a condition that can lead to 
false positive results. This condition must be defined and taken 
into account during the evaluation. If more than 6% of the counted 
tumor cells had 3 or more orange-yellow CEN17 signals, this was 
defined as the chromosome 17 polysomy [10]. The reliability of the 
hybridization results was provided by co-staining and co-
evaluating the sections and the positive/negative controls 
provided with the kit. 
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Figure 2. A. Two green signals representing HER-2/neu gene and two 
orange signals representing CEN17 in tumor cell nuclei of a case without 
HER-2/neu gene amplification (DAPI, X1000). B. The increased green 
signals forming clusters in tumor cell nuclei of a case with HER-2/neu 
gene amplification (DAPI, X1000). 

 

Statistical analysis 

Shapiro-Wilk's test of normality of continuous variables was 
examined by histogram and q-q plot graphs. The significance test 
of difference between two averages was used when looking for 
differences between two groups in terms of continuous variables. 
One-way ANOVA was used when there was a difference between 
two groups in terms of continuous variables. The relationship 
between qualitative variables was examined by Chi-square (χ2) 
tests. Quantitative variables were expressed in terms of 
arithmetic mean with standard deviation (M±SD) and qualitative 
variables in number and percentage. P-value was accepted 
statistically significant when it was calculated as less than 0.05. 
Statistical analysis was performed by using Statistical Packages for 
the Social Sciences (SPSS) version 19 commercial software (IBM 
Corp.; Armonk, NY, USA). 

 

Results 

The mean age of 109 cases was 66.9±9.8 year. Eighty cases 
(73.4%) were male and 29 (26.6%) were female. CCP data was 
given in Table 2.  

The rate of R-IHC3+ cases was 5.5% (6 cases) while there were 
only 2 cases (4.7%) wich were Bx-IHC3+. Gene amplification was 
detected in 9 of 21 cases (42.9%) that had been performed FISH 
analysis (Table 2). 

Gene amplificiation correlated with histological type. Six of 
the 21 cases which performed FISH analysis were diffuse type and 
all of these diffuse type cases were FISH negative. Nine (60%) of 
the 15 cases with intestinal type were FISH+ (p=0.019) (Table 3). 

There was no correlation between HER-2/neu status and 
tumor localization. R-IHC scores of cardia and non-cardia tumors 
were close proportions to each other. Gene amplification rates of 
cardia and non-cardia tumors were 57.1% and 35.7%, 
respectively. Although a higher gene amplification rate of cardia 
tumors, there was no statistical significance (p=0.397) (Table 4). 

Grade correlated with gene amplification. Gene amplification 
was clustered in grade II tumors. Six (66.7%) of the cases with 
amplification were grade II (χ2=6.3, p=0.043) (Table 3). 

Significant correlation was determined between IHC scores of 
resections and biopsies. R-IHC score corresponding to 32 cases 
(86.5%) with Bx-IHC0 was also IHC0. There were only 2 cases that 
they were Bx-IHC3+ and their R-IHC scores were also 3+ (χ2=43.0, 
p<0.001) (Table 4). 

In the group performed FISH analysis, all of 5 patients with Bx-
IHC0 were non-amplified while 2 patients with Bx-IHC3+ showed 
gene amplification. Two of the 3 patients with Bx-IHC1+ (66.7%) 
had gene amplification (χ2=7.2, p=0.027) (Table 4). R-IHC scores of 
these two cases were 2+ and 3+. In other words, these two cases 
were the false negative cases according to the HER-2/neu 
immunohistochemical analysis performed on endoscopic mucosa 
biopsies and therefore our false negativity (FN) ratio was 4.65%. 
HER-2/neu expressions in the resections correlated with gene 
amplification. Six cases with R-IHC3+ and one case with R-IHC2+ 
showed gene amplification. Of the 14 cases with R-IHC1+, only 2 
(14.3%) showed gene amplification (χ2=14.0, p<0.001) (Table 5). 

 

Discussion 

HER-2/neu amplification/overexpression has also been 
determined in other tumors outside the breast, especially in GCa. 
HER-2/neu positivity ranged from 6.8% to 42% in the different 
GCa series [9, 11-13]. According to the method applied and 
scoring systems, there were significant differences among the 
positivity rates. HER-2/neu positivity rates ranged from 6.8% to 
34% in the studies using IHC [14, 15]. In the studies using ISH, this 
rate ranged from 7.1% to 42.6% [14, 16, 17]. HER-2/neu positivity 
rates changed in a narrower range (9.4%-15.7%) in the studies 
using the revised scorring system [18-22]. In the present study, 
our overexpression rate was 5.5% (R-IHC3+ cases). Our rate was 
lower than those of other studies using the revised scorring 
system. The most important reason might be that the proportion 
of diffuse carcinomas is as high as 35.8%. When we considered 
only intestinal carcinomas, our rate of overexpression was 8.6 % 
(only R-IHC3+ cases). Both of these rates, however, were close to 
the lower limit of the range in the literature. In our study, e2-
4001+3B5 antibody approved by FDA (Food Drug Administration) 
was used. In the literature, HercepTest™ or 4B5 antibodies were 
recommended because of their higher sensitivity and specificity 
[2]. In the present study, another reason for relatively low the R-
IHC3+ rate might be the clone we used in our study. 
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Table 1. Revised scoring system for HER-2/neu immune expression in gastric carcinoma 
Surgical specimen Biopsy Score/Assesment 

No membranous staining or staining of < 10% 
of the tumor cells 

No membranous staining or staining only in rare cells (less than 5 
cohesive cells) 

0/negative 

Recognizable, incomplete, poorly membranous staining in 
more than 10% of tumor cells 

Staining is weak or detected in only one part of the membrane of 
at least 5 cohesive cells 

1+/negative 

Complete or basolateral/lateral, moderate- weak 
membranous staining in more than 10% of tumor cells, 

Moderate/weak complete or basolateral membranous staining of 
at least 5 cohesive cells 

2+/equivocal 
positive 

Complete or basolateral/lateral, strong membranous 
staining in more than 10% of tumor cells, 

Strong complete or basolateral membranous staining of at least 5 
cohesive cells 

3+/positive 

 
Table 2. Conventional clinicopathological parameters, IHC scores and FISH 
results of the study group 

Parameters Category n % 
Gender Male 

Female 
80 
29 

73.4 
26.6 

Mean age, years 66.9±9.8  109  
Mean age of male, years  
Mean age of female, years 

66.9±10.0  
66.8±9.7  

80 
29 

73.4 
26.6 

Categorized age, years ≤65 
>65 

47 
62 

43.1 
56.9 

Tumor histological type Intestinal 
Diffuse 

70 
39 

64.2 
35.8 

Average tumor size, mm 65±28  109  
Categorized tumor size, mm ≤50 

51-69 
≥70 

44 
16 
49 

40.4 
14.7 
45.0 

Histological grade Well (Grade I) 
Moderate (Grade II) 

Poor (Grade III) 

6 
48 
55 

5.5 
44.0 
50.5 

Tumor invasion depth T2 
T3 
T4 

10 
47 
52 

9.2 
43.1 
47.7 

Lymphatic vessel invasion Absent 
Present 

19 
90 

17.4 
82.6 

Blood vessel invasion Absent 
Present 

60 
49 

55.0 
45.0 

Neural/Perineural invasion Absent 
Present 

51 
58 

46.8 
53.2 

Lymph node metastasis No metastasis 
Positive node<10 
Positive node ≥10 

18 
56 
35 

16.5 
51.4 
32.1 

Bx-IHC (HER-2/neu) Score 0 
Score 1 
Score 2 
Score 3 

37 
4 
0 
2 

86.0 
9.3 

0 
4.7 

R-IHC (HER-2/neu) Score 0 
Score 1 
Score 2 
Score 3 

88 
14 
1 
6 

80.7 
12.8 

0.9 
5.5 

FISH Negative 
Positive 

12 
9 

57.1 
42.9 

Bx-IHC, endoscopical mucosa biopsy samples immunohistochemistry score; 
R-IHC, tumor section of gastric resection immunohistochemistry score; IHC, 
immunohistovchemistry; FISH, fluorescence in situ hybridization. 

  

Jorgensen et al. [23] suggested that gene amplification rates 
changed in a narrower range (8.7%-18.1%) in their review article. 
This could be explained by the fact that ISH was a more 
quantitative method. In our series, FISH analysis was not applied 
to all cases. Gene amplification was detected in 9 (42.9%) of 21 
cases with immune expression. This rate did not represent the 
overall study group. When amplified cases were distributed 
according to R-IHC scores, the distribution was as follows; 6 
amplified cases; R-IHC3+, 1 amplified case; R-IHC2+, and 2 
amplified cases; R-IHC1+. According to these results, we accepted 

that the phenotype of R-IHC3+ and R-IHC2+/FISH+ was as actual 
positivity for HER-2/neu. According to this, we can accept that our 
current positivity rate for HER-2/neu is 6.4% (7 cases). Although 
two cases with R-IHC1+ showed amplification, they were not 
evaluated in the HER-2/neu positive category because of 
IHC1+/FISH+ phenotype had benefit from trastuzumab treatment 
in a lower rate according to the IHC2+/3+/FISH+ phenotype.  

Gastroesophageal region cancers (GERCa) had a higher HER-
2/neu positivity rate than other gastric regions [17]. HER-2/neu 
positivity rate in GERCa was 32.2% according to the ToGa study 
(the Trastuzumab for Gastric Cancer trial) [24]. We did not 
determine a significant correlation between HER-2/neu status and 
tumor location. Our HER-2/neu positivity rate (R-IHC3+ and R-
IHC2+/FISH+) in tumors with cardia location was 8.8% while this 
rate was 5.3% in cases with non-cardia location. Although gene 
amplification rates were different between cardia (57.1%) and 
non-cardia tumors (35%), there was no a statistical significance 
(p=0.397). HER-2/neu positivity rate in our cases with cardia 
location was lower than those reported in the literature. Cutsem 
et al suggested that GERCa were different from GCa with other 
location in terms of etiological and pathogenetic mechanisms. 
Higher HER-2/neu positivity rates in GERCa were explained on the 
basis of their discrete etiopathogenetic characteristics and their 
predominantly intestinal type morphology [25, 26]. 

In GCa, HER-2/neu positivity has been associated with poorer 
prognosis, more aggressive clinical course and shorter survival 
times, although there were also reports in the opposite direction 
[12, 13, 17]. The accurate assessment of HER-2/neu gene status 
has become important as it has been shown that trastuzumab 
treatment prolongs the mean survival time in patients with HER-
2/neu positive advanced GCa [27-29]. In TOGA study, HER-2/neu 
positivity rate (IHC3+ and IHC2+/FISH+ cases) was 22.1%. HER-
2/neu positivity rate in GERCa was higher than that of GCa (33% vs 
21%). Intestinal type cancers showed higher HER-2/neu positivity 
than diffuse types (31.8% versus 6.1%) [24]. Rüschoff et al 
reported that HER-2/neu positivity rate was 22.8% in their study 
[30]. This rate was very close to that (22.1%) of TOGA study [24]. In 
the same study, FISH analysis was performed in 152 cases. All of 
IHC3+ cases showed gene amplification, while 32% of IHC2+ cases 
and 5% of IHC1+ cases had gene amplification [30]. Rüschoff et al. 
concluded that 4B5 antibody was as sensitive as HercepTest ™ and 
showed higher compatibility between laboratories, and reached a 
higher rate of FISH positivity in IHC 3+ cases [30]. In our study, all 
of the cases with R-IHC2+ and 3+ showed gene amplification, 
whereas 14.3% of the IHC1+ cases (2 cases) were FISH positive. 
Our gene amplification ratio in R-IHC1+ group was higher than that 
of Rüschoff et al [30]. Our high gene amplification rate in R-IHC1+ 
group might be due to preanalytical technical reasons. 
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Table 3. HER-2/neu status in primary and mucosal tumor tissues according to tumor histological type, histological grade and tumor invasion depth 
P…s Category Tumor histological type Histological grade Tumor invasion depth 
  İntestinal Diffuse Total χ2 p Well Moderate Poor Total χ2 p T2 T3 T4 Total χ2 p 
Bx-IHC Score 0 22 (84.6) 15 (88.2) 37 (86.0) 

1.5 0.471 

2 (100) 17 (81.0) 18 (90.0) 37 (86.0) 

2.4 0.656 

8 (100) 9 (69.2) 20 (91.0) 19(76.0) 

5.2 0.264 
Score 1+ 2 (7.7) 2 (11.8) 3 (7.0) 0 2 (9.5) 2 (10.0) 4 (9.3) 0 3 (23.1) 1 (4.5) 4(16.0) 
Score 2+ 0 0 0 0 0 0 0 0 0 0 0 
Score 3+ 2 (7.7) 0 2 (4.7) 0 2 (9.5) 0 2 (4.7) 0 1 (7.7) 1 (4.5) 2(8) 
Total 26 (60.5) 17 (39.5) 43 (100) 2 (4.7) 21 (48.8) 20 (46.5) 43 (100) 8 (18.6) 13 (30.2) 22 (51.2)) 43(100) 

R-IHC Score 0 55 (78.6) 33 (84.6) 88 (80.7) 

4.3 0.229 

4 (66.7) 37 (77.1) 47 (85.5) 88 (80.7) 

5.1 0.527 

10 (100) 34 (72.4) 44 (84.6) 88 (80.7) 

6.1 0.415 
Score 1+ 8 (11.4) 6 (15.4) 14 (12.8) 1 (16.6) 6 (12.5) 7 (12.7) 14 (12.9) 0 9 (19.1) 5 (9.6) 14 (12.8) 
Score 2+ 1 (1.4) 0 1 (0.9) 0 1 (2.1) 0 1 (0.9) 0 1 (2.1) 0 1 (1.0) 
Score 3+ 6 (8.6) 0 6 (5.5) 1 (16.6) 4 (8.3) 1 (1.8) 6 (5.5) 0 3 (6.4) 3 (5.7) 6 (5.5) 
Total 70 (64.2) 39 (35.8) 109 (100) 6 (5.5) 48 (44) 55 (50.5) 109 (100) 10 (9.2) 47 (43.1) 52 (47.7) 109 (100) 

FISH Negative 6 (40.0) 6 (100) 12 (57.1) 

- 0.019 

0 5 (45.4) 7 (87.5) 12 (57.1) 

6.3 0.043 

0 7 (53.8) 5 (62.5) 12 (57.1) 

- 0.999 Positive 9 (60.0) 0 9 (42.9) 2 (100) 6 (54.6) 1 (12.5) 9 (42.9) 0 6 (46.2) 3 (37.5) 9 (42.9) 

Total 15 (71.4) 6 (28.6) 21 (100) 2 (9.5) 11 (52.4) 8 (38.1) 21 (100) 0 13 (61.9) 8 (38.1) 21 (100) 

Data presented as number and percentage – n (%). P…s, parameters; Bx-IHC, endoscopical mucosa biopsy samples immunohistochemistry score; R-IHC, tumor 
section of gastric resection immunohistochemistry score; FISH, fluorescence in situ hybridization. 

 

Table 4. HER-2/neu status in primary and mucosal tumor tissues and HER-2/neu expression and amplification according to tumor location 

Parameters Category 
Bx-IHC 

χ2 p 
Tumor location 

χ2 p 
0 1 2 3 Total Cardia Non-cardia Total 

R-IHC Score 0 32 (86.5) 1 (25) 0 0 33 (76.7) 

43.0 <0.001 

27 (79.4) 61 (81.3) 88 (80.7) 

2.3 0.517 
Score 1+ 5 (13.5) 1 (25) 0 0 6 (14.0) 4 (11.8) 10 (13.3) 14 (12.8) 
Score 2+ 0 1 (25) 0 0 1 (2.3) 1 (2.9) 0 1 (1.0) 
Score 3+ 0 1 (25) 0 2 (100) 3 (7.0) 2 (5.9) 4 (5.3) 6 (5.5) 
Total 37 (86.1) 4 (9.3) 0 2 (4.6) 43 (100) 34 (31.2) 75 (68.8) 109 (100) 

FISH Negative 5 (100) 1 (33.3) 0 0 6 (60.0) 

7.2 0.027 

3 (42.9) 9 (64.3) 12 (57.1)  
- 0.397 

Positive 0 2 (66.7) 0 2 (100) 4 (40.0) 4 (57.1) 5 (35.7) 9 (42.9) 

Total 5 (50.0) 3 (30.0) 0 2 (20.0) 10 (100) 7 (33.3) 14 (66.7) 21 (100)   

Data presented as number and percentage – n (%). Bx-IHC, endoscopical mucosa biopsy samples immunohistochemistry score; R-IHC, tumor section of gastric 
resection immunohistochemistry score; FISH, fluorescence in situ hybridization. 

 
Table 5. Comparison of HER-2/neu gene expression and amplification in 
primary tumor foci 

R-IHC Scores Score 0 Score 1 Score 2 Score 3 Total χ2 p 

FISH(-) 0 12 (85.7) 0 0 12 (57.1) 

14.0 0.001 FISH(+) 0 2 (14.3) 1 (100) 6 (100) 9 (42.9) 

Total 0 14 (66.7) 1 (4.8) 6 (28.6) 21 (100) 

Data presented as number and percentage – n (%). R-IHC, tumor section of 
gastric resection immunohistochemistry score; FISH, fluorescence in situ 
hybridization. 

 

In the ToGA study, chromosome 17 polysomy was found in 
only 4.1% of the entire population, including gene amplified cases 
[24]. In the present study, chromosome 17 polysomy was not 
detected.  

As in breast cancers, it is stated that concordance rates 
between gene amplification and IHC scores outside of IHC2+ cases 
should be above 90% [31]. Cutsem et al reported that the 
concordance rate in IHC3+ cases was 94.9%, while this rate in 
IHC1+/0 cases was 92.5% in the ToGA study [24]. Rüschoff et al 
reported a higher concordance rate (98%) [30]. In another study 
[20], the concordance rate was reported as 94.5%. Our overall 
concordance rate between IHC and FISH results in gastric 
resections was 90.5% and this was at the recommended threshold 
level (90%). Our concordance rate was 100% in R-IHC3+ cases, 
while this rate only 85.7% in R-IHC0/1+ cases. Our low 
compatibility rate in R-IHC0/1+ cases might be due to tumor 

heterogeneity beside on preanalytical technical reasons in our 
procedure of IHC. The study material within the scope of tumor 
heterogeneity might be also responsible for the different rates 
observed in different studies. The materials used in the TOGA 
study were mucosa biopsies and resection materials [24]. The 
rates of gene overexpression and amplification detected on 
mucosa biopsies were higher than those of resections. Van Cutsem 
et al reported a higher overexpression rate in resection based 
analysis (23.2% versus 19.7%) [24]. One explanation for this 
difference might be different cut-off values on mucosa biopsies 
and resection materials. While the threshold value was accepted 
as 10% in resections, a cell cluster consisting of only 5 cohesive 
cells with complet/basolateral membranous immunostaining in 
mucosa biopsies was enough for the positivity [24]. 

HER-2/neu heterogeneity in GCa raises the question of how 
much mucosa biopsy samples are necessary for accurate HER-
2/neu analysis. Six to 8 biopsy samples representing tumors are 
suggested for IHC analysis [24]. IHC analysis on 1 or 2 mucosa 
samples will be far from accurate HER-2/neu analysis due to 
heterogeneity. In one study, it was suggested at least 8 mucosa 
samples for IHC analysis [32]. In our study, IHC analysis on mucosa 
biopsies was performed in 43 cases. The number of mucosa 
samples of 43 cases changed between 1 and 14 and the mean 
number of mucosa samples was 6. This was consistent with the 
number recommended by the literature. The rate of Bx-IHC3+ 
cases was 4.7%. Our rate of Bx-IHC3+ was lower than our rate of R-
IHC3+. Our compliance rate between Bx-IHC and R-IHC was 95.4% 
(p<0.001). The rate of gene amplification corresponding to the 
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cases with Bx-IHC1+ was as high as 66.7%. This result indicated 
that the cases with Bx-IHC1+ expression represented highly 
heterogeneous tumors and were not as balanced as the cases with 
R-IHC1+.  

Tumor heterogeneity appears to be a significant factor in 
evaluating HER-2/neu gene status. The frequency of heterogeneity 
in different studies ranged from 5% to 50% [2]. This high variability 
was likely due to differences in the definition of heterogeneity. 
The heterogeneity definitions by different authors were described 
as different threshold values (such as <10%, 10%-60%, 5%-50% 
and <66% of tumor cells) of strong HER2/neu expressions [2]. In 
the literature, it has been seen that there were many studies 
which had been performed on mucosa biopsies, whole sections 
(WS) and tissue microarrays (TMA) to better understand HER2/neu 
heterogeneity [14, 22, 33]. Different results were reported 
according to material analyzed in these studies. Tumor 
heterogeneity and sampling errors in TMA were suggested as the 
reason for this difference. Despite all this, Marx et al. reported 
that GCa were homogeneous for gene amplification in the TMA-
based study [34]. In contrast, Hofmann and Lee were in an 
agreement on HER-2/neu heterogeneity of GCa [9, 35]. Fithy 
percent of the cases according to ToGA study were 
heterogeneous. IHC1+/2+ tumors were much more heterogeneous 
than IHC3+ tumors (60% vs 30) [24]. In a more comprehensive 
analysis of Warneke et al. [36], HER-2/neu positivity rates in WS 
and TMA were found as 8.1% and 6.3%, respectively. In Warneke 
et al’ study, the rates of FN and false positivity (FP) were 24% and 
3%, respectively [36]. The concordance rate between results of WS 
and TMA was 81.2% [36]. Lee et al. reported a concordance rate of 
74.1% between mucosa biopsy and WS [35]. Our FN rate in the 
mucosa biopsies was 4.65%. Warneke et al [36] suggested that 
their high FN ratio was due to sampling error that was caused by 
HER-2/neu heterogeneity. Besides avoiding unnecessary 
Trastuzumab treatment, loss of treatment chance due to false 
negativity is also a very important question. Warneke et al 
indicated that IHC analysis should be performed in WS obtained 
from resections and that it would be useful to repeat the IHC 
analysis in metastatic foci, if primary tumor focus was negative for 
HER-2/neu [36]. 

 

Conclusion  

Our HER-2/neu positivity rate was determined as 6.4% in our 
GCa cases by using IHC and FISH methods. Our compatibility rate 
between HER-2/neu overexpression and gene amplification in 
resection materials was 90.5%. Our compatibility rate between Bx-
IHC and R-IHC was 95,4%. Our rates were consistent with the 
literature data. Our FN ratio in Bx-IHC was 4.65% and it was low 
according to the literature. However, Bx-IHC1+ cases were 
evidently heterogenous for HER-2/neu expression. On the basis of 
our results, we suggest that HER-2/neu IHC should be performed 
on WS of resection materials and the assay should be repeated on 
different tumor areas of IHC negative cases. This strategy will 
greatly contribute to the detection of more patients who may 
benefit from trastuzumab treatment. 

 

Limitations 

Factors limiting our ability to comment on the results of the 
present study were as follows; although we performed HER-2/neu 
analysis on gastric resection material of 109 cases, HER-2/neu 
analysis could be carried out on endoscopic mucosa biopsies in 

only 43 cases. Other limiting factor was that FISH analysis could be 
performed in only 21 cases. Another important limiting factor was 
antibody clone we used.  
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