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Abstract

Recent evidence suggests that trastuzumab, a monoclonal antibody which targets HER2, in 

combination with chemotherapy is a therapeutic option in patients with HER2-positive gastric or 

gastroesophageal junction cancer. Widely accepted guidelines for HER2 testing in gastric and 

gastroesophageal junction cancer have not been established. The purpose of this study was to 

analyze the incidence and patterns of HER2 expression in gastric and gastroesophageal junction 

cancer using a tissue microarray approach, which closely simulates small biopsies routinely tested 

for HER2. One hundred sixty-nine patients, including 99 primary gastric adenocarcinomas and 70 

primary gastroesophageal junction carcinomas were analyzed for HER2 overexpression by 

immunohistochemistry and HER2 gene amplification by fluorescence in situ hybridization using 

scoring schemes proposed by both American Society of Clinical Oncology/ College of American 

Pathologists (ASCO/CAP) and the results of the recently published Trastuzumab for Gastric 

cancer (ToGA) trial. In our analysis, 19 adenocarcinomas were HER2 positive, defined as either a 

HER2/CEP17 ratio > 2.2 and/or a 3+ HER2 immunohistochemistry score with either the 

ASCO/CAP or ToGA scoring schemes. Of the 19 HER2-positive adenocarcinomas, 8 (42%) 

exhibited a characteristic strongly intense basolateral membranous staining pattern which would 

be interpreted as negative (1+) using the accepted ASCO/CAP scoring scheme for HER2 

assessment in breast carcinoma, but were correctly labeled as 3+ positive using the proposed 

ToGA scoring scheme. Of the 19 HER2-positive adenocarcinomas, 8 (42%) demonstrated 

heterogeneous HER2 protein expression by immunohistochemistry. Twelve of 99 (12%) gastric 

carcinomas were positive for HER2. Of these, HER2 was more often identified in intestinal-type 

adenocarcinomas (10 of 52, 19%) compared with diffuse (2 of 34, 6%) adenocarcinoma. Seven of 

70 (10%) gastroesophageal junction carcinomas were positive for HER2 of which all were 

intestinal type (7 of 58, 12%). HER2 status or primary tumor site did not correlate with patient 

survival. Gastric and gastroesophageal junction adenocarcinomas typically display a characteristic 
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basolateral membranous pattern of HER2 expression which is often heterogeneous rendering 

routine evaluation of HER2 status on small tissue samples challenging.
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Gastric and gastroesophageal junction adenocarcinomas constitute a major health problem 

worldwide. Gastric cancer is the fourth most prevalent malignancy and the second leading 

cause of cancer death worldwide.1 In the United States, an estimated 2100 cases of gastric 

cancer will be diagnosed and 10,570 patients will die from this disease in 2010.2 Carcinoma 

of the esophagus and gastroesophageal junction is overall less common, but the incidence 

has risen faster than any other malignancy in the last 25 years in the United States and other 

Western countries.3 For localized disease, adjuvant treatment is multidisciplinary and 

usually includes a combination of surgery, radiation, and chemotherapy. The INT 00164 and 

Medical Research Council Adjuvant Gastric Infusional Chemotherapy5 trials established 

perioperative chemoradiation as the standard of care over surgery alone for resectable 

gastroesophageal junction cancer. For advanced disease, there is no formal consensus or 

evidence-based rationale regarding the best chemotherapy regimen. Although treatment for 

patients with unresectable or metastatic disease remains palliative and survival rates still low, 

chemotherapy improves survival and quality of life when compared to best supportive care.6 

The median time to progression for advanced disease is 4 to 6 months and median overall 

survival (OS) is 7 to 10 months.

Until recently, targeted agents have not shown a significant survival advantage in advanced 

gastroesophageal cancers. Phase III clinical trials investigating vascular endothelial growth 

factor inhibitors and epidermal growth factor receptor inhibitors are ongoing and results with 

bevacizumab are provocative.7–9 A phase III study investigating trastuzumab was presented 

by the Trastuzumab for Gastric Cancer (ToGA) investigators first at the 2009 ASCO annual 

meeting and was then published.10 A total of 3803 patients with advanced gastric or 

gastroesophageal junction cancer were screened for HER2 by immunohistochemistry (IHC) 

or fluorescence in situ hybridization (FISH). Eight hundred ten (21%) were HER2 positive, 

594 of these were enrolled in the therapeutic study and randomized to standard therapy with 

a fluoropyrimidine and cisplatin with or without trastuzumab. The majority of all enrolled 

patients were male (77%), Asian (51%), had gastric cancer (80%), and of those patients with 

gastric cancer, the majority had intestinal-type adenocarcinoma. Patients receiving 

trastuzumab had a statistically longer median OS [13.8 vs. 11.1 mo; hazard ratio, 0.74], 

progression free survival (6.7 vs. 5.5 mo; hazard ratio, 0.71), and response rate (47% vs. 

35%). In an accompanying abstract from the same investigators, Bang et al11 reported the 

pathologic features of the ToGA population in more detail. Final data showed an overall 

HER2-positivity rate of 22% evaluated from 3803 patients. The HER2-positivity rate was 

similar between European (23.6%) and Asian (23.5%) patients. HER2-positivity rates were 

higher in gastroesophageal junction than gastric cancer (33.2% vs. 20.9%; P <0.001) and in 
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intestinal than diffuse/mixed cancer (32.2% vs. 6.1%/20.4%; P <0.001). The Hofmann et 

al12 HER2 scoring system for gastric cancer was utilized for analysis of the ToGA samples.

Although the response rate of HER2-positive gastric cancer to trastuzumab-containing 

regimen is encouraging, it remains unclear how relevant this approach may be to a 

population in the United States. In addition, as opposed to breast carcinoma, widely 

accepted and systematic guidelines for HER2 testing in gastric and gastroesophageal 

junction cancer have not been established. Herein, we (1) analyze the incidence of HER2-

positive gastric and gastroesophageal junction cancer in representative cases from our 

institution using a high-throughput tissue microarray analysis which closely simulates the 

small tissue biopsies routinely tested for HER2 in clinical practice; (2) evaluate the patterns 

of HER2 expression in gastric and gastroesophageal junction carcinoma; and (3) propose 

recommendations and an algorithmic approach for evaluating HER2 status in gastric and 

gastroesophageal junction carcinoma in routine clinical practice.

MATERIALS AND METHODS

Study Population

The clinicopathologic records and pathology slides of 169 patients with radical resection of 

primary gastroesophageal junction or gastric adenocarcinoma accessioned at the Department 

of Pathology, Stanford University Hospital from January 2000 to September 2009 were 

reviewed. The pathology reports and hospital charts were reviewed and the following 

information was obtained: type of initial surgical procedure and subsequent therapy, margin 

status, the extent of tumor invasion at initial presentation, and the presence or absence of 

lymph node metastases. Demographic and intraoperative data were obtained from hospital 

and clinic charts under the guidelines of the Stanford University Institutional Review Board. 

Clinical follow-up data were obtained by reviewing patient records and using the Social 

Security Death Index.

Tissue Microarray Construction

Four tissue microarrays containing a total of 647 tissue cores, each measuring 1.0 mm, were 

created using a tissue arrayer (Beecher Instruments, Silver Spring, MD) according to a 

previously described method.13,14 Representative areas from each invasive adenocarcinoma 

were selected for the microarray from paraffin blocks based on hematoxylin and eosin 

(H&E)-stained sections. For each adenocarcinoma, 2 distinctly different areas of invasive 

carcinoma at least 1.0 cm apart were selected for inclusion in the tissue microarray. In cases 

with mixed tumor morphology, tissue cores were selected from each morphologically 

distinct area. For gastroesophageal junction adenocarcinomas associated with Barrett 

esophagus, representative tissue cores from Barrett mucosa and Barrett esophagus-

associated dysplastic lesions were also included. Barrett esophagus-associated dysplastic 

lesions were classified into low and high grade using previously published criteria.15–18 

Tissue cores from 4 invasive breast carcinomas with known HER2 gene amplification 

identified by FISH were also included as positive controls. Negative control tissue cores 

included normal gastric oxyntic (n = 10) and antral mucosa (n = 10), esophageal squamous 
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mucosa (n = 10), small bowel mucosa (n = 10), normal tonsil (n = 3), and normal skeletal 

muscle (n = 3).

HER2 IHC

Four-micron sections of the tissue microarray were incubated with primary antibody to 

HER2 (clone A0485; Dako Hercep Test, Carpinteria, CA) and processed according to the 

manufacturer’s instructions. HER2 staining was scored by a single pathologist (R.K.P.) 

using 2 different scoring schemes. HER2 IHC was scored using the American Society of 

Clinical Oncology/College of American Pathologists (ASCO/CAP) guideline 

recommendations for HER2 testing in breast cancer as follows: 0, no staining; 1+, weak, 

incomplete membrane staining in any proportion of tumor cells; 2+, complete membrane 

staining that is either nonuniform or weak in intensity but with obvious circumferential 

distribution in at least 10% of cells or intense, complete membrane staining of 30% or fewer 

tumor cells; and 3+, uniform, intense membrane staining of > 30% of tumor cells.19 HER2 

IHC was also scored using the scoring scheme proposed by Hofmann et al12 and employed 

in the ToGA cohort of gastroesophageal junction and gastric carcinomas as follows (ToGA 

score): 0, no staining or membranous reactivity in <10% of tumor cells; 1+, weak, barely 

perceptible membranous reactivity in > 10% of tumor cells; 2+, complete or basolateral 

membranous reactivity that is either nonuniform or weak in intensity in at least 10% of cells; 

and 3+, complete or basolateral membranous reactivity of strong intensity in ≥ 10% of cells. 

Cytoplasmic reactivity without membranous staining was also separately recorded when 

present. All cases with either ASCO/CAP or ToGA 2+ or 3+ HER2 IHC scores identified on the 

tissue microarray were analyzed for HER2 IHC expression on full cross-sections of tumor.

HER2 FISH

Four-micron sections of the formalin-fixed, paraffin-embedded tissue microarray were 

pretreated by standard protocol using the VP2000 slide pretreatment instrument (Abbott 

Molecular). In brief, slides were deparaffinized with CitroSolv (Fisher Scientific), digested 

with a 10% pepsin solution at 37°C (Protease I, VP2000 Protease Buffer; Abbott 

Molecular), pretreated with a sodium thiocyanate solution at 80°C (VP2000 Pretreatment 

Solution; Abbott Molecular), refixed in 10% buffered formalin, and dehydrated in an ethanol 

series. Dried, dehydrated tissue microarray slides were hybridized with the dual-color 

PathVysion HER2/D17Z1 probe set (Abbot Molecular), sealed with rubber cement, 

denatured with a VysisHYBrite instrument at 73°C for 6 minutes and incubated for 20 hours 

at 37°C. Coverslips were gently removed, and slides washed with 2 × saline sodium citrate/ 

0.3% NP-40 at 73°C for 2 minutes, counterstained with 4’,6-diamidino-2-phenylindole and 

analyzed with an Olympus BX51 microscope equipped a × 100 oil immersion objective, 

appropriate fluorescent filters and CytoVision imaging software (Genetix). HER2 and 

CEP17 signals were enumerated in 25 cells after scanning each tissue core for areas with 

increased number of HER2 signals. A total HER2/CEP17 was calculated for each tissue 

core. For each probe, signal counts >10 were considered innumerable and scored as 10.

Cases were assigned a score based on the ASCO/ CAP guideline recommendations for 

HER2 testing in breast cancer as follows: negative, HER2/CEP17 ratio < 1.8; positive, 

HER2/CEP17 ratio >2.2; and equivocal, HER2/CEP17 ratio between 1.8 and 2.2.19 Cases 
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were also assigned a score using the ToGA FISH scoring scheme for HER2 testing in gastric 

and gastroesophageal junction cancer as follows: negative, HER2/CEP17 ratio < 2.0; and 

positive, HER2/CEP17 ratio ≥ 2.0.

Statistical Analysis

The Kaplan-Meier method was used to calculate rates of OS. Elapsed time between 

diagnosis and death or last contact was calculated and log-rank tests, calculated with SAS 

9.2 TS2M3, were used to compare the survival times for the groups. Multivariate analysis 

was not done due to the small patient numbers.

RESULTS

Clinicopathologic Characteristics

Of the 169 patients included in the tissue microarray, there were 99 primary gastric 

carcinomas and 70 primary gastroesophageal junction carcinomas. In addition included were 

16 Barrett esophagus-associated high-grade dysplastic lesions, 3 Barrett esophagus-

associated low-grade dysplastic lesions, and 27 Barrett esophagus without dysplasia. The 

mean age was 65 years (range, 23 to 93 y) with a male predominance (116 of 169; 69%). 

White race was the most common (108 of 169; 64%), followed by the Asian (33 of 169; 

19%). These sex and race patterns were different when examined by site. Male patient 

predominance was more pronounced for gastroesophageal junction carcinomas compared 

with gastric carcinomas (86% vs. 57%). A larger proportion of patients with 

gastroesophageal junction carcinomas were white (86%) compared with patients with gastric 

carcinoma (49%). Gastric carcinomas were more likely to be encountered in the Asians 

compared with patients with gastroesophageal junction carcinomas (32% vs. 1%).

Most carcinomas were intestinal-type (52 of 99, 53% of gastric tumors; 58 of 70, 83% of 

gastroesophageal junction tumors) (Table 1). Overall, most tumors were pathologic stage T3 

or T4a/T4b (141 of 169, 83%) compared with T1a/T1b or T2 tumors (28 of 169, 17%). The 

majority of carcinomas were also poorly differentiated (120 of 169, 71%) with fewer 

numbers of moderately differentiated (46 of 169, 27%) and well-differentiated (3 of 169, 

2%) carcinomas. Most tumors were surgically resected with negative microscopic margins 

(137 of 169, 81%).

Comparison of HER2 IHC Scoring Schemes

All 169 carcinomas had adequate tumor present in the tissue cores within the tissue 

microarrays. Using the ASCO/CAP IHC scoring scheme, carcinomas were more often given 

a score of 1+ (29 cases, 17%) with fewer numbers of carcinomas demonstrating 2+ (5 cases, 

3%) or 3+ (5 cases, 3%) immunoreactivity (Table 2). In contrast, using the ToGA scoring 

scheme, an increased proportion of 3+ positive carcinomas (10 cases, 6%) and 2+ positive 

carcinomas (12 cases, 7%) was identified (Table 2). The primary reason for the change in 

score designation between the 2 scoring schemes was the frequent occurrence of intense but 

incomplete HER2 membrane staining with a basolateral distribution (Fig. 1). Five cases 

were assigned a 1+ ASCO/CAP score, but were designated 3+ using the ToGA scoring 

scheme. Similarly, 7 cases were assigned a 1+ ASCO/ CAP score scheme, but were 
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designated 2+ using the ToGA scoring scheme. All 18 cases with a 1+ ToGA score were 

also assigned 1+ ASCO/CAP score. One tumor had intense cytoplasmic reactivity without 

membrane staining and was scored as negative (0) using both scoring schemes.

Comparison of HER2 FISH Scoring Schemes

Of the 169 carcinomas represented on the tissue microarrays, 164 (97%) had at least 1 tissue 

core with interpretable signals by FISH analysis, whereas 5 cases had FISH signals too faint 

to score. Using the ASCO/CAP cut-points, 16 cases (9.5%) were positive by HER2 FISH, 

whereas 5 cases (3%) demonstrated equivocal FISH results (Table 2). With the ASCO/CAP 

cut-points, FISH-positive cases had a median HER2/CEP17 ratio of 4.35 (range, 2.24 to 

7.14). The different cut-points for a positive HER2 FISH amplification between the 

ASCO/CAP and ToGA schemes resulted in discrepant results for 3 of 164 (1.8%) cases with 

all discrepant cases having HER2/CEP17 ratios between 1.8 and 2.2. Two intestinal-type 

gastric adenocarcinomas demonstrated HER2/CEP17 ratios between 1.8 and 2.0 and were 

scored as negative with the ToGA FISH scoring scheme and 1 intestinal-type gastric 

adenocarcinoma with a HER2/CEP17 ratio of 2.05 was interpreted as positive in the ToGA. 

All 3 cases were designated equivocal in the ASCO/ CAP FISH scoring scheme. In addition, 

2 cases of intestinal-type gastroesophageal carcinoma demonstrated FISH amplification 

characterized by>125 signals per 25 cells and a ratio of HER2/CEP17 ratio of approximately 

1.0.

Concordance of HER2 IHC and HER2 FISH: Significance of Heterogeneous HER2 
Immunoreactivity

The ToGA IHC scoring scheme demonstrated greater concordance with the HER2 FISH 

analysis compared with the ASCO/CAP IHC scoring scheme. With the ASCO/CAP IHC 

scoring scheme, HER2 FISH-positive cases received the following scores: 3+ (5 cases), 

2+ (2 cases), 1+ (6 cases), and 0 (3 cases) (Table 2). In contrast, with the ToGA IHC scoring 

scheme, HER2 FISH-positive cases received the following scores: 3+ (10 cases), 2+ (3 

cases), 1+ (no cases), and 0 (3 cases). Thus, the ToGA IHC scoring scheme correctly labeled 

5 additional HER2 FISH-positive carcinomas as having 3+ and 1 additional case as having 

2+ HER2 expression. No HER2 FISH-positive cases received a 1+ ToGA score as opposed 

to 6 HER2 FISH-positive cases with a 1+ ASCO/CAP score. Notably, 1 gastric diffuse-type 

adenocarcinoma exhibited strong cytoplasmic reactivity without membranous staining and 

demonstrated positive HER2 FISH amplification. In addition, 3 carcinomas had no HER2 

protein overexpression by IHC but had positive HER2 gene amplification by FISH with 

HER2/CEP17 ratios of 2.59, 2.79, and 3.73. In contrast, no cases were negative for HER2 

gene amplification by FISH but demonstrated HER2 protein overexpression by IHC.

Heterogeneous HER2 immunoreactivity was the most frequent cause of discrepant results 

between FISH and HER2 IHC (Table 3). In total, 8 of 169 (4.7%) carcinomas demonstrated 

heterogeneous HER2 immunoreactivity with some areas of tumor displaying strong HER2 

staining adjacent to areas lacking HER2 reactivity. Heterogenous HER2 staining was 

observed in following instances1: 2 gastroesophageal junction adenocarcinomas displayed 

separate and morphologically distinct tumor growth with areas demonstrating solid and/or 

complex glandular growth pattern admixed with areas demonstrating a simple tubular 
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growth pattern. HER2 IHC and HER2 FISH analysis demonstrated differences in HER2 

expression and gene amplification in the morphologically distinct areas of tumor, confirmed 

on analysis of full paraffin cross-sections of tumor (Fig. 2).2 Three gastric intestinal-type 

adenocarcinomas were positive for HER2 gene amplification by FISH in areas of the tumor 

which were negative for HER2 overexpression by IHC (Table 3). Full-section HER2 IHC 

analysis in these tumors demonstrated heterogeneous basolateral membranous HER2 

staining in 10% to 30% of the tumor cells with the HER2-positive tumor cells localized to 1 

area of the tumor; such cases would be assigned a 3+ ToGA score (Table 3).3 Two gastric 

intestinal-type adenocarcinomas demonstrated equivocal FISH results with HER2/CEP17 

ratios between 1.8 and 2.2, and 2+ HER2 expression in the tissue microarray analysis (Table 

3). On full-section HER2 IHC analysis, both cases demonstrated basolateral membranous 

reactivity in > 30% of tumor cells; however, the reactivity was heterogeneous with some 

areas of tumor negative for HER2 overexpression by IHC and other areas showing an 

intermixture of HER2-positive and HER2-negative tumor cells (Fig. 2).4 One diffuse-type 

gastric adenocarcinoma displayed only cytoplasmic HER2 IHC staining and was positive for 

HER2 gene amplification by FISH (Fig. 3). On full-section HER2 IHC analysis, this gastric 

carcinoma demonstrated heterogeneous mixed cytoplasmic and circumferential membranous 

staining in >30% (3+) of tumor cells.

Very high copy numbers of the chromosome 17 centromeric control signal (CEP17) 

complicated FISH analysis in 2 cases of intestinal-type gastroesophageal junction 

carcinoma. Both cases demonstrated equivocal FISH amplification characterized by >125 

signals per 25 cells and a ratio of HER2/CEP17 ratio of approximately 1.0. These 2 cases 

demonstrated very high copy numbers of both the CEP17 control signal and HER2 signal 

(Fig. 3). For 1 of these cases, 2+ HER2 staining was identified on the tissue microarray 

analysis; however, on full-section IHC, 3+ heterogeneous IHC staining was observed (Fig. 3, 

Table 3). The other case was entirely negative for HER2 by IHC. Of note, both cases with 

high copy numbers of both HER2 and CEP17 had received neoadjuvant chemotherapy and 

radiation.

HER2 Status and Tumor Type

For gastric carcinomas, HER2 overexpression was identified in 12 of 99 (12%) of cases 

(Table 4). Of these, HER2 FISH was more often identified in intestinal-type 

adenocarcinomas (10 of 52, 19%) compared with diffuse (2 of 34, 6%), mixed (0 of 7, 0%), 

or undifferentiated (0 of 6, 0%) carcinomas. For gastroesophageal junction carcinomas, 

HER2 overexpression was identified in 7 of 70 (10%) cases of which all were intestinal type 

(7 of 58, 12%) (Table 5). Carcinomas with diffuse (1 case), mixed intestinal and diffuse (9 

cases), or neuroendocrine (2 cases) were negative for HER2 by both FISH and IHC.

Twenty-eight (39%) gastroesophageal junction carcinomas were associated with Barrett 

esophagus or Barrett-related dysplastic lesions. Three Barrett-associated intestinal-type 

adenocarcinomas demonstrated HER2 FISH amplification and 3+ HER2 staining by IHC. 

Overall, high-grade dysplastic lesions (16 cases), low-grade dysplastic lesion (3 cases), and 

Barrett mucosa without dysplasia (27 cases) were negative for HER2 FISH amplification. 

One high-grade dysplastic lesion adjacent to a HER2 positive Barrett-associated intestinal-
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type adenocarcinoma (HER2/CEP17 ratio, 7.14) demonstrated 2+ HER2 immunoreactivity, 

but was negative for HER2 amplification by FISH (HER2/CEP17 ratio, 1.08).

HER2 Status and Clinical Outcome

Kaplan-Meier curves for OS are shown in Figure 4. Median OS for the study population is 

34 months and 5-year survival is 25%. There were no differences in survival by site or 

HER2 status. The total number of cases with HER2 gene overexpression was too small to do 

allow further subset analysis by specific patient or tumor characteristics.

DISCUSSION

The prognostic and predictive power of HER2 gene overexpression in breast cancer has been 

well established with published guidelines for evaluating HER2 status. Recent evidence 

suggests that trastuzumab, a monoclonal antibody that targets HER2, in combination with 

chemotherapy is a therapeutic option in patients with HER2-positive advanced gastric or 

gastroesophageal junction cancers.10 However, relatively few studies have rigorously 

analyzed the currently available methods of testing and evaluating HER2 gene 

overexpression in gastric and gastroesophageal junction carcinomas.12 In addition, as the 

therapy regimen including trastuzumab for gastric and gastroesophageal junction cancer is 

typically reserved for those patients with inoperable locally advanced or metastatic disease, 

HER2 assessment is typically performed on small endoscopic biopsies. Our tissue 

microarray analysis closely simulates the small tissue biopsies of upper gastrointestinal tract 

carcinomas routinely tested for HER2. The frequent occurrence of heterogeneous HER2 

expression, up to 4.7% in our series, has important implications when assessing for HER2 

overexpression in small tissue biopsies. The potential for false-negative results is increased if 

HER2 assessment is limited to small biopsy samples. In our tissue microarray analysis, 

HER2 FISH was the more robust assay as it more often identified HER2-positive 

adenocarcinomas due to frequent occurrence of heterogeneous HER2 protein IHC 

expression in gastric and gastroesophageal junction adenocarcinomas. Importantly, tumors 

with heterogeneous HER2 IHC staining often exhibited HER2 gene amplification in the 

areas lacking HER2 IHC overexpression. In addition, heterogeneous HER2 expression was 

observed in adenocarcinomas lacking morphologic heterogeneity, that is, the neoplastic 

glands demonstrating HER2 overexpression appeared histologically identical to those 

lacking HER2 overexpression and were often intermixed with each other. Interestingly, in 

the ToGA cohort, patients who had tumors demonstrating HER2 gene amplification by FISH 

but lacking HER2 protein overexpression by IHC did not appear to benefit from the addition 

of trastuzumab to their chemotherapy regimen.10 This suggests that the level of HER2 

expression, irrespective of the presence of gene amplification, predicts response to 

trastuzumab therapy. However, it is not clearly stated in the ToGA study what proportion of 

the HER2 FISH-positive/ IHC-negative cases was from surgically resected tumors versus 

biopsy samples. Results of our tissue microarray analysis suggest that small tumor samples 

which demonstrate HER2 FISH-positivity but lack HER2 protein expression when more 

thoroughly examined with whole sections of the tumor typically demonstrated areas with 

unequivocal HER2 protein overexpression, albeit focally and in reduced proportion (10% to 
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30% of tumor cells). Whether such patients would benefit from the addition of trastuzumab 

therapy to their chemotherapy regimen is not entirely clear.

Our results confirm that there are significant differences in the pattern of HER2 expression 

in gastric and gastroesophageal junction adenocarcinomas compared with breast carcinoma 

with important clinical implications for the assessment of HER2 status in gastric and 

gastroesophageal junction carcinoma. Importantly, our findings emphasize that the 

ASCO/CAP HER2 IHC scoring scheme is not applicable to gastric and gastroesophageal 

junction adenocarcinomas. First, gastric and gastroesophageal junction adenocarcinomas 

frequently lack complete membranous HER2 immunoreactivity and instead often exhibit a 

distinct basolateral membranous staining pattern, as observed by Hofmann et al.12 Our 

results confirm that the basolateral staining pattern for HER2 is commonly identified in 

gastric and gastroesophageal junction adenocarcinomas and when observed should be scored 

as 3+ positive as it is always associated with HER2 gene amplification. Second, the 

appropriate threshold for extent of tumor staining to be scored as 3+ positive staining is 

controversial. The ASCO/CAP HER2 scoring scheme for breast carcinoma set a threshold of 

>30% of tumor showing strong membrane staining for a positive result.20 One reason stated 

for increasing the threshold to 30% included the goal of decreasing the incidence of false-

positive 3+ cases with cases demonstrating strong membranous staining in <30% of the 

tumor scored as equivocal (2+). However, we observed HER2 FISH-positive gastric 

carcinomas that exhibited strong, basolateral staining in 10% to 30% of tumor cells. 

Requiring a 30% cut-point for a 3+ HER2 result is likely too restrictive and may lead to 

false-negative results in gastric and gastroesophageal junction adenocarcinomas. Rather, a 

10% threshold for 3+ positive HER2 result may be more appropriate for surgically-resected 

gastric and gastroesophageal junction adenocarcinomas. Similarly, the appropriate 

thresholds for FISH analysis are controversial. The ASCO/CAP guideline recommendations 

include an FISH equivocal category for cases with HER2/CEP17 ratios between 1.8 and 2.2. 

To our knowledge, all literature reports, including the ToGA cohort, did not include the 

equivocal FISH category and set a cut-point of 2.0 for positive HER2 amplification by FISH. 

In our study, 2 gastric carcinomas demonstrated HER2/ CEP17 ratios between 1.8 and 2.2 

and 3+ but heterogeneous HER2 IHC staining. This suggests that the FISH equivocal 

category including HER2/CEP17 ratios between 1.8 and 2.2 is useful in gastric and 

gastroesophageal junction adenocarcinomas as it identifies those patients who are potentially 

eligible for trastuzumab therapy but require more analysis, either by HER2 IHC or repeat 

HER2 FISH testing.

In our analysis, 19 of 169 (11.2%) of gastric and gastroesophageal junction carcinomas were 

HER2 positive by either IHC or FISH, one of the largest US studies to date. The reported 

frequency of HER2 overexpression in the literature varies widely with a range of HER2-

positivity rate by IHC of 6.8% to 26.8% (median, 13.6%) (Table 6). Similarly, the reported 

frequency of HER2 gene amplification by FISH in the literature varies widely from 7.1% to 

27.1% (median, 15.2%) (Table 6). Comparing the results of our analysis to other literature 

reports is complicated by the various scoring schemes with different cut-points employed in 

previously published studies, the various tumor types included in earlier analyses, and the 

inclusion of both 2+ and 3+ as indicative as being positive for HER2 overexpression in many 

studies. In our analysis, HER2-positivity rates were higher in gastric adenocarcinomas than 
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gastroesophageal junction adenocarcinomas (12 of 99, 12% vs. 7 of 70, 10%; P = 0.80). In 

contrast in the ToGA population, HER2-positivity rates were higher in gastroesophageal 

junction cancer than gastric cancer (33.2% vs. 20.9%; P <0.001). In our analysis, HER2-

positivity rates were higher in intestinal-type adenocarcinoma than diffuse-type 

adenocarcinoma (17 of 157, 10.8% vs. 2 of 44, 4.5%; P = 0.25), which was also observed in 

the ToGA population.

Our study has several limitations. First, the reason for the relatively low rate of HER2 

protein overexpression and gene amplification identified in our analysis is not entirely clear 

but may be related to our tissue microarray analysis. Although our tissue microarray 

approach closely simulates the small tissue fragments obtained by endoscopic biopsies of 

carcinomas in routine clinical practice and allowed for high-throughput testing of a large 

number of carcinoma cases, only a limited area of each tumor was present in the tissue 

microarray for HER2 IHC and FISH analyses. Given the possibility of heterogenous HER2 

overexpression and gene amplification within a tumor, we cannot entirely exclude the 

possibility of false-negative HER2 results given the limited volume of each tumor included 

in the tissue microarrays. Second, geographic and ethnic heterogeneity of tumor-associated 

aberrations exists in solid tumors and may help to explain the difference in HER2 

overexpression and amplification in various studies.35–38 However, the HER2-positivity rate 

in the ToGA population was similar between European (23.6%) and Asia (23.5%) patients. 

In addition, the differences in HER2 positivity in our study (11.2%) compared with the 

ToGA study may be related to underlying differences in race or other population 

characteristic.

On the basis of the reported experience in the literature and the results of our analysis, we 

propose the following algorithmic approach for the assessment of HER2 protein 

overexpression and gene amplification in gastric and gastroesophageal junction 

adenocarcinoma, as depicted in Figure 5. HER2 IHC in large tissue sections obtained from 

surgical resections is able to correctly identify adenocarcinomas with HER2 overexpression 

even if there is a heterogeneous HER2 expression, and we propose routine assessment of 

HER2 status by IHC in surgical resection specimens. One benefit of HER2 assessment by 

IHC over HER2 FISH gene amplification analysis is the apparent correlation between 

protein expression and response to trastuzumab therapy identified in the ToGA population. 

Importantly, tumors displaying morphologic heterogeneity with distinct tumor growth 

patterns should have IHC analysis performed on all morphologically distinct areas of tumor, 

which may entail IHC analysis on sections of tumor from >1 paraffin block. Cases with 

equivocal HER2 IHC results should be evaluated by HER2 FISH analysis. We propose an 

equivocal FISH category be employed when evaluating for HER2 gene amplification in 

gastric and gastroesophageal junction cancer, as our analysis identified adenocarcinomas 

with equivocal HER2 gene amplification, but unequivocal HER2 protein overexpression 

suggesting that these patients may benefit from trastuzumab. In small biopsy samples, to 

reduce the potential of false-negative HER2 results by IHC, all gastric and gastroesophageal 

junction adenocarcinomas with initial negative or equivocal HER2 IHC results in a small 

tissue biopsy sample should be evaluated for HER2 gene amplification by FISH (Fig. 5). 

Our tissue microarray analysis indicates that the HER2 IHC analysis of small samples of 

large tumors will result in an underestimation of the level of HER2 protein expression, as 

Kunz et al. Page 10

Appl Immunohistochem Mol Morphol. Author manuscript; available in PMC 2019 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



analysis of whole-tumor sections often display areas with unequivocal HER2 tumor 

expression. Such adenocarcinomas typically display HER2 gene amplification by FISH in 

areas of tumor lacking HER2 protein expression. In addition, adenocarcinomas 

demonstrating diffuse strong cytoplasmic HER2 immunoreactivity should also be evaluated 

by HER2 FISH, as 1 gastric diffuse-type adenocarcinoma in our analysis demonstrated this 

pattern of immunoreactivity and concurrent HER2 gene amplification. We agree with 

Hofmann et al12 that in biopsy samples, tumors with strong, membranous staining should be 

scored as positive irrespective of the extent of immunopositive cells, as tumors may display 

only focal areas with strong membranous staining in a limited biopsy sample. However, 

recently Ruschoff et al30 reasonably proposed a minimum of at least 5 cohesive tumor cells 

demonstrating strong complete or basolateral membranous staining before classifying a 

tumor as HER2 positive on small tissue biopsy samples.

Lastly, our survival analysis showed a median OS of approximately 32 months and 5-year 

survival of approximately 25%. Our data also confirm that HER2 overexpression is of no 

prognostic significance for gastric and gastroesophageal junction cancers, as no significant 

survival difference was identified between HER2-positive and HER2-negative patients. 

Previous studies have shown conflicting results when evaluating HER2 as a predictive 

biomarker. Some have shown that HER2 overexpression is associated with worse OS39–41 

whereas others, like our own study, have shown that HER2 overexpression is of no 

prognostic significance.21,25,28,42 These conflicting data may be due to low prevalence of 

HER2 in gastric and gastroesophageal junction carcinomas and differences in HER2 

assessment. Perhaps with more consistent guidelines on HER2 assessment in this disease, 

future studies will provide more clarity around this issue.
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FIGURE 1. 
Intestinal-type adenocarcinoma of the gastroesophageal junction A;hematoxylin and eosin 

(H&E), × 400) with strong basolateral membranous HER2 immunoreactivity (B, × 400) 

which would be scored as 1+ using the ASCO/CAP scoring scheme and 3+ using the ToGA 

scoring scheme. This adenocarcinoma demonstrated HER2 gene amplification by 

fluorescence in situ hybridization (C, × 100).
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FIGURE 2. 
Gastroesophageal intestinal-type adenocarcinoma demonstrating heterogeneous morphology 

with intermixed glandular (left half of image) and solid (right half of image) growth patterns 

[A;hematoxylin and eosin (H&E, × 100)]. The glandular component displayed 3+ HER2 

protein overexpression, whereas the solid component lacks HER2 protein expression (B, × 

100). Gastric intestinal-type adenocarcinoma demonstrating heterogeneous HER2 protein 

overexpression with areas exhibiting 3+ expression (right half of image) adjacent to tumor 

glands lacking HER2 expression (left half of image) (C, × 100). This gastric intestinal-type 
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adenocarcinoma with HER2 gene amplification (not shown) demonstrated strong HER2 

protein expression in only 10% to 30% of tumor cells (D, × 200). Gastric diffuse-type 

adenocarcinoma (E, H&E, × 400) demonstrating cytoplasmic HER2 protein expression in 

the tissue microarray analysis (F, × 400) and HER2 gene amplification by fluorescence in 

situ hybridization (not shown).
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FIGURE 3. 
Tissue microarray analysis of a gastroesophageal junction intestinal-type adenocarcinoma 

resected after neoadjuvant chemotherapy and radiation therapy [A;hematoxylin and eosin 

(H&E, × 400)], which demonstrated nonuniform and weak membranous HER2 staining (2+) 

(B, × 400). This adenocarcinoma displayed very high copy numbers of both the 

chromosome 17 centromere (CEP17) control signal (green) and HER2 signal (red) by 

fluorescence in situ hybridization (C, × 100). Full-section immunohistochemistry 

demonstrated 3+ heterogeneous HER2 immunohistochemical expression in this 

adenocarcinoma (D, × 100).
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FIGURE 4. 
Kaplan-Meier survival curves: (A) all patients, (B) survival by HER2 status (positive vs. 

negative), (C) survival by site (gastric vs. gastroesophageal junction). Median overall 

survival for the study population is 34 months and 5-year survival is 25%. There were no 

differences in survival by site or HER2 status.
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FIGURE 5. 
Proposed algorithm for HER2 testing in surgical resection specimens (A) and biopsy 

specimens (B).
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