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ABSTRACT

Background. Trastuzumab in association with systemic

cytotoxic chemotherapy is the standard of care for patients

with advanced HER2-positive gastric carcinoma (GC).

However, HER2 as a prognostic factor in GC remains

controversial.

Methods. HER2 overexpression and amplification was

evaluated by immunohistochemistry (IHC) and silver

in situ hybridization (SISH) in 2,798 GCs obtained from

2,727 gastrectomy and 71 open/laparoscopic biopsy spec-

imens from patients with peritoneal seeding. Regional

heterogeneity was defined as the proportion of tumor cells

showing membranous staining in 10–70 % of tumor cells.

Genetic heterogeneity was determined by the existence of

HER2/CEP17 ratio higher than 2.0 in [5 to \50 % of

tumor cells.

Results. In IHC, 184 cases (6.6 %) were 3? and 44 cases

(1.6 %) were 2?. Of 44 HER2 2? cases, SISH showed

HER2 gene amplification in 21 cases (47.7 %), chromosome

17 polysomy in six cases (13.6 %), and genetic heteroge-

neity in five cases (11.4 %). HER2 positivity found in 7.3 %

of GCs was significantly associated with older age, male

gender, intestinal histology, upper third in location, higher

lymph node stage (p \ .002), and advanced AJCC stage

(p = .033). Regional heterogeneity of HER2 was closely

associated with 2? (70.5 vs 42.9 % in 3?, p = .001) and

diffuse or mixed histologic type (p = .005).

Conclusions. Regional heterogeneity of HER2 expression

was closely associated with weak HER2 overexpression

(2?) and with diffuse or mixed histology. Polysomy of

chromosome 17 would be an important cause of HER2 2?

in IHC. Frequent HER2 positivity observed in GCs with

advanced stages suggests that HER2 may be involved in

tumor progression and poor prognosis.

Gastric cancer (GC) is the fourth most commonly

diagnosed cancer and the second leading cause of cancer-

related mortality worldwide.1 The incidence rates of GC

have large regional variations, linked to H. pylori infection,

socioeconomic status, smoking, and diet. Although, the

incidence of GC has declined steadily in several Western

countries, it remains common in many geographic regions,

including Eastern Asia.2 Actually, GC is the second most

common cancer in Asia.3 Moreover, GC is associated with

poor prognosis and early diagnosis is challenging because

most patients do not show symptoms until the later stages

of disease.4 The most effective treatment for localized GC

is surgery; however, approximately half of all patients with

advanced-stage disease experience recurrence following

curative resection. The prognosis of patients with advanced

or recurrent GC remains poor.5

Recently, the Trastuzumab for Gastric Cancer (ToGA)

trial revealed the efficacy of the humanized monoclonal

antibody against HER2 protein, trastuzumab, in patients

with advanced GC or gastroesophageal junction cancer

(GEJC).4 In the ToGA trial, 22 % of the patients with

metastatic gastric and gastroesophageal cancers were

HER2 positive.4 In recent years, the importance of HER2

gene amplification in GC has increased; however, the
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correlation of clinical and pathologic parameters with

HER2-positive GC are still debated. Moreover, the prog-

nostic significance of HER2 in GC as a predictor of poorer

outcome and a more aggressive disease form has been

controversial.6–10

In this study, we analyzed clinicopathologic features of

HER2-positive GC in a large cohort of consecutive patients

who underwent surgery and unveiled the genetic alterations

underlying HER2 weak positive (2?) GCs.

MATERIALS AND METHODS

For this study, we retrospectively searched for patients

who underwent surgery for GC from October 2009 to June

2011, and 2798 patients were retrieved from the pathology

database of Samsung Medical Center, Seoul, Korea. The

cases consisted of consecutive total/subtotal gastrectomy

specimens (n = 2,727) and open/laparoscopic biopsy

specimens from patients with peritoneal seeding (n = 71).

Clinicopathologic features recorded in surgical speci-

men included age, sex, pTNM stage (AJCC 7th edition),

tumor location (lower, middle, upper third of stomach), and

histologic type by Lauren.

IHC for HER2 (PATHWAY HER-2/neu (4B5) rabbit

monoclonal antibody, Ventana Medical Systems, Inc.,

Tucson, AZ) were performed in all cases with a BenchMark

XT automated stainer (Ventana Medical Systems, Inc.,

Tucson, AZ). The slides were examined by 2 pathologists

(JC and KMK), and immunoreactivity was graded from 0 to

3? (0, no staining or membrane staining in less than 10 % of

the tumor cells; 1?, a faint/barely perceptible membrane

staining in more than 10 % of the tumor cells; 2?, a weak to

moderate complete membrane staining in more than 10 % of

the tumor cells; 3?, a strong complete membrane staining in

more than 10 % of the tumor cells), according to the criteria

suggested by Hofmann et al. (Fig. 1).11

Silver in situ hybridization (SISH) for HER2 gene was

performed on GCs with equivocal IHC result (2?). Auto-

mated SISH was performed on the Ventana Benchmark XT

(Ventana Medical Systems, Inc., Tucson, AZ) according to

the manufacturer’s protocols for the INFORM HER2 DNA

and Chromosome 17 probes. By counting 20 tumor cells on a

high-power field (9600), mean HER2/CEP17 ratio were

calculated. The HER2/CEP17 ratio C2.0 was considered to

be HER2 gene amplified, while HER2/CEP17 ratio\1.8 was

regarded as nonamplified. If the HER2/CEP17 ratio were 1.8

or more but less than 2.0, HER2/CEP17 ratio was calculated

in 20 more tumor cells. In 40 tumor cells, when HER2/CEP17

ratio was 2.0 or more, the tumor was regarded as positive for

HER2 gene amplification (Fig. 2). Polysomy of chromosome

17 was defined as more than 3 CEP17 signals on average.

Regional heterogeneity was defined as the proportion of

tumor cells showing membranous staining in 10–70 % of

tumor cells in a representative slide from surgical speci-

mens. Genetic heterogeneity was determined by the

existence of more than 5 % but less than 50 % of tumor

cells with a HER2/CEP17 ratio higher than 2.0.12

Results of HER2 IHC and SISH were correlated with

clinicopathologic features. Statistical analyses were per-

formed using SPSS 18.0 statistical software program

(SPSS, Chicago, IL). The v-square tests (Pearson v-square

test or v-square test using linear-by-linear association)

FIG. 1 The immunohistochemical

stains for HER2 in four gastric

carcinomas. A. The tubular

adenocarcinoma, poorlydifferentiated,

with signet ring cells (diffuse-type)

showed no immunoreactivity for HER2

(score 0). Theother three carcinomas

were intestinal-type with different

HER2 intensity (B, IHC score 1?; C,

IHC score2?; and D, IHC score 3?)
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were used to analyze correlations between HER2 IHC

results and clinicopathologic parameters. The p values

below .05 were considered statistically significant results.

RESULTS

Clinicopathologic Characteristics of Patients

The age of patients ranged from 23 to 90 years (median,

59 years). Among 2,798 patients, 179 patients were under

the age of 41, 1,336 patients were from 41 to 60 years, and

1,283 patients were older than 60 years. There were more

male patient (n = 1,790) than female patients (n = 1,008),

with a male/female ratio of 1.76:1. The tumors were

located in lower third in 1,270 (46.6 %), middle third in

1,030 (37.8 %), and upper third in 329 (12.1 %), and in 98

cases (3.6 %) the location was indeterminate mostly due to

Borrmann type IV carcinoma involving more than 2 parts

of the stomach. Clinicopathologic findings of patients are

summarized in Table 1 in the online Data Supplement.

HER2 Immunohistochemistry in Gastric Carcinomas

Of 2,798 GC cases, 184 cases (6.6 %) were 3?, 44 (1.6 %)

were equivocal (2?), 274 (9.8 %) were 1?, and 2,296

(82.1 %) were negative 0 for HER2 IHC (Table 1). HER2

positivity (IHC 3? or IHC2? and HER2 gene amplification)

was found in 200 of 2,727 (7.3 %) gastrectomy and 5 of 71

(7.0 %) open/laparoscopic biopsy specimens.

HER2 positivity was significantly frequent in older age,

male gender, upper third in location, and intestinal

histologic type (p \ .001). Although HER2 overexpression

significantly correlated with higher lymph node (p = .002)

and AJCC (p = .033) stages, depth of invasion (pT stage)

did not correlate with HER2 overexpression (p = .195).

HER2 Gene Amplification in IHC 2? Gastric

Carcinomas

HER2 SISH was performed in 44 HER2 IHC 2? cases.

In SISH, the mean HER2/CEP17 ratio was 2.86 (0.9–12.0).

The HER2/CEP17 ratio was less than 2.0 in 23 cases,

greater than 4.0 in 8 cases, and in 13 cases the ratio was

C2.0 and B4.0. HER2 gene amplification was found in 21

of 44 cases (47.7 %), and 6 cases (13.6 %) were chromo-

some 17 polysomy. In these polysomy cases, the mean

CEP17 signals per nucleus were 3.52 (3.20–4.05) (Fig. 2).

When results of equivocal IHC cases had been revised

according to HER2 SISH, the final HER2 positivity in all

GC cases was 7.3 % (205 cases).

Heterogeneity of HER2

Regional heterogeneity of HER2 IHC was observed in

79 cases of 184 IHC 3? cases (42.9 %) and 31 among 44

IHC 2? cases (70.5 %). Regional heterogeneity of HER2

expression was closely associated with 2? (70.5 vs 42.9 %

in 3?, p = .001) and diffuse or mixed histologic type (68.4

and 70.0 vs 43.1 % in intestinal-type, p = .016) (Fig. 3). In

all cases with regional heterogeneity, there was no differ-

ence in the staining pattern between superficial and deep

portions of tumor.

FIG. 2 Silver in situ hybridization for

HER2 gene in gastric cancers. A, no

amplification of HER2 gene (HER2/

CEP17ratio = 1.1). B, amplification of

HER2 gene (HER2/CEP17 ratio = 6.0).

C, Chromosome 17 polysomy

withoutHER2 gene amplification

(HER2/CEP17 ratio = 1.3; average

CEP17 signals/nucleus = 4.05).

D, Geneticheterogeneity observed in

HER2 gene amplification-negative

gastric carcinoma
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Genetic heterogeneity of HER2 gene amplification was

observed in 5 of 44 SISH cases (11.4 %), in which 4 of

them were amplification negative. There was no significant

difference in clinicopathologic findings between patients

with genetic heterogeneity of HER2 gene and patients with

HER2 gene amplification (p [ .05).

HER2 in Intestinal-Type GCs

Intestinal-type GCs were prevalent in older ages, male

gender, frequent location in the lower 1/3, and lower pT,

pN, and AJCC stages (p \ .001) (Table 2 in the online

Data Supplement). The most significant clinicopathologic

characteristic influencing HER2 positivity in GC was his-

tologic type by Lauren (p \ .001). In intestinal-type GCs,

HER2 positivity was 15.0 % (174 of 1,156) vs 1.7 % (19 of

1,119) in diffuse-type.

In subanalyses of intestinal-type GCs (n = 1,156),

HER2 positivity revealed significant correlation with dee-

per invasion depth (p = .009), higher lymph node

metastasis (p \ .001), and higher AJCC stage (p \ .001)

(Table 2). However, HER2 overexpression showed no

TABLE 1 Correlations of clinicopathologic parameters with HER2 immunohistochemistry and regional heterogeneity

HER2 P value Regional heterogeneity P value

Negative Positive Absent Present

n (%) n (%) n (%) n (%)

Age \.001a .338a

B40 176 (98.3) 3 (1.7) 2 (40.0) 3 (60.0)

41–60 1261 (94.4) 75 (5.6) 48 (57.8) 35 (42.2)

C61 1156 (90.1) 127 (9.9) 68 (48.6) 72 (51.4)

Sex \.001b .836b

Male 1625 (90.8) 165 (9.2) 92 (51.4) 87 (48.6)

Female 968 (96.0) 40 (4.0) 26 (53.1) 23 (46.9)

Location .001b .441b

Lower 1164 (91.7) 106 (8.3) 56 (47.5) 62 (52.5)

Middle 969 (94.1) 61 (5.9) 34 (53.1) 30 (46.9)

Upper 296 (90.0) 33 (10.0) 24 (58.5) 17 (41.5)

Other 98 (100.0) 0 (0.0)

Histologic type by Lauren \.001b .005b

Intestinal 993 (85.9) 163 (14.1) 99 (56.9) 75 (43.1)

Mixed 386 (93.7) 26 (6.3) 9 (30.0) 21 (70.0)

Diffuse 1108 (99.0) 11 (1.0) 6 (31.6) 13 (68.4)

Other 40 (100.0) 0 (0.0)

pT stage .195a .913a

1 1496 (93.7) 100 (6.3) 56 (51.4) 53 (48.6)

2 319 (89.6) 37 (10.4) 21 (48.8) 22 (51.2)

3 373 (90.3) 40 (9.7) 24 (55.8) 19 (44.2)

4 339 (93.6) 23 (6.4) 13 (46.4) 15 (53.6)

pN stage .002a .663a

0 1714 (93.9) 111 (6.1) 61 (48.4) 65 (51.6)

1 289 (90.0) 32 (10.0) 20 (58.8) 14 (41.2)

2 217 (90.0) 24 (10.0) 14 (56.0) 11 (44.0)

3 307 (90.3) 33 (9.7) 19 (50.0) 19 (50.0)

AJCC stage .033a .435a

I 1636 (93.6) 112 (6.4) 62 (49.6) 63 (50.4)

II 398 (91.7) 36 (8.3) 22 (55.0) 18 (45.0)

III 465 (90.1) 51 (9.9) 29 (51.8) 27 (48.2)

IV 94 (94.0) 6 (6.0) 5 (71.4) 2 (28.6)

a v-square test using linear by linear association
b Pearson v-square test
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correlation with age (p = .331), sex (p = 0.125), and

tumor location in those intestinal-type GCs (p = .475).

DISCUSSION

In a large cohort of consecutive patients who underwent

surgery, we evaluated HER2 overexpression/amplification

in 2,798 GCs. HER2 positivity was observed in 7.3 % of

GCs and was significantly associated with older age, male

gender, intestinal histology, upper third in location, fre-

quent lymph node metastasis, and advanced clinical stages.

Regional heterogeneity of HER2 expression was closely

associated with 2? and diffuse or mixed histologic type.

Genetic heterogeneity of HER2 gene was observed in

11.4 % of cases.

In many previous studies with IHC and/or FISH, HER2

positivity in GC was reported in a wide range from 7 to

38 %.9,10,13–31 This variation is supposed to arise from

inconsistent HER2 IHC scoring system or random selection

of patients. In this study, we used HER2 scoring system

suggested by Hofmann et al. showing high level of con-

cordance (93.5 %) between IHC and FISH and the patients

were consecutively selected.11

The higher positive rates of HER2 in intestinal-type GC

than diffuse-type have been consistently reported, and our

results were no exception.14,16–18,20,23,28–32 On the other

hand, the correlation of HER2 positivity with other clini-

copathologic factors, including age, sex, and TNM stage

has been controversial. Higher frequency of HER2 posi-

tivity significantly correlating with older age, male gender,

upper location of tumor, lymphatic or vascular invasion,

higher T stage, lymph node metastasis, distant metastasis,

and higher TNM stage have been reported (Table 3 in the

online Data Supplement).10,15–18,20,24,26–28,31 However,

contradictory results have also been reported.13,
15–17,20,25,28–31 The positive relationship between pT stage

and HER2 was found in a previous study, in which the

number of patients was small (n = 145).16 We confirmed

that HER2 expression is related to deeper invasion depth,

frequent lymph node metastasis, and advanced disease

stages, suggesting HER2 as an indicator of tumor pro-

gression. In our previous study on advanced GCs, the

incidence of HER2 positivity was high (13.8 %).32 In

ToGA trial, 22 % of the patients with metastatic gastric

and gastroesophageal cancers were HER2 positive.4 The

results of IHC or FISH can be influenced by several factors

FIG. 3 The immunohistochemical

stains for HER2 in one gastric

carcinoma. Regional heterogeneity of

HER2 ingastric carcinoma (A) (original

magnification, x50). The tumor cells on

the right side showed

strongmembranous immunoreactivity

(C, score 3?) (original magnification,

x200), while the tumor cells on the

leftarea were negative for HER2

(B, score 0)

Gastric HER2 in a Large Cohort



such as the time until fixing the tissues, the percentage of

formalin, and duration of fixation. In this study, to avoid

tumor ischemia induced by delays in formalin fixation, the

gastric specimens were fixed no later than 2 h after

removal in 10 % buffered formalin for 12–48 h. The his-

tologic type of GC is one of the most powerful variables

related to HER2 overexpression. Actually in our study, the

ratios of intestinal type in all enrolled GCs were only 7.2 %

in patients aged B40 years, while 55.6 % of GCs in patients

[60 years were intestinal type. Moreover, intestinal-type

GCs were prevalent in male gender, frequent location in

the lower 1/3, and lower pT, pN, and AJCC stages. In this

study, there was a tendency that the percentage of intesti-

nal-type GC decreases and diffuse-type GC increases as

pathologic disease stages increase. As a result, HER2

positivity can be decreased by younger age, female gender,

and lower tumor location, while increased by higher pT

stage, pN stage, and AJCC stage. So, when a researcher

selects cases or interprets the results of HER2 on GC

samples, lack of understanding of these clinicopathologic

characteristics may lead to an inaccurate interpretation of

the results. In this study, the number of patients with stage I

was large (n = 1,748, 62.5 %) comprising more than half

of cases. Moreover, small numbers of male patients (76 %

in ToGA vs 64 % in this cohort), less-frequent intestinal

type by Lauren (75 % in ToGA vs 41 %), and frequent

location of carcinoma in the lower 1/3 may explain the low

frequency of HER2 positivity.

Regional heterogeneity of HER2 IHC was frequently

observed in GCs in 42.9 % of HER2 3? cases and 70.5 %

of HER2 2? cases. Regional heterogeneity of HER2

expression was closely associated with HER2 2? and

TABLE 2 Relationship between HER2 immunohistochemistry and clinicopathological parameters in patients with intestinal-type gastric cancer

HER2 IHC P value

Negative Positive

n (%) n (%)

Age .331a

B40 13 (100.0) 0 (0.0)

41–60 370 (86.0) 60 (14.0)

C61 610 (85.6) 103 (14.4)

Sex .125b

Male 756 (85.0) 133 (15.0)

Female 237 (88.8) 30 (11.2)

Location .475b

Lower 579 (86.4) 91 (13.6)

Middle 282 (85.5) 48 (14.5)

Upper 122 (83.6) 24 (16.4)

Others 10 (100.0) 0 (0.0)

pT stage .009a

1 636 (87.7) 89 (12.3)

2 146 (85.9) 24 (14.1)

3 142 (80.7) 34 (19.3)

4 69 (81.2) 16 (18.8)

pN stage \.001a

0 723 (88.2) 97 (11.8)

1 131 (84.5) 24 (15.5)

2 71 (79.8) 18 (20.2)

3 68 (73.9) 24 (26.1)

AJCC stage \.001a

I 708 (88.0) 97 (12.0)

II 158 (85.9) 26 (14.1)

III 122 (75.8) 39 (24.2)

IV 5 (83.3) 1 (16.7)

a v-square test using linear by linear association
b Pearson v-square test
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diffuse or mixed histologic type. In intensive slide review,

there was no difference in the staining pattern between

superficial and deep portions of tumor. Therefore, the

determination of HER2 IHC result with endoscopic biopsy

specimen seems to be unproblematic.

In this study, we first identified that 26.1 % of the 23

HER2 nonamplified cases were polysomy of chromosome

17. While the effect of gene amplification on HER2 protein

overexpression has been well documented, the effect of

chromosome 17-copy number on the expression of HER2

protein has not been well established even in the breast

cancers.33 According to the TOGA study data, polysomy

(defined as C3 chromosome 17 signals) occurred in only

4.1 % of the entire screening population.34 Chromosome

17 polysomy, through increased HER2 gene dosage, may

impact HER2 gene and protein expression; however,

reports from the literature on this influence have been

conflicting.33 In the breast, in the absence of HER2 gene

amplification, 27 % with chromosome 17 polysomy were

scored as HER2 IHC 2? and 3? is rare (3 %). Moreover,

genetic heterogeneity of HER2 gene amplification was

observed in 11.4 % of IHC 2? cases. Although the number

of examined cases is small, we first identified that genetic

heterogeneity and polysomy of chromosome 17 would be

an important underlying cause of weak HER2 overex-

pression (2?) in HER2 gene nonamplified cases.

Moreover, polysomy 17 was exclusively found in HER2

gene nonamplified cases, suggesting that the mechanism of

HER2 amplification is independent of polysomy 17.

Although we did not perform survival analyses because

of too short follow-up period, the correlation of HER2

positivity and advanced tumor stages of GC proposes a

hypothesis that HER2 positivity may be related to disease

progression and poor prognosis. In previous studies,

despite some opposite reports, same as in breast cancer,

HER2 positivity generally revealed an adverse outcome in

GCs.7–9,13,14,19,20,23,24,26–28,30

In conclusion, regional heterogeneity of HER2 expres-

sion was closely associated with HER2 2? expression and

with diffuse histology. Polysomy of chromosome 17 would

be an important cause of HER2 IHC 2? in IHC. Frequent

HER2 positivity observed in GCs with advanced stages

suggests that HER2 may be involved in tumor progression

and poor prognosis.
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