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HER2 Status in Gastric Adenocarcinomas Assessed by
Immunohistochemistry, Automated Silver-Enhanced In Situ
Hybridization and Fluorescence In Situ Hybridization

- Se Won Kim' + Mi Jin Gu? - Young Kyung Bae

Departments of Pathology and 'Surgery, Yeungnam University College of Medicine; 2Department
of Pathology, Daegu Fatima Hospital, Daegu, Korea

Background : Recently, many studies have focused on human epidermal growth factor recep-
tor 2 (HER?2) status in gastric cancer due to HER2-targeted therapy using trastuzumab. We
investigated HERZ2 overexpression and amplification and their concordance rate in Korean
gastric adenocarcinomas. Methods : Tissue microarrays were constructed with 232 gastric
adenocarcinoma samples. We performed immunohistochemistry (IHC), silver-enhanced in
situ hybridization (SISH) and fluorescence in situ hybridization (FISH) for HER2. Results :
IHC was negative in 94.8% (218/232), equivocal in 1.7% (4/232) and positive in 3.5% (8/232)
of cases. HERZ protein expression was heterogeneous in 75% (9/12) of IHC 2+/3+ cancers.
Gene amplification was observed in 6.5% (15/230) by SISH and the same 15 cases were also
FISH-positive. We observed HER2 amplification in 1.4%, 27.3%, 25%, and 100% of IHC 0,
1+, 2+, and 3+ gastric adenocarcinomas, respectively. The concordance rate between IHC
and SISH results was 95.7%. Conclusions : HERZ2 overexpression and amplification were
less frequent in gastric adenocarcinomas than breast carcinomas. Compared to breast carci-
noma, (1) there may be IHC-negative but gene amplification-positive cases for HER2 and (2)
frequent intratumoral heterogeneity of IHC for HER2 in gastric adenocarcinomas.
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Table 1. Case characteristics

Factors Characteristics Total
Median age (yr) 59 (28-83) 232 (100)
Gender Male 147 (63.4)
Female 85 (36.6)
Tumor location Upper 12(5.2)
Middle 84 (36.2)
Lower 135 (58.2)
Whole stomach 1(0.4)
Histology Well differentiated 36 (15.7)
Moderately differentiated 79 (34.3)
Poorly differentiated 72 (31.3)
Signet ring cell 38(16.5)
Mucinous 5(2.2)
pT classification pT1 112 (48.3)
pT2 81(34.9)
pT3 34(14.7)
pT4 5(2.2)
Lauren classification Intestinal 31(26.1)
Diffuse 48 (40.3)
Mixed 40 (33.6)
Lymph node metastasis Present 104 (45)
Absent 127 (55)

Values are presented as number (%).
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Table 2. Interpretation criteria according to the ASCO/CAP gui-
delines

Interpretation Definition
IHC
Positive (3+)  Uniform intense membrane staining of > 30% of

invasive tumor cells?®

Equivocal (2+) Weak or nonuniform, complete membrane staining
in > 10% of tumor cells

Negative (1+) Weak incomplete membrane staining in any portion
of tumor cells

Negative (0)  No staining
FISH
Positive FISH ratio® > 2.2
Equivocal FISH ratio 1.8-2.2
Negative FISH ratio < 1.8
SISHe
Positive HER2 gene copy > 6.0 or HERZ/Chr17 > 2.2
Equivocal HER2 gene copy 4.0-6.0 or HER2/Chr17 1.8-2.2
Negative HERZ2 gene copy < 4.0 or HER2/Chr17 < 1.8

*Basolateral membranous immunoreactivity of glandular cells was con-
sidered to be same as complete membranous staining according to
the consensus panel recommendations on HERZ2 scoring for gastric
cancer"; °FISH ratio means HERZ gene signals to chromosome 17 sig-
nals; “This is manufacturer’s guideline.

ASCO/CAP, American Society of Clinical Oncology/College of American
Pathologists; IHC, immunohistochemistry; FISH, fluorescence in situ hy-
bridization; SISH, silver-enhanced in situ hybridization; HER2, human
epidermal growth factor receptor 2.
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Table 3. Results of immunohistochemistry (IHC), silver-enhanced
in situ hybridization (SISH) and fluorescence in situ hybridization
(FISH) for 18 cases with IHC 2+/3+ or human epidermal growth
factor receptor 2 (HER2) gene amplification

Case IHC SISH FigH  SISHFISH
No.  Corei Core2 Core3 ratios
35 3+ 2+ 3+ (LN) Amp Amp 4.6/4.7
67 0 2+ 1+ Amp Amp 7.2/13.9
120 NA 1+ 3+ Amp Amp 5.8/6.1
145 3+ 3+ 3+ Amp Amp 9.5/14.7
179 3+ 3+ 3+ Amp Amp  12.9/15.2
182 1+ 1+ 2+ Noamp Noamp 1.7/1.7
193 2+ 2+ 0 Noamp Noamp 1.5¥1.2
206 3+ 3+ 2+ (LN) Amp Amp  10.7/125
210 2+ 2+ 1+ Equivocal Noamp 1.9Y/1.7
225 0 0 3+ (LN) Amp Amp  11.3/18
227 3+ 3+ 3+ Amp Amp  13.5/15.8
228 0 0 3+ (LN) Amp Amp  10.7/115
49 0 0 0 (LN) Amp Amp 3.6/3.0
50 1+ 0 0 Amp Amp 9.9/8.6
92 NA 0 0 Amp Amp 2.712.5
95 1+ 1+ 1+ Amp Amp 4.8/4.2
143 0 0 0 (LN) Amp Amp 3.8/2.9
209 1+ 0 1+ (LN) Amp Amp 2.3/25
“Polysomy.

NA, not available; LN, lymph node; Amp, amplification.
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Table 4. Comparison between immunohistochemistry (IHC) and
silver-enhanced in situ hybridization (SISH) results for human
epidermal growth factor receptor 2 status

SISH
HC
Negative  Equivocal Positive Total

Negative (0) 203 1 3 207 (90)

(14) 8 0 3 11(4.8)
Equivocal (2+) 2 1 1 4(1.7)
Postitive (3+) 0 0 8 8(3.5)
Total 213(92.6) 2(0.9) 15 (6.5) 230 (100)

Values are presented as number (%).
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Fig. 1. Representative immunohistochemistry (IHC) results for human epidermal growth factor receptor 2 (HERZ2) in gastric cancer. Case
120 shows heterogeneous HERZ staining within the tumor. One tissue microarray core exhibits 3+ (A) and another core exhibits 1+ on IHC
(B). Case 179 shows homogeneous staining results in different cores (C, D). Case 228 shows negative IHC result in primary gastric cancer
(E), but positive staining in a metastatic tumor of a regional lymph node (F).
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Fig. 2. Comparison between immunohistochemistry (IHC), silver-enhanced in situ hybridization (SISH) and fluorescence in situ hybridiza-
tion (FISH) results. Case 67, a well differentiated tubular adenocarcinoma (A), is negative (IHC 0/1+) for human epidermal growth factor
receptor 2 (HER2) in two of three cores (B). (C) SISH show clusters of HER2 signals in tumor cells. (D) Positive FISH result with clusters
of HERZ signals and one or two chr17 signals per tumor cell. Case 145 (E) shows homogeneous 3+ staining for HER2 IHC (F) (Contin-
ued to the next page)

HER2 34 552 27} 38%9 17%2 Jebged " & HoiFolrh
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Fig. 2. (Continued from the previous page) and positive SISH (G) and FISH (H) results. The non-neoplastic stromal cells have two signals

for HERZ (arrows).

Table 5. Clinicopathological findings according to human epi-
dermal growth factor receptor 2 (HERZ2) protein expression and
gene amplification

HERZ protein expression HER2 amplification

p p
0/1+ (%) 2+/3+ (%) yglue No(%) Yes(%) yvaue
(n=218) (n=12) (n=215) (n=15)

Gender NS NS
Male 138 (63.3) (58.3) 136 (63.3) 9(60)

~

Female 80(36.7) 5(41.7) 79(36.7) 6(40)

Tumor location NS NS
Upper 11(5) 0(0) 9(42) 2(13.3)
Middle 80(36.7) 4(33.3) 80(37.2) 4(26.7)
Lower 126 (57.8) 8(66.7) 125(58.1)  9(60)
Whole 1(05) 0(0) 1(05) 0(0)

Histology NS 0.005
Well 31(14.4) 4(33.3) 28 (13.1) 7(46.7)
Moderately 75(34.7) 4(33.3) 76(35.7) 3(20)
Poorly 71(329) 1(8.3) 70(329) 2(13.3)
SRC/Mucinous 39 (18.1) 3(25) 39(18.3) 3(20)

pT NS NS
pT1 105(48.2) 6 (50) 104 (48.4) 7 (46.7)
pT2 74(339) 6(50) 74(34.4) 6(40)
pT3 34(156) 0(0) 32(149) 2(13.3)
pT4 523 0(0) 5(23) 0(0)

Lauren classification 0.04 NS
Intestinal 26(232) 4(66.7) 26 (23.6) 4(50)
Diffuse 46 (41.1) 2(33.3) 45(409) 3(37.5)
Mixed 40(35.7) 0(0) 39(355) 1(12.5)

LN metastasis NS NS
Present 98(45.2) 6(50) 95(44.4) 9(60)

Absent 119(54.8) 6(50) 119 (55.6) 6 (40)

Values are presented as number (%).
NS, not specific; SRC, signet ring cell carcinoma; LN, lymph node.
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