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Ideal number of biopsy tumor fragments for predicting HER2 
status in gastric carcinoma resection specimens
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ABSTRACT
Intratumoral heterogeneity of HER2 expression is common in gastric cancers 

and pose a challenge for identifying patients who would benefit from anti-HER2 
therapy. The aim of this study is to compare HER2 expression in biopsy and 
resection specimens of gastric carcinoma by immunohistochemistry (IHC) and 
to find the ideal number of biopsy tumor fragments that can accurately predict 
HER2 overexpression in the corresponding surgically resected specimen. The HER2 
IHC results of 702 paired biopsy and resection specimens of gastric cancer were 
compared.

The mean number of biopsy fragments among all cases was 4.3 (range 
1–11). HER2 was positive in 130 (18.5%) endoscopic biopsies and in 102 (14.5%) 
gastrectomy specimens. Intratumoral heterogeneity of HER2 was found in 80 
(61.5%) biopsies and 70 (68.6%) resection specimens. Out of the 70 surgical 
specimens with intratumoral heterogeneity, 24 (34.3%) of the corresponding 
biopsies were categorized as negative (positive conversion). In the 86 (12.3%) 
discrepant cases, negative conversion was observed in 57 (66.3%) cases and positive 
conversion in 29 (33.7%). The fragment numbers were significantly correlated with 
the discrepancy of results and positive predictability (P = 0.0315 and P = 0.0052). 
ROC curve analysis and positive predictability showed that 4 fragments should be 
obtained to minimize the differences in HER2 scores between biopsy and resection 
specimen.

In gastric carcinomas with discrepant HER2 results between biopsy and surgical 
resection specimens, intratumoral heterogeneity is common with most of them 
showing positive conversion. To predict HER2 status precisely, at least 4 biopsy 
fragments containing tumor cells are required.
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INTRODUCTION

Since its first expression characteristics were 
described in gastric cancer in 1986, human epidermal 
growth receptor 2 (HER2) has become an established 
predictive biomarker in this disease [1, 2]. Subsequent 
studies have shown that HER2 expression is more 
commonly associated with intestinal-type morphology, 
higher proliferation rates, proximal gastric location, and 
advanced tumor stage [3, 4]. Recently, HER2 targeted 
therapy has been shown to benefit patients with HER2-
positive gastric cancers [5]. Additionally, this positive 
response is correlated with higher levels of HER2 
expression [6, 7]. Therefore, an accurate assessment of 
HER2 in gastric cancer is of paramount importance for 
characterization and appropriate use of anti-HER2 therapy.

However, determining HER2 expression status 
in the practical setting presents a few challenges. One 
challenge is due to tissue sampling in biopsy specimens 
compared with the resection specimens. To ameliorate 
diagnostic accuracy and reduce discordance between 
biopsy and resection specimens, sufficient biopsy material 
is required. Several studies have compared HER2 results 
in paired biopsy and resection specimens and showed 
an overall concordance rate varying between 87 to 96%  
[8–15]. Several additional studies have proposed an 
optimal number of diagnostic biopsy fragments [8, 15] as 
well as a tumor fragment ratio to help decrease discrepant 
results [14]. However, these studies were limited as they 
were unable to find large numbers of discrepant cases 
of matched biopsy and resection specimens warranting 
further study with a much larger sample size. Ruschoff 
et al [16]. have recommended six to eight biopsy 
fragments in gastric cancer for HER2 testing while 
our group [17] has proposed four to six as acceptable. 
However, those recommendations are based on personal 
experiences and not a rigorous scientific quantitative 
assessment. Therefore, finding the ideal fragment number 
of biopsy specimens would be beneficial to accurately 
predict HER2 status, particularly when only endoscopic 
biopsy samples are available due to inoperability, which is 
frequently encountered in HER2-positive gastric cancers.

Another challenge associated with interpreting 
HER2 status in gastric cancer is the protein’s affinity for 
being heterogeneously expressed. High incidence of HER2 
heterogeneity is found in up to 79.3% of HER2-positive 
gastric cancers within the same tumor (‘intratumoral 
heterogeneity’) [9] and in up to 11% between primary 
gastric cancers and metastatic tumors (‘intertumoral 
heterogeneity’) [18]. Intratumoral heterogeneity is 
considered the main reason for discordant results 
between biopsy and resection specimens [8–13, 15]. 
Many oncologists and pathologists recognize intratumoral 
heterogeneity of HER2 and sufficient sampling is very 
important part of HER2 testing [19–22]. To determine the 
optimal number of endoscopic biopsies to predict HER2 

status in gastric cancer, HER2 IHC results between the 
biopsy and gastrectomy specimens were compared.

MATERIALS AND METHODS

Patients

Only patients with primary gastric carcinoma 
who underwent both preoperative endoscopic biopsy 
and gastric cancer resection at Samsung Medical Center 
in Seoul, Korea from January 2013 to December 2014 
were selected for this study. Patients who underwent 
preoperative chemotherapy and/or radiotherapy, or 
patients who were diagnosed with multiple gastric cancers 
were excluded. The clinicopathologic characteristics of 
702 patients are described in Table 1. The median patient 
age was 61 years (range 22–88 years), and the male/female 
ratio was 1.9:1 (456 males and 246 females).

A tumor fragment was defined as a piece of tissue 
containing 10 or more viable tumor cells in an endoscopic 
biopsy specimen as previously described [23].

Immunohistochemistry

IHC for HER2 (PATHWAY HER-2/neu (4B5) 
rabbit monoclonal antibody, Ventana Medical Systems, 
Inc., Tucson, AZ) was performed in all cases with a 
BenchMark XT automated stainer (Ventana Medical 
Systems, Inc.,Tucson, AZ). In operation specimens, 
we reviewed all hematoxylin and eosin stained tumor 
sections and selected a representative tumor block for IHC 
analysis. A gastrointestinal pathologist (KMK) evaluated 
the staining data with no previous knowledge of clinical or 
pathological parameters. HER2 IHC was scored according 
to the recently developed assessment guidelines for HER2-
associated gastric cancers [17]. In biopsy specimens, 
intratumoral heterogeneity was defined as variable HER2 
membranous staining among all submitted viable tumor 
fragments (Figure 1). In the resection specimens, it was 
defined as membranous staining in 10 ~ 90% of tumor 
cells (Figure 2). HER2 overexpression was defined as an 
IHC staining intensity of 2+ (equivocal) or 3+ [16].

Statistical methods

A two-sample T-test was used to compare the number 
of total fragments between concordant (between biopsy and 
resection results) and discordant groups as well as between 
the biopsy positive and negative groups. Linear regression 
method was used to associate the difference in HER2 score 
between biopsy and resection specimen with the number 
of total fragments. A ROC curve was constructed to find 
a cutoff value for the number of total fragments. These 
analyses were conducted using SAS version 9.4 (SAS 
Institute, Cary, NC) and R 3.1.1 (Vienna, Austria; http://
www.R-project.org) by biostatisticians (CS and JSH).
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RESULTS

Comparison of HER2 results in paired biopsy 
and resection specimens

The IHC results of 702 paired biopsy and 
gastrectomy specimens were analyzed (Table 2). In biopsy 
specimens, 572 (81.5%) cases were negative for HER2 
(0 or 1+), and 130 (18.5%) were positive (2+ or 3+). In 
surgical specimens, 600 (85.5%) were negative, and 102 
(14.5%) were positive. The total number of positive cases 
in either biopsy or resection specimens was 159 (22.6%), 
and 3+ only cases was 63 (9.0%). Despite a relatively high 
concordance (n = 616, 87.7%) between biopsy and resection 
specimens, 86 (12.3%) paired specimens showed discrepant 
results. Of these discrepant cases, negative conversion 
(positive in biopsy and negative in resection) was found in 
57 (66.3%) cases, and positive conversion was seen in 29 
(33.7%) cases. After exclusion of equivocal 2+ cases, [24] 
the concordance rate increased to 95.9% (581 of 606 cases).

Intratumoral heterogeneity in paired biopsy and 
resection specimens

Intratumoral heterogeneity was evaluated in 130 
HER2-positive biopsy specimens and 80 cases showed 
intratumoral heterogeneity (61.5%). Out of 102 HER2-
positive operation specimens, 70 cases (68.6%) showed 
heterogeneity, in which 24 (34.3%) showed discrepancy 
(positive conversion). Heterogeneity found in biopsy 
specimens was significantly correlated with its surgical 
operation specimen (P = 0.0116). Actually, for six cases 
with HER2 3+ in biopsies but negative on operation 
specimen, number of biopsy fragments were 2 (n = 1), 
3 (n = 2), 4 (n = 2) and 5 (n = 1) and all five cases with 
> 2 biopsy fragments showed intratumoral heterogeneity 
within biopsy specimens. In those 6 cases, we further 
performed IHC using all tumor blocks from operation 
specimen and found 2+ in four cases and 3+ in two cases 
with positive tumor cells ranging from 1% to 10% of 
total tumor volume. Moreover, cases with heterogeneity 

Table 1: Patients characteristics
Characteristics Number of cases (%)

Age Median (range) 61 (22–88)

Gender Male 456 (65.0)

Female 246 (35.0)

Location Lower 342 (48.7)

Middle 208 (29.6)

Upper 126 (17.9)

Whole 26 (3.7)

Histologic type by Lauren Intestinal 233 (33.1)

Mixed 111 (15.8)

Diffuse 347 (49.4)

Other 11 (1.6)

pTstage 1 227 (32.3)

2 104 (14.8)

3 177 (25.2)

4 194 (27.6)

pNstage 0 304 (43.3)

1 122 (17.4)

2 108 (15.4)

3 168 (23.9)

AJCC stage I 259 (36.9)

II 176 (25.0)

III 263 (37.5)

IV 4 (0.6)
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Figure 2: Heterogeneity of HER2 IHC staining in a resection specimen. A. Homogeneous and B. heterogeneous membranous 
staining patterns were identified.

Figure 1: Heterogeneity of HER2 IHC staining in a biopsy specimen. A. Four endoscopic biopsy fragments with tumor cells 
showing heterogeneous expression. One fragment (star) shows no staining in tumor cells B. while other three fragments stained strongly C.
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in either biopsy or operation specimens showed higher 
discrepant results compared to cases without heterogeneity 
(P = 0.0003 in biopsy, P = 0.0214 in operation) (Figure 3). 
Our findings show that the heterogeneity seen in biopsy 
specimens likely predicts heterogeneity in the operation 
specimens. Additionally, intratumoral heterogeneity is the 
likely culprit that underlies the discrepant HER2 results 
between biopsy and operation specimens.

Difference in HER2 scores in relation to the 
number of biopsy fragments

To assess the minimal requirement of biopsy 
fragments needed to accurately predict HER2 status, 
the difference in HER2 scores (HER2 score in resection 
specimen - HER2 score in the biopsy specimen) within 
the HER2-positive group was calculated (n = 159). This 

Table 2: HER2 IHC results in paired endoscopic biopsy and resection specimens
Resection specimens Biopsy specimens

Negative Positive
Total Concordance rate (%)

0 1+ 2+ 3+

Negative 0 297 105 20 6 428 90.5

1+ 78 63 20 11 172

Positive 2+ 11 10 12 13 46 71.6

3+ 3 5 10 38 56

Total 389 183 62 68 702 87.7

Figure 3: Heterogeneity in paired biopsy and resection specimens. Cases with heterogeneity in either biopsy or operation 
specimens showed higher discrepant results compared to cases without heterogeneity (P = 0.0003 in biopsy, P = 0.0214 in operation).
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value was termed the “difference value”. For all paired 
specimens with a difference value of 0 (no difference 
between biopsy and resection HER2 status), the 
mean fragment count was 4.9 (n = 50). For the paired 
specimens with a difference value of 1, 2, and 3, the 
mean fragment count was 4.9 (n = 53), 4.3 (n = 47), and 
2.9 (n = 9), respectively. Additionally, the number of 
biopsy fragments was significantly correlated with the 
difference value (P = 0.0096) (Figure 4). ROC curve 
analysis showed an area under curve (AUC) of 0.5557 

with an ideal cut-off value of 3 (Figure 5A). Hence, 
4 fragments should be recommended to minimize the 
difference in HER2 scores.

Positive predictability in relation to the number 
of biopsy fragments

‘Positive predictability’ was defined as the positive 
predictive value of HER2 in biopsy specimens. To assess 
the positive predictability in relation to the biopsy fragment 

Figure 4: Difference in HER2 scores in relation to biopsy fragment numbers. Fragment numbers were correlated with the 
difference (P = 0.0096) of HER2 expression score between the biopsy and resection specimen. The more biopsy fragments that are present, 
the less likely there is to be a difference (difference value of 0).

Figure 5: ROC curve analysis A. for difference in HER2 scores and B. for positive predictability (AUC = 0.5557 and 0.8045, 
respectively).
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numbers, fragment numbers within only the HER2 3+ 
positive group a (n = 63) in either biopsy or resection 
specimen were evaluated. HER2 equivocal (2+) cases were 
excluded to improve the precision of the calculation. Out 
of 63 cases, 8 cases showed positive conversion (negative 

in biopsy and positive in gastrectomy). The number of 
fragments in all positive conversion cases ranged from 1 to 
5 (Figure 6) with a mean of 2.6. For the remaining HER2 3+ 
cases, the biopsy fragment range was 1 to 10 with a mean 
of 4.7. The positive predictability in biopsy specimens was 

Figure 6: Positive predictability of HER2 status in biopsy specimens was significantly correlated with the number 
of fragments (P = 0.0052). For paired negative biopsy and positive resection specimens (positive conversion), the mean number of 
tissue fragments was 2.6 (range 1–5), while those positive in both biopsy and resection specimens had a mean biopsy fragment number 
of 4.7 (range 1–10).
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significantly correlated with the number of biopsy fragments 
(P = 0.0052). According to ROC analysis, the ideal cut-off 
value was 3 with an AUC of 0.8045 (Figure 5B). Therefore, at 
least 4 fragments containing tumor should be recommended 
to maximize positive predictability in the biopsy specimens.

DISCUSSION

Accurate prediction of HER2 status in endoscopic 
biopsies of gastric cancer is essential for accurate tumor 
characterization and also carries important therapeutic 
implications. However, the heterogeneity of HER2 
overexpression in gastric cancer contributes to false-
negative results in cases with limited biopsy material 
suggesting the necessity of extensive tissue sampling 
[11]. To our knowledge, this is the first study exploring 
the optimal number of endoscopic biopsy fragments to 
obtain in gastric cancer to assess HER2 status through 
IHC. This study has shown that the number of biopsy 
fragments is significantly correlated with HER2 status 
discrepancy between biopsy and operation specimens and 
also predicts positive predictability. Moreover, at least 4 
biopsy fragments are necessary to minimize false-negative 
results and to reduce discrepancy between the biopsy and 
operation specimens.

Intratumoral heterogeneity is the major under-
lying cause of discrepant HER2 results between the 
biopsy and resection specimens [8–13, 15]. This study 
has shown that more endoscopic biopsy fragments 
helps predict intratumoral heterogeneity present in the 
subsequent resection specimens. To find the “optimal” 
number of biopsy fragments to predict HER2 status in 
gastric operation specimens, the actual difference value 
of HER2 scores identified between the paired biopsy 
and operation specimens was calculated among a large 
number of gastric cancer cases. The difference value, 
ranging from 0 to 3, was significantly correlated with 
fragment number, and further analysis showed that at 
least 4 fragments are required to maximize correlation 
between HER2 status of the biopsy and resection 
specimen. This study also suggests that the numbers of 
biopsy fragments containing tumor should be described 
in the HER2 IHC pathology report. In cases with 
negative HER2 IHC results with limited numbers of 
biopsy specimens (i.e., less than 3), re-testing HER2 
IHC with more tissue sampling should be considered. 
In one prospective study of unresectable or metastatic 
gastric cancer which initially tested HER2 negative 
(Gasther-1 study), repeat endoscopic biopsy detected 
HER2 overexpression in which the initial biopsy 
missed [25].

In this study, the positive predictability of the 
biopsy specimen was also calculated. True positive 
cases were determined as HER2 3+ either in the biopsy 
or resection specimens. Out of 63 HER2 3+ cases, 

12.7% of cases were negative in the biopsy specimen 
and positive in the resection specimen. Interestingly, 
all cases with positive conversion showed intratumoral 
heterogeneity in the surgical specimens confirming that 
heterogeneity is the major reason for the discordant 
results. In cases with positive conversion, the number 
of biopsy fragments ranged from 1 to 5. Endoscopic 
biopsies with six or more fragments showed 100% 
HER2 status correlation with the surgically resected 
specimen. In our statistical analyses, a minimum of 
4 biopsy fragments was needed to accurately predict 
HER2 status in the resected specimens.

In summary, due to significant intratumoral 
heterogeneity, the larger the number of endoscopic 
biopsy fragments available for HER2 IHC analysis 
in gastric cancer, the higher the correlation with 
HER2 status will be in the resection specimen. The 
discordance increased with smaller numbers of biopsy 
fragments. This warrants some caution in relying on 
HER2 IHC findings of endoscopic biopsy specimens 
alone to determine treatment regimens.

Finally, we suggest obtaining at least 4 biopsy 
fragments containing cancer in endoscopic biopsy for 
accurate HER2 test and recommend to record tumor 
fragments number in HER2 IHC pathologic report.

ACKNOWLEDGMENTS AND FUNDING

This study was supported by a grant from the 20 
by 20 project of Samsung Medical Center (GF01140111).

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

1. Sakai K, Mori S, Kawamoto T, Taniguchi S, Kobori O, 
Morioka Y, Kuroki T, Kano K. Expression of epidermal 
growth factor receptors on normal human gastric epithelia and 
gastric carcinomas. J Natl Cancer Inst. 1986; 77:1047–1052.

2. Fukushige S, Matsubara K, Yoshida M, Sasaki M, Suzuki T, 
Semba K, Toyoshima K, Yamamoto T. Localization of a 
novel v-erbB-related gene, c-erbB-2, on human chromo-
some 17 and its amplification in a gastric cancer cell line. 
Mol Cell Biol. 1986; 6:955–958.

3. Cho J, Jeong J, Sung J, Sung CO, Kim KM, Park CK, 
Choi MG, Sohn TS, Bae JM, Kim S. A large cohort of con-
secutive patients confirmed frequent HER2 positivity in 
gastric carcinomas with advanced stages. Ann Surg Oncol. 
2013; 20:S477–484.

4. Giuffre G, Ieni A, Barresi V, Caruso RA, Tuccari G. HER2 
status in unusual histological variants of gastric adenocar-
cinomas. J Clin Pathol. 2012; 65:237–241.



Oncotarget38380www.impactjournals.com/oncotarget

5. Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, 
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G, 
Kulikov E, Hill J, et al. Trastuzumab in combination with che-
motherapy versus chemotherapy alone for treatment of HER2-
positive advanced gastric or gastro-oesophageal junction can-
cer (ToGA): a phase 3, open-label, randomised controlled trial. 
Lancet. 2010; 376:687–697.

6. Croxtall JD, McKeage K. Trastuzumab: in HER2-positive 
metastatic gastric cancer. Drugs. 2010; 70:2259–2267.

7. Gomez-Martin C, Plaza JC, Pazo-Cid R, Salud A, Pons F, 
Fonseca P, Leon A, Alsina M, Visa L, Rivera F, Galan MC, 
Del Valle E, Vilardell F, et al. Level of HER2 gene ampli-
fication predicts response and overall survival in HER2-
positive advanced gastric cancer treated with trastuzumab. 
J Clin Oncol. 2013; 31:4445–4452.

8. Lee S, de Boer WB, Fermoyle S, Platten M, Kumarasinghe MP. 
Human epidermal growth factor receptor 2 testing in gastric 
carcinoma: issues related to heterogeneity in biopsies and 
resections. Histopathology. 2011; 59:832–840.

9. Yang J, Luo H, Li Y, Li J, Cai Z, Su X, Dai D, 
Du W, Chen T, Chen M. Intratumoral heterogeneity deter-
mines discordant results of diagnostic tests for human epider-
mal growth factor receptor (HER) 2 in gastric cancer speci-
mens. Cell Biochem Biophys. 2012; 62:221–228.

10. Grillo F, Fassan M, Ceccaroli C, Giacometti C, Curto M, 
Zagonel V, Ceppa P, Nitti D, Castoro C, Fiocca R, Rugge M, 
Mastracci L. The Reliability of Endoscopic Biopsies in 
Assessing HER2 Status in Gastric and Gastroesophageal 
Junction Cancer: A Study Comparing Biopsies with 
Surgical Samples. Transl Oncol. 2013; 6:10–16.

11. Pirrelli M, Caruso ML, Di Maggio M, Armentano R, 
Valentini AM. Are biopsy specimens predictive of HER2 
status in gastric cancer patients? Dig Dis Sci. 2013; 
58:397–404.

12. Watson S, Validire P, Cervera P, Zorkani N, 
Scriva A, Lemay F, Tournigand C, Perniceni T, Garcia ML, 
Bennamoun M, Paye F, Louvet C. Combined HER2 analysis 
of biopsies and surgical specimens to optimize detection of 
trastuzumab-eligible patients in eso-gastric adenocarcinoma: 
a GERCOR study. Ann Oncol. 2013; 24:3035–3039.

13. Yoshida H, Yamamoto N, Taniguchi H, Oda I, Katai H, 
Kushima R, Tsuda H. Comparison of HER2 status between 
surgically resected specimens and matched biopsy speci-
mens of gastric intestinal-type adenocarcinoma. Virchows 
Arch. 2014; 465:145–154.

14. Huang SC, Ng KF, Lee SE, Chen KH, Yeh TS, Chen TC. 
HER2 testing in paired biopsy and excision specimens of 
gastric cancer: the reliability of the scoring system and the 
clinicopathological factors relevant to discordance. Gastric 
Cancer. 2014.

15. Wang T, Hsieh ET, Henry P, Hanna W, Streutker CJ, 
Grin A. Matched biopsy and resection specimens of 
gastric and gastroesophageal adenocarcinoma show 

high concordance in HER2 status. Hum Pathol. 2014; 
45:970–975.

16. Ruschoff J, Hanna W, Bilous M, Hofmann M, Osamura RY, 
Penault-Llorca F, van de Vijver M, Viale G. HER2 testing 
in gastric cancer: a practical approach. Mod Pathol. 2012; 
25:637–650.

17. Kim KM, Bilous M, Chu KM, Kim BS, Kim WH, Park YS, 
Ryu MH, Sheng W, Wang J, Chao Y, Ying J, Zhang S. 
Human epidermal growth factor receptor 2 testing in gastric 
cancer: recommendations of an Asia-Pacific task force. Asia 
Pac J Clin Oncol. 2014; 10:297–307.

18. Cho EY, Park K, Do I, Cho J, Kim J, Lee J, Kim S, 
Kim KM, Sohn TS, Kang WK, Kim S. Heterogeneity of 
ERBB2 in gastric carcinomas: a study of tissue microarray 
and matched primary and metastatic carcinomas. Modern 
Pathology. 2013; 26:677–684.

19. Greer LT, Rosman M, Mylander WC, Hooke J, Kovatich A, 
Sawyer K, Buras RR, Shriver CD, Tafra L. Does breast tumor 
heterogeneity necessitate further immunohistochemical staining 
on surgical specimens? J Am Coll Surg. 2013; 216:239–251.

20. Seol H, Lee HJ, Choi Y, Lee HE, Kim YJ, Kim JH, Kang E, 
Kim SW, Park SY. Intratumoral heterogeneity of HER2 
gene amplification in breast cancer: its clinicopathological 
significance. Mod Pathol. 2012; 25:938–948.

21. Yang YL, Fan Y, Lang RG, Gu F, Ren MJ, Zhang XM, Yin D, 
Fu L. Genetic heterogeneity of HER2 in breast cancer: impact 
on HER2 testing and its clinicopathologic significance. Breast 
Cancer Res Treat. 2012; 134:1095–1102.

22. Chang MC, Malowany JI, Mazurkiewicz J, Wood M. 
‘Genetic heterogeneity’ in HER2/neu testing by fluorescence 
in situ hybridization: a study of 2,522 cases. Mod Pathol. 
2012; 25:683–688.

23. Ruschoff J, Dietel M, Baretton G, Arbogast S, Walch A, 
Monges G, Chenard MP, Penault-Llorca F, Nagelmeier I, 
Schlake W, Hofler H, Kreipe HH. HER2 diagnostics in 
 gastric cancer-guideline validation and development of 
standardized immunohistochemical testing. Virchows Arch. 
2010; 457:299–307.

24. Wolff AC, Hammond ME, Schwartz JN, Hagerty KL, 
Allred DC, Cote RJ, Dowsett M, Fitzgibbons PL, 
Hanna WM, Langer A, McShane LM, Paik S, 
Pegram MD, et al. American Society of Clinical 
Oncology/College of American Pathologists guideline 
recommendations for human epidermal growth factor 
receptor 2 testing in breast cancer. Arch Pathol Lab Med. 
2007; 131:18–43.

25. Park SR, Park YS, Ryoo NY, Woo CG, Jung HY, Lee 
JH, Lee GH, Ryu MH, Kang YK. Abstract 2874: A pro-
spective study of a repeat endoscopic biopsy to  identify 
HER2-positive tumors following an initial HER2-
negative  endoscopic biopsy in unresectable or metastatic 
gastric  cancer patients: GASTHER1 study. Cancer Res 
2014;74.


