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Abstract
HER2 is overexpressed in approximately 10%-20% of 
gastric and gastroesophageal junction carcinomas. In 
these types of cancer, accurate assessment of HER2 
status is mandatory, for selecting patients who may 
benefit from targeted therapies with anti-HER2 drugs 
such as Trastuzumab. This manuscript focuses on HER2 
in gastric carcinogenesis, on optimal evaluation of HER2 
and on the possible causes which may contribute to 
inaccurate HER2 evaluation. Similarly to breast cancer 
HER2 evaluation, standardization of HER2 testing in 
gastric cancer is necessary in diagnostic practice. The 
three principle aspects which require consideration 
are: (1) the choice of sample with regards to cancer 
morphology - intestinal vs  diffuse areas; (2) the 
choice of scoring criteria - use of HER2 scoring criteria 
specific for gastric cancer; and (3) the choice of HER2 
evaluation methods - use of an algorithm in which 
both immunohistochemistry and in situ  hybridization 
play a role. Problematic issues include: (1) pre-analytic 
variables with particular emphasis on fixation; (2) 
recommended methodology for HER2 assessment 
(immunohistochemistry vs  in situ  hybridization); (3) 
HER2 heterogeneity both within the primary tumor and 
between primary tumor and metastases; (4) reliability 
of biopsies in HER 2 evaluation; and (5) quantity 
of sample (FFPE blocks from surgical specimens 
or endoscopic biopsies) necessary for an adequate 
assessment. 

Key words: Gastric cancer; HER2; Heterogeneity; 
Immunohistochemistry; FISH

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Accurate assessment of HER2 status is 
mandatory in gastric/gastroesophageal cancer, for 
selecting patients who may benefit from targeted 
therapies with anti-HER2 drugs. The three principle 
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aspects of HER2 evaluation which require consideration 
are: (1) choice of sample with regards to cancer 
morphology; (2) choice of scoring criteria; and (3) 
choice of HER2 evaluation methods. Problematic issues 
include: (1) pre-analytic variables; (2) recommended 
methodology for HER2 assessment; (3) HER2 heterogeneity 
both within the primary tumor and between primary 
tumor and metastases; (4) reliability of biopsies in HER 
2 evaluation; and (5) quantity of sample necessary for 
adequate assessment. 
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INTRODUCTION
Much has changed in gastric cancer (GC) treatment 
in the last decade as advances are being made with 
regards to new, tailored and integrated therapeutic 
approaches. Nonetheless, prognosis for GC patients 
still remains dismal as diagnosis is often late and, at 
least in Western countries, only about half of patients 
undergo curative resection. Even though worldwide 
incidence of distal GC has been slowly decreasing, it 
remains one of the most common causes of cancer-
related deaths, with approximately 950000 new 
cases/year[1] and an estimated number of deaths 
close to 720000. GC incidence is closely related to 
geographic distribution and this is mainly due to varied 
lifestyle characteristics, such as diet and smoking 
habits, as well as Helicobacter pylori infection[2]. 
Gastroesophageal junction carcinoma (GEJC) is 
showing, on the other hand, a rapid rise in incidence in 
Western countries with a strong predilection for white 
males[3].

Despite advances in cytotoxic therapies as well 
as various multimodality treatments, both in the 
neoadjuvant and adjuvant settings, survival for 
patients with metastatic disease remains poor, with 
overall survival rates of 5%-20% at 5 years[4,5]. 
A relatively recent, randomized phase Ⅲ trial  
[Trastuzumab for Gastric Cancer (ToGA)][6] showed 
improved response rate, median progression-free 
survival, and overall survival when the monoclonal 
antibody against HER2, Trastuzumab, was added 
to the first-line fluoropyrimidine/platinum based 
treatment in HER2 positive GC/GEJC. Trastuzumab and 
chemotherapy have since become the new standard 
of treatment for patients with advanced, HER2 
positive, GC/GEJC. Further trials for HER2 positive 
cases are ongoing, using combination therapies (e.g., 
Trastuzumab and Bevacizumab[7] and new molecules, 
such as Lapatinib[8]).

While the predictive role of HER2 has been widely 

proven, its validity as a prognostic factor in GC/GEJC is 
still debated, even though more recent reports favor its 
negative impact on prognosis[9-12]. Contrasting results 
in different studies may be partly explained by: (1) 
different study populations with regards to ethnicity 
and cancer histotype; (2) use of different assays for 
HER2 evaluation; (3) use of variable criteria for HER2 
status evaluation (older reports used HER2 breast 
scoring criteria); and (4) tumor heterogeneity and its 
impact on the type of sample tested . 

HER2 in gastric carcinogenesis
The HER2 proto-oncogene, located on chromosome 
17q21[13], encodes for a transmembrane tyrosine-kinase 
receptor, involved in cell proliferation and survival. 
Although HER2 gene amplification, with consequent 
HER2 protein overexpression, were identified in GC soon 
after their description in breast carcinoma[14], clinical 
interest in HER2 remained focused on breast cancer 
for many years. Following the enthusiasm of ToGA trial 
results, HER2 has become object of great interest even 
though its role in gastro-esophageal carcinogenesis is 
still largely unexplored.

Both distal esophagus (adenocarcinoma in Barrett’s  
esophagus) and gastric (intestinal-type adenocarci-
noma) carcinogenesis rely on a multistep process 
in which a major role is played by longstanding in-
flammation with replacement of native mucosa by 
metaplastic epithelium. In this setting, intestinal 
metaplasia (IM) represents the “carcinogenic field” in 
which neoplasia (intra-epithelial neoplasia and invasive 
adenocarcinoma) can develop[15-17]. Few studies 
have focused on HER-2 status in pre-neoplastic and/
or pre-invasive esophageal lesions[18-20], and these 
demonstrated that the rate of HER2 overexpression/
amplification increases along the carcinogenetic 
cascade, from low grade dysplasia (LGD) to adeno-
carcinoma, while Barrett’s esophagus metaplastic 
epithelium is invariably negative. These findings suggest 
a possible role of HER2 in the dysplasia-adenocarcinoma 
sequence of the esophagus. Contrasting results were 
published in a larger series by Hu et al[21] including 116 
adenocarcinomas, 18 LGD, 15 high grade dysplasia 
(HGD), 34 Barrett’s Esophagus (BE) as well as 81 cases 
of non-intestinal columnar cell metaplasia and 86 cases 
of esophageal squamous epithelium. HER2 amplification 
was detected in only one case of HGD and in 21 (18%) 
adenocarcinomas while all other categories were 
completely negative. 

Even less information is available for gastric carci-
nogenesis. HER2 positivity was demonstrated in 12.6% 
of gastric HGDs in comparison to 20.2% of invasive 
carcinomas by analyzing both the pre-invasive and 
invasive component of cancer in the same patient[22].

New insights were provided by a comprehensive 
and exhaustive analysis on HER2 status in the multi-
step process of esophageal (non-intestinal columnar 
metaplasia, IM, LGD, HGD and adenocarcinoma) 
and gastric (antral IM, LGD, HGD and intestinal-type 
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adenocarcinoma) carcinogenesis[23]. In detail, HER2 
amplification was seen in 2/25 LGD, 5/25 HGD and 
7/25 adenocarcinomas of the esophagus and in 1/25 
LGD, 4/25 HGD and 8/25 adenocarcinomas of the 
stomach while native esophageal and gastric mucosa 
and metaplastic lesions were invariably negative. The 
progressive increase of HER2 amplification rate from 
LGD to HGD to adenocarcinoma, provides evidence of 
the possible early involvement of HER2 in esophageal 
and gastric carcinogenesis. Recent studies on the 
role of microRNAs (miRNAs) further reinforce the 
hypothesis that HER2 dysregulation is an early event 
in these carcinogenetic cascades[24] in a minority of GC/
GEJCs.

HER2 EVALUATION IN PRACTICE
National and International guidelines regarding HER2 
testing have tried to standardize, as much as possible, 
HER2 testing in diagnostic practice. The three principle 
aspects which require consideration are: (1) the choice 
of sample with regards to cancer morphology; (2) the 
choice of scoring criteria; and (3) the choice of HER2 
evaluation methods.

Sample selection with regards to cancer morphology
HER2 positive GC/GEJC are more frequently of 
intestinal type or mixed while diffuse type, including 
signet ring cell tumors, are generally HER2 negative[25]. 
In mixed-type carcinomas, samples with a prevalence 
of intestinal-type areas should be selected when 
performing HER2 evaluation. Gastro-esophageal 
carcinomas tend to be more often HER2 positive (33%) 
compared to GC (21%) according to the ToGA trial and 
its post hoc exploratory analysis[6,26]. These findings 
may be related as GEJCs are more often of intestinal-
type when compared to GC[27,28]. HER2 expression 
in unusual histologic subtypes is still controversial as 
published reports vary greatly, even with opposite 
findings[29-31].

Choice of immunohistochemistry scoring criteria
Differences in HER2 staining between breast carcinoma 
and gastric adenocarcinoma led to a modified Immuno
histochemistry (IHC) scoring system for gastric cancer 
(used in the ToGA trial), which was validated on 168 
GC specimens with 93.5% concordance with FISH[32]. 
Differently to breast cancer, GC HER2 staining does 
not always show complete membranous staining and 
so baso-lateral or lateral staining was also considered 
positive, as this reflects the physiological prevalence of 
growth factor receptors at these sites. The new scoring 
system also took into account the more heterogeneous 
staining pattern in GC and distinguished between 
surgical and biopsy samples. A 10% cut off was 
established when evaluation was performed on surgical 
samples whereas a single cluster of at least 5 positive 
cells was sufficient in endoscopic biopsies[33]. Staining 

intensity was however maintained similar to breast 
cancer in three categories i.e., faint, moderate or 
intense. Such modified criteria proved to be effective 
in predicting response to treatment[6] within the ToGA 
trial. 

Choice of HER2 evaluation method
Early studies reported concordance rates between IHC 
and in situ hybridization (ISH) to be lower in GC/GEJC 
than breast cancer, thus suggesting that additional 
mechanisms, other than gene amplification, may be at 
the basis of protein overexpression[34,35]. In contrast, 
more recent studies reported high concordance rates 
between IHC protein overexpression and ISH ampli-
fication with 87%98% concordance rates[26,29,33], when 
IHC score 2+, equivocal cases are excluded. For these 
reasons a simple algorithm has been recommended by 
the European Medicines Agency (EMA)[36] (www.ema.
europa.eu/docs/) which states IHC as the initial testing 
method and ISH only for equivocal score 2+ cases. 
See Figure 1.

PROBLEMS IN HER2 EVALUATION
HER2 assessment relies on optimal tissue handling[37,38], 
abundant tissue for evaluation and optimal scoring 
criteria. Problematic issues include pre-analytic 
variables, the identification of the best tissue samples 
on which to perform HER2 testing, heterogeneity 
within the primary tumor and heterogeneity between 
primary tumor and metastases.

Impact of pre-analytic variables
Standardized tissue handling, fixation regimens and 
immunohistochemistry techniques are mandatory for 
successful and reliable HER2 assessment. Clinicians 
should be aware that the time from biopsy/surgery to 
fixation (so called cold ischemia) must be minimized 
(especially for biopsies which dehydrate quickly) 
and that this may affect HER2[39,40]. Fixation should 
be exclusively based on the use of 10% neutral-
buffered formalin and fixation time in formalin should 
be a minimum of 8 h and a maximum of 48 h; pro-
longed fixation may also lead to unreliable HER2 
results[41,42]. HER2 testing must be performed in quality 
assured laboratories with validated and standardized 
immunohistochemical testing kits and on freshly 
cut sections as precut sections tend to lose their 
antigenicity[43]. This last point is especially important 
when centralizing tissue in multicenter trials.

Which methodology: IHC, FISH, CISH or SISH?
The ToGA trial identified approximately 22% of 
patients who showed HER2 gene amplification at 
fluorescent in situ hybridization (FISH) but no or faint 
protein staining at IHC (0 or 1+). These patients 
did not benefit from treatment with Trastuzumab. 
Conversely, the highest survival advantage was seen 
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HER2 Heterogeneity
Although initial studies reported that HER2 amplification 
was highly homogeneous[47,48], tumor heterogeneity 
(see Figure 2) has now been shown to be extremely 
relevant in GC/GEJC[49,50]. A wide range of percenta-
ges of cases showing heterogeneity appears in the 
Literature, from a minimum of 5% to a maximum of 
69%[22,26,32,50-52]. A possible reason for such discrepancy 
is that a universally accepted definition of heterogeneity 
is missing and, indeed, different studies applied widely 
different definitions. For example, Hofmann et al[32] 
defined heterogeneity as < 10% of tumor cells staining 
positive or only focal staining of tumor, Van Cutsem 
et al[26], identified a cut off of < 30% and Anh et al[52] 
defined it as a staining pattern between 10%-90% 
of tumor cells, leading to marked differences in 
heterogeneity percentages (4.8% vs 50.3% vs 68.6% 
respectively). 

In the post hoc analysis of the HER2 screening data 
in the ToGA trial[26], a comprehensive (IHC scores 1+, 
2+, 3+) HER2 staining heterogeneity of about 50% 
was detailed and was shown to be at its greatest in the 
lower IHC categories (IHC score 1+ and score 2+). If 
assessment of heterogeneity was limited only to IHC 
3+ cases, as in many other publications, percentage of 
heterogeneity dropped to 30%. 

Another explanation for variable heterogeneity is 

in patients whose cancers were HER2 score 3+ at 
IHC and FISH amplified or HER2 score 2+ and FISH 
amplified. Differently to breast cancer, for which ISH 
testing may be the first approach, HER2 testing in 
GC should be performed by IHC as the first approach 
(although in the United States, the FDA approved test 
is indifferently by IHC or ISH). This does not mean 
that ISH testing is less important. Indeed, a relatively 
recent prospective study showed that the level of 
HER2 gene amplification predicts response and overall 
survival in HER2 positive gastric cancer treated with 
Trastuzumab[44]. In close to 70 patients with advanced 
GC treated with Trastuzumab, the HER2/CEP17 ratio 
was used to predict response to treatment (optimal 
HER2/CEP17 ratio threshold of 4.7). ISH testing 
therefore, may also become useful in stratifying 
response rates. 

Concordance studies between FISH, chromogenic 
(CISH) or silver based in situ hybridization (SISH) 
showed concordance rates of 91%-100%, making all 
these methodologies reliable for HER2 amplification 
testing[45,46]. Bright field ISH techniques (CISH and 
SISH), may become the preferred assay in the future, 
as these methods enable parallel evaluation of the 
microscopic morphology (i.e., to choose areas with 
intestinal morphology) as well as alignment between 
ISH and IHC slides. 
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Gastric or gastroesophageal carcinoma specimen

Not amplified 
(HER2:CEP17 ratio < 2)

Amplified 
(HER2:CEP17 ratio ≥ 2)

Trastuzumab therapy

0 1+ 2+ 3+

Figure 1  Diagnostic algorithm for HER2 status evaluation in gastric and gastroesophageal adenocarcinomas. Immunohistochemistry (IHC) represents the 
initial testing method. IHC score 0 and 1+ are considered negative while score 3+ cases are considered positive and do not need further testing. Fluorescence in situ 
hybridization testing is required only for equivocal IHC score 2+ cases. On the basis of HER2 (red spots): CEP 17 (green spots) ratio (< 2 vs ≥ 2) patients are eligible 
or not to anti-HER2 therapy.
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HER2 status evaluation on tissue microarray (TMA) 
samples vs whole slides[53-55], thus leading to its 
possible underestimation. The TMA technique performs 
well on homogeneously expressed proteins, however 
heterogeneous expression may not be correctly picked 
up on, even if multiple cores are used[37].

The mechanisms leading to HER2 expression 
heterogeneity are still largely unknown but possibilities 
include neoplastic clones in which HER2 is amplified/
overexpressed in an otherwise HER2 negative tumor 
or silencing of HER2 expression in an area of a tumor 
with homogeneous HER2 amplification. 

Is the minimum area of > 10% cut off value appropriate 
in HER2 IHC assessment?
Some experts question the validity of having a 
minimum area of > 10% cut off value in a clearly 
heterogeneous expression pattern. An expert panel[37] 
recommends that cases with < 10% IHC strongly 
stained tumor cells should also be subjected to ISH 
testing to reduce false-negative results, and that if 
amplification is detected, the case should be consi-
dered HER2 positive. This proposal has been picked 
up on by some international guidelines (e.g., Belgium 
Guidelines for HER2 testing[56]). Furthermore, other 
authors suggest that a 10% cut off is subject to 
significant inter-observer variability[57] and that there 

is a risk of misinterpretation of the staining results 
leading to denial of treatment. Similarly to the 
modifications adopted for breast cancer HER2 testing, 
for which minimum area cut offs were changed from 
30% to 10%[58,59], a change in the GC HER2 staining 
analysis protocol may be considered in the future.

How many GC surgical resection specimen blocks 
should be analyzed?
Multi-block analysis[60-64] has been shown to increase 
sensitivity and accuracy. False negative rates for one 
block analysis compared to multiblock analysis are 
between 7% and 10%. This is especially important if 
one considers that these patients, who would benefit 
from Trastuzumab therapy, would have been denied 
this chance. Laboratories should adopt a decisional 
workflow chart to maximize HER2 positive case 
discovery, taking into account costs and workload for 
pathologists. If one block is chosen, this must at least 
contain the largest amount of differentiated, intestinal 
type tumor, which is more likely to express HER2.

Are biopsies reliable in correctly identifying HER2 
status?
With the exception of patients who have recurrent 
disease after surgical resection, HER2 status in 
inoperable patients is based on endoscopic biopsy 
evaluation. An important question, which stems from 
HER2 status heterogeneity, is whether small endoscopic 
biopsies are reliable for HER2 assessment. The HER2 
scoring system for GC/GEJC has, in part, taken into 
account evaluation on biopsy tissue and, indeed, 
a IHC 3+ group of 5 neoplastic cells is considered 
sufficient to define the biopsy as HER-positive[32,33]. 
A recent study by our group, analyzed[61] a cohort of 
103 matched biopsy and surgical specimens for HER2 
with IHC and FISH and concordance between the two 
types of specimens was the main aim of the study. 
Eighty-nine percent of biopsies were predictive of HER2 
status in surgical samples with a concordance rate of 
80%, showing a high predictive value of IHC biopsy 
material. Most of the discordant cases were IHC HER2 
negative at biopsy but showed IHC positivity and gene 
amplification on the surgical specimen. A probable 
explanation for false negative HER2 status on biopsy is 
heterogeneity[52,65] whereas HER2 positivity on biopsy 
and not on surgical resections may be due to prolonged 
cold ischemia and/or over or under-fixation in larger 
specimens[66]. Other studies have found variable 
concordance rates between biopsy and paired surgical 
resections ranging from 45.5% to 94%[10,22,50,52,65,67-69] 
questioning the reliability of HER2 status on biopsy 
material. From a practical point of view, one possible 
option is to consider ISH analysis for both IHC score 2+ 
and 1+ biopsy cases, while a second approach is in the 
repeat assessment[10] of endoscopic biopsies, especially 
if IHC 1+ or 2+ at initial biopsy as suggested by the 
GASTHER 1 study. A rescue rate of 8.7% has been 
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A

Figure 2  Heterogeneity of HER2 expression in gastric and gastro
esophageal cancer. A: Gastric carcinoma, intestinal type, with HER2 
overexpression (score 3+; left side) vs HER2 negativity (score 0, right side). 
Magnification 10 x; B: Gastroesophageal carcinoma with HER2 equivocal 
positivity (score 2+; left side) vs negativity (score 1+; right side). Magnification x 
25.
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shown and, indeed, cases with IHC expression of IHC 
1+ or 2+ at initial biopsy are 3.1 times more likely to 
show HER2 positivity on repeat biopsy than those with 
IHC 0.

How many biopsies must be taken at endoscopy?
A major problem in HER2 assessment on endoscopic 
biopsies is the definition of the minimum set of biopsies 
which the endoscopist must submit for evaluation. 
National Comprehensive Cancer Network guidelines 
recommend more than 6 samples to be taken, but this 
is not evidence-based. Two recent publications[52,70] 
have focused on this topic. Gullo et al[70] applied virtual 
biopsies on digitally scanned whole slides of resected 
GC/GEJCs identifying five superficial samples to be 
the optimal biopsy set. Anh et al[52] on the other 
hand used a large series of paired biopsy/resection 
specimens and identified 4 biopsy samples of cancer 
as the optimal number. In a real life situation not all 
samples submitted by the endoscopist prove to contain 
assessable neoplastic cells at histologic examination. 
Furthermore, endoscopists should preferentially 
take biopsies in the lateral parts of the tumor as this 
area has been shown to be more frequently HER2 
positive[71] while the central part of the tumor should 
be avoided when macroscopically ulcerated. 

Are there differences in HER2 status between primary 
and metastases?
Discordance in HER2 status between primary and 
metastatic sites has been found in breast cancer[72] but 
variable data are available for GC/GEJC[47,73].

Most studies have reported a high concordance 
between primary and metastases in HER2 status 
with a discordance rate which varies between 1% to 
14%[47,64,73-77]. Both positive (negative in primary tumor 
and positive in metastasis)[64] and negative (positive 
in primary tumor and negative in metastasis)[75] 
conversion have been described. Possible explanations 
for discrepancies are genetic drift or clonal selection 
of HER2, during neoplastic progression, or as a 
consequence of intratumor heterogeneity of HER2. 
The second hypothesis is probably more likely as 
heterogeneous HER2 status is often found in the 
primary tumor[64] and may not be identified if tissue 
is limited. An inherent problem in many of these 
studies[47,64,75,78] is the evaluation of HER2 status on 
TMA which may underestimate heterogeneity and 
overestimate discrepancies between primary and 
metastatic sites. 

The previously mentioned GASTHER 1 study[10] has 
shown that repeat HER2 assessment in recurrent sites 
may be recommended in patients with advanced GC/
GEJC whose initial evaluation was HER2 negative (5.7% 
patients were HER2 positive on biopsy of metastases) 
and that these patients show similar treatment 
benefits with Trastuzumab as patients identified as 
HER2 positive at initial evaluation. In particular, liver 

as site of metastasis was 5.88 times more likely to 
show HER2 positivity on repeat biopsy than those who 
had HER2 reassessment in other metastatic sites. 
An evaluation of cost and potential harm of repeat 
biopsies is necessary, however this approach may 
become important in selected patients.

CONCLUSION
Despite the fact that the hitherto published data are 
not always consistent, the following considerations 
can be made: (1) HER2 assessment in GC/GEJC 
cancer is reliable once the pre-analytical variables and 
technical procedures are standardized; (2) endoscopic 
biopsies can provide reliable HER2 status assessment 
when a sufficient number of samples are available; 
(3) IHC and ISH assessment are both reliable, but 
confirmation by ISH is mandatory in cases of equivocal 
IHC; (4) tumor heterogeneity is a major problem (but 
not insurmountable) which must be taken into account 
when selecting samples; and (5) there is relative 
consistency between HER2 status in the primary tumor 
and in distant metastases. 

The guidelines and recommendations published 
so far provide a good basis on which to base technical 
procedures and diagnostic criteria.
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