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Trastuzumab in combination with capecitabine or 5-fluorouracil and cisplatin is approved by the European
Medicines Agency for the treatment of patients with human epidermal growth factor receptor 2 (HER2)-positive
(immunohistochemistry 3+ or immunohistochemistry 2--/fluorescence in situ hybridization-positive or
immunohistochemistry 2 +/silver in situ hybridization-positive) metastatic adenocarcinoma of the stomach or
gastro—esophageal junction. Approvals are underway in other countries, with recent approvals granted in the
United States and Japan. Experience and data from trastuzumab use in breast cancer have highlighted the
importance of quality HER2 testing and scoring to ensure accurate identification of patients eligible for
treatment. HER2 testing in gastric cancer differs from testing in breast cancer due to inherent differences in
tumor biology; gastric cancer more frequently shows HER2 heterogeneity (focal staining) and incomplete
membrane staining. Consequently, gastric cancer-specific HER2 testing protocols have been developed and
standardized and it is imperative that these recommendations be adhered to. Given the predictive value of HER2
protein levels with response in the trastuzumab for GAstric cancer study (ToGA), immunohistochemistry should
be the initial testing methodology and fluorescence in situ hybridization or silver in situ hybridization should be
used to retest immunohistochemistry 2+ samples. Wherever possible, bright-field methodologies should be
used as these are considered to be superior to fluorescent methodologies at identifying heterogeneous staining.
Specific training is required before embarking on HER2 testing in gastric cancer, irrespective of the experience
of HER2 testing in breast cancer. This paper provides the most up-to-date practical guidance on HER2 testing
and scoring in patients with gastric and gastro—esophageal junction cancer, as agreed by a panel of expert
pathologists with extensive experience of HER2 testing particularly reflecting the European Medicines Agency-
approved indication. It is anticipated that these recommendations should ensure accurate and consistent HER2

testing, which will allow appropriate selection of patients eligible for treatment with trastuzumab.
Modern Pathology (2012) 25, 637-650; doi:10.1038/modpathol.2011.198; published online 6 January 2012

Keywords: gastric cancer; guidance; HER2 testing; immunohistochemistry; in situ hybridization; quality
assurance; trastuzumab

In July 2010, a panel of expert pathologists from the
European Union and the rest of the world, with
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extensive experience of human epidermal growth
factor receptor 2 (HER2) testing, met to discuss the
requirements for accurate HER2 testing and inter-
pretation in gastric cancer. The recommendations
generated from this meeting are summarized in this
paper and are based on both the key findings from
the trastuzumab for GAstric cancer study" and the
expertise of the authors in HER2 testing for both
breast and gastric cancers.>””
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The objective of this paper is to provide up-to-date
guidance on standardizing tissue processing, HER2
testing, and scoring in patients with gastric and
gastro—esophageal junction cancer to help ensure
accurate selection of patients eligible for treatment
with trastuzumab. These recommendations are
intended not only to complement existing recom-
mendations but also to provide more practical
guidance on HER?2 testing specific for gastric cancer.
When recommendations are made in this article
they are made by the panel, unless otherwise stated.
It is anticipated that the recommendations will
evolve over time as more information on HER2
testing in gastric cancer becomes available.

Epidemiology

Gastric cancer is associated with substantial morbi-
dity and mortality worldwide. It is the fourth most
commonly diagnosed cancer and the second most
common cause of cancer-related deaths globally.®~*°
The epidemiology of metastatic gastric cancer
varies across geographical areas,®® and while the
incidence of metastatic gastric cancer is low in
countries such as Japan where screening programs
identify gastric cancer at early stages,"* in Western
countries without screening programs, late diagno-
sis is common and a particular challenge. The
majority of patients with gastric cancer present
with advanced, metastatic, or inoperable disease,
and have a poor prognosis. Although screening
in Japan has led to a decrease in death rates for
gastric cancer (twofold decrease in screened vs
unscreened subjects), improved 5-year survival
rates, and a significant reduction in the overall
incidence of advanced gastric cancer'™'? in general,
the median 5-year survival rates reported for meta-
static gastric cancer are in the range of 5-20% in the
Western populations.®'®*

HER2 as a therapeutic target in gastric
cancer

HER2 is a key driver of tumorigenesis, and over-
expression as a result of HER2 gene amplification
has been observed in a number of solid tumors."*>*®
HER2 is a well-established therapeutic target in
breast cancer, and while therapies that target HER2
are now considered the standard of care in this
indication,?”?° it has become clear that a tailored
approach to patient selection is required. There is
increasing evidence that HER2 is an important
biomarker in gastric and gastro—esophageal junction
tumors;*' analysis of HER2 status by immunohisto-
chemistry and in situ hybridization techniques,
using different scoring methods or assays, suggests
that HER2 is overexpressed in ~7-34% of gastric
tumors.”?%2® Results from the international, rando-
mized, Phase III trastuzumab for GAstric cancer study
demonstrated a survival benefit with trastuzumab
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plus chemotherapy (capecitabine or 5-fluorouracil
and cisplatin) in patients with HER2-positive locally
advanced, recurrent and/or metastatic gastric or
gastro—esophageal junction tumors that overexpress
HER2." Patients with high HER2-expressing tumors
derived the greatest benefit from trastuzumab ther-
apy. HER2 positivity as defined in the trastuzumab
for GAstric cancer study was immunohistochemis-
try 3+ and/or fluorescence in situ hybridization-
positive (HER2:chromosome 17 ratio >2.0).

On the basis of these findings, it is now
recommended that all patients with gastric cancer
should have their tumors tested for HER2 status at
the time of initial diagnosis. According to the
European Medicines Agency license, patients with
HER2-positive metastatic disease whose tumors are
immunohistochemistry 3 + or immunohistochemis-
try 24 /fluorescence in situ hybridization-positive
or immunohistochemistry 2+ /silver in situ hybri-
dization-positive are eligible for trastuzumab ther-
apy.?” Regulatory approval for trastuzumab was
granted in October 2010 in the United States
for patients with metastatic adenocarcinoma of
the stomach or gastro—esophageal junction whose
tumors were HER2-positive as determined using
approved testing methods, and in Japan in 2011 for
patients with inoperable advanced or recurrent
HER2-overexpressing disease. As the expert panel
met before American and Japanese approval,
American- and Japan-specific recommendations
are outside the scope of this paper.

Given that the majority of patients present
with advanced disease and that gastric cancer is a
very rapidly progressing cancer, it is highly recom-
mended that the turnaround time from the histo-
logical diagnosis of gastric cancer to reporting of the
HER2 result should not exceed 5 working days. To
achieve such fast turnaround times and to maintain
high-quality HER2 testing it is important to adopt a
multidisciplinary approach, with testing performed
in laboratories with training and experience in
HER?2 testing for gastric cancer.

Unique features of HER2 testing in gastric
cancer

The extensive experience of HER2 testing in breast
cancer has highlighted the importance of optimizing
HER2 testing and interpretation to ensure that
patients who may derive benefit receive appropriate
targeted therapy. Gastric cancer exhibits unique
immunostaining characteristics compared with
breast cancer, including the high incidence of
tumor heterogeneity (defined as <30% of tumor
cells staining positive or only focal staining of tumor
cells) in up to 30% of HER2-positive cases.”?*
Another key difference from breast cancer stain-
ing is that HER2-positive gastric carcinomas are
usually of the gland-forming intestinal type and may
show incomplete, basolateral, or lateral staining in



addition to complete membrane staining and all
these are considered as a positive result with
immunohistochemistry (Figure 1b). These differ-
ences have been taken into account when devising
the optimal HER2 testing protocol for gastric cancer
and the protocols have been further developed,
standardized, and refined in testing and, post-
trastuzumab for GAstric cancer, further recommen-
dations have been proposed to ensure quality HER2
testing based on testing data and expert opinion."”*°

Data from the trastuzumab for GAstric cancer
study demonstrated that patients with tumors
that had high levels of HER2 protein expression
(immunohistochemistry 3+ or immunohistochem-
istry 2+ /fluorescence in situ hybridization-
positive) derived the greatest benefit from treatment
with trastuzumab' and consequently immunohisto-
chemistry should be the initial testing method;
fluorescence in situ hybridization or silver in situ
hybridization should be used to retest immuno-
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histochemistry 2+ samples. It is our recommenda-
tion that, wherever possible, bright-field methodo-
logies are preferred to help to identify regions of
heterogeneous staining.

In order to ensure accurate and reproducible
HER?2 testing results, it is essential that interpreta-
tion of HER2 results is performed with strict
adherence to the scoring criteria specific for gastric
cancer as reported in the trastuzumab for GAstric
cancer study and the recommendations of the expert
panel; scoring criteria have been developed and
published (Table 1)." Applying the breast cancer
testing principles and scoring criteria to HER2
scoring in patients with gastric cancer may result
in the underscoring of tumors, and recent evidence
suggests that the rate of false-negatives observed
may be as high as 50% compared with the
trastuzumab for GAstric cancer trial, thus prevent-
ing eligible patients having access to trastuzumab
therapy.?® See Table 2 for a comparison of breast and

Figure 1 (a-d) HER2 immunoscoring according to the ‘magnification rule.” (a) Immunohistochemistry 3+ case with distinct
membranous staining discernible at low magnification ( x 5; see arrow) with (b) lateral- or U-shaped membranous staining typical at the
cell—cell junctions (x 40, see arrow). (c¢) Immunohistochemistry 2+ case with membranous staining unequivocally visible only if a
medium magnification is used ( x 20; see arrow). (d) Immunohistochemistry 1+ staining corresponds to membranous staining that is

clearly visible only at high x 40 magnification (see arrow).
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Table 1 Human epidermal growth factor receptor 2 (HER2) scoring criteria for gastric cancer

Score  Surgical specimen-staining pattern

Biopsy specimen-staining pattern

HER?2 overexpression

assessment
0 No reactivity or membranous reactivity in No reactivity or no membranous reactivity in any Negative
<10% of tumor cells tumor cell
1+ Faint/barely perceptible membranous Tumor cell cluster with a faint/barely perceptible Negative
reactivity in >10% of tumor cells; cells membranous reactivity irrespective of percentage
are reactive only in part of their membrane  of tumor cells stained
2+ Weak to moderate complete, basolateral, Tumor cell cluster with a weak to moderate complete, Equivocal
or lateral membranous reactivity in >10% basolateral, or lateral membranous reactivity
of tumor cells irrespective of percentage of tumor cells stained
3+ Strong complete, basolateral, or lateral Tumor cell cluster with a strong complete, basolateral, Positive

membranous reactivity in >10% of
tumor cells

or lateral membranous reactivity irrespective of
percentage of tumor cells stained

Table 2 Comparison of differences between human epidermal growth factor receptor 2 (HER2) scoring in gastric and breast cancer

Gastric cancer

Breast cancer

Immunohistochemical Extent
scoring
(Area cutoff)

Circularity

(Fluorescence) in situ Cell number

hybridization analysis

Amplification

HER2 positivity Tumor type

Tumor location

Biopsy specimens >5 cells

20 cohesive tumor cells
showing highest gene count
(add 20 new if ratio 1.8—-2.2)
Ratio >2.0

About 30% of intestinal type gastric
cancer about 15% of mixed type
about 5% of diffuse type (signet
ring type typically negative)

About 30% at cardiac/gastro—

>10% (=30%)*

Resection specimens: >10%
Mostly missing (often only lateral
in immunohistochemistry 2+/3+)

A must in immuno-
histochemistry 2+/3+

20 cohesive tumor cells
showing highest gene count
(add 20 new if ratio 1.8-2.2)
Ratio >2.0 (>2.2)*

15-25% of ductal type

(grade 2/3); almost never

in subtypes such as lobular,
medullary, and ductal grade 1
No correlation

esophageal junction About 15%
of gastric cancer

Patient selection Fluorescence in situ hybridi-

zation vs immunohistochemistry

Immunohistochemistry more
predictive than fluorescence
in situ hybridization: immuno-
histochemistry primary test”

Fluorescence in situ
hybridization/immuno-
histochemistry equally
predictive

fluorescence in situ hybridization
only if immunohistochemistry 2+

#According to the American Society of Clinical Oncology/College of American Pathologists.*

bAccording to approval by the European Medicines Agency.””

gastric cancer scoring according to the American
Society of Clinical Oncology/College of American
Pathologists®® and the European Medicines
Agency®” recommendations.

Practical guidance on HER2 testing
in gastric cancer

The following sections will provide the most up-
to-date practical guidance on how to conduct
HER2 testing in gastric cancer, from initial sample
collection through to scoring the results, and how to
ensure quality testing through quality assurance
schemes.
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Sample Collection

Although the American Society of Clinical Onco-
logy/College of American Pathologists recommenda-
tions for breast cancer®® form a solid basis for HER2
testing in gastric cancer, modifications are required
to take into account the unique characteristics of
this tumor type.

Both surgical specimens and biopsy samples
are acceptable for HER2 testing in gastric cancer
and the availability of specimen type may vary
according to region: for example, surgical specimens
are more common in Japan (although biopsies are
also available). On the basis of more standar-
dized fixation conditions, it is generally agreed that



biopsies are preferred to ensure optimal testing
results. A representative block of the cancer, inclu-
ding the intestinal tumor part, should be taken from
surgical specimens and when biopsies are taken,
adequate numbers of viable endoscopic biopsies
(ideally six to eight) of the cancer are recommended
for HER2 testing to reflect possible heterogeneity of
the tumor.*"** In countries where it is common for
only one or two biopsies to be collected, all available
samples should be tested for HER2 status. Tissue
microarrays are not suitable for HER2 testing to
inform clinical decision making due to the hetero-
geneous nature of HER2 overexpression and ampli-
fication in this tumor type.® As stated above, it is
important to ensure that sufficient tumor biopsy
specimens are collected as only some of the selected

HER2 testing in gastric cancer

) Ruschoff et al

biopsies may show HER2 positivity due to tumor
heterogeneity (Figure 2a). Furthermore, many biopsy
specimens are found to be necrotic in nature or
shown not to contain tumor tissue, and specimens
are often affected by sample preparation artifacts
(edge artifacts and crushing artifacts), making them
unsuitable for assessment.?® For metastatic cases,
performing a second biopsy at the site of metastasis
may also be informative; however, unlike in breast
cancer cases, there are currently no valid data
available on concordance between HER2 status in
primary tumors and derived metastases in gastric
cancer.

The time from biopsy or excision to placing in
formalin fixative can affect the HER2 testing result
and it is recommended that once tissue has been

Figure 2 (a-g) HER2 heterogeneity and polysomy in gastric cancer. (a-c) Biopsy material comprising around eight samples endo-
scopically removed. (a) Strong HER2 expression in only two of the biopsy samples (upper right) corresponding to immunohistochemistry
3+ (strong membranous staining visible in a group of >5 cells at x2.5). (b) Other areas of this tumor show heterogeneous
immunohistochemistry 2 + expression with only some focally stained tumor cells within a gland of this intestinal-type adenocarcinoma
(% 40). (c) The same tumor cells exhibit focal HER2 gene amplification (dual color bright-field in situ hybridization, x 40). (d-f)
Heterogeneous HER2 expression in a resection specimen of a mixed-type adenocarcinoma. (d) A solid growing nest of cells with residual
poorly differentiated carcinoma ( x 4) with (e) intense, clearly membranous HER2 expression <10% of the tumor (~1%; x 40); this
case was scored as immunohistochemistry 0. (f) In situ hybridization testing revealed high HER2 amplification (~ 200 cells; x 40), which
according to testing recommendations corresponds to a HER2-positive result. (g) Polysomy in a gastric cancer specimen. The mean
chromosome 17 count was 4.5 red signals/tumor cell and mean HER2 gene count was eight black signals/tumor cell ( x 63). Although the
HER2:chromosome ratio was <2.0 (1.78), this case is regarded as HER2-positive due to gene count > 6.
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Figure 2 Continued.

acquired, it should be fixed immediately (especially
important for biopsies as they can dry very quickly)
and within 20 min of excision in the case of surgical
specimens, if possible. Fixation should be per-
formed in the operating theater if the sample cannot
be transported to the laboratory promptly. Excision
specimens should be inked and fixed (resection
specimens should be opened and pinned on a
corkboard before fixation); sutures and/or clips can
be used to orientate the specimen. The date and time
of specimen acquisition should always be recorded.

Tissue Preparation

Standardization of tissue preparation should take
into account each stage of the process, including
sample collection, fixation, paraffin embedding,
sectioning, deparaffinization of sections, and
immunohistochemical/in situ hybridization testing.

Poor fixation is a common and important source
of error in HER2 testing®**® and to ensure adequate
fixation for all gastric cancer specimens, the pre-
ferred fixative is 10% neutral-buffered formalin
(equivalent to 4% formaldehyde solution). Fresh
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formalin should be used wherever possible; the
use of any alternative fixatives is not recommended,
as this requires prior validation. For both surgical
and biopsy specimens the fixation time in formalin
should be a minimum of 8h and a maximum of
48h. Fixation time is of particular importance when
biopsy specimens are processed by rapid embedding
with a shortened formalin fixation time as this can
lead to false-positive immunohistochemical HER2
staining. Therefore, fixative type and fixation dura-
tion should always be documented and where there
is any doubt quality assurance measures should be
taken (see section ‘Quality Assurance’).

Following fixation, tissue samples should be dehy-
drated in an ethanol/xylene series and embedded
using fresh paraffin wax maintained at 55-60 °C.
Exposure of samples to higher temperatures may
degrade epitopes so prolonged incubation in molten
paraffin wax should be avoided. Once embedded
in paraffin wax, samples can be stored at room
temperature (20-25 °C), before sectioning.

It is recommended that sections should be cut
from the tissue block immediately before testing to
preserve antigenicity. Sections must be cut from



a representative area of the gastric or gastro—eso-
phageal junction tumor (eg, the region containing
adenocarcinoma of intestinal type in the case of
mixed cancer) and from viable regions of the tumor.
Histology should be confirmed with a hematoxylin
and eosin section. The standard thickness of gastric
cancer sections should be ~4 pum or less to ensure
accurate visualization and interpretation of assay
results. Sections should be mounted on slides with
good adhesion properties (eg, Superfrost slides or
poly-L-lysine-coated slides) and dried for 12—24 h at
room temperature or 1h 60 °C. Before HER2 testing
with either immunohistochemistry or in situ hybri-
dization, sections are deparaffinized and rehydrated
in a xylene (or xylene substitute)/ethanol series at
room temperature. It is important to ensure com-
plete removal of paraffin wax during this process as
failure to do so can reduce specific staining and
increase nonspecific background staining in immu-
nohistochemistry.

Optimizing Immunochistochemistry

It is highly recommended that a standard operating
procedure for processing gastric tissue be developed
within each testing laboratory, including standardi-
zation of tissue processing protocols and laboratory
equipment.

One important recommendation is that validated
immunohistochemical testing methodologies are
used to ensure accuracy and consistency of HER2
testing. Currently, two validated immunohisto-
chemical testing kits are commercially available for
HER2 analysis in gastric cancer (availability varies
according to regional regulations) and these are the
Ventana anti-HER-2/neu (4B5) Rabbit Monoclonal
Primary Antibody kit (Ventana/Roche Tissue
Diagnostics) and the HercepTest (Dako). Validated
kits will generate more accurate, reliable results
than in-house kits and the manufacturer’s instruc-
tions should always be followed. Initial data on
proficiency testing within the Quality assurance
Initiative in Pathology study in Germany have
demonstrated that the choice of testing kit or
use of an in-house methodology can have a signi-
ficant impact on reliability and reproducibility of
results (Baretton G, 2010; personal communication).
Another key suggestion for optimizing immuno-
histochemistry is that sections mounted on slides
should be stained within 2—4 weeks of sectioning in
order to maintain antigenicity and ensure quality
immunohistochemical HER2 testing results are
achieved.

An antigen retrieval step is required before
immunohistochemical staining of gastric cancer
tissue, as antigenicity may be masked by the fixation
process. The extent of antigen retrieval required
is dependent on tissue fixation and primary anti-
body and it is strongly advised that automated, tem-
perature-controlled antigen retrieval and staining
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equipment be used, as antigen retrieval is a frequent
source of variation in HER2 staining results.
Inappropriate antigen retrieval methods can activate
endogenous biotin, leading to high levels of back-
ground staining with avidin—biotin reaction-based
detection.**

Whenever immunohistochemistry is performed for
HER?2, it is essential that both positive and negative
controls are included in each run. When possible,
on-slide controls with defined HER2 expression
levels should be included on each sample slide and
if available, cell lines with defined HER2 expression
levels can also be used as run-controls. Controls
should be prepared using similar fixation- and
paraffin-embedding methods to the test samples.
The controls provided or recommended in the vali-
dated kits for gastric cancer should be used wherever
possible. For practical purposes tissue microarrays
comprising tumor cores of different HER2 status may
be valuable tools for quality control assessments.
In particular, outside of high-throughput labs, tissue
microarrays can provide a rapid overview of testing
quality. Tissue microarrays need to be carefully
constructed to avoid bias by tumor heterogeneity as
otherwise they may not be appropriate for quality
assurance purposes.

Sample Analysis: Immunochistochemistry

When interpreting HER2 staining, it is important to
be aware of focal staining that is commonly reported
in gastric cancer”*®**® and the finding that gastric
tumor cells often show incomplete HER2 membrane
reactivity that can be basolateral or lateral in
distribution (Figure 1b). One key feature of the
gastric cancer-specific scoring criteria is the inclu-
sion of strong incomplete membrane staining as
HER2-positive if >10% cells or >5 clustered cells
are stained for surgical and biopsy samples, respec-
tively."? Therefore, the overall result is based on the
highest positive scoring sample without averaging
the results in multiple biopsy specimens. The cutoff
of 10% of cells was applied as part of the United
States Food and Drug Administration approval,
based on the results of the trastuzumab for GAstric
cancer trial in surgical excision specimens. How-
ever, due to the marked heterogeneity of HER2
found in the pre-trastuzumab for GAstric cancer
study’ the 10% cutoff was disregarded for biopsy
specimens. In the trastuzumab for GAstric cancer
study, the lowest number of tumor cells scored in
biopsy samples was ~ 200 (Targos data on file). A
German-French ring study provided further data to
support the use of a cluster of >5 tumor cells, and
showed the highest level of concordance between
participants.>® As the majority of HER2-overexpres-
sing cells (immunohistochemistry 3+) also show
gene amplification, the same number of cells (ie, 20)
should be counted for both techniques to be
evaluated. Only cells showing specific membrane
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staining at the cell-to—cell contact sites (not at the
luminal or apical parts) should be evaluated. This
excludes single, noncohesive stained cells from
scoring, as these cells often correspond to nonspe-
cifically stained signet ring cells (which typically
show no HER2 gene amplification). Accordingly the
panel recommends that if immunohistochemistry is
used as the initial test, any specimen type (either
surgical excision or biopsies) with <10% strongly
stained tumor cells should be subjected to con-
firmatory in situ hybridization testing to preclude
false-negative results, and that any case that shows a
positive result using one of the test platforms,
regardless of the specimen type, should be consi-
dered HER2-positive.

Samples with poorly preserved tissue (including
edge crushing or shrinkage artifacts), nonspecific
staining (eg, cytoplasmic or nucleic staining), or
staining in the normal mucosa (particularly intest-
inal metaplasia) should be excluded or retested with
fluorescence in situ hybridization or silver in situ
hybridization (Figures 3a—d).

In addition to these formal scoring criteria, it
has been shown that determining the microscopic
magnification at which specific membranous stain-
ing is visible overcomes the problem of visual
illusions associated with brightness perception in
general (see: Checker Shadow Illusion by Adelson
EH, Cambridge; http://web.mit.edu/persci/people/
adelson/checkershadow_illusion.html). Accordingly,
when the observer concentrates not only on the
intensity of staining, but also focuses on the identi-
fication of a distinct structure (ie, membranous
staining), interobserver concordance is markedly
increased.”® Therefore, the ‘magnification rule’
should always be used in conjunction with the
gastric cancer-specific scoring criteria.*® Considering
the degree of microscopic magnification required to
identify membranous staining is helpful in determin-
ing the immunohistochemistry score, particularly
in borderline (eg, immunohistochemistry 2+ vs
immunohistochemistry 1+ ) and difficult (eg, hetero-
geneous and focally stained) cases. Briefly, according
to the ‘magnification rule’:

e Immunohistochemistry 3 + staining is defined as
any membranous staining visible at low magnifi-
cation ( x 2.5-5; Figure 1a). Lateral- or U-shaped
membranous staining is typically seen at cell—cell
junctions (Figure 1b).

e Immunohistochemistry 2 + membranous staining
is visible at x 10-20 magnification (Figure 1c).
Immunohistochemistry 2+ cases should be
retested using fluorescence in situ hybridization
or silver in situ hybridization.

¢ Immunohistochemistry 1+ staining is visible only
with x 40 magnification and should be considered
immunohistochemistry-negative (Figure 1d).

When the Ventana anti-HER-2/neu (4B5) Rabbit
Monoclonal Primary Antibody kit (Roche Tissue
Diagnostics) and the Ventana HER2 DNA probe
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(formerly known as BDISH; Roche Tissue Diagnostics)
were used in conjunction with the ‘magnification
rule,’ good concordance between immunohisto-
chemistry and in situ hybridization was observed.*
In a series of 152 diagnostic gastric cancer specimens,
all immunohistochemistry 3+ tumors (n=24) also
showed HERZ2 gene amplification (in situ hybridiza-
tion-positive). Polysomy and low-level amplification
was restricted to the 32% of in situ hybridization-
positive/immunohistochemistry 2+ (n=47) cases
and the 5% of in situ hybridization-positive/immu-
nohistochemistry 1+ (n=41) tumors.*®

Interpreting and Retesting Borderline and Difficult
Immunohistochemistry Cases

Inevitably there will be cases that cannot be easily
interpreted using the recommendations defined in
Section ‘Sample Analysis: Immunohistochemistry’.
These cases include borderline 1+/2+ staining
seen by immunohistochemistry, the presence of
artifacts including ‘edge effects,” and nonspecific
cytoplasmic or normal cell staining. Currently, there
is uncertainty surrounding the responsiveness of
patients with immunohistochemistry 0/immuno-
histochemistry 1+ tumors to trastuzumab and this
is reflected in the different country-specific regula-
tions. It is recommended that for these borderline
cases and for other ‘problematic’ cases, retesting
should be performed with fluorescence in situ
hybridization or silver in situ hybridization; if the
fluorescence in situ hybridization or silver in situ
hybridization result is positive then the tumor can
be scored as HER2-positive. The scores for both
assays should be indicated separately on the report.
It is also appropriate to score an alternative sample
of the tumor or a lymph node containing a
metastasis in these cases.

Furthermore, given the heterogeneous nature of
HER2 staining in gastric cancer, it is suggested that for
surgical specimen cases with strong HER2 staining
(membranous reactivity visible at x 2.5/ x 5 magnifi-
cation) in <10% of cells, retesting with fluorescence
in situ hybridization or silver in situ hybridization
may be warranted. If such a sample is fluorescence in
situ hybridization- or silver in situ hybridization-
positive the tumor may be considered to be HER2-
positive similar to scoring on biopsy samples; scores
for both assays should be indicated separately on the
report. On the basis of current evidence, this staining
pattern occurs in only a small percentage of cases
but in the majority of cases that show small immuno-
histochemistry 3+ tumor foci, the sample is also
fluorescence in situ hybridization- or silver in situ
hybridization-positive (Figures 2d—f).

Within the trastuzumab for GAstric cancer study
it was not possible to determine a relationship bet-
ween treatment benefit and degree of HER2-related
tumor heterogeneity, mainly due to the small sample
sizes of the respective subgroups involved.


http://web.mit.edu/persci/people/adelson/checkershadow_illusion.html
http://web.mit.edu/persci/people/adelson/checkershadow_illusion.html
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Figure 3 (a—-d) Pitfalls in HER2 immunoscoring (4B5). (a) Biopsy specimen with poorly differentiated intestinal-type adenocarcinoma
showing strong HER2 membranous staining (immunohistochemistry 3+, upper half). Intestinal metaplasia (see star) and epithelial
dysplasia (see double star) are seen showing a mixture of diffuse cytoplasmic staining with some nuclear (see arrow) and focally
membranous staining of questionable specificity (lower half; x 20). (b) Dual color bright-field in situ hybridization staining (same tumor
sample as in Figure 1a) shows high amplification with clustering of HER2 gene signals in the cancerous region (upper half) but no HER2
gene amplification in either the metaplasia or the dysplastic epithelium (lower half; x 40). (c-d) Staining artifacts that should be
excluded from scoring and/or require in situ hybridization confirmation. (c) Strong pseudo-luminal staining due to shrinkage artifact
(% 20) and (d) granular (nonlinear) equivocal membranous staining in a group of tumor cells ( x 40).

Optimizing In Situ Hybridization

As discussed previously, it is mandatory that
samples classified as immunohistochemistry 2+
should be retested by fluorescence in situ hybridiza-
tion or silver in situ hybridization to assess the
HER2 status of the tumor. As with immunohisto-
chemistry, a standard operating procedure should be
developed for fluorescence in situ hybridization and

silver in situ hybridization within each testing
laboratory, including standardization of protocols
and laboratory equipment. It is important to note
that samples may need to be treated differently
according to whether fluorescence in situ hybridiza-
tion or silver in situ hybridization will be utilized. In
order to achieve a good in situ hybridization signal,
it is important that sufficient well-preserved tumor
tissue is collected and that samples are carefully
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prepared. Insufficient deparaffinization can lead to
nuclear bubbles, and nuclear holes may be present
as a result of overdigestion.?®

It is strongly recommended that validated fluor-
escence in situ hybridization and silver in situ
hybridization kits be used for testing in gastric
cancer as per the manufacturer’s instructions to
ensure the production of accurate and reliable data.
Preanalytical tissue preparation should also be
performed according to the manufacturer’s instruc-
tions for the in situ hybridization testing kits.
Validated in situ hybridization testing kits that are
commercially available are following: Ventana HER2
DNA probe (formerly known as BDISH; Roche
Tissue Diagnostics), Ventana HER2 Dual ISH DNA
Probe Cocktail (formerly known as DDISH; Roche
Tissue Diagnostics), and the HER2 FISH pharmDx
kit (Dako). Use of other in situ hybridization
methodologies in gastric cancer (eg, PathVysion
(Abbott), which is commonly used in countries
where other tests are not yet approved, or chromo-
genic in situ hybridization) require validation of the
assay against the validated tests.

Although both fluorescence in situ hybridization
and silver in situ hybridization are approved by
the European Medicines Agency for the retesting
of immunohistochemistry 2+ HER2 samples, it is
widely accepted that silver in situ hybridization is
a more suitable methodology than fluorescence
in situ hybridization for gastric cancer, as it is a
bright-field methodology and can therefore allow
rapid identification of HER2-positive tumor foci
within a heterogeneous sample. Concordance bet-
ween the Ventana HER2 DNA Probe (formerly
known as BDISH; (Roche Tissue Diagnostics)) and
the HER2 FISH pharmDx kit (Dako) is high at
95.3%%® and further concordance studies are war-
ranted and encouraged. Silver in situ hybridization
slides also have the advantage of being more suitable
for long-term storage than fluorescence in situ
hybridization slides, as there is no risk of bleaching.

Another key recommendation for HER2 testing
is to align the use of immunohistochemistry and
in situ hybridization (particularly silver in situ
hybridization) in order to help identify hetero-
geneous areas of HER2 reactivity. Immunohisto-
chemistry should be used as the initial test to
identify HER2-positive regions, the location of
which can then be used to guide the fluorescence
in situ hybridization or silver in situ hybridization
assessment (Figures 2b and c). The requirement for a
bright-field methodology to identify heterogeneity
further supports the use of immunohistochemistry
as the initial HER2 testing modality in gastric
cancer.

Sample Analysis: In Situ Hybridization

Fluorescence in situ hybridization and silver in situ
hybridization results are expressed as the ratio
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between the number of copies of the HER2 gene
and the number of copies of chromosome 17 within
the nucleus counted in at least 20 cancer cells. The
definition of fluorescence in situ hybridization or
silver in situ hybridization positivity in gastric or
gastro—esophageal junction cancer is a HER2:
chromosome 17 ratio of >2.0. For quality reasons,
when using dual probes only cells with >1 in situ
hybridization signal for each probe should be asses-
sed and cells with only one chromosome instead of
the typical two are considered monosomic.

When analyzing in situ hybridization samples, it
is important to consider how the area for testing
should be assessed. The entire specimen should be
screened for amplified regions at a x 20 magnifica-
tion; this is particularly important in fluorescence
in situ hybridization samples where a bright-field
image is not available. Areas with overlapping
nuclei or high nonspecific background staining
(dark field methods only) or where there is a weak
signal or the presence of artifacts (eg, dust grains)
should not be included in the interpretation. Using a
x 40 magnification, it is recommended that at least
20 evaluable, nonoverlapping cells are counted
initially, including cells from different tumor areas
to provide a more uniform score interpretation.
In borderline amplification cases (ratio of 1.8-2.2) it
is suggested to recount ~20 additional cells and
consider counting cells in an alternative area of
tissue or in another sample. If there is a cluster of,
eg, only five HER2-amplified tumor cells, the final
in situ hybridization result should still be based on
a total of 20 counted cells. In cases such as these,
there is a high probability that the HER2:chromo-
some 17 ratio will be >2.0.

In addition to the HER2:chromosome 17 ratio, the
overall HER2 gene count is also an important consi-
deration for scoring fluorescence in situ hybridiza-
tion and silver in situ hybridization samples. If the
ratio suggests borderline amplification (ratio close to
2.0), the total gene count should also be considered
because a high gene count (ie, >6 copies) may
indicate a HER2-positive score. As a consequence,
and based on the expert opinion of the authors, it is
recommended that if there are >6 copies of the
HERZ2 gene seen with a single probe then the sample
is considered positive. If there are four to six HER2
gene copies then a dual-probe test is advised and the
ratio should be calculated by counting an additional
20 cells. If the number of HER2 gene copies is <4, it
is advised to score the tumors as HER2-negative.

It is also important to have a hematoxylin and
eosin section of the tumor available as a guide to
scoring the in situ hybridization slide. If a particu-
larly low ratio is observed, it may be necessary to
check for polysomy and re-check immunohisto-
chemistry results (Figure 2g). Caution must be
applied when interpreting polysomy in gastric
cancer as sometimes this may represent a coampli-
fication of the centromere region of chromosome 17
rather than a true polysomy (ie, increased copy



number of the whole chromosome 17). According to
the trastuzumab for GAstric cancer study data,
polysomy (defined as >3 chromosome 17 signals)
occurred in only 4.1% of the entire screening
population, inclusive of cases with amplification.?

Quality Assurance

In order to achieve quality HER2 testing results that
are consistent across testing laboratories, it is
strongly recommended that testing be performed
by centralized reference laboratories wherever pos-
sible. In regions where centralized testing is not
possible, testing should be conducted by experi-
enced local pathology laboratories with previous
experience of both immunohistochemical and
in situ hybridization testing in breast cancer that
have undergone comprehensive training specific to
the analysis of gastric tumor samples. Centers
should be responsible for performing adequate
numbers of HER2 tests per site/year to maintain
quality standards.

At the onset of diagnostic testing for HER2 in any
centre, the initial 25-50 cases should always be
analyzed in parallel using both immunohistochem-
istry and in situ hybridization. It is anticipated
that the concordance rate in gastric cancer should be
similar to breast cancer (>90%) if the equivocal
immunohistochemistry 2 4+ group is disregarded for
analysis purposes. Accordingly, in the trastuzumab
for GAstric cancer trial the concordance rate bet-
ween immunohistochemistry (HercepTest (Dako))
and fluorescence in situ hybridization (HER2 FISH
pharmDx (Dako)), was 94.9% for immunohisto-
chemistry 3+ and in situ hybridization-positive
cases (354/373 cases) and 92.5% for immunohisto-
chemistry 1+ /immunohistochemistry 0 and in situ
hybridization-negative cases (2519/2329 cases).?” In
the aforementioned diagnostic series, concordance
between immunohistochemistry (Ventana CON-
FIRM HER-2/neu (4B5) Rabbit Monoclonal Primary
Antibody (Roche Tissue Diagnostics)) and silver
in situ hybridization (Ventana HER2 Dual ISH DNA
Probe Cocktail, formerly BDISH (Roche Tissue
Diagnostics)), defined as immunohistochemistry
3+ and silver in situ hybridization-positive or
immunohistochemistry 1 4/ immunohistochemistry
0 and silver in situ hybridization-negative was 98%
(103/105 cases; all immunohistochemistry 3 + cases
(24/24) were also silver in situ hybridization-posi-
tive and 79/81 of the immunohistochemistry 1+/
immunohistochemistry 0 cases were also silver
in situ hybridization-negative).?® Though not cur-
rently used as standard practice, it is envisioned
that partially automated sample scoring systems are
a possibility for the future, and may also provide an
objective measure of signal intensity.*®

Analysis and scoring of HER2 testing results for
gastric and gastro—esophageal junction cancer should
be performed by a qualified, trained, board-certified
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pathologist, and technical staff should not be solely
responsible for the analysis and/or interpretation
of HER2 results. Owing to the differences between
breast cancer and gastric cancer HER2 testing and
scoring, it is imperative that personnel should be
specifically trained in HER2 testing methods and
interpretation for gastric cancer, irrespective of
previous experience in breast cancer. This should
include training on preanalytical procedures through
to the scoring and interpretation of gastric cancer
samples, as applying the breast cancer scoring
system to gastric cancer samples may result in a
large number of inaccurate HER2 scoring results that
could lead to some patients with HER2-positive
gastric cancer not being identified. It is anticipated
that specific training and regular gastric cancer-
related teaching activities will increase the number
of accurate HER2 testing results and ensure patients
have access to suitable treatments.

All centers responsible for HER2 testing should
be governed by a validated procedure, and subject
to an internal quality assurance program. In addition
to internal quality assurance programs, all technical
and medical staff should undergo continual compe-
tency assessments and training. HER2 testing labo-
ratories should actively participate in proficiency
testing schemes though external quality assurance
programs. Currently, quality assurance programs
exist for HER2 testing in gastric cancer in the United
Kingdom (United Kingdom National External
Quality Assessment Service: http://www.ukneqas.
org.uk), Nordic countries (Nordic Immunohisto-
chemical Quality Control: http://www.nordiqc.org),
Germany (Qualititssicherungs-Initiative in der Patho-
logie Ringversuche: http://www.ringversuch.de), and
France (Association Francaise D’Assurance Qualité
en Anatomie et Cytologie Pathologiques: http://www.
afaqgap.org).

Status of International Approvals

Trastuzumab is approved for use in advanced/meta-
static gastric or gastro—esophageal junction cancer in
the European Union (by the European Medicines
Agency), the United States (by the Food and Drug
Administration), and in many other countries.

Summary

On the basis the data from the trastuzumab for
GAstric cancer study,” trastuzumab was approved by
the European Medicines Agency for patients with
metastatic gastric cancer. It is clear that accurate
patient identification, and thus clinical benefit, is
dependent on quality HER2 testing. The recommen-
dations described here have been developed based
on the trastuzumab for GAstric cancer study and the
expert opinions of the authors who share a wealth of
experience in HER2 testing. For an overview of the
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Table 3 Human epidermal growth factor receptor 2 (HER2) testing recommendations in gastric cancer, (a) immunochistochemistry and
(b) in situ hybridization

(a) Inmunohistochemistry

Testing recommendations
® Representative surgical samples or an adequate number of viable biopsy specimens (ideally six to eight) are required
O If few biopsies are available, all viable specimens should be tested

® Immunohistochemistry should be the initial HER2 testing methodology for gastric cancer and bright-field methodologies are preferred
wherever possible
O HER2-positive per European Medicines Agency license: immunohistochemistry 3+ or immunohistochemistry 2+/fluorescence
in situ hybridization-positive or immunohistochemistry 2+/silver in situ hybridization-positive
O Borderline immunohistochemistry 1+/immunohistochemistry 2+ cases and samples with focal and intense membranous reactivity in
<10% cells may also be retested with fluorescence in situ hybridization or silver in situ hybridization (scores for both assays should be
indicated separately on the report)

@ Validated immunohistochemistry HER2 assays should be used

Scoring recommendations
® Due to the tumor heterogeneity (focal areas of positivity) and incomplete membrane staining commonly seen in gastric cancer, the gastric
cancer-specific scoring criteria should be adhered to:
O Surgical specimen cutoff: complete, basolateral, or lateral membranous reactivity in >10% of cells
O Biopsy specimen cutoff: complete, basolateral, or lateral membranous reactivity in >5 clustered cells

® The ‘magnification rule’ should be used in conjunction with the scoring criteria

® Borderline cases (immunohistochemistry 1+/immunohistochemistry 2+ or focal staining in <10% cells) that score fluorescence in situ
hybridization-positive or silver in situ hybridization-positive may be considered HER2-positive (scores for both assays should be indicated
separately on the report)

(b) In situ hybridization

Testing recommendations
® Tumor samples classified as immunohistochemistry 2+ should be retested by fluorescence in situ hybridization or silver in situ
hybridization to assess HER2 status

® Silver in situ hybridization is a more suitable methodology than fluorescence in situ hybridization for assessing HER2 status in gastric tumor
samples as it is a bright-field methodology and thus allows for rapid identification of HER2-positive tumor foci within
a heterogeneous sample

® Validated in situ hybridization HER2 assays should be used

Scoring recommendations
® The definition of fluorescence in situ hybridization or silver in situ hybridization positivity in gastric or gastro—esophageal junction cancer is
a HER2:chromosome 17 ratio of >2.0

® The entire case should be screened for amplified regions (particularly important for fluorescence in situ hybridization samples where a
bright-field image is not available)

® At least 20 evaluable, non-overlapping cells in the invasive component should be counted initially

In borderline amplification cases, ~ 20 additional cells should be recounted or scoring should be performed in an alternative area of tissue
® The overall HER2 gene count is important:

O >6 HERZ2 gene copies using single probe: considered positive

O Four to six HER2 gene copies: dual probe test advised and the ratio should be recalculated by counting an additional 20 cells

Ensuring quality and timely HER2 testing results
® The use of validated immunohistochemistry and in situ hybridization tests is strongly recommended and appropriate controls should be
included in each run

® Turnaround time from initial diagnosis to reporting of results should ideally not exceed 5 working days and a multidisciplinary approach is
required

® Centralized testing is recommended wherever possible and all laboratories should participate in validated quality assurance programs

key recommendations for both immunohistochem-
istry and in situ hybridization, see Table 3.

Briefly, the main recommendations are that all
patients with gastric cancer should be tested for
HER2 status at the time of initial diagnosis, with
biopsies being the preferred specimen type due to
specimen quality reasons, and that testing and
scoring should be performed with adherence to the
recommendations specifically devised for gastric
cancer. The subsequent treatment of patients with
HER2-positive tumors will vary globally, dependent
on local regulations and approvals, and as such the
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practical guidance provided here is intended to be
broad and wide-reaching and should therefore be
applicable across all regions following the European
Medicines Agency approval. It is anticipated that as
experience of HER2 testing in gastric cancer grows,
these recommendations will continue to evolve.
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