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Abstract

AIM: To compare the performance of three commer-
cially available anti-human epidermalgrowth factor re-
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ceptor 2 (HER2) antibodies in whole-tissue sections and
tissue microarrays (TMAs) of a series of gastric tumors.

METHODS: We present a comparative analysis of
three anti-HER2 antibodies (HercepTest, 4B5 and SP3)
using TMA and whole-tissue sections prepared from the
same paraffin blocks of 199 gastric adenocarcinomas
operated upon between January 2004 and December
2008 at a Brazilian cancer hospital. The data on the
patients’ age, sex, the anatomical location of the tumor
and the Lauren’s histological classification were collect-
ed from clinical and pathological records. The immu-
nohistochemical (IHC) results were examined by two
pathologists and the cases were classified as positive
(3+), equivocal (2+) and negative (0 or 1+), accord-
ing to the criteria of the IHC scoring system of gastric
cancer. TMAs and whole-tissue sections were evaluated
separately and independently. All cases yielding discor-
dant IHC results and/or scored as 2+ were subjected
to dual-color /n s/t hybridization in order to determine
the final HER2 status. Besides determining the sensitiv-
ity and predictive value for HER2-positive status, we
measured the accuracy of each antibody by calculating
the area under the receiver operating characteristic
(ROC) curve. The agreement between the results ob-
tained using the TMAs and those obtained using the
whole-tissue sections was assessed by means of Kappa
coefficient.

RESULTS: Intratumoral heterogeneity of HER2 expres-
sion was observed with all antibodies. HER2-positive ex-
pression (3+) in the whole-tissue sections was observed
in 23 cases (11.6%) using the 4B5 antibody, in 18 cases
(9.1%) using the SP3 antibody and in 10 cases (5.1%)
using the HercepTest antibody. In the TMAs, 11 posi-
tive cases (5.6%) were identified using SP3 antibody,
9 (4.6%) using the 4B5 antibody and 6 (3%) using the
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HercepTest antibody. The sensitivity using whole-tissue
sections and TMA, respectively, was 95.2% and 42.9%
with 4B5, 90.5% and 66.7% with SP3 and 47.6% and
42.9% with HercepTest. The accuracy, calculated from
the area under the ROC curve, using whole-tissue sec-
tions and TMA, respectively, was 0.91 and 0.79 by 4B5,
0.86 and 0.80 by SP3 and 0.73 and 0.71 by HercepTest.
The concordance of the results obtained using whole-
tissue sections and TMA was 97.4% (Kappa 0.75) using
HercepTest, 85.6% (Kappa 0.56) using SP3 and 84.1%
(Kappa 0.38) using 4B5.

CONCLUSION: The use of the 4B5 antibody on whole-
tissue sections was the most accurate IHC method for
evaluating HER2 expression in gastric adenocarcinoma.

© 2013 Baishideng. All rights reserved.
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Core tip: This is the first study to compare the three
widely used anti-human epidermalgrowth factor recep-
tor 2 (HER2) antibodies 4B5, SP3 and HercepTest in
tissue microarrays and whole-tissue sections prepared
from paraffin blocks of a single series of gastric tumors.
We aimed to find the best method to assess HER2 ex-
pression in gastric cancer, facilitating the choice of the
antibody with the greatest ability to identify the most
patients who could benefit from the use of trastuzum-
ab. Besides, we demonstrated that HER2 expression in
small samples of gastric cancer (such as tissue microar-
rays and biopsies) should be evaluated cautiously be-
cause these tumors exhibit intratumoral heterogeneity
that may influence the results.

Abrahao-Machado LF, Jacome AAA, Wohnrath DR, Santos JS,
Carneseca EC, Fregnani JHTG, Scapulatempo-Neto C. HER2 in
gastric cancer: Comparative analysis of three different antibodies
using whole-tissue sections and tissue microarrays. World J
Gastroenterol 2013; 19(38): 6438-6446 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v19/i38/6438.htm DOI:
http://dx.doi.org/10.3748/wjg.v19.138.6438

INTRODUCTION

The incidence of gastric cancer (GC) is gradually de-
creasing; however, it remains one of the leading causes of
cancer-related death worldwide because the vast majority
of GC patients are diagnosed with advanced disease ™.
Despite the improvement in surgical techniques and the
use of multimodal treatments, the prognosis for GC is
generally poor and treatment continues to be a challenge
for ph}rsicians[l’4]. Recently, several oncogenes and tumor
suppressor genes were studied in an attempt to clarify
the process of gastric carcinogenesis, and specific mono-
clonal antibodies were developed as a potential form of
adjuvant treatment for patients with advanced disease.
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The HER2 (CerbB-2) or human epidermal growth
factor receptor 2 (HER2) gene is a proto-oncogene locat-
ed on chromosome 17q21 that encodes a transmembrane
protein that is a member of the HER receptor family.
These receptors possess tyrosine kinase activity and are
typically involved in signal transduction pathways that
lead to cell growth and differentiation’. Amplification of
the HERZ2 gene and overexpression of its product have
been identified in several tumors and have been widely
studied in breast cancer”. In GC, however, the reported
frequency of HER2 overexpression ranges from 8.2% to
53.4%, and its clinical significance and prognostic value
remain controversial, although HER2-positive tumors
are usually associated with more aggressive biological be-
havior and tumor recurrence’ . A recent meta-analysis
showed that in 7 of the 15 papers evaluated, HER2 posi-
tivity was correlated with a worse prognosis'

New advances in molecular targeting therapy have
identified HER2 as an important target for anti-cancer
therapy of gastric tumors. The ToGa study recently
indicated improved survival of patients with advanced
GC who were treated with trastuzumab (a chimeric anti-
HER2 targeted drug) combined with chemotherapy
compared with those treated with chemotherapy alone'".
This randomized clinical trial achieved the longest me-
dian survival to date of patients with advanced gastric
carcinomas. The mechanism by which trastuzumab acts
is not completely understood, but the likely possibilities
are that it prevents the dimerization of HER2 with other
members of the HER family, activates the immune re-
sponse by promoting antibody-dependent cell-mediated
toxicity and induces endocytosis of HER2!'*'"\. Given the
demonstration of its clinical benefits and its approval for
use in systemic therapy by the Food and Drug Adminis-
tration (FDA), trastuzumab is the new standard treatment
option for patients with HER2-positive advanced GC.
Therefore, it is crucial to determine the HER2 status of
GCs to select patients who may benefit from this promis-
ing targeted therapy.

Several assays are available to determine HER2 status;
however, many of them require fresh tissue, involve com-
plicated procedures and are costly. The most commonly
used method is immunohistochemistry (IHC), which is a
low-cost technique that can be performed on small sam-
ples, even formalin-fixed and paraffin-embedded tissues.
Fluorescent 7 sitn hybridization (FISH) is considered the
gold standard and can be used to analyze this type of
sample. However, because of its higher cost and the need
for a fluorescence microscope, as well as the high concor-
dance between FISH and IHC reported in literature!™* ™",
generally only equivocal cases are subjected to FISH. An
alternative for equivocal cases is provided by the use of
other 7 situ hybridization methods such as silver 7z situ
hybridization (SISH), including dual-color 7 situ hybrid-
ization (DISH), which allows the use of an ordinary light
microscope and has shown excellent correlation with re-
sults obtained using FISH"**%,

Although a widely used and FDA/CAP-approved
IHC scoring system already exists for HER2 in breast
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cancer, it was necessary to develop a suitable scoring sys-
tem for gastric tumors, mainly because of morphological
differences and the intratumoral heterogeneity of HER2
expression in GCP 1% "The system proposed by Hoff-
mann ¢ al”’ for GC and incorporated as standard by CAP
and FDA differentiates between surgical specimens and
biopsies.

Currently, commercially available IHC antibodies in-
clude the HercepTest and A0485 (Dako, Glostrup, Den-
mark) rabbit polyclonal antibodies, the SP3 (Labvision;
Thermo Fisher Scientific, Fremont, CA, United States)
and 4B5 (Ventana Medical Systems, Tucson, AZ, United
States) rabbit monoclonal antibodies and the CB11
mouse monoclonal antibody (Novocastra, Newcastle
upon Tyne, England). Only the HercepTest, 4B5 and
CB11 antibodies are approved by the FDA, although the
international literature also shows high-quality of the SP3
antibody in samples of breast cancer™?”,

In the present study, HER2 expression in 199 GC
was investigated by IHC on whole-tissue sections and
tissue microarrays (TMA) using HercepTest, 4B5 and
SP3. To date, no published results have compared these
three antibodies. Moreovet, this is the first study of GC
to compare HER2 expression using both TMAs and
whole-tissue sections prepared from samples of the same
paraffin blocks, ze., the same tumors. All cases yielding
divergent IHC results or results considered equivocal (2+)
were subjected to DISH. We hypothesized that if the
TMA samples were considered to be biopsies because
they are small tissue samples, the reproducibility of the
HER2 scoring system for GC could be tested using the
two types of specimens.

Given that HER2 expression in the stomach is het-
erogeneous, the main purpose of our study was to com-
pare the performance of three commercially available an-
ti-HER2 antibodies. Furthermore, we aimed to determine
the concordance of results obtained from whole-tissue
sections and TMAs from the same tumors to evaluate the
feasibility of TMA as an alternative method for assessing
HER?2 expression in GC.

MATERIALS AND METHODS

Patients

In the present study, we selected 199 cases of surgically
resected primary gastric or gastro-esophageal adenocar-
cinomas. All the patients were operated upon between
January 2004 and December 2008 at the Barretos Cancer
Hospital. Clinical data were collected from medical charts
and pathology reports, including sex and patient age as
well as the anatomical location of the tumor and its Lau-
rén histological classification.

TMA construction and IHC

Paraffin blocks containing representative samples of the
tumors were selected by reviewing all of the hematoxylin
and eosin (HE) stained slides. For the TMAs, two tissue
cores with a diameter of 0.6 mm were extracted from
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Figure 1 Photomicrograph of immunohistochemistry (x 100) in a whole-
tissue section. Asterisks indicate two round voids where the tissue microarray
cores (inset) were extracted.

each tumor using the TMA arrayer MTA1 (Estigen, Tar-
tu, Estonia). The tumor cores were sequentially placed in
molds, embedded in paraffin and cooled to form the tis-
sue array blocks. Each TMA also contained various non-
gastric tissue samples as control tissues.

Sections of a thickness of 4 um were obtained from
the whole-tissue paraffin blocks and TMA blocks and
used for IHC (Figure 1). The slides were stained using
automatic staining devices: the Benchmark XT (Ventana
Medical Systems, Tucson, AZ) for the 4B5 and SP3 an-
tibodies and the Autostainer Link 48 (Dako, Glostrup,
Denmark) for the HercepTest. After antigen retrieval
processing for 60 min (at pH 8.4), 4B5 (prediluted form
as provided by the manufacturer) and SP3 (diluted 1:100)
were applied for a 32 min incubation period. Antibody
visualization was enabled using the Ventana Ultraview
DAB detection kit. The HercepTest was performed ac-
cording to the manufacturer’s guide provided with the
kit, using the prediluted “ready-to-use” form for all of
the steps and incubation periods preprogrammed in the
stainer software. The kit also contained the visualization
reagent. All the slides were subsequently counterstained
with hematoxylin.

The criteria suggested by Hoffmann ez al” were
used to evaluate the expression of HER2. Sections of
the surgical specimens were considered HER2-positive
(3+) when strong complete or basolateral membranous
staining was detected in = 10% of the neoplastic cells;
equivocal (2+) when moderate/weak complete ot baso-
lateral membranous staining was detected in = 10% of
the cells; 1+ (negative) when the staining was weak or
detected in only one part of the membrane in = 10% of
the cells and O (also negative) in cases in which there was
no membranous staining or staining of < 10% of the
tumor cells. The criteria for evaluating biopsies wete ap-
plied to the TMAs, and the percentage above (10%) was
replaced by a cellular group of at least 5 cells. Full-tissue
sections or TMA cores with excessive tissue fragmenta-
tion, scant invasive tumor and excessive cytoplasmic or
background staining were rejected, and IHC was repeated
on more suitable samples.
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Figure 2 Dual-color in situ hybridization (x 1000), human epidermalgrowth
factor receptor 2 amplification. Black dots: Human epidermalgrowth factor
receptor 2 gene; Pink dots: Chromosome 17.

In situ hybridization

DISH was performed in all cases that were scored 2+ in
either of the samples stained with any of the antibodies,
in accordance with the guidelines recommended by CAP
and routine laboratory practice. In addition, all of the
cases with discordant IHC results were tested by DISH.
The tissue sections used for DISH were obtained from
the whole-tissue paraffin blocks. HER2 DISH was per-
formed using the Ventana Benchmark XT-machine (Ven-
tana Medical System, Tucson, AZ) following its standard-
ized protocol. DISH is dual-color in situ hybridization in
which the HER?2 gene is labeled using silver to produce
a black dot, and the centromere of chromosome 17 (Chr
17) is labeled with alkaline phosphatase to produce a
pink dot. Therefore, the HER2 gene and Chr 17 are both
simultaneously stained on the same slide (Figure 2). The
DISH slides were examined using an HE slide to assist
with the tumor location and morphology within each sec-
tion. At least 40 tumor cell nuclei were scored for the Chr
17 signal and HER2 signal in different areas of the tu-
mor. Only nuclei displaying both signals were scored, and
a HER2/Chr 17 ratio was obtained for each specimen.
HER2 amplification was defined as a ratio of HER2/Chr
17 = 2. Chromosome 17 polysomy was defined as = 3
Chr 17 signals per cell on averagem.

Statistical analysis

The statistical analysis was conducted using SPSS version
19.0 software (SPSS Inc., Chicago, IL). The IHC results
were compared with a final variable of positivity or nega-
tivity for HER2 protein expression. In equivocal cases ot
cases of nonconcordant results obtained with the three
antibodies, HER? gene amplification was assayed by
DISH, and the DISH results determined the definitive
HER2 status. Therefore, the results considered final, ie.,
the gold standard for statistical analysis, were those that
were identical for the three antibodies, in addition to the
results of DISH. The area under the receiver operating
characteristic (ROC) curve (AUC) for each test was used
to measure the accuracy of antibody labeling. To verify
the agreement between the results obtained using the
TMAs and those obtained using the whole-tissue sec-

(4 9

Boishidengs  WIG | www.wjgnet.com

tions, we employed the Kappa cocfficient”. We defined
P < 0.05 as statistically significant.

RESULTS

Patients and tumor characteristics

There were 123 male and 76 female patients, and their
age ranged from 27 to 87 years (median: 60.7 years).
The location of the tumor was in the antrum in 86 cases
(43.2%), in the body in 26 cases (13%), in the fundus in
2 cases (1%), in the cardia in 38 cases (19%) and mul-
ticentric (in more than 2 regions) in 47 cases (23.6%).
Fifty-five cases were histologically classified as the diffuse
type (27.6%), 123 as the intestinal type (61.8%), 17 as the
mixed type (8.5%) and four as not otherwise classified
2%).

Immunohistochemistry

HER2-positive expression (3+) in the whole-tissue sec-
tions was observed in 10 cases (5.1%) using the HercepT-
est, in 23 cases (11.6%) using the 4B5 antibody and in 18
cases (9.1%) using the SP3 antibody. Using the TMAs, 6
HER2-positive cases (3%) were identified using the Her-
cepTest, 9 (4.6%) using the 4B5 antibody and 11 (5.6%)
using SP3 antibody. The immunohistochemistry results
are shown in Table 1.

The HercepTest demonstrated the lowest number of
positive cases in both the whole-tissue sections and the
TMAs. The SP3 antibody yielded the highest number
of equivocal (2+) cases for both types of samples. The
frequency of a score of 2+ was higher among the whole-
tissue sections than among TMAs, except when using the
HercepTest, which showed the opposite pattern.

The overall concordance between the results obtained
using the TMAs and those obtained using the whole-tis-
sue sections was 97.4% with the HercepTest, 84.1% with
the 4B5 antibody and 85.6% with the SP3 antibody. Ac-
cording to the values of the Kappa coefficient, HercepT-
est provided substantial agreement between the TMAs
and whole-tissue sections, the SP3 antibody provided
moderate agreement and the 4B5 antibody provided fair
agreement (Table 2).

Stronger membrane staining in positive cases was
observed for the 4B5 antibody than for the other two
antibodies (Figure 3). The diffuse cytoplasmic staining in
the gastric foveolar epithelium and intestinal metaplasia
that was observed when using 4B5 antibody was less pro-
nounced when using the SP3 antibody and not observed
when using the HercepTest antibody. Heterogeneous
HER?2 expression within the tumors was observed with
all antibodies (Figure 4). All the positive cases were clas-
sified as intestinal type. Nuclear staining with the 4B5
and SP3 antibodies was observed in some of the diffuse
adenocarcinomas.

DISH and final HER2 status
Cases with divergent results and those considered equivo-
cal by IHC (scored as 2+) were subjected to DISH; there

October 14, 2013 | Volume 19 | Issue 38 |



Abrahdo-Machado LF et a/. Comparison of anti-HER2 antibodies in gastric cancer

Table 1 Results of HER2 immunostaining using the three antibodies on whole-tissue sections and tissue microarrays 7 (%)

Score Whole-tissue sections TMAs
HercepTest 4B5 SP3 HercepTest 4B5 SP3

0 179 (90.9) 125 (63.1) 128 (65.2) 185 (93.5) 174 (88.8) 162 (82.6)

1+ 7 (3.5) 30 (15.2) 17 (8.5) 3 (L.5) 10 (5.1) 8 (4.1)

2+ 1(0.5) 20 (10.1) 34 (17.2) 4(2.0) 3 (1.5) 15 (7.7)

3+ 10 (5.1) 23 (11.6) 18 (9.1) 6 (3.0) 9 (4.6) 11 (5.6)

Total 197 (100.0) 198 (100.0) 197 (100.0) 198 (100.0) 196 (100.0) 196 (100.0)
TMA: Tissue microarray.

Table 2 Concordance between the tissue microarrays and DISCUSSION

whole-tissue sections staining results using the HercepTest,
4B5 and SP3 antibodies

With the demonstration of the benefits of trastuzumab
therapy for advanced GC"”, the clinical demand for

Antibody Overall concordance  Kappa coefficient (95%Cl) HER2 assessment is rapidly increasing, The use of trastu-
HercepTest 97.40% 0.75 (0.54-0.96) zumab in association with platinum and capecitabine
4B5 84.10% 038 (0.22-0.53) or 5-FU for HER2-positive GC has shown the longest
SP3 85.60% 0.56 (0.43-0.70)

were 58 (29.1%) such cases, of which 14 cases (24.1%)
exhibited HER2 gene amplification and 44 cases (76.9%)
did not exhibit HER2 gene amplification. Chr 17 poly-
somy was present in 5 cases (8.6%), but it was not related
to amplification in our study. Table 3 shows the HER2
gene status in the cases that presented an IHC score of
2+.

A final positive HER2 status (either by IHC or DISH)
was obtained in 20 of the 199 cases tested (10%). The
sensitivity using whole-tissue sections was 47.6% with
HercepTest, 95.2% with 4B5 and 90.5% with SP3 in cas-
es with an immunoscore of 2+/3+. The sensitivity using
TMA was 42.9% with HercepTest, 57.1% with 4B5 and
66.7% with SP3 (Table 4).

Table 5 demonstrates the accuracy of each antibody.
The 4B5 and SP3 antibodies gave similar AUC values in
whole-tissue sections (Table 5), and both were signifi-
cantly more accurate than HercepTest (P = 0.002 and
0.035, respectively). Although the 4B5 and SP3 antibodies
both gave greater AUC values than HercepTest in TMAs,
the difference was not statistically significant. Based on
the AUC of each antibody for both types of samples and
the respective P values (Table 6), we determined that the
use of the 4B5 antibody on whole-tissue sections was the
most accurate method. SP3 staining of whole-tissue sec-
tions was also more accurate than the HercepTest using

TMAs (P = 0.013).

Histological type and anatomical location
Of the 123 adenocarcinomas of the intestinal type, nine
(7.3%) were given a final positive HER2 status. None of
the 76 cases of the other histological types was positive.
Of the 86 carcinomas located in the antrum, nine
(10.4%) had a final positive HER2 status. Eight (21%) of
the 38 tumors situated in the cardia and three (6.4%) of
the 47 multicentric tumors were positive.
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median survival in GC patients' . Because THC appears
to be the easiest, least expensive and most widely used
method, our goal was to compare three commercially
available antibodies. Although the use of different clones
can be problematic for GC, only two other reports in the
literature have compared the performance of HER2 an-
tibodies"**. An ideal antibody test would be sufficiently
sensitive to identify all possible treatment candidates and
would have a low false-positive rate to minimize ovet-
treatment.

Variability in performance among commercially avail-
able anti-HER2 antibodies has been demonstrated in
several studies, although most of these studies were per-
formed in breast tumors™, Cho ¢ al* compared the
HercepTest, A0485, 4B5 and CB11 antibodies in TMAs
of gastric carcinomas, and they found that the sensitivity
and specificity were 78.9% and 96% with HercepTest,
respectively, 86.5% and 94.4% with the A0485 antibody,
76.3% and 95.6% with 4B5 and 60.5% and 98.4% with
the CB11 antibody. Boers ¢ a/'” tested the SP3 and 4B5
antibodies on biopsy specimens of gastro-esophageal ad-
enocarcinomas, and they showed sensitivities of 77% and
96% as well as specificities of 100% and 98.4%, respec-
tively. The latter result is consistent with the results we
obtained when comparing the SP3 and 4B5 antibodies.
In the present study, however, the difference in sensitiv-
ity among antibodies was much higher, as the sensitivity
ranged from 47.6% to 95.2% when whole-tissue sections
were analyzed and ranged from 42.9% to 66.7% when
TMAs were analyzed. The sensitivity of HercepTest was
far lower than that of the other two tests, which con-
tributed to this difference. The specificity ranged from
81.2% to 99.4% for the whole-tissue sections and from
93.1% to 100% for the TMAs. For all the antibodies, lack
of staining (score 0) was highly predictive of a negative/
nonamplified case as confirmed by DISH, and positive
staining (score 3+) was highly predictive of an amplified
case as confirmed by DISH.

The 4B5 and SP3 antibodies exhibited similar perfor-
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Figure 3 Comparison of positivity (3+) using the HercepTest (A), 4B5 (B)
and SP3 (C) antibodies (x 200).

mance, with high NPV values and AUC values that indi-
cated higher accuracy, compared to HercepTest, although
the difference was only statistically significant (P < 0.05)
for whole-tissue sections. Even though HercepTest had
high values for PPV and specificity, it presented the
lowest sensitivity. Thus, this antibody provided the high-
est number of tumors with immunoscores of 0 or 1+
that were positive for HER2 amplification using DISH,
which agrees with the report of Dekker ez a/”” for breast
tumors. Thus, in our view, HercepTest is not the best
antibody to use as a first-line test to assess the HER2
status of GC because the ideal antibody should be highly
sensitive, even though high sensitivity could increase the
number of equivocal cases (2+) and the need for 7 situ
hybridization tests. The 4B5 and SP3 antibodies were
highly sensitive; therefore, these two antibodies appear to
be more reasonable for first-line tests than HercepTest.
Another issue that we wanted to address was the use
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Figure 4 Representative image of the intratumoral heterogeneity of HER2
expression (x 100). Arrows indicate areas with strong continuous membranous
staining (score 3+) and arrowheads indicate negative areas (score 0).

of TMAs for assessment of HER2 and, by analogy, the
reliability of testing endoscopic biopsies. The use of
TMAs permits the inclusion of several different tumors
in the same assay on a single slide. This cost-effective
technique has become a standard procedure for many
contemporary IHC studies. Dekker ef al® found that
TMAs were reliable for retesting large volumes of previ-
ously HER2-classified breast carcinomas. Similarly, Drev
et al’” observed a high concordance between whole-tis-
sue sections and TMAs for breast tumors. Despite these
favorable results for TMAs of breast cancers, HER2
assessment of gastric adenocarcinomas is more prob-
lematic. The obvious disadvantage of TMAs is that this
preparation enables the analysis of only a limited sample
of the tumor and for GCs, TMAs are even more unfa-
vorable because of the generally observed heterogeneous
expression of HER2 within these tumors.

Intratumoral heterogeneity can be defined as areas
with different HER2 scores within the same tumor. This
is the predominant pattern for GCs but not for breast tu-
mors, and may thus cause sampling error when randomly
sampled TMA cores of GCs are used™”"*. The differ-
ence in HER2 status between primary and metastatic tu-
mor samples is still a matter of debate, and although the
few studies in the scientific literature have demonstrated
high concordance among the results obtained using these
samples, some cases gave discordant results®>)) which
suggests an effect of intratumoral heterogeneity.

Conspicuously heterogeneous HER2 staining on the
whole-tissue sections and TMA core samples from most
of the tumors was noted in our study. To minimize the
discrepancy with results obtained with whole-tissue sec-
tions, we included two core samples from different areas
of each tumor in the TMAs. Regardless, the TMA stain-
ing was much less sensitive than the staining of whole-
tissue sections (mean values for the antibodies: 55.5% us
77.7%, respectively). Although the HercepTest provided
greater agreement between the TMAs and the whole-
tissue sections, with a substantial Kappa value, its sen-
sitivity was low for both types of sample, as mentioned
above. The difference in HER2 expression detected in
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Table 3 Human epidermalgrowth factor receptor 2 gene status assessed by dual-color /n situ hybridization in cases with an

immunohistochemistry score of 2 + with HercepTest, 4B5 and SP3 staining on whole-tissue sections and tissue microarrays n (%)

HERZ2 gene status Whole-tissue sections TMAs

HercepTest 4B5 SP3 HercepTest 4B5 SP3
Amplified 0 (0) 6 (30) 6 (17.6) 3 (75) 3 (100) 4 (26.6)
Not amplified 1 (100) 14 (70) 28 (82.4) 1(25) 0(0) 11 (73.4)
Total 1 (100) 20 (100) 34 (100) 4(100) 3 (100) 15 (100)

TMA: Tissue microarray; HER2: Human epidermalgrowth factor receptor 2.

Table 4 Specificity, sensitivity, positive and negative predictive values and the area under the receiver operating characteristic curve

of each antibody according to the final human epidermalgrowth factor receptor 2 status

HercepTest (95%CI)

4B5 (95%CI)

SP3 (95%Cl)

TMA Sensitivity 429 (21.7-64.0) 57.1 (35.9-78.3) 66.7 (46.5-86.8)
Specificity 99.4 (98.3-100.0) 100.0 93.1 (89.4-96.9)
PPV 90.0 (71.4-100.0) 100.0 53.8 (34.7-73.0)
NPV 93.6 (90.1-97.1) 95.1 (92.0-98.2) 95.9 (92.9-98.9)
AUC 0.71 (0.60-0.782) 0.79 (0.68-0.89) 0.80 (0.69-0.90)
Whole-tissue sections Sensitivity 47.6 (26.2-68.9) 95.2 (86.1-100.0) 90.5 (77.9-100.0)
Specificity 99.4 (98.3-100.0) 87.0 (82.0-91.9) 81.2 (75.5-87.0)
PPV 90.9 (73.9-100.0) 46.5 (31.6-61.4) 36.5 (23.4-49.6)
NPV 94.1 (90.7-97.5) 99.3 (98.1-100.0) 98.6 (96.7-100.0)
AUC 0.73 (0.63-0.84) 0.91 (0.86-0.96) 0.86 (0.78-0.93)

PPV: Positive predictive value; NPV: Negative predictive value; AUC: Area under the receiver operating characteristic curve; TMA: Tissue microarray.

Table 5 Accuracy of the three antibodies in the whole-tissue

sections and the tissue microarrays

HercepTest 4B5 SP3
Whole-tissue sections AUC 0.73 0.91 0.78
HercepTest - P=0.002 P=0.035
4B5 P =0.002 - P=0.265
SP3 P=0.035 P=0.265 -
TMAs AUC 0.71 0.79 0.8
HercepTest - P=0.058 P=0.075
4B5 P =0.058 - P=0.714
SP3 P=0.075 P=0.714 -

AUC: Area under the receiver operating characteristic curve; TMA: Tissue
microarray.

our study between TMAs and whole-tissue sections was
caused by the prominent heterogeneity of HER2 stain-
ing. The 4B5 antibody results in whole-tissue sections
were significantly different from the results of the three
antibodies in TMAs. Because 4B5 antibody staining of
whole-tissue sections had the highest accuracy, which was
much different from that obtained for TMAs, our results
suggest that TMA staining is less accurate and lacks suffi-
cient sensitivity to reliably assess the HER2 status in GC.
Two tissue cores for the TMA were definitely not suffi-
cient to prevent sampling error and minimize false results
because of the intratumoral heterogeneity and the small
amount of tissue in the cores. Therefore, studies in the
literature that used TMA to test the HER2 status of GCs
must be carefully analyzed, and it must be noted that this
technique does not seem to reflect the real status of the

HER?2 gene in GCs.
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Table 6 Comparison of the areas under the receiver operating

characteristic curve according to the type of sample (whole-
tissue section and tissue microarray) and the antibodies

Whole-tissue sections

HercepTest 4B5 SP3

AUC 0.73 0.91 0.78
TMAs HercepTest 0.71 P=0572 P=0.001 P=0.013
4B5 0.79 P=0.289 P=0.027 P=0.201
SP3 0.80 P =0.265 P=0.034 P=0244

AUC: Area under the receiver operating characteristic curve; TMA: Tissue
microarray.

Endoscopic biopsies with few fragments, such as
those used in the TMA, may underestimate the incidence
of HER2-amplification, as Yang e/ a/*" demonstrated in a
recent study in which large surgical specimens had higher
rates of HER2 positivity than biopsy specimens. We be-
lieve that endoscopic biopsies ate not optimal to identify
the maximal number of patients who could be eligible
for treatment. Therefore, to tepresent the tumor better
and reduce misinterpretation, it is important to examine
as many pieces of a biopsy as possible. We also suggest
that all excisional specimens that had a previous HER2-
negative result in a biopsy specimen should be retested
to increase the chance of classifying the tumor as HER2-
positive. Because the intratumoral heterogeneity of
HER2 expression also seems to cause divergent results
for primary and metastatic tumor samplesm], is highly ad-
visable to analyze the HER2 status of both primary and
metastatic specimens when possible.
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Thus, among the HercepTest, 4B5 and SP3 antibod-
ies, HercepTest was the least sensitive and therefore had
the lowest ability to identify a large number of patients
eligible for trastuzumab treatment. According to our re-
sults, the most accurate IHC method to assess HER2 ex-
pression in GC is the use of the 4B5 antibody on whole-
tissue sections. Intratumoral heterogeneity appears to
be a major limitation for the use of TMA because TMA
does not reflect the true HER2 status of many tumors.
Because the number of cells that respond to a targeted
therapy directly affects the tumor’s responsiveness to
treatment, there must be a great difference between cases
that are diffusely positive and those that are only focally
positive but still meet the criteria of positivity. Given
the promising results from the use of trastuzumab and
the particularities of HER2 expression in the stomach,
further trials are needed to determine the clinical signifi-
cance of the intratumoral heterogeneity and its impact on
treatment outcome.

COMMENTS

Background

The vast majority of patients with gastric cancer are diagnosed with advanced
disease and the prognosis is generally poor. Human epidermal growth factor
receptor 2 (HER2)-positive tumors are usually associated with more aggressive
biological behavior and recurrence. In view of the recently demonstrated clinical
benefit of the anti-HER2 drug trastuzumab in the treatment of advanced gastric
cancer, reliable HER2 testing is of key importance. HER2 status is usually
determined by immunohistochemistry (IHC) and occasionally by in situ hybrid-
ization (ISH). However, little is known regarding the performance difference
among the commercially available anti-HER2 immunohistochemical antibodies
in gastric adenocarcinomas. This study compared three anti-HER2 antibodies
(HercepTest, 4B5 and SP3) using two different arms: samples prepared in tis-
sue microarray (TMA) device and whole-tissue sections counterpart prepared
from paraffin blocks of a series of 199 gastric adenocarcinomas.

Research frontiers

HER2 is a member of the family of tyrosine kinase receptors. Overexpression
of the HER2 receptor has been identified in various cancers and is most widely
studied in breast cancer. Like in breast cancer, HER2-positive gastric tumors
are correlated with worse prognosis. An important difference in HER2 immuno-
reactivity between breast cancer and gastric adenocarcinomas is the striking
heterogeneity of HER2-positivity in the latter, which can affect the determination
of HER2 status in small samples such as biopsies and TMA.

Innovations and breakthroughs

Many studies have compared anti-HER2 antibodies in breast cancer, however
only few reports have done it in gastric cancer. Gastric adenocarcinomas ex-
hibit intratumoral heterogeneity of HER2 expression and have a unique IHC
scoring system. This is the first study to compare HercepTest, 4B5 and SP3 in
a series of gastric tumors. Most contemporary studies use the cost-effective
TMA technique for testing HER2 expression; however, given the high incidence
of heterogeneous HER2-immunoreactivity and the risk of underestimating the
incidence of HER2-amplification rate; we also aimed to compare the results
obtained from TMA to those obtained from whole-tissue sections.

Applications

The study results indicate the best method to assess HER2 expression in
gastric cancer, facilitating the choice of the antibody with the greatest ability to
identify the most patients who could benefit from the use of trastuzumab. The
results also demonstrated that HER2 expression in small samples of gastric
cancer should be cautiously evaluated because the intratumoral heterogeneity
may influence the results.

Terminology

According to the four-tiered IHC scoring system for gastric cancer, samples
scored as 0 and 1+ are negative, 2+ as equivocal and 3+ as positive. Intratu-
moral heterogeneity is defined as areas with different HER2 scores within the
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same tumor.

Peer review

This is a highly stringent study in which the authors examined HER2 immu-
nostaining in a series of gastric cancers, using three different commercially
available anti-HER?2 antibodies in samples of TMA and whole-tissue sections.
The sensitivity, predictive value for HER2 amplification and accuracy of each
antibody were determined. The results are provoking and indicate the most
accurate IHC method for HER2 evaluation, emphasizing the limitations of the
TMA technique. The results of the study should encourage a more judicious
assessment of the HER2 status in gastric cancers, especially in small tissue
samples.
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