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Abstract: Manual assessment of human epidermal growth factor

receptor 2 (HER2) protein expression by immunohistochemistry

(IHC) in gastric and gastroesophageal junction (GGEJ) ad-

enocarcinomas is prone to interobserver variability and hampered

by tumor heterogeneity and different scoring criteria. Equivocal

cases are frequent, requiring additional in situ hybridization

analysis. This study aimed to evaluate the accuracy of digital

image analysis for the assessment of HER2 protein expression. In

total, 110 GGEJ adenocarcinomas were included in tissue mi-

croarrays with 3 tissue cores per case. Two immunoassays,

PATHWAY and HercepTest, and fluorescent in situ hybrid-

ization analysis were performed. The Visiopharm HER2-

CONNECT Analysis Protocol Package was applied through the

ONCOtopix digital image analysis software platform. HER2

membrane connectivity, calculated by the Analysis Protocol

Package, was converted to standard IHC scores applying pre-

determined cutoff values for breast carcinoma as well as novel

cutoff values. Cases with excessive cytoplasmic staining as well as

HER2 amplified IHC negative cases were excluded from analysis.

Applying HER2-CONNECT with connectivity cutoff values es-

tablished for breast carcinoma resulted in 72.7% sensitivity and

100% specificity for the identification of HER2 positive gene

amplified cases. By application of new cutoff values, the sensitivity

increased to 100% without decreased specificity. With the new

cutoff values, a 36% to 50% reduction of IHC equivocal cases was

obtained. In conclusion, HER2-CONNECT with adjusted cutoff

values seem to be an effective tool for standardized assessment of

HER2 protein expression in GGEJ adenocarcinomas, decreasing

the need for in situ hybridization analyzes.
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Gastric and esophageal cancer account for the third
and sixth most common cause, respectively, of can-

cer death worldwide.1 These cancers show poor prognosis
with a 5-year survival rate of 28% and 18%, respectively,
disregarding the stage of disease at diagnosis.2 The only
potentially curable treatment is surgery. However, at the
time of diagnosis most patients present with inoperable
disease (except in countries with screening programs).3–5

Inoperable patients and patients with recurrent and
metastatic cancer are offered palliative treatment. Ap-
proximately 18% of gastric and gastroesophageal junc-
tion (GGEJ) adenocarcinomas exhibit the tyrosine kinase
human epidermal growth factor receptor 2 (HER2)
overexpression,6 enabling treatment with the HER2 an-
tibody trastuzumab in combination with chemotherapy.

HER2 expression is assessed semiquantitatively by
immunohistochemistry (IHC), using defined and vali-
dated scoring criteria (Table 1) to identify patients eligible
for trastuzumab treatment. Cases are classified as either
negative, equivocal or positive for HER2 protein over-
expression.7,8 However, this method is complicated by
several pitfalls, including technical issues (different anti-
bodies, IHC protocols and stainer platforms giving
varying staining reactions),9,10 interobserver varia-
bility,8,9,11,12 and tumor heterogeneity.13–15 Equivocal
cases (compromising 11.8% to 25%16,17) need further
analysis by fluorescence in situ hybridization (FISH) or
bright field in situ hybridization. These assays are less
cost-effective and require more expertise to conduct than
IHC assays. According to European Medicines Agency
(EMA), treatment with trastuzumab should only be of-
fered to patients with positive IHC result or IHC equiv-
ocal cases with confirmed HER2 gene amplification.18

A more objective analysis method for evaluating
HER2 protein expression in GGEJ adenocarcinomas can
potentially be achieved by application of digital image
analysis (DIA). This method is recommended for breast
carcinomas by American Society of Clinical Oncology/
College of American Pathologists.19 The DIA company,
Visiopharm, has in collaboration with the Institute of
Pathology, Aalborg University Hospital, developed and
commercialized a software, HER2-CONNECT enabling
an accurate analysis of HER2 IHC status in breast car-
cinomas.20 Similar software to assess HER2 IHC status in
GGEJ adenocarcinomas has not yet been validated and
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launched. Few previous studies have evaluated the use of
DIA for HER2 IHC expression in GGEJ ad-
enocarcinomas, applying algorithms validated for breast
carcinoma, but did not find optimal concordance with
manual IHC interpretation and FISH.21,22 One study
applied a software algorithm specifically designed for
gastric adenocarcinomas. However, the concordance level
between DIA and manual IHC and FISH result was not
reported in the paper.13

The aim of the present study was to evaluate the
accuracy of HER2-CONNECT as analysis tool for in-
terpretation of HER2 protein expression in GGEJ ad-
enocarcinomas based on HercepTest and PATHWAY
immunoassays with FISH as reference.

MATERIALS AND METHODS
The material consisted of 110 consecutive resection

specimens (RS) from GGEJ adenocarcinomas with suffi-
cient amounts of tumor tissue for examination, collected
retrospectively from the archives of Institute of Pathol-
ogy, Aalborg University Hospital, during 2002 to 2015.
No inclusion/exclusion criteria regarding neoadjuvant
chemotherapy were used.

All specimens were subjected to standard processing
methods including fixation in 10% neutral buffered for-
malin for 24 to 72 hours.

For the present study, 11 tissue microarray (TMA)
blocks were constructed (TMA master, 3DHISTECH) as
follows: from each of the 110 cases, 3 tumor-containing
regions were identified on hematoxylin-eosin stained full
slides and punched out of the paraffin blocks with a 2.0-
mm needle. Each TMA further included 2 tissue cores of
breast ductal carcinomas as run controls, 1 characterized
as IHC HER2 equivocal and 1 IHC HER2 positive.
Consecutive 4 mm sections were cut and mounted onto
coated slides (FLEX IHC slides K8020, Dako). The sec-
tions were dried overnight at room temperature and
stored at 201C until staining.

The following assays were applied.

IHC: HercepTest (Dako, SK001)
Slides were immunostained according to the manu-

facturer’s recommendations and in brief processed as
follows: the slides were dried at 601C for 1 hour before
deparaffinization in Tissue-Clear (Sakura), hydrated
through alcohol to distilled water and submitted to heat-
induced epitope retrieval for 40 minutes at 971C in PT-link

(Dako). After cooling down for 20 minutes, the slides were
placed in the Autostainer Link 48 (Dako) and incubated
with the primary antibody (rabbit polyclonal; Dako
SK001) at room temperature for 30 minutes. Following
wash in buffer, the visualization complex (horseradish
peroxidase-labeled polymer, Dako, SK001) was applied
for 30 minutes. After a wash in the buffer the slides were
finally developed with 3,3’Diaminobenzidine tetrahy-
drocholoride (DAB) (Dako, SK001) and counterstained
with Mayers hematoxylin (S3301, Dako).

IHC: PATHWAY (Ventana, 790-2991)
Slides were immunostained according to the man-

ufacturer’s recommendations and in brief processed as
follows: the slides were dried at 601C for 1 hour and
placed in the BenchMark Ultra instrument (Ventana),
deparaffinized on-board and submitted to heat-induced
epitope retrieval in cell conditioning 1 for 32 minutes at
951C. Following endogenous peroxidase blocking, the
primary antibody (rabbit monoclonal clone 4B5, 760-
2991) was applied for 20 minutes at 361C. After a wash in
buffer the visualization complex, UltraView DAB
(horseradish peroxidase -labeled multimer, Ventana, 760-
500) was applied, and after a new wash in the buffer, the
slides were finally developed with DAB (Ventana, 760-
500) and counterstained with hematoxylin II (Ventana,
790-2208).

FISH: ZytoLight (Zytovision, Z-2015)
FISH analysis was performed according to the

manufacturer’s recommendations as follows: the slides
were dried at 601C overnight before deparaffinization in
xylene, hydrated through alcohol to distilled water, and
heated in a pretreatment solution (Dako, K5799) in a
domestic microwave oven (Blomberg) for 10 minutes.
Hereafter, the slides were submitted to proteolytic diges-
tion using pepsin (Dako, K5799) at room temperature for
10 minutes. Denaturation for 4 minutes at 901C and hy-
bridization for 16 hours at 371C was performed in a hy-
bridizer (Dako, S2450). The probes for hybridization
were based on a dual-probe mix (Zytovision, Z-2015)
containing a mixture of an orange fluorochrome direct
labeled probe specific for the alpha satellite centromeric
region of chromosome 17 and a green fluorochrome di-
rect labeled probe specific for the chromosomal region
17q12-q21.1 harboring the HER2 gene. After a stringent
wash at 651C for 10 minutes, the slides were mounted

TABLE 1. Immunohistochemistry Scoring Guidelines for Interpretation of Human Epidermal Growth Factor Receptor 2 Protein
Expression in Gastroesophageal Junction Adenocarcinoma

Resection Specimen Staining Pattern Biopsy Specimen Staining Pattern Score Classification

No reactivity or membranous reactivity in <10% of cells No reactivity or membranous staining in any tumor cell 0 Negative
Faint/barely perceptible membranous reactivity in Z10%
of tumor cells (at �40)

Tumor cluster of Z5 cells with faint/barely perceptible
membranous reactivity (at �40)

1+ Negative

Weak/moderate complete or basolateral membranous
reactivity in Z10% of tumor cells (at �10/20)

Tumor cluster of Z5 cells with weak/moderate complete or
basolateral membranous reactivity (at �10/20)

2+ Equivocal

Moderate/strong complete or basolateral membranous
reactivity in Z10% of tumor cells (at �2.5/5)

Tumor cluster of Z5 cells with moderate/strong complete or
basolateral membranous reactivity (at �2.5/5)

3+ Positive
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with a fluorescence mounting medium containing 40,6-
diamidino-2-phenylindol dihydrocholoride and cover-
slipped. The slides were stored at 2 to 81C in the dark
until analysis, which was terminated within 2 weeks, using
a fluorescence microscope (Leica DMRXA).

Interpretation of IHC Assays
Interpretation of the IHC assays followed the vali-

dated scoring criteria for GGEJ adenocarcinoma (Ta-
ble 1).7,8 The scoring criteria differ between RS and
biopsy specimens (BS). Previous studies using TMAs
constructed from RS have scored the cases with criteria
for either RS or BS.8,11,13,23,24 The current study applied
both criteria on the entire material to identify the method
with best correlation to FISH.

Two observers scored the IHC slides. Discrepant
cases were reevaluated to achieve consensus. The core
with the highest score was considered the final result for
the case.

Intratumoral heterogeneity was evaluated. A case
was defined as heterogenous when it consisted of (1) both
negative and equivocal/positives scores or (2) both
equivocal and positive scores.

Furthermore, nonspecific staining, that is, cyto-
plasmic staining of tumor cells was assessed. A case was
classified as inadequate if Z10% of the tumor cells (RS
criteria) or a cluster of Z5 tumor cells (BS criteria) could
not be assessed with certainty due to this aberrant stain-
ing pattern.

Interpretation of FISH
HER2 gene amplification was classified as negative

if HER2/centromere 17 (CEN17) ratio was <2.0 and
positive if HER2/CEN17 ratio was Z2.0. For each core,
20 nonoverlapping representative nuclei were counted.
FISH interpretation was conducted by an experienced
biomedical laboratory scientist. FISH was evaluated in
“hot spots” and if the result was discordant with IHC, the
case was recounted (enumeration of 20 additional nuclei)
using IHC to identify regions of interest (ROI).

DIA
TMA slides were scanned with NanoZoomer HT

1.0 (Hamamatsu) at �40 magnification to obtain digital
images available for automated image analysis.

The ONCOtopix Software Platform (Visiopharm)
was used for DIA. First, the TMA Workflow module was
used to create a TMA template, which fitted the design of
the TMAs included in this study. An individual image for
each core was automatically generated by adjusting the
template to each TMA.

Next, The HER2-CONNECT Analysis Protocol
Package was applied to the individual TMA cores gen-
erating a connectivity value. Connectivity is a continuous
measure calculated by the size distribution of stained
membrane fragments.20

Connectivity values were converted to negative (0/
1+), equivocal (2+), and positive (3+) DIA scores pri-
marily according to validated cutoff values determined for

breast carcinoma specimens (Table 2).25 Secondary,
connectivity values were compared with IHC and FISH
results to determine new cutoff values, specifically ad-
justed for GGEJ adenocarcinoma specimens.

Subsequently a new classification, called combined
HER2 score, merging the IHC and FISH result was given
for each core and case to simultaneously compare con-
nectivity to both IHC and FISH results (Table 3).

The highest connectivity value and HER2/CEN17
ratio was selected from the 3 cores to represent each case.

Cases with excessive cytoplasmic staining were ex-
cluded from HER2-CONNECT analysis, as the Analysis
Protocol Package was unable to distinguish the non-
specific staining from membranous staining.

Statistical Analysis
IBM SPSS Statistics 23.0 was used as statistical

software. First, results from IHC interpretation using
criteria for RS and BS were compared with FISH. The
method providing highest analytical sensitivity and spec-
ificity was selected. Analytical sensitivity, specificity, and
accuracy were calculated for both IHC assays interpreted
manually and by HER2-CONNECT using FISH as ref-
erence. McNemar test was used to evaluate the difference
between manual and automatic IHC assessment. The
Cohen k was calculated to analyze agreement between
PATHWAY and HercepTest in relation to HER2-
CONNECT results.

RESULTS
IHC and FISH results were available in 104 of the

110 cases included, for both PATHWAY and Hercep-
Test. One case was excluded from all assays as no tumor
cells could be identified. Five cases were not evaluable by
FISH due to technical issues. Additional 2 and 3 cores
were excluded for the PATHWAY and HercepTest as-
says, respectively, because of poor tumor tissue quality.
The affected cases were thus represented by only 1 or 2
cores.

TABLE 2. Cutoff Values for Conversion of Connectivity Values
to Digital Image Analysis (DIA) Scores for Breast Carcinomas

Connectivity DIA Score

r0.40 0/1+
>0.40-r0.64 2+
>0.64 3+

TABLE 3. Combined Human Epidermal Growth Factor
Receptor 2 (HER2) Score Defined by Immunohistochemistry
(IHC) and Fluorescent in Situ Hybridization (FISH) Score

Combined HER Score IHC Score FISH Score

0 0 Negative
1.0 1+ Negative
1.5 2+ Negative
2.5 2+ Positive
3.0 3+ Positive
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Comparison of Manual IHC Interpretation to
FISH Results

Results from IHC interpretation, applying RS and
BS scoring criteria, were compared with FISH (Table 4).

Two cases showing amplification by FISH showed
no immunoreaction (scored 0) with PATHWAY and
HercepTest. The 2 cases showed low-level amplification
(HER2/CEN17 ratio of 2.1 to 2.2) in 1 and 2 cores, re-
spectively, while the other cores were nonamplified by
FISH.

Sensitivity, specificity, and accuracy were calculated
for all assays (Table 5), excluding the 2+ cases. Scoring
TMAs based on BS criteria provided the highest analytical
sensitivity: 84.6% for PATHWAY and 83.3% for Her-
cepTest. Specificity was 100% for both scoring methods
and both IHC assays. The analytical accuracy increased
with use of BS criteria compared with RS as seen
in Table 5. The most optimal combination of sensitivity
and specificity was thus attained when TMAs were scored
analogous to biopsies. Therefore, only results from using
criteria for BS were included in the further data analysis.

The sensitivity increased to 100% for both PATH-
WAY and HercepTest when excluding the 2 cases, which
were IHC negative but amplified by FISH. According to
EMA, HER2 protein overexpression (2+/3+) must be
identified in gene amplified cases to offer trastuzumab
treatment18

Prevalence of HER2 Overexpression and
Amplification

With PATHWAY 63.4% of the cases were man-
ually scored as negative, 26.0% as equivocal and 10.6%
as positive. With HercepTest 69.2% of the cases were
scored as negative, 21.2% as equivocal, and 9.6% as
positive (see Fig. 1 for examples of the different IHC
scores).

The prevalence of HER2 gene amplification as-
sessed by FISH was 14.4% (15 cases). All 3+ cases for
PATHWAY and HercepTest were amplified by FISH.
Two of 27 equivocal cases with PATHWAY and 3 of 22
cases with HercepTest were positive for HER2 gene am-
plification.

Nonspecific Staining
The PATHWAY assay (which is based on the pri-

mary antibody clone 4B5) occasionally caused an aber-
rant cytoplasmic (as well as nuclear) staining reaction in
tumor cells as well as in normal and dysplastic epithelial
cells (Fig. 2). Seven cases (equal to 15 cores) were classi-
fied as inadequate with the PATHWAY assay due to
cytoplasmic staining of tumor cells. All 7 cases were
scored as IHC negative by HercepTest.

IHC—Tumor Heterogeneity
Heterogenous cases, that is cases with different IHC

scores in the 3 cores were noted (Figs. 3A–C) in 18 cases
(16.5%) with PATHWAY and 16 (14.7%) with
HercepTest.

Different intensity of membranous staining within
the same core was also observed (Fig. 3D).

HER2-CONNECT
All cases and cores with manual IHC score 0 and

amplification by FISH were excluded from HER2-
CONNECT analysis (as no membranous staining was
available for analysis). For this reason, 2 cases (equal to 3
cores) from both IHC assays, and additional 3 cores for
PATHWAY and 1 core for HercepTest were excluded.
However, the other cores from the specific cases classified
the final result for the case as equivocal or positive in
manual IHC interpretation.

TABLE 4. Comparison of Results From Manual Interpretation
of Immunohistochemistry (IHC) to Fluorescent in Situ
Hybridization (FISH) Results

FISH

Negative Positive Total

PATHWAY resection
0 60 3 63
1+ 15 3 18
2+ 14 3 17
3+ 0 6 6

Total 89 15 104
HercepTest resection
0 65 3 68
1+ 16 0 16
2+ 8 5 13
3+ 0 7 7

Total 89 15 104
PATHWAY biopsy
0 45 2 47
1+ 19 0 19
2+ 25 2 27
3+ 0 11 11

Total 89 15 104
HercepTest biopsy
0 50 2 52
1+ 20 0 20
2+ 19 3 22
3+ 0 10 10

Total 89 15 104

TABLE 5. Sensitivity, Specificity, and Accuracy for Results From Manual Interpretation of Immunohistochemistry (IHC) Compared
With Fluorescent in Situ Hybridization Results

Sensitivity (%) Specificity (%) Accuracy (%)

PATHWAY resection 50.0 100 93.1
HercepTest resection 70.0 100 96.7
PATHWAY biopsy 84.6 100 97.4
HercepTest biopsy 83.3 100 97.6
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FIGURE 1. Examples of different human epidermal growth factor receptor 2 immunohistochemistry (IHC) scores (biopsy
specimens criteria) IHC score 0 (A), IHC score 1+ (B), IHC score 2+ (C), IHC score 3+ (D) (A–D, �20 magnification).

FIGURE 2. Nonspecific staining, PATHWAY, cytoplasmic and nuclear staining of tumor cells (A). B, PATHWAY, cytoplasmic and
nuclear staining of normal epithelial cells. (A–B, �20 magnification).
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In total, 15 cores equaling 7 cases, for PATHWAY,
classified as inadequate because of cytoplasmic staining
were excluded from HER2-CONNECT analysis.

Cutoff values, originally determined for breast car-
cinoma samples (Table 2), were applied to convert con-
nectivity to DIA scores in line with the manually applied
IHC scores. The DIA scores were compared with FISH
for all cases (Table 6).

Three amplified cases were classified as negative by
HER2-CONNECT for both IHC assays, when cutoff
values for breast carcinomas were used. This resulted in a
sensitivity of 72.7% and a specificity of 100% for both
PATHWAY and HercepTest. Accuracy was 96.8% for
PATHWAY and 97.0% for HercepTest.

The connectivity values were compared with com-
bined HER2 scores to define the intervals for the new
cutoff values (Fig. 4).

The lowest connectivity value for a core with a com-
bined HER2 score (HER2 IHC 2+/FISH pos) of 2.5 was

0.09 for PATHWAY and 0.10 for HercepTest. The highest
connectivity value from the 3 cores per case was selected to
represent the case. With HercepTest, 0.25 was the lowest

FIGURE 3. Heterogenous cases. A–C, Same case with different immunohistochemistry (IHC) scores (biopsy specimens criteria) in
the 3 individual cores, using the PATHWAY assay. A, Scored as 2+ (only a small cluster of 2+ stained tumor cells), �20. B, Scored
as 3+, 10� . C, Scored as 3+ (only small clusters of 3+ staining, mostly 2+ staining), �20. D, One core with IHC score ranging
from 0 to 3+, �10, using the HercepTest assay.

TABLE 6. Comparison of Digital Image Analysis (DIA) Scores
to Fluorescent in Situ Hybridization (FISH) Applying Cutoff
Values Designed for Breast Carcinoma (Cases)

FISH

Negative Positive Total

PATHWAY DIA score
0/+1 82 3 85
2+ 0 2 2
3+ 0 8 8

Total 82 13 95
HercepTest DIA score
0/1+ 89 3 92
2+ 0 2 2
3+ 0 8 8

Total 89 13 102
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value for a case with a combined 2.5 HER2 score. For
PATHWAY, 0.09 was still the lowest value per case.

Two cores for PATHWAY and 1 core for
HercepTest had a HER2 score of 2.5, but a connectivity
of 0.00. The 2 other cores from the associated cases had
higher connectivity values, classifying the cases as either
equivocal or positive.

From Figure 4, adjusted levels for the cutoffs were
obtained. Connectivity <0.09 was considered negative,
connectivity between 0.09 and r0.30 as equivocal and
connectivity >0.30 as positive.

Connectivity values were converted to DIA scores,
applying the altered cutoff values. The new HER2-
CONNECT results were compared with FISH (Table 7).

All cases classified as positive by HER2-
CONNECT were amplified by FISH for both IHC as-
says. Two of 10 equivocal cases for PATHWAY and 3 of
14 cases for HercepTest had HER2 gene amplification.
All cases classified as negative by HER2-CONNECT
were nonamplified.

False negative results occurred when the individual
cores instead of cases were compared with FISH. For
PATHWAY and HercepTest 2 and 1 cores, respectively,
were scored as negative by DIA, but amplified by FISH.
The cores were all scored as 2+ by manual IHC inter-
pretation.

The sensitivity, specificity, and accuracy was 100%
for both PATHWAY and HercepTest, when the case

results were used for calculation. The sensitivity was re-
duced to 92.0% with PATHWAY and 95.7% with
HercepTest when the scores for each individual core were
used instead of case result. Specificity remained 100%.

FIGURE 4. Correlation between connectivity and combined human epidermal growth factor receptor 2 (HER2) score for cores
and cases.

TABLE 7. Comparison of HER2-CONNECT Results to
Fluorescent In Situ Hybridization (FISH) Applying Altered
Cutoff Values

FISH

Negative Positive Total

PATHWAY cases
Negative 74 0 74
Equivocal 8 2 10
Positive 0 11 11

Total 82 13 95
HercepTest cases

Negative 78 0 78
Equivocal 11 3 14
Positive 0 10 10

Total 89 13 102
PATHWAY cores

Negative 243 2 245
Equivocal 17 4 21
Positive 0 23 23

Total 260 29 289
HercepTest cores

Negative 254 1 255
Equivocal 20 8 28
Positive 0 22 22

Total 274 35 305
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DIA Compared With Manual IHC Interpretation
The number of 2+ scores from manual IHC inter-

pretation was compared with results from HER2-
CONNECT analysis.

In total, 20 cases were scored as 2+ for PATH-
WAY by manual IHC interpretation. This number was
reduced to 10 cases when HER2-CONNECT was ap-
plied. For HercepTest, 22 cases were scored as 2+ in
manual IHC, which was reduced to 14 cases using HER2-
CONNECT. The reduction equaled 50.0% and 36.4%,
respectively, which was statistically significant (P<0.05)
for both assays. There was total agreement regarding 3+
cases.

Comparison of HER2-CONNECT Results for
PATHWAY and HercepTest

The agreement between PATHWAY and Hercep-
Test was determined by comparing results for all cores.
The agreement was analyzed by calculation of Cohen k
with use of DIA scores derived from connectivity. A
k value of 0.79 was found, indicating substantial agree-
ment.26

DISCUSSION
Assessment of HER2 status in GGEJ ad-

enocarcinomas is essential to identify patients, who are
candidates for treatment with trastuzumab. An accurate
method is mandatory and a cost-effective approach is
appreciable. This study is to our best knowledge the first
to evaluate the accuracy of HER2-CONNECT in relation
to GGEJ adenocarcinomas.

HER2-CONNECT was originally developed as a
diagnostic tool for breast carcinoma samples. Cutoff
values, which convert connectivity to an equivalent IHC
score, have been determined for breast carcinoma.25 Ap-
plying these cutoff values to our study material resulted in
three HER2 amplified cases being classified as negative by
DIA. All 3 cases were scored as equivocal by manual IHC
interpretation, except 1 case which was scored as positive
with PATHWAY.

Adjustment of the cutoff values was required to
enhance precision of HER2-CONNECT, when analyzing
GGEJ adenocarcinomas, to minimize the risk of false
negative results and to reduce the proportion of equivocal
cases. Applying the altered cutoffs for the cases included
in the study resulted in a 100% sensitivity and specificity
for both IHC assays. When comparing the score for each
individual core to the associated FISH result, the sensi-
tivity was reduced to 92.0% with PATHWAY and 95.7%
with HercepTest. Furthermore, a statistically significant
reduction of equivocal cases was observed for HER2-
CONNECT. However, the cutoff values determined in
this study need further validation and confirmation with
inclusion of different samples, that is whole-sections, bi-
opsy specimens, and samples from different institutions.

Comparison of connectivity with combined HER2
score, revealed that the lowest connectivity value for a
case with a 2.5 HER2 score (IHC 2+ and amplified by

FISH) was 0.09 for PATHWAY and 0.25 for HercepTest.
Substantial agreement (k=0.79) was found between the
IHC assays for results from HER2-CONNECT analysis.
However, the difference in lowest connectivity for a 2.5
HER2 case score indicate that separate cutoffs for dif-
ferent IHC assays could enhance precision of HER2-
CONNECT.

False negative results occurred when DIA scores for
individual cores, instead of cases, were compared with
FISH results. For PATHWAY and HercepTest, 2 and 1
cores, respectively, were false negative. The cores were
scored as 2+ by manual IHC interpretation. This might
be a potential challenge for HER2-CONNECT with the
present software configuration for cases with equivocal
HER2 protein expression.

Connectivity and manual IHC score was discrepant
in some cases, especially when the HER2 expression was
heterogenous within a single core. The discrepant cases
were reanalyzed and ROI were manually selected, instead
of the automatic selection of the whole tissue core. The
highest connectivity value was achieved when ROI only
included the area with the strongest HER2 expression.

The HER2-CONNECT software recognized arti-
facts (pigments, etc.) as membranous staining, which lead
to falsely high connectivity values. These cases were easily
identified because of discrepancy between connectivity
and manual IHC score and the DIA analysis evidently
was based on nonrelevant structures.

Nonspecific cytoplasmic and nuclear staining was
occasionally observed with PATHWAY, interfering with
interpretation. Seven cases were classified as inadequate
for this reason and excluded from HER2-CONNECT
analysis. The software registered cytoplasmic and nuclear
staining as membranous which gave falsely high connec-
tivity values. The reduction of equivocal 2+ IHC cases
was higher for PATHWAY compared with HercepTest,
50.0% versus 36.4%, when HER2-CONNECT analysis
were performed. However, the 7 cases scored as in-
adequate because of nonspecific staining would still need
retesting by an alternative IHC test. HercepTest in com-
bination with HER2-CONNECT may be a superior
method compared with PATHWAY for GGEJ ad-
enocarcinomas as all cases could be evaluated with re-
duction of equivocal cases without compromising the
sensitivity and specificity.

The HER2-CONNECT software algorithm was
directly applied to GGEJ adenocarcinoma, only altering
the cutoff values. Adjustment of the algorithm itself might
enhance the effectiveness of the software further reducing
the number of equivocal cases and increase accuracy
when individual cores are compared with FISH. It is
unknown whether alteration of the software algorithm
could enable the software to distinguish the nonspecific
staining from membranous, which was a challenge for
IHC performed with PATHWAY. The cutoff values for
GGEJ adenocarcinoma, set in this study, was lower than
cutoffs determined for breast carcinoma. One reason
for this difference could be the incomplete staining
of membranes, which is characteristic for GGEJ
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adenocarcinomas. The software eliminates small mem-
brane fragments from calculation of connectivity ac-
cording to a specified cutoff size. This cutoff might be
changed to optimize the compatibility of HER2-
CONNECT to GGEJ adenocarcinomas.

Approximately 15% of the cases included in this
study were classified as heterogenous (different IHC
scores for cores from the same case), indicating the im-
portance of including multiple tumor cores for a TMA
set-up. Heterogenous cases typically reveal small foci of
tumor cells with HER2 protein overexpression. These foci
can be difficult to identify during FISH analysis. A
combined gene protein assay has been developed by
Ventana to ease interpretation. The assay allows simul-
taneous interpretation of HER2 protein expression and
HER2 gene amplification in the same slide. Few studies
have evaluated the assay for GGEJ adenocarcinomas,
exhibiting promising results.27–29

In conclusion, this study has shown that HER2-
CONNECT seems to be a useful tool in assessment of
HER2 expression in GGEJ adenocarcinoma. Adjustment
of cutoff values determined for breast carcinoma ensured a
100% analytical sensitivity, specificity and accuracy for
case results when HER2-CONNECT was applied. The
software failed to correctly classify 3 individual cores,
leading to a sensitivity of 92.0% with PATHWAY and
95.7% with HercepTest. A statistically significant reduc-
tion of equivocal cases for PATHWAY (50.0%) and
HercepTest (36.4%) was achieved for HER2-CONNECT.
Adjustment of the software may potentially enhance the
accuracy of HER2-CONNECT. Further studies with in-
clusion of additional samples types are required to validate
results from this study.
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