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Abstract
To evaluate the effect of the 2018 ASCO/CAP guideline in the identification of HER2-positive breast carcinomas (BC) in reflex
in situ hybridization (ISH) test. A total of 592 primary invasive BC cases from before and after the publication of the updated
ASCO/CAP guideline were evaluated for HER2 amplification by silver ISH according to the 2013 and 2018 guidelines. Cases
were mostly (95%) HER2 equivocal by immunohistochemistry (IHC), not centrally reviewed. Other reasons for referring cases
were IHC confirmation, IHC discordancy (either between needle-core-biopsy (NCB) and surgical excision specimen (SES) or
between different laboratories) and IHC result unexpected for histopathologic features. Cases evaluated with the 2013 guideline
(1st cohort) were 14.6% HER2-positive, decreasing significantly after the reclassification with the 2018 guideline due to the
exclusion of group 2 cases without HER2 protein overexpression. Cases studied after the implementation of the 2018 guideline
(2nd cohort) were 8.7%HER2-positive, a frequency that was not significantly different from the reclassification of the 1st cohort
with the 2018 guideline. All cases referred for IHC confirmation had the expected ISH result. Cases with IHC discordancy
between NCB and SES were ISH concordant. Only one out of 14 cases with an IHC score 3+ and classified as histological grade
1 or with a Ki67 below 10% was classified as ISH HER2-positive. The 2018 ASCO/CAP guideline resulted in a decrease of
HER2-positive cases in reflex ISH test, selecting less patients for anti-HER2-targeted therapy.
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Introduction

Breast cancer (BC) is the most frequently diagnosed cancer in
women worldwide and the leading cause of cancer death in
most countries [1]. According to current guidelines, human
epidermal growth factor receptor 2 (HER2) quantification
must be routinely performed, along with estrogen and proges-
terone receptor, in all patients with invasive BC, recurrences,
and metastases [2, 3].

The overexpression and/or amplification of HER2 in
invasive BC has been associated with aggressive clinical
behavior but with a high probability of response to HER2-
targeted therapy [4–6]. Many clinical trials have demon-
strated that HER2-targeted therapy given during and/or
after chemotherapy results in a significant improvement
in disease-free and overall survival only in patients with
BCs showing HER2 amplification or overexpression
[6–9]. Consequently, the correct identification of HER2-
positive BC selects patients expected to benefit from
targeted therapy.

In most laboratories, HER2 evaluation begins with the
analysis of protein expression by immunohistochemistry
(IHC) resulting in the following scenarios: negative (score
0 or 1+), equivocal (score 2+), positive (score 3+), and
indeterminate. If the IHC result is equivocal or indetermi-
nate, reflex testing should be performed with in situ hy-
bridization (ISH) assays for the assessment of HER2 am-
plification [2].

Recently, the ASCO/CAP (American Society of Clinical
Oncology/College of American Pathologists) has updated
the HER2 guideline, clarifying the definition of equivocal
cases by IHC as well as introducing the criteria for less fre-
quent results (non-classical) in the ISH quantification (for de-
tails see below). Currently, a HER2 score 2+ is defined as the
presence of weak tomoderate complete membrane staining, in
at least 10% of tumor cells. Moreover, according to the new
guideline, the possibility of a discordancy between IHC and
ISH can only be considered in classical groups (1 and 5,
amplified and non-amplified, respectively) [2]. The remaining
non-classical groups (2 to 4) can express any IHC score (from
0 to 3+). For these latter groups, it is required, henceforth,
concomitant IHC to reach a final integrated interpretation.
Consequently, it means that the ISH result is no longer an
absolute truth, unless it is a classical result. Finally, the equiv-
ocal nomenclature by ISHwas substituted by the non-classical
group 4 [2].

The aim of the present study is to evaluate the effect of the
2018 ASCO/CAP guideline in the identification of HER2-
positive BC by the ISH technique.

Materials and methods

Case selection

The cases included formalin-fixed, paraffin-embedded needle
core biopsies (NCB) and surgical excision specimens (SES)
referred to Ipatimup Diagnostics (national reference center for
HER2 ISH) from 27 institutions (from 1 to 108 cases each) for
evaluation of HER2 gene amplification with bright-field ISH.
HER2 test by IHC was performed in the sending institution,
without information regarding pre-analytical conditions. The
first cohort comprised 380 primary invasive BC cases studied
1 year prior to the introduction of the 2018ASCO/CAPHER2
guideline (from June 2017 to May 2018). The second cohort
included 212 primary invasive BC cases since the publication
of the 2018 ASCO/CAP HER2 guideline (June 2018) until
November 2018. This study has been performed in accor-
dance with the national regulative law for the handling of
biological specimens from tumor banks, being the samples
exclusively available for research purposes in retrospective
studies, as well as under the international Helsinki declaration.
Ethical approval and informed consent were not required for
this study.

Silver in situ hybridization

SISH was performed on 3-μm-thick sections in one block of
each case with dual-hapten, dual-color ISH. The dual-probe
assay (INFORM HER2 Dual ISH DNA Probe Cocktail
Assay; Ventana Medical Systems, Inc., Tucson, AZ, USA),
which is Food and Drug Administration-approved, contains
an HER2 locus-specific probe (black signal) and a control
probe specific for the centromere of chromosome 17 (centro-
mere enumeration probe-CEP17, red signal), which allows
detection of HER2 gene amplification by light microscopy.
The entire procedure was carried out on an automated staining
system (Ventana BenchMark XT Staining System; Ventana
Medical Systems, Inc., Tucson, AZ, USA) according to the
manufacturer’s instructions. Appropriated positive and nega-
tive controls were used in every set of slides.

SISH interpretation

The samples were classified by a pathologist (AP) according
to the 2013 and 2018 ASCO/CAP guidelines. Corresponding
hematoxylin and eosin (HE) staining was used for the identi-
fication of the invasive component of the tumor, and only cells
with a minimum of one copy of HER2 and CEP17 each were
scored. The number of HER2 signals was estimated in

304 Virchows Arch (2019) 475:303–311



clusters, except for doublets, which counted as a single signal.
The evaluation of the samples included scoring of at least 20
nuclei, in two different areas, recording the numbers of HER2
and CEP17 signals. The 2013 ASCO/CAP guideline estab-
lishes the result of HER2 gene amplification as: positive when
the HER2/CEP17 ratio is ≥ 2.0 or < 2.0 and the average HER2
copy number is ≥ 6.0 signals per cell; equivocal when the
HER2/CEP17 ratio is < 2.0 and the average HER2 copy num-
ber is ≥ 4.0 and < 6.0 signals per cell; and negative when the
HER2/CEP17 ratio is < 2.0 and the average HER2 copy num-
ber is < 4.0 signals per cell. The 2018 ASCO/CAP guideline
defines HER2 gene amplification as positive (classical group
1) when the HER2/CEP17 ratio is ≥ 2.0 and the average
HER2 copy number is ≥ 4.0 signals per cell, and negative
(classical group 5) when the HER2/CEP17 ratio is < 2.0 and
the average HER2 copy number is < 4.0 signals per cell.
Moreover, group 2 is defined as HER2/CEP17 ratio ≥ 2.0
and average HER2 copy number < 4.0 signals per cell; group
3 as HER2/CEP17 ratio < 2.0 and average HER2 copy num-
ber ≥ 6.0 signals per cell; and group 4 as HER2/CEP17 ratio <
2.0 and average HER2 copy number ≥ 4.0 and < 6.0 signals
per cell. The final classification in groups 2 to 4 (non-
classical) depends on the result of IHC analysis and is consid-
ered positive if a score 3+ in these groups or a score 2+ in
group 3, and negative if otherwise. HER2 genomic heteroge-
neity (HER2-GH) is defined as tumors with a discrete popu-
lation of tumor cells with different HER2 gene status. The
proportion of amplified areas was quantified by measuring
the number of fields (power field of 200×) with HER2 gene
amplification divided by the number of fields of invasive car-
cinoma. A case is considered positive if HER2 gene amplifi-
cation represents at least 10% of the total tumor cell
population.

Statistical analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS) version 24.0 for
Windows. The Pearson’s Chi-squared (χ2) test (or the
Fisher’s exact test, if appropriate) and McNemar test were
used for comparison of qualitative variables, and the t test
was used for comparison of quantitative variables. The level
of significance was set at P < 0.05.

Results

The first cohort included 311 NCB (81.8%) and 69 SES
(18.2%), diagnosed in 376 women (98.9%) and 4 men
(1.1%). The age of the patients ranged from 24 to 93 years
old, with a median age at diagnosis of 61 years old. The
second cohort comprised 178 NCB (84.0%) and 34 SES
(16.0%), diagnosed in 208 women (98.1%) and 4 men

(1.9%). The age of the patients ranged from 24 to 94 years
old, with a median age at diagnosis of 61 years old. The
distributions by procedure, gender, age, HER2/CEP17 ratio,
average HER2, and CEP17 copy number per cell were not
statistically different between the two cohorts (Table S1 and
Fig. S1).

In the first cohort, the IHC analysis from the referred cases
included 3 cases scored 0 and 1+ (0.8%), 356 cases scored 2+
(93.7%), 16 cases scored 3+ (4.2%), and 5 indeterminate cases
(1.3%) (Table S2). According to the 2013 ASCO/CAP guide-
line, there were 310 HER2-negative cases (85.4%), 53 HER2-
positive cases (14.6%), and no equivocal results in the SISH
test (Table 1). HER2-GH was detected in 0.6% of the cases
(2/363), the proportion of HER2-amplified cells varied from
20 to 30% of the total tumor cell population represented in the
sample.

Regarding the 19 cases scored 0, 1+, or 3+ in the first
cohort (cases usually not elected for ISH analysis), the reasons
for ISH testing were as follows: 6 cases for IHC confirmation
(1 case scored 0 and 5 cases scored 3+), 9 NCB cases scored
3+ classified as histological grade 1 (7 cases) or with Ki67
below 10% (2 cases), 3 cases with IHC discordancy between
NCB and SES and, lastly, one case scored 0 and 3+ by two
different laboratories. All cases sent for IHC confirmation had
a concordant result with SISH. In contrast, only one out of the
9 NCB cases scored 3+ and classified as histological grade 1
or with Ki67 below 10% had an HER2 gene amplification.
This case had a mucinous pattern and an HER2/CEP17 ratio
of 2.96 and an average HER2 copy number of 3.93 (Fig. 1).
Concerning the 3 discordant cases (Table 2), cases 1 and 2
were scored 3+ in the NCB but with no protein overexpression
in the SES. SISH testing was performed in the NCB and SES
of case 1 and in the NCB of case 2, being negative for HER2
amplification in all samples. Case 3 had a score 2+ in the
NCB, a score 1+ in the SES and HER2 amplification by

Table 1 Classification of HER2 test according to the 2013 and 2018
ASCO/CAP guideline

HER2 status 1st cohort 2nd cohort

2013 guideline1,2 2018 guideline2,3 2018 guideline1,3

Negative 85.4% (310) 88.4% (321) 91.3% (190)

Positive 14.6% (53) 11.6% (42) 8.7% (18)

Equivocal 0% (0) na na

Total 363 208

11st cohort (2013 guideline) vs 2nd cohort (2018 guideline): p = 0.038a

2 2013 guideline vs 2018 guideline (1st cohort): p = 0.001b

3 1st cohort (2018 guideline) vs 2nd cohort (2018 guideline): p = 0.274a

a Pearson Chi-square test
bMcNemar test

na not applicable
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SISH in both samples. Finally, the case with IHC discordancy
between laboratories presented a HER2/CEP17 ratio of 2.2
and an average HER2 copy number of 2.7, being classified
as HER2-positive according to the 2013 ASCO/CAP
guideline.

In the second cohort, the IHC analysis from the referred
cases comprised 4 cases scored 0 and 1+ (1.9%), 203 cases
scored 2+ (95.7%), and 5 cases scored 3+ (2.4%) (Table S2).
According to the 2018 ASCO/CAP guideline, there was 190
HER2-negative cases (91.3%) and 18 HER2-positive cases
(8.7%) (Table 1), without cases with HER2-GH. The HER2-
negative cases included 9 group 2 cases (4.3%) without HER2
protein overexpression (score 2+) (Tables 3 and S3).
Moreover, there were no group 3 or group 4 cases.

Regarding the 9 cases scored 0, 1+, or 3+ in the second
cohort, the reasons for ISH testing were as follows: 4 cases for
IHC confirmation (3 cases scored 0 and 1 case scored 1+) and
5 NCB cases scored 3+ classified as histological grade 1. All
the 9 cases were negative for HER2 amplification (group 5)
(Table S3).

Comparing the cohorts, we observed a significant decrease
of HER2-positive cases from 14.6% to 8.7% between the
classification of the first cohort (2013 ASCO/CAP guideline)
and the second cohort (2018 ASCO/CAP guideline) (p =
0.038), unlike the difference between the classification of both
cohorts according to the 2018 ASCO/CAP guideline (p =
0.274) (Table 1). In the reclassification of the first cohort using
the 2018 ASCO/CAP guideline, we observed 321 HER2-

negative cases (88.4%) and 42 HER2-positive cases
(11.6%), which represented a 20.8% decrease in HER2-
positive cases (p = 0.001), corresponding to the exclusion of
11 cases from group 2 without HER2 protein overexpression
(Tables 1 and S3). The two group 2 cases with HER2 protein
overexpression corresponded to one case sent for IHC confir-
mation and another case classified as histological grade 1 (for
details, see above). All negative cases according to the 2013
guideline remained negative with the 2018 guideline, and
there were no cases in groups 3 and 4 (Tables 2 and 3).

Considering both cohorts, there were 21 indeterminate re-
sults by SISH (3.6%), not being statistically different between
NCB and SES (3.7% (18/489) and 2.9% (3/103), respectively;
Fisher’s exact test p = 1.000). The main reason for these re-
sults was the lack of well-defined signals (18/21–85.7%), with
the formation of a black precipitation in the remainders.

Discussion

In the present study, we aimed to compare the effect of the 2018
ASCO/CAP guideline in the identification of HER2-positive
BC by SISH. We found that the updated guideline significantly
decreases the number of HER2-positive BC cases due to the
exclusion of group 2 cases without HER2 protein overexpres-
sion. Group 2 represents BC cases with deletion of the reference
probe (CEP17) rather than HER2 amplification, giving rise to
an artificially high HER2/CEP17 ratio. The reclassification of

Fig. 1 Female, 45 years old, NCB: a HE, 100×: grade 1 invasive carcinoma with mucus production; b HER2 IHC, 200×: score 3+; c SISH, 400×:
HER2/CEP17 = 2.96 and average HER2 copy number = 3.93

Table 2 Cases with HER2 status discordance between NCB and SES

Case Gender Age NCB IHC HER2/CEP17 ratio Average HER2
copy number

SES IHC HER2/CEP17 ratio Average HER2
copy number

1st cohort

1 F 52 3+ 0.96 1.60 2+ 1.06 1.70

2 F 39 3+ 0.97 2.10 N np np

3 F 73 2+ 2.11 3.38 1+ 2.06 4.13

F female, IHC immunohistochemistry, N negative, np not performed, NCB needle core biopsy, SES surgical excision specimen
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the cases from the first cohort with the 2018ASCO/CAP guide-
line was able to predict that decrease, as it does not differ sig-
nificantly from the classification of the second cohort. The dif-
ference between both cohorts when classified with the same
ASCO/CAP guideline is the application of IHC criteria, which
we demonstrate as not playing a major role in the global effect
of the new guideline. In our series, the IHC performed exter-
nally was not centrally reviewed, which represents a limitation
of this work. As such, the results represent the impact of the
updated guideline in reflex ISH test when applied to equivocal
results by IHC performed in external laboratories. In the setting
of ISH test as the first approach in HER2 evaluation, it is ex-
pected that the non-classical groups represent a higher propor-
tion of cases, given the usual correlation with negative results
by IHC [10, 11]. Since equivocal cases by IHC represent 10 to
20% of BC cases, the overall decrease of HER2 positivity rate
to be expected from the updated guideline will be less pro-
nounced [2].

Since the application of the 2013 ASCO/CAP guideline for
HER2 test in BC, most studies document an increase in both
HER2-positive and HER2-equivocal cases by fluorescence ISH
(FISH), the latter group representing 2 to 14% of the cases
[12–19]. In 2016, our group also confirmed, using SISH for
the first time, that the above mentioned ASCO/CAP guideline
resulted in a significant increase of HER2-positive cases [20].
Very recently, a studied from an Irish group found a decrease in
HER2-positive cases from the updated guideline in reflex ISH
test, also due to the exclusion of group 2 cases (about 7%) as is
documented in our series [21]. An Asian group has shown that
the 2018 ASCO/CAP guideline significantly increases the
HER2-negative cases by FISH at the expense of reclassification
of equivocal cases (nearly 15%of the cases) intoHER2-negative
cases (group 4). Additionally, the same authors also reported an
absence of group 2 cases [22]. The explanation for the difference
of proportion of groups 2 and 4 in our results and theirs may be
related to the size of the series, pre-analytical conditions, or
different ISH platforms. As we speculated before, differences
between bright-field ISH and FISH, due to the presence of au-
tofluorescence, could result in an increase of both HER2 and
CEP17 signals in the latter technique, with consequent higher
HER2 copy numbers with the same HER2/CEP17 ratio, and

therefore increased number of group 4 and less group 2 cases
[20, 23, 24]. Although the majority of the published literature
finds concordance rates between SISH and FISH greater than
90%, the recent creation of groups 1 to 5 according to
HER2/CEP17 ratio and average HER2 copy number per cell
may change this concordance rate [25–34].

The application of different groups in ISH analysis is one of
the most relevant changes from the current guideline. The like-
lihood of a BC case being HER2 overexpressed increases sub-
stantially with average HER2 copy number higher than 6.0,
representing cases with significantly higher risk of death from
BC compared to both HER2 copy number lower than 4.0 and
between 4.0 and 6.0, particularly in the first 5 years after the
diagnosis [10, 11, 35]. In contrast, group 2 cases are associated
with low HER2 protein expression and without survival benefit
from trastuzumab therapy (at variance with group 1 cases),
supporting the classification of these cases as HER2-negative
[11]. Furthermore, groups 4 is also associated with low HER2
protein expression, not showing significant survival differences
between group 5, suggesting that group 4 is also best classified
asHER2-negative [11, 36]. Remarkably, when comparing group
4 cases with low-amplified group 1 cases (HER2/CEP17 ratio
higher than 2.0 and average HER2 copy number between 4.0
and 6.0), it has been demonstrated that the latter group also
correlates with the absence of HER2 protein overexpression
and present similar BC-specific survivorship [11, 35, 37].
Taken together, this means that group 5, 4, and low-amplified
group 1 have similar survival, although the data lacks clarifica-
tion regarding response to targeted therapy in latter group.

Bright-field ISH allows a better link between tissue mor-
phology and HER2 gene status in comparison with FISH and,
in the present work, we report HER2-GH in less than 1% of
the cases [38]. HER2-GH has been shown to be a rare event,
including in carcinoma in situ, which has been also confirmed
by our group in the past [20, 39–42]. The 2018 ASCO/CAP
guideline maintained the previous definition of HER2-GH
from the 2013 guideline, without mentioning to the potential
adaptation following the creation of different ISH groups. As
such, we assume that HER2-GH is the presence of different
ISH groups in the same tumor, and that IHC should also be
taken into consideration in this analysis.

Table 3 Classification of HER2 test according to HER2/CEP17 ratio and average HER2 copy number

Average HER2 copy number

1st cohort 2nd cohort

HER2/CEP17 ratio < 4.0 ≥ 4.0 and < 6.0 ≥ 6.0 < 4.0 ≥ 4.0 and < 6.0 ≥ 6.0
< 2.0 Group 5 Group 4 Group 3 Group 5 Group 4 Group 3

310 (85.4%) 0 0 181 (87.0%) 0 0

≥ 2.0 Group 2 Group 1 Group 2 Group 1

13 (3.6%) 17 (4.7%) 23 (6.3%) 9 (4.3%) 10 (4.8%) 8 (3.9%)
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In our work, about 95% of the cases received for ISH anal-
ysis, in both cohorts, were equivocal or indeterminate by IHC.
Regarding the remainder cases, all cases referred for IHC con-
firmation had an expected ISH result. On the other hand, in
both cohorts, only one out of 14 cases score 3+ and classified
as histological grade 1 or Ki67 below 10% was HER2-
positive by ISH. HER2 gene amplification has been shown
to be associated with high histological grade, being rare in
grade 1 cases [39, 43, 44]. We note that this case was a
NCB and that histological grading may have been
underestimated, as it happens in 25% of the cases when com-
pared with the SES [45, 46]. The abovementioned data sup-
ports the HER2 guideline recommendation of ISH analysis
whenever the histopathologic features disagree with HER2
protein overexpression [2].

In our series, the IHC discordancy between NCB and SES
was also a rare reason to perform reflex ISH; nevertheless, there
was no ISH discordancy among these cases, suggesting a prob-
able interference of unknown pre-analytical conditions in IHC
test. In the first cohort, case 3 had a HER2/CEP17 ratio higher
than 2.0 in both NCB and SES, but an average HER2 copy
number below 4.0 and higher than 4.0 in NCB and SES, re-
spectively. Both samples were classified as HER2-positive ac-
cording to the 2013 guideline, which would be different if ap-
plying the 2018 guideline (HER2-negative group 2 and HER2-
positive group 1 in NCB and SES, respectively). The 2018
guideline acknowledges cases with quantification near decision
thresholds admitting a high likelihood of different result by
chance when repeating the ISH test, a situation that could po-
tentially be problematic [2]. In fact, cases with quantifications
near the decision thresholds represent most of the discordant
cases by ISH [41, 47]. In the past, we have demonstrated that
counting additional invasive cells can solve most of these dif-
ficult cases, reducing the variability of the quantification and
increasing the accuracy and robustness of the ISH result [41].
Counting 20 additional invasive cells is the procedure recom-
mended by the current guideline to clarify the abovementioned
situations [2]. As we suggested before, even when performed
by an experienced observer, the recommendation of counting at
least 60 invasive cells in these situations seems to be more
appropriate, as suggested by the UK guideline [41, 48].

Lastly, we report a case with total IHC discordancy between
different laboratories (positive versus negative). This case from
the first cohort was classified according to the 2013 guideline as
HER2-positive with an HER2/CEP17 ratio higher than 2.0 and
an average HER2 copy number below 4.0. The 2018 guideline
would consider this case as group 2 and the IHC analysis would
define the result. As such, both laboratories would reclaim their
result as the correct one. Although this is a rare situation (only 1
out of nearly 600 cases in the present work), the solution is not
provided by the current guideline. As this case was reported just
before the introduction of the 2018 guideline, we were asked to
review it a few weeks later. We ended up performing an

additional IHC analysis and reported a score 2+ (without over-
expression), switching it into a HER2-negative case.

Indeterminate cases by SISH were observed in rare situa-
tions (fewer than 5% of the cases). Surprisingly, we did not
find a higher proportion of these cases in SES in which pre-
analytical conditions are thought to be more often compro-
mised. In our practice, every indeterminate case is tested at
least twice with different equipment protocols; however, it
remains difficult to adapt protocols when pre-analytical infor-
mation is not provided.

The use of alternative control probes (other than CEP17)
has been a matter of debate in the last few years. Apparently,
the use of these probes can convert a large proportion of cases
from group 4 (previously equivocal) to low-amplified group 1
(from 30 to more than 90% of the cases) and even from group
5 (classical HER2-negative) to group 2 (from about 10 to
almost 50% of the cases) mainly due to the frequent hetero-
zygous deletions of the alternative control probes, particularly
in group 4 cases [36, 49, 50]. These upgraded HER2-positive
cases are associated with low HER2 protein expression and
have similar prognosis compared with group 5, therefore be-
ing best regarded as HER2-negative cases [36]. Although
much has been published regarding group 4 cases, little has
been explored concerning group 3 cases, that, by definition,
must all be chromosome 17 polysomic (average CEP17 copy
number higher than 3.0). Importantly, it has been reported that
this rare group might represent both HER2-positive and
HER2-negative cases, the latter ones significantly correlating
with lowHER2 protein expression, providing evidence for the
use of IHC to establish HER2 status in group 3 [10, 11].

Lastly, HER2 somatic mutations, mostly in the tyrosine
kinase domain, have been identified in BC (2 to 3%)
representing an alternative activation of HER2 signaling, par-
ticularly in lobular carcinoma [51]. Moreover, this mechanism
has been further evaluated in clinical trials for HER2-targeted
therapy with small tyrosine kinase inhibitors [52]. These cases
are neither HER2 protein overexpressed nor HER2 gene am-
plified, making IHC and ISH tests useless in their identifica-
tion. It has been shown that gene sequencing using samples
from the primary tumor, metastases, or circulating tumor
DNA is suitable for such detection [52].

In conclusion, we report that the updated 2018 HER2 guide-
line results in a decrease of HER2-positive BC cases using the
SISH technique, mostly due to the exclusion of group 2 cases
without HER2 overexpression. Therefore, the 2018 ASCO/CAP
guideline selects less patients for anti-HER2 targeted-therapy,
hopefully selecting the ones who will benefit the most.
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