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Abstract
The 2018 American Society of Clinical Oncology (ASCO) and College of American Pathologists (CAP) update modified the
interpretation guidelines for human epidermal growth factor receptor 2 (HER2) testing by incorporating immunohis-
tochemistry (IHC) and fluorescence in situ hybridization (FISH) results in a subset of cases. Importantly, the new guidelines
eliminate “equivocal” results, as well as the use of alternative chromosome 17 probes as the primary strategy for resolving
the indeterminate FISH results. Herein, we investigate the predicted impact of implementing the 2018 ASCO/CAP
guidelines on HER2 assessment by FISH in breast cancers, using data from a single institution. We compared the
HER2 status of 1542 consecutive cases of breast carcinoma, interpreted by 2013 and 2018 ASCO/CAP guidelines. In total,
10.7% (165/1542) of the cases had a different final interpretation by 2018 guidelines compared with 2013 guidelines,
including 70 previously HER2-positive cases reclassified as negative, four previously negative cases reclassified as positive,
and 91 previously equivocal cases reclassified as negative. Overall, the number of HER2-positive cancers was reduced by 66
cases (4.3% reduction in the HER2 positivity rate). The newly HER2-negative cases were mostly estrogen receptor positive
(90%), progesterone receptor positive (80%), stage 1 (60.9%), and grade 1–2 (59.4%) cancers; 70% of them had been
designated as HER2 positive only after the use of an alternative chromosome 17 FISH probe after an intially equivocal result
from the standard CEP17 probe. Overall, implementing the revised 2018 HER2 guidelines is predicted to change the HER2
results of 10.7% of breast cancers, mainly by reclassifying previously equivocal to negative results.

Introduction

Human epidermal growth factor receptor 2 protein (HER2/
neu or HER2), encoded by the ERBB2 gene located on the
long arm of chromosome 17, is a transmembrane tyrosine
kinase protein [1, 2]. HER2 amplification and/or

overexpression occurs in up to 20% of invasive breast
cancers and is linked with aggressive disease and poor
prognosis [3, 4]. Anti-HER2 therapies result in improved
clinical outcomes in the patients with HER2-amplified
tumors [5, 6]. Accurate testing of HER2 status is important
for making clinical decisions regarding patients’ eligibility
for targeted therapies and for predicting response to treat-
ment [7]. The most commonly used tests for assessing
HER2 status are immunohistochemistry (IHC) assays for
HER2 protein expression and fluorescence in situ hybridi-
zation (FISH) for HER2 gene amplification.

In an effort to standardize the performance of HER2
testing, The American Society of Clinical Oncology
(ASCO) and College of American Pathologists (CAP)
released detailed guidelines for conducting and interpreting
HER2 testing in breast cancers in 2007 [8] and updated
those recommendations in 2013 [9]. Since then, several
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studies have evaluated the practical implications of the 2013
guidelines and additional data have been generated
regarding the less common HER2 testing patterns based on
clinical trials and other data sets. In 2018, updated ASCO/
CAP guidelines and recommendations for HER2 testing in
breast cancers were published [10].

The 2018 update changes the diagnostic categories for
HER2 status in several important ways by incorporating IHC
and FISH results. Although the recommendations for clas-
sical HER2- positive (group 1=HER2:CEP17 ratio ≥2.0 and
HER2 copy number ≥4.0) and classical HER2-negative
(group 5=HER2:CEP17 ratio <2.0 and HER2 copy number
<4.0) breast cancers are similar to 2013 guidelines, sig-
nificant changes are made in the interpretation of HER2
results in cancers with less common HER2 FISH results
(group 2=HER2:CEP17 ratio ≥2.0 and HER2 copy number
<4.0, group 3=HER2:CEP17 ratio <2.0 and HER2 copy
number ≥6.0, and group 4=HER2:CEP17 ratio <2.0 and
HER2 copy number ≥4.0) [10]. Importantly, the new
guidelines eliminate the designation of “equivocal” in the
final interpretation of HER2 FISH, which was recognized as
a category in the prior versions, and recommends determin-
ing the HER2 status as “positive” or “negative“ by corre-
lating with IHC results and re-evaluation of FISH counts in
cases of equivocal IHC results. In addition, the most recent
guidelines no longer recommend employing reflex FISH
testing by an alternative chromosome 17 probe [10].

The aim of our study was to investigate the potential
impact of implementing the revised 2018 ASCO/CAP
recommendations on the determination of HER2 status in
breast cancers. We retrospectively re-evaluated HER2 status
based on 2018 guidelines and compared the results with our
original interpretations by the 2013 ASCO/CAP guidelines.

Materials and methods

Study cohort

After approval from the Institutional Review Board at the
University of California San Diego, 1542 consecutive cases
of primary and metastatic breast carcinoma that underwent
HER2 testing at our institution between January 2014 and
December 2017 were identified from an electronic database.
In all cases, HER2 testing was performed by both IHC and
dual-colored HER2/CEP17 FISH probes, as is our institu-
tional protocol [11, 12]. During this time period, all aspects
of specimen handling, including fixation times, cold
ischemic times, as well as the HER2 IHC and FISH result
interpretations followed CAP or ASCO/CAP 2013 guide-
lines [9]. The patient demographic data, pathologic tumor
characteristics, HER2 IHC results, and HER2 FISH results
were extracted from the pathology reports.

HER2 IHC testing

For the study period, all IHC HER2 analysis tests were
performed on 4-µm-thick sections of formalin-fixed,
paraffin-embedded tissue using Ventana automation, the
Ultra View detection kit, and a rabbit monoclonal antibody
to HER2 (clone 4B5, prediluted, Ventana Medical Systems,
Tucson, AZ). The intensity and the proportion of tumor
cells stained were assessed on cytoplasmic membrane
staining. All HER2 IHC results were interpreted and
reviewed by a rotating group of six staff pathologists, all
with specific experience in breast pathology.

Invasive breast cancers with 3+ uniform intense mem-
brane staining in >10% of tumor cells were interpreted as
HER2 IHC positive. An equivocal result was rendered
when more than 10% of tumor cells showed weak-to-
moderate cytoplasmic membrane staining. The results that
did not fulfill the above criteria were considered negative.

HER2 FISH testing

FISH was performed in formalin-fixed, paraffin-embedded
target tissue. Hematoxylin and eosin (H&E)-stained sec-
tions and HER2 IHC slides were evaluated by a pathologist
to label the invasive carcinoma. FISH analyses were per-
formed using dual-color HER2/CEP17 assay (PathVysion
Probe Kit; Abbott Molecular, Abbott Park, IL). FISH sig-
nals were analyzed and captured using the CytoVision
software (Leica Biosystems Richmond, Inc., Richmond, IL,
USA). HER2 and CEP17 signals were manually counted by
two technologists; each technologist scored at least 20
tumor cell nuclei independently and calculated HER2/
CEP17 ratios, blinded to the other technologist’s results. In
rare cases of discordant results, the third and fourth tech-
nologists reanalyzed the slides and calculated another
independent HER2/CEP17 ratio (for detailed information
and counts, see Supplementary Table S1). The final results
were interpreted by a cytogeneticist (M.D.’A.), and were
reviewed and finalized by a breast pathologist. The original
interpretation and reports were based on 2013 ASCO/CAP
criteria [9]. For the study period, repeat testing with alter-
native chromosome 17 probes (LIS1/RARA [Vysis Miller-
Dieker Region/Isolated Lissencephaly Probe LSI LIS1/LSI
RARA; Abbott Molecular, Abbott Park, IL]) was performed
for stratification of equivocal results (group 4), according to
the 2013 ASCO/CAP recommendations.

For the purpose of this study, FISH data, including the
number of nuclei scored, HER2 and CEP17 signal counts,
each cyrotechnologist’s results, and HER2/CEP17 ratio
were reviewed. HER2 status was reclassified using the 2018
ASCO/CAP guidelines by incorporating HER2 IHC and
FISH data [10]. No renewed FISH count was performed in
group 2–4 cases with equivocal IHC results, because all the
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FISH cases are routinely counted by at least two indepen-
dent observers in our institution. The results of 2018 update
guidelines were compared with the original HER2 status
data based on 2013 ASCO/CAP criteria.

Results

During the study period, a total of 1542 breast carcinomas
underwent dual-probe FISH analysis for HER2 gene status
in our institution. The specimens were from 1391 women
and 4 men with a mean age of 57.6 years (range 22–99
years). In the original designation by 2013 guidlines, there
were 269 (17.4%) positive, 1178 (76.4%) negative, and 95
(6.2%) equivocal HER2 FISH results. Whereas by using the
2018 scheme, when IHC results were incorporated in cases
from less common groups (2–4), there were 1339 (86.8%)
negative cases, 203 (13.2%) positive results, and no equi-
vocal interpretations (Table 1).

For the purpose of this study, all the cases were assigned
to different FISH groups [10, 13] as follows: group 1: 189
(12.26%), group 2: 23 (1.5%), group 3: 8 (0.5%), group 4:
144 (9.34%), and group 5: 1178 (76.4%). The data for each
category as well as changes that were observed by the new
recommendations in each group are explained in detail in
the following sections, and the findings are summarized in
Table 2.

Group 1 (HER2:CEP17 ratio ≥2.0 and HER2 copy
number ≥4.0)

In total, 189 (12.26%) cases showed HER2:CEP17 ratio
≥2.0 and HER2 copy number ≥4.0 and were interpreted as
HER2 positive by both 2013 and 2018 guidelines. The
majority (173 of 189, 91.5%) of the cases in this group had
2+ or 3+ immunostaining results.

Group 2 (HER2:CEP17 ratio ≥2.0 and HER2 copy
number <4.0)

All 23 (1.5%) cases in this group were interpreted as HER2
positive by 2013 guidelines. ASCO/CAP 2018 guidelines
classify the group 2 cases with positive IHC (3+) as HER2
positive and all the cases with negative IHC are considered
HER2 negative. In cases with 2+ IHC staining, recounting
at least 20 cells FISH by an additional observer, blinded to
previous results is recommended. If FISH recount shows
similar results, HER2 is reported as negative with a com-
ment discussing the limited evidence on the efficacy of
HER2-targeted therapy in the cancers from this group in the
absence of HER2 protein overexpression.

In our study, 14 of these 23 cases had negative IHC and
nine cases showed 2+ staining. None of the cases in this
group had positive IHC results as reported by our previous
study [14]; therefore, by 2018 recommendations, all 23
cases were interpreted as negative (Fig. 1a).

Group 3 (HER2:CEP17 ratio <2.0 and HER2 copy
number ≥6.0)

Only eight (0.5%) cases belonged to this group, which were
interpreted as HER2 amplified by the 2013 scheme. By
2018 criteria, group 3 cases with negative (0, 1+) IHC are
designated as HER2 negative and the cases with 3+ are
considered HER2 positive. In cases with 2+ IHC staining,
FISH recount by an additional observer, blinded to previous
results is recommended. If FISH recount shows similar
results, HER2 is reported as positive.

Table 1 Comparison of FISH results by 2013 and 2018 ASCO/CAP
guidelines

2013 guidelines 2018 guidelines, No. (%) Total

Negative Positive

Negative 1178 (76.4%) 0 1178 (76.4%)

Equivocal 91 (5.9%) 4 (0.2%) 95 (6.2%)

Positive 70 (4.5%) 199 (12.9%) 269 (17.4%)

Total 1339 (86.8%) 203 (13.2%) 1542 (100%)

Table 2 Classification of HER2
result groups by 2013 and 2018
guidelines

HER2 FISH groups Group definitions HER2 by ASCO/CAP 2013 HER2 by ASCO/
CAP 2018

Positive Negative Equivocal Positive Negative

Group 1 (n= 189) Ratio ≥2.0, HER2 ≥4.0 189 0 0 189 0

Group 2 (n= 23) Ratio ≥2.0, HER2 <4.0 23 0 0 0 23

Group 3 (n= 8) Ratio <2.0, HER2 ≥6.0 8 0 0 6 2

Group 4 (n= 144) Ratio <2.0, HER2 ≥4.0 49 0 95 8 136

Group 5 (n= 1178) Ratio <2.0, HER2 <4.0 0 1178 0 0 1178

Total (n= 1542) 269 1178 95 203 1339
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Within these eight cases, two were IHC negative, three
were IHC 2+, and three showed positive IHC results.
According to 2018 recommendations, six (75%) cases were
classified as positive and two (25%) as negative (Fig. 1b).

Group 4 (HER2:CEP17 ratio <2.0 and HER2 copy
number ≥4.0)

By 2013 criteria, this group of breast cancers was inter-
preted as equivocal and the guidelines allowed for the use of
additional testing by an alternative chromosome 17 probe to
stratify the results. Originally, among the 144 (9.3%) breast
cancers in this group, 49 (34%) cases were classified as
HER2 amplified upon testing with the alternative probe and
95 (66%) remained equivocal.

The updated 2018 guidelines no longer recommend the
use of reflex testing with alternative probes and eliminate
the “equivocal” designation. The final determination of
HER2 status in cases of this group is made in correlation
with IHC results, with positive IHC as HER2 positive
and negative IHC as HER2 negative. In cases with 2+ IHC
staining, recounting FISH by an additional observer,

blinded to previous results is recommended. If FISH
recount shows similar results, HER2 is reported as
negative with a comment discussing the limited evidence on
the efficacy of HER2-targeted therapy in the cancers from
this group in the absence of HER2 protein overexpression.

Among 144 cases in this group, 8 (5.6%) had positive
IHC, 82 (56.9%) had 2+ staining, and 54 (37.5%) were
negative. Under the 2018 scheme, only eight (5.6%) cases
were classified as HER2 positive (Fig. 1c), four (50%) of
which were originally designated as HER2 positive by
using an alternative probe and the other four were inter-
preted as equivocal by reflex testing. In total, 136 cases
(94.4%) from this group were defined as negative by new
guidelines (Fig. 1d), of which 91 were equivocal and 45
were positive (by an alternative chromosome 17 probe) by
2013 recommendations.

Group 5 (HER2:CEP17 ratio <2.0 and HER2 copy
number <4.0)

In total, 1178 (76.4%) cases were interpreted as HER2
FISH negative by both 2013 and 2018 guidelines. The

Fig. 1 Examples of HER2 fluorescence in situ hybridization (FISH)
images corresponding to breast cancers, which were reclassified by
2018 ASCO/CAP guidelines. HER2, Spectrum Orange and CEP17,
Spectrum Green. a A case from group 2: HER2/CEP17 ratio ≥2.0;
average HER2 copy number <4.0 with a negative HER2 immuno-
histochemical stain (IHC), classified as negative by 2018 guidelines.
b A case from group 3: HER2/CEP17 ratio <2.0; average HER2 copy

number ≥6.0 with negative IHC, classified as negative by 2018 gui-
dlines. c A case from group 4: HER2/CEP17 ratio <2.0; average HER2
copy number ≥4.0 and <6.0 with positive IHC, classified as positive by
2018 guidelines. d A case from group 4: HER2/CEP17 ratio <2.0;
average HER2 copy number ≥4.0 and <6.0 with equivocal IHC,
classified as negative by 2018 guidelines
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majority (892, 75.7%) of these cases had negative immu-
nostaining results, 280 of them had IHC 2+, and 6 cases
were IHC 3+.

Comparison of HER2 status by 2018 vs. 2013 ASCO/
CAP guidelines

In summary, of the 1542 breast cancers, 165 (10.7%) cases
had a different final interpretation by 2018 guidelines when
compared with 2013 results. By the new guidelines, 70
HER2-positive cases were reclassified as negative, four
equivocal cases became positive, and 87 equivocal cases
became negative (Fig. 2). A total of 161 cancers were added
to HER2-negative cases by the new guidelines (1339 vs.
1178, 10.4% increase). Overall, the number of HER2-
positive cancers were reduced by 66 cases (4.3% of all cases
and 24.2% of HER2-positive cases).

Cases with different HER2 interpretations by 2018
ASCO/CAP guidelines

A review of the clinicopathologic characteristics of the 70
cases that were reclassified as HER2 negative by the new
guidelines showed that these cancers were mostly

estrogen receptor positive (90%), progesterone receptor
positive (80%), stage 1 (60.9%), and grade 1–2 (59.4%)
cancers (Table 3). The majority of the newly HER2/neu-
negative cases (45 cases, 64.3%) had previously
been classified as positive, due to the use of an alternative
chromosome 17 probe on HER2-equivocal cases
using 2013 ASCO/CAP criteria. Treatment and follow-up
data were available for 62 (88.6%) patients, 44 (71%) of
which had received HER2-targeted therapy (Supplemen-
tary Table 2). With a median follow-up of 36 months
(range, 12–64 months) in the treated group, two patients
experienced disease progression with metastatic disease
and one of them was dead of disease. Similarly, in the
untreated group, at a median of 36 months of follow-up
(range, 6–63 months), one patient showed progression and
was dead of disease on follow-up.

The new guidelines reclassified 87 previously equivocal
cases as negative. Using 2013 guidelines, these group 4
cases had equivocal results by the HER2/CEP17 FISH
probes and continued to have an equivocal result, even after
the use of an alternative chromosome 17 probe. None of
them received anti-HER2 therapy.

Four cases with previous equivocal HER2 FISH results
were reclassified as HER2 positive by the new guidelines.

Fig. 2 HER2 fluorescence in situ hybridization (FISH) classification
by 2013 and 2018 American Society of Clinical Oncology (ASCO)/
College of American Pathologists (CAP) guidelines. HER2 FISH

results as categorized by 2013 ASCO/CAP guidelines (left) and
reclassified by 2018 ASCO/CAP guidelines (right)
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These four cases had been treated as a HER2-positive breast
cancer and had received anti-HER2 therapy, based on
positive IHC results.

Discussion

Several studies reported an increase in the number of equi-
vocal cases following implementation of the 2013 ASCO/
CAP recommendations [15–17]. In 2018, ASCO/CAP
updated their recommendations for HER2 testing, based on
several cohort studies that reported their experiences with the
2013 guidelines. The revised guidelines include significant
changes in HER2 testing interpretation for less common

HER2 FISH testing patterns, since more information had
become available from the aforementioned studies regarding
the frequency and prognostic characteristics of these groups.
The new guidelines eliminate “equivocal” results, as well as
the use of alternative chromosome 17 probes as the primary
strategy for resolving these cases, given the limited evidence
on the validity of this approach.

Our retrospective single institutional study demonstrated
that although the status of ~90% of our cases (groups 1 and
5) was not affected by implementing the 2018 ASCO/CAP
guidelines, the new changes resulted in a significant
reduction in HER2-positive interpretation compared with
the 2013 scheme (203 vs. 269; 4.3% of all cases). These
results also highlight that most of the previously positive
cases from the less common groups did not show HER2
protein overexpression by IHC.

In addition, the new guidelines eliminate the “equivocal”
category and recommend against reflex testing, using an
alternative chromosome 17 probe for initially equivocal
cases. This single recommendation arguably had the most
profound effect on our study results. Our data show that the
majority (95.8%) of 2013 FISH-equivocal cases were
reclassified as negative, when the IHC results were incor-
porated into a final determination. Overall, the 2018
guidelines decrease the challenges in management of these
patients by allowing for a definitive designation of
HER2 status.

Among the newly HER2-negative cancers in this study,
32.8% (n= 23) belong to group 2. According to Press et al.,
group 2 patients showed no benefit from trastuzumab [18].
Only 2.9% (n= 2) were from group 3, which encompasses
a heterogeneous group of breast cancers with limited and
conflicting data [13, 18, 19]. The majority of the newly
HER2-negative cases were from group 4, and had pre-
viously been classified as positive, due to the use of an
alternative chromosome 17 probe to resolve initially equi-
vocal results obtained from using the standard CEP17
centromeric probe. Many studies have reported their
experience with this approach [12, 20, 21] and in a recent
study, Press et al. reported that the indiscriminate use of
alternative controls may lead to false-positive interpreta-
tions of HER2 status, resulting from unrecognized hetero-
zygous deletions in these alternative control genomic sites
and incorrect HER2 ratio determinations [22]. In the new
updates, the panel strongly recommended against this
strategy as a routine practice.

In this study, most of the 70 newly HER2-negative breast
cancers were hormone receptor positive, stage 1, and low-
grade cancers. The above findings indicate that these tumors
show biological characteristics that are more similar to the
profile that is expected for HER2-negative cancers, and
seem to bolster the guidelines that they should be classified
as HER2 negative.

Table 3 Clinicopathologic characteristics of breast cancers with
HER2-positive results by 2013 guidelines, but reclassified as HER2
negative by 2018 ASCO/CAP guidelines

Tumor characteristics Value

Number of patients 70

Age (range [mean]) 25–95 (57.7)

Tumors types (n [%])

Invasive ductal carcinoma 52

Invasive lobular carcinoma 2

Mixed ductal and lobular 6

Special types 2

NA 8

Histologic grade (n [%])

G1 8 (12.5)

G2 30 (46.9)

G3 26 (40.6)

NA 6

Pathologic stage (n [%])

T1 39 (60.9)

T2 19 (29.7)

T3 6 (9.4)

NA 6

Lymph node status (n [%])

Positive lymph nodes 28 (45.2)

Negative lymph nodes 34 (54.8)

NA 8

Hormone status (n [%])

ER+ 63 (90)

ER– 7 (10)

PR+ 56 (80)

PR– 14 (20)

HER2 IHC (n [%])

Negative (0,1+) 26 (37.1)

Equivocal (2+) 44 (62.9)

Positive (3+) 0

G grade, NA not available, T tumor stage
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Our findings are by and large concordant with two recent
studies, examining the impact of the new 2018 criteria. Liu
et al., in a study from a Chinese institute, reported changes in
classifications of HER2 status in 8.2% of the patients with
breast cancer. These were mostly comprising the cases that
were equivocal by 2013 criteria and became negative under
the new updates. Only 0.4% of the cases were positive by
previous guidelines and became negative by the 2018 version;
however, they did not use an alternative chromosome 17
probe and all of their group 4 cases were equivocal by 2013
guidelines [23]. In another study on 331 breast cancers with
equivocal IHC results, the new guidelines increased the rate
of negative HER2 FISH results [24]. Murray et al. reported
their experience with 2007, 2013, and 2018 versions of
ASCO/CAP guidelines in a cohort of breast cancers, with
equivocal HER2 results by IHC from Ireland. They suggested
that the 2018 update heralds a potential change in therapeutic
options for a significant number of patients, with 2.9% of
FISH-positive tumors, according to 2007 and 2013 guidelines
now categorized as HER2 negative [25].

Our single institutional retrospective study demonstrated
that by implementation of 2018 ASCO/CAP guidelines, a
significant number of patients with breast cancer (10.7% in
our study) would be classified differently compared with the
original designations that were made using the 2013 itera-
tion of those guidelines, potentially leading to different
managements and outcomes. Additional studies with clin-
ical outcome data are needed to assess the consequences of
these changes in this subset of patients.
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