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Abstract
The 2018 iteration of the ASCO-CAP HER2 testing guidelines proposes significant changes with an emphasis on the
integration of concurrent immunohistochemistry (IHC) and in situ hybridization (ISH). We wished to evaluate the impact of
these changes on clinical practice. Between Jan 2012 to Feb 2017, 2132 consecutive invasive breast carcinomas were
evaluated with IHC and ISH for HER2. The sample tested was the breast primary or axillary nodes in all but 57 (2.7%)
distant metastases. For 1824 cases with both dual-probe ISH and IHC results, the ISH subgroup was 1: 299 (16.4%), 2: 19
(1.0%), 1.0%, 3: 6 (0.3%), 4: 48 (2.6%) and 5: 1452 (79.6%). Ultimately 21% of group 2 and 4 cases and 80% of group 4
cases were positive. The change in HER2 status between the 2018 vs 2013 was: amplified in 323 (15.2%) vs 15.5%; not
amplified in 1804 (84.6%) vs 82.2%; equivocal in 0 vs 2.3% previously. In 22 of 2127 cases (1.03%) the 2013 and 2018
results were discordant, all in groups 2-4. The discrepant cases included 15 of 331 (4.5%) of 2013 amplified cancers, now
negative (all in groups 2 or 3) and 7 of 1796 (0.4%) 2013 nonamplified cases, now positive (all in group 4). Because of
routine testing with both IHC and ISH, we found 6 of 1147 (0.52%) IHC negative (0 or 1+) cases were amplified by ISH.
Further, 19 of 289 (6.6%) of IHC 3+ cases were nonamplified by ISH, circumstances not covered by these guidelines. In
summary at the population level, the 2018 ASCO-CAP guidelines have a 99% agreement with the 2013 results. A major
advantage is the abolishment of the clinically problematic equivocal category. Routine performance of both IHC and ISH
uncovers a small proportion of cancers whose HER2 status is not addressed by these guidelines.

Introduction

In contemporary practice, testing the status of the human
epidermal growth factor receptor 2 (HER2) is essential for
the care of all women with invasive breast cancer, because
this information establishes the likelihood of response to
HER2 therapies [1–3]. The American Society of Clinical
Oncology and the College of American Pathologists
(ASCO-CAP) have issued three iterations of HER2 testing

guidelines for invasive breast cancer, the latest released in
June 2018 [4–6].

In Australia, access to government-subsidized HER2
therapy is available through the Pharmaceutical Benefits
Scheme (PBS), solely on the basis of HER2 amplification.
This differs from practice elsewhere, where 3+ protein
expression by IHC is accepted as a positive result. The
primacy of ISH has shaped Australian HER2 testing prac-
tices [7], leading to routine evaluation of ISH status for all
invasive cancers, mostly by brightfield methods. The
advantages of integration with light microscopy, cost effi-
ciency and ready availability have led to wide scale uptake
of bright field ISH platforms, such as silver in situ hybri-
dization (SISH), throughout the country [8]. Fluorescence
ISH (FISH) testing is available for challenging cases. In
practice, many Australian laboratories perform both IHC
and ISH routinely on all cases, as the patterns of protein
expression on IHC provide a measure of quality assurance
and assists with the identification of rare cases of genetic
heterogeneity.
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The 2018 iteration of the ASCO-CAP HER2 testing
guidelines has addressed some of the controversial aspects
of the 2013 guidelines, particularly refining criteria for
HER2 positivity in cases with possible chromosome 17
monosomy and for those with co-amplification of HER2
and CEP17 [6]. This has been achieved through an
emphasis on the incorporation of HER2 protein expression
by IHC, with the HER2 gene status evaluated by ISH,
before a final HER2 result is issued. The key changes
introduced in these guidelines include:

● The clarification of the IHC 2+ category, reverting to
the original, commonly accepted definition of weak to
moderate complete membrane staining in >10% of
tumor cells.

● Discretionary, rather than mandatory repeat HER2
testing of resected tumors with a prior negative HER2
test on the needle core biopsy, as judged necessary by
the pathologist.

● Enumeration of the five clinical scenarios encountered in
HER2 ISH evaluation of breast cancers, as shown in
Table 1.

● Specification of algorithms for resolving the
HER2 status of cases in clinical groups 2-4, through
the integration of IHC and ISH results, as shown in
Fig. 1. In these guidelines there are no circumstances in
which cancers with 0 or 1+ IHC are considered HER2
positive. Cases with 3+ IHC are regarded as HER2
positive, by definition.

Our laboratory serves as a reference center for HER2
evaluation. We have maintained an ongoing database of our
cancers. We wished to analyze the impact of the changes
introduced in the 2018 HER2 Testing Guidelines on
clinical care.

Aims

Our primary aim was to (i) determine the impact of the 2018
ASCO-CAP HER2 testing guidelines on HER2
positivity rates in invasive breast cancers in our population.
We also wished to: (ii) Assess the biological profiles of the

discordant cancers and (iii) evaluate the correlations
between HER2 IHC and ISH results, and (iv) assess
the clinical profiles of cancers in each of the
HER2 subgroups.

Materials and methods

Design

We received approval from the institutional human research
ethics committee to access our laboratory data for the pur-
poses of this audit.

We tabulated the raw data for a consecutive series of
invasive breast cancers evaluated routinely by both IHC and
dual probe ISH at our reference laboratory between Jan
2012 and Feb 2017. We utilized the original test results for
this study. We applied both the 2018 and the 2013 HER2
ISH testing criteria to each cancer to determine its
HER2 status according to each set of criteria.

The primary endpoint of this study was a comparison of
the HER2 status of breast cancers in our population based
on the 2018 versus the 2013 testing guidelines.

Other specific outcome measures of interest are:

● The distribution of invasive breast cancers in each of the
5 dual ISH subgroups,

● The likelihood of a final positive HER2 result within
each ISH subgroup,

Table 1 2018 HER2 dual ISH clinical subgroups and final results determination based on integration with the IHC results.

Group Biology HER2/CEP 17 Mean HER2 copy number 2018 ASCO CAP recommendation

1 Classic HER2 amplified cancer ≥2.0 ≥4.0 Positive

2 Monosomy 17 ≥2.0 <4.0 Negative, unless concurrent IHC 3+

3 Co-amplification, previously polysomy 17 <2.0 ≥6.0 Negative, unless concurrent IHC 2+ or 3+

4 Borderline <2.0 ≥4.0 and <6.0 Negative, unless concurrent IHC 3+

5 Classic HER2 nonamplified cancer <2.0 <4.0 Negative

Fig. 1 The percentage of a consecutive series of breast cancer
patients falling within each HER2 biological subgroup. A bimodal
distribution is observed with only 3.9% of the cancers are in subgroups
2-4 (monosomic, co-amplified or borderline HER2 dual ISH results).
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● The proportion of cases with discordant HER2 status
based on the 2018 versus the 2013 criteria. The direction
of the change and the biologic basis for the discordance,

● Determination of the clinical profile of cancers in each
subgroup, specifically age, grade 3, tumor subtype, ER
positivity and HER2 IHC results,

● Ascertaining the proportion of cases with 0 or 1+ IHC
results and HER2 amplification and the proportion with
3+ IHC but nonamplified by ISH.

Results

2132 consecutive invasive cancers were evaluated at our
reference laboratory during this timeframe. As summar-
ized in Table 2, the mean patient age was 62.0 (range
24–99). The cancer was the breast primary or axillary
nodes in all but 57 cases (2.7%) of distant metastases. The
tissue tested comprised needle core biopsies in 32.8%,
resections in 68.2% and cell block specimens in 0.03%.
The carcinoma was of no special type in 78.2% and a
special subtype in 21.3%, the subtype was not stated in
0.4%. None of the discordant cases were among the
metastatic samples tested. Overall 84.8% of cancers were
ER positive, 15.2% ER negative and this information was
missing for 1.2% of cases. Overall 81.0% of cases were
PR positive, 19.0% PR negative and this information was
missing in 1.5% of cases. HER2 IHC results were 0:
27.5%, 1+: 37.3%, 2+: 20.9%, 3+: 13.8% and not stated
in 0.5%.

Both IHC and dual-probe ISH results were available in
1824 patients. For this group, the population distribution of
HER2 ISH groupings is given in Table 3 and graphically in
Fig. 1.

The clinical profiles of the cancers in each of the 5 ISH
subgroups is depicted in Table 4. Patients with classic
amplified or co-amplified cancers were significantly
younger than those with other subtypes (p < 0.0001). They
were also significantly more likely to be grade 3, of no
special type and ER negative. Overall, 30.1% of grade 3
cancers were HER2 amplified. Grade 3 cancers comprised
76.2% of groups 1 and 4 cases but were significantly less
common in group 2 and 5 cases. The 6 cases showing co-
amplification were all grade 3 but the sample size is too
small for further conclusions. Special cancer subtypes were
over-represented in the nonamplified group. ER positivity
rate was 62.2% group 1 cases and 84–100% in the
remaining groups. Group 2 cases were negative by IHC in
63.2% of cases, significantly higher than for groups 3
(16.7%) or group 4 cases (33.3%). The highest proportion
of IHC 2+ cases was seen in the borderline group 4,
amongst which 45.8% showed 2+ protein expression.

Based on the 2018 criteria, the likelihood of a positive
final HER2 result in each ISH subgroup is presented in
Table 5. While by definition 100% of cases in subgroup 1
are HER2 positive and all cases in subgroup 5 are HER2
negative, the HER2 positive rate was 21.1% for cases in
subgroup 2, 83.3% for cases in subgroup 3 and 20.8% in
cases in subgroup 4.

Table 2 Summary of patient and tumor variables for a consecutive
series of 2132 unselected invasive breast cancers evaluated for
HER2 status at our laboratory.

Age Raw numbers %

Mean 62.0 years

Range 24–99 years

Tumor type

Ductal NST 1668 78.2

Special type 455 21.3

Not stated 9 0.4

Grade

1 296 15.9

2 727 39.1

3 776 41.7

Not available 333

ER status

Positive 1786 84.8

Negative 321 15.2

Missing 25 1.2

PR status

Positive 1702 81

Negative 399 19

Missing 31 1.5

Ki-67 subgroups

≤20% 928 49.6

21-30% 306 14.4

>30% 789 37.0

Missing 109 0.5

HER2 IHC

0 587 27.5

1+ 795 37.3

2+ 445 20.9

3+ 295 13.8

Missing 10 0.5

Table 3 The population distribution of the HER2 ISH groupings in
invasive breast cancers assessed by dual-probe SISH at our laboratory.

Group Biology N %

1 Classic HER2 amplified cancer 299 16.40%

2 Monosomy 17 19 1.00%

3 Co-amplification, previously polysomy 17 6 0.30%

4 Borderline 48 2.60%

5 Classic HER2 nonamplified cancer 1452 79.60%

1824
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Figure 2 displays the correlation in the HER2 status of
cancers, between the 2018 and the 2013 HER2 criteria.
According to the 2018 criteria, 84.8% of cases were HER2
negative, compared to 82.2% per the 2013 criteria. The
HER2 positive rate was 15.2% by 2018 criteria versus
15.5% by 2013 criteria. While 2.3% of cancers were
designated as equivocal by 2013 criteria, none had this
designation by the 2018 criteria. The HER2 status could not
be established in 5 cases (0.2%) due to insufficient/unsui-
table tissue.

Focusing on the sources of discordance between the
2018 and the 2013 criteria, Table 6 shows the main change
is the abolishment of the equivocal group as the 2018
guidelines resolve all such cases into either positive or
negative. The 2013 and 2018 results were concordant in
98.97% of cases. Overall, 22 of 2127 cases (1.03%) had
discordant results. All discordant cases were in subgroups
2-4. Of these 15 of 331 (4.5%) were classified as amplified
based on the 2013 guidelines but would be negative
according to the updated guidelines. All these cases were in
subgroups 2 or 3. Conversely, 7 of 1795 (0.4%) of cancers,
all are in subgroup 4, were classified as non-amplified in
2013 but now have a positive HER2 status, based on the
2018 criteria.

As detailed in Table 7, the biological basis for a change
from a previous positive result to a 2018 negative HER2
classification is monosomy (subgroup 2) or co-amplification

(subgroup 3), without 3+ pattern of protein over-expression
by IHC. This table also shows that the change of
HER2 status from a prior negative result to a current
positive result was on the basis of HER2 gene counts in the
borderline range, but with evidence of 3+HER2 protein
expression by IHC.

In evaluating the correlation between IHC and 2018 ISH
results, complete raw data for IHC and dual ISH were

Table 4 Selected clinical
features of cancers by ISH
subgroup.

Subgroup N Age
(years)

Grade 3 (%) Special
subtype (%)

ER positive (%) HER2
IHC 0
or 1
+ (%)

HER2
IHC 2
+ (%)

HER2
IHC 3
+ (%)

1: Amplified 300 57.8 76.2 7.7 62.2 2 13 84.9

2: Monosomy 19 65.6 55.6 5.2 84.2 63.2 15.8 21.1

3: Co-Amp 6 50.3 100 33.3 100 16.7 33.3 50

4: Borderline 48 63.2 76.9 8.3 84.8 33.3 45.8 20.8

5: Non-Amp 1444 63 35.1 24.8 89.6 77 21.7 1.3

Table 5 The likelihood of a final positive HER2 result for each of the
HER2 biological subgroups according to the 2018 ASCO-CAP
evaluation criteria.

Subgroup Biology N Positive % Positive

1 Classic HER2 amplified 299 299 100%

2 Monosomy 17 19 4 21.10%

3 Co-amplification,
previously polysomy 17

6 5 83.30%

4 Borderline 48 10 20.80%

5 Classic HER2 non-
amplified

1452 0 0

1824

Fig. 2 Graphical display of the levels of concordance in the
HER2 status of 2132 invasive breast cancers when tested at the
same laboratory and evaluated by the 2018 ASCO-CAP evaluation
criteria, compared to the 2013 criteria. Note: (i) high overall levels
of concordance, (ii) the abolishment of the equivocal group and (iii) a
small increase in the proportion of cancers with a negative result.

Table 6 Tabulating the 2018 versus the 2013 HER2 test results to
highlight patterns of concordance and discordance in 2127 cases with
complete IHC and ISH results. The main change in the 2018 update is
the abolishment of the equivocal group, as the 2018 guidelines resolve
all such cases into either positive or negative. Overall 22 of 2127 cases
(1.03%) had discordant results. All were in subgroups 2-4.

The cells in the circles are the areas that we are drawing attention to in
the text.
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available in 1815 cases. As shown in Table 8, 6 of 1147
(0.52%) IHC negative (0 or 1+) cases were amplified by
ISH. Further, 19 of 289 (6.6%) of IHC 3+ cases were non-
amplified by ISH. Twelve of these results were based on the
testing of resected cancers and 6 based on assessment of
core needle biopsy samples and one on a cell block
preparation.

Discussion

Targeted therapies for HER2 represent a major advance in
the management of breast cancer in our century. These
biological therapies are of proven clinical benefit for women
whose tumors are HER2 positive [2, 3]. Testing procedures
and the classification of HER2 test results have been
iterative processes, led by ASCO-CAP [4–6]. As most

biological variable, the HER2 status of tumors is non-bin-
ary, requiring care and judgment in clinical decisions con-
cerning patients who have nonclassical HER2 results. This
large, unselected audit of patients evaluated at our labora-
tory shows that at a population level, when IHC and dual
probe ISH are used concurrently and routinely, 96.1% of
breast cancers are either classic HER2 amplified (16.4%) or
classic non-amplified (79.6%), but 3.9% have more unusual
results, including chromosome 17 monosomy, co-
amplification of HER2 and CEP 17, or low-level increa-
ses in HER2 copy numbers in the borderline range. The
distribution of these categories are congruent with a small
number of recent studies evaluating the correlation between
the 2013 and 2018 guidelines [9–13]. Liu reported their
experience with 2233 invasive breast cancers and found an
increase in the proportion of HER2 negative cases, mostly
through resolution of equivocal cases, but also from

Table 7 Details of cancers with discrepant HER2 status when evaluated by the 2018 ASCO-CAP HER2 criteria versus the 2013 version of these
guidelines. The main themes are that (i) monosomic or co-amplified cancers, lacking 3+ pattern of IHC HER2 protein expression are now
classified as negative and (ii) for cases with in the borderline subgroup 4, where there is low level increase in HER2 copy number without elevation
of the ratio beyond 2.0, the finding of a 3+ pattern of HEr2 protein expression is now sufficient for classification as a HER2 positive cancer.

The cells in the circles are the areas that we are drawing attention to in the text.
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re-classification of previously HER2 positive cases into the
negative category.

The 2018 HER2 testing criteria aimed to address the
problematic area of equivocal HER2 test results, introduced
by the 2013 criteria. This has been accomplished through an
emphasis on the integration of IHC and ISH results, spe-
cifically requiring high levels of protein expression by IHC
for patients to be deemed eligible for anti HER2 therapy. In
comparing the HER2 test results of a large consecutive
series of patients by each of the 2013 and the 2018 criteria,
we can confirm that the strategy has successfully eliminated
the equivocal test result category. Of the 50 cancers pre-
viously classified as equivocal in 2013, all had definitive
results by the updated 2018 criteria, 40 were classified as
negative and 10 as positive. Hoda et al. recently reported
similar resolution of their equivocal cases, mostly reclassi-
fied as negative per the 2018 guidelines [10].

In our experience, the level of concordance between the
2013 and 2018 criteria was almost 99%, with only 1.03%
of the cancers (22 of 2127 cases), having a change of
HER2 status. All these cases were in groups 2-4, The
direction of the change was from previously positive to
now negative in 15 cases and the reverse in 7 cancers. The
latter 7 cases were all among the 47 cancers with initially
equivocal- likely negative results in 2013, which are now
classified as positive. Among the cases with a change in
HER2 status, the 2018 status was determined on the basis
of IHC results. A 3+ pattern of IHC in cases with bor-
derline elevated HER2 gene counts without ratios
exceeding 2.0, resulting in a positive status, while for
cases in subgroups 2 or 3, either 2+ or 3+ IHC resulted in
a positive designation.

Overall, we saw a slight reduction in the percentage of
cases qualifying as positive in 2018, with a commensurate
increase in HER2 negative cases, since most HER2 equi-
vocal cases were ultimately resolved as negative. Indeed,
when considering the likelihood of a positive HER2 status
by ISH subgroup, we have found that only 21% of cases
with monosomy (subgroup 2) or borderline results (sub-
group 4) were ultimately positive, while 80% of co-
amplified cases (subgroup 3) were classified as positive.
Concerning group 2 cases, Zare et al. reported this group to
constitute 1.5% of all breast cancers in their series of 1201
cases and none of their cases were HER2 3+ by IHC,
suggesting a different biology than classic group 1 HER2
amplified cases [14]. Our assessment of the clinical features
among the 5 subgroups confirm significant differences in
patient age, ER positivity, likelihood of ER expression and
of special subtypes.

Apart from its large size, one of the strengths of our data
is the population-based case accrual. The majority of tests
were performed on resections rather than cores, reflective of
the common patterns of practice during the period of this
audit in our setting. We have since transitioned to pre-
ferential testing of core biopsies. Since in many centers only
cases with 2+ IHC are evaluated by ISH, contemporary
population-level data on both IHC and ISH are limited. Our
practice of routine prospective evaluation by IHC and ISH
in all cases permits assessment of this interesting topic. We
have found a good but imperfect level of concordance
between the two platforms. Among cancers with 3+ protein
expression by IHC, 6.57% (19 of 270) were not amplified
by ISH. Conversely, 0.52% (6 of 1141) cancers with 0 or
1+ protein expression by IHC are in fact HER2 amplified.

Table 8 The correlation between IHC and 2018 ISH results. A small number (0.5%) of HER2 amplified cases had 0 or 1+ protein expression and
conversely, 6.6% of cancers with 3+ staining by IHC were found not to be HER2 amplified.

The cells in the circles are the areas that we are drawing attention to in the text.
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These scenarios are not addressed by the ASCO-CAP
guidelines which assumes ISH will only be performed for
cases with 2+ IHC. In our setting, government policy
permits access to subsidized anti-HER2 therapies to any
women with a HER2 amplified cancer regardless of IHC, so
technically women with 0 or 1+ IHC expression patterns
are eligible and women with 3+ IHC but lacking amplifi-
cation are ineligible for therapy. Specific outcome data are
not available for either of these groups of patients. We are
aware that some centers are performing both IHC and ISH
for all cases. This has significant clinical, economic and
workforce implications but at the very least the observation
of a small number of patients with HER2 results outside of
the ASCO-CAP framework, mandates strengthening QA
processes for both IHC and ISH and continued monitoring
of these rare subgroups.

Our data are based on silver ISH, rather than FISH and
while the level of concordance between these platforms
exceed 95%, they are not identical techniques. Recently, an
enhancement of the SISH probe has been launched by the
manufacturer with improved HER2 signal detection and
reduced rates of technical failures. The impact of these
changes in clinical test results is yet to be assessed.

Following the release of the 2018 guidelines where cases
with 0 or 1+ IHC expression are classified as negative, the
Australian HER2 testing recommendations have been
revised and ISH testing is now not advocated for these
patients [15]. In this population-based audit, 64.8% of
cancers are negative by IHC, having 0 or 1+ protein
expression levels. Not requiring ISH for 64.8% of all
patients is an efficient use of resources, but the potential
tradeoff is the inability to identify the 0.52% patients who,
despite 0 or 1+ protein expression levels, are HER2
amplified and technically eligible for HER2 therapy, at least
in Australia. Zhang reported that reflex FISH testing of all
IHC 1+ cases at their center detected 5% patients with
HER2 amplification [16]. Zadare also reported that among
cases assigned to the classic amplified subgroup, only
91.5% were 2+ or 3+ by IHC, implying that 8.5% of group
1 cases had other, presumably 0 or 1+, IHC results [13]. It
may be argued that since Trastuzumab is an antibody that
interacts with the membrane component of its receptor, it
requires the over-expression of HER2 protein on the cell
surface to exert an effect and thus low IHC protein
expression, would predict for a poor clinical response. The
NRG trial B-47 (ClinicalTrials.gov identifier:
NCT01275677) confirmed the lack of benefit from adjuvant
trastuzumab for patients whose tumors lack gene amplifi-
cation and are 1+ or 2+ by IHC [17]. The above incon-
gruous scenarios of poor protein expression (0 or 1+) but
with evidence of gene amplification or the reverse situation
of 3+ protein expression without gene amplification are not
captured by current clinical outcome data.

Activating mutations of HER2 have been described that
potentiate its effects but independently of gene amplifica-
tion or protein overexpression. The role of these mutations
is currently under investigation as possible alternate
mechanisms for HER2 targeted therapies.

In conclusion, at the population level, the 2018 ASCO-
CAP guidelines have a 99% agreement with the 2013
results and classify over 96% of cancers into classic
amplified or nonamplified categories. For cancers in
remaining the less common categories, integration of the
IHC and HER2 results will lead to definitive and mostly
negative HER2 results. These guidelines have success-
fully eliminated the problematic equivocal category.
Given the reliance on both sets of results, continued focus
on quality assurance of HER2 ISH and IHC remains
important.
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