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The 2013 CAP/ASCO HER2 Testing Guidelines Update modified HER2 FISH categories such that some cases with
‘monosomy’, ‘co-amplification/polysomy’, low-level increased HER2 signals or clustered heterogeneity now are
considered amplified or equivocal. This study examines the frequency and clinico-pathologic characteristics of
breast cancers with equivocal or ‘non-classical’ HER2 FISH results. Breast cancers (2001–2014) with HER2 FISH
results, HER2 immunohistochemistry, ER, grade, and age from three institutions (Stanford, UCSF, UWMC) were
collected. HER2 FISH was interpreted using the updated recommendations. Amplified cases with non-classical
results were grouped into the following categories: (1) ‘monosomy’ (ratio ≥ 2.0, mean HER2/cello4.0); (2) ‘co-
amplified’ (ratioo2.0, mean HER2/cell ≥6.0); (3) ‘low amplified’ (ratio ≥2.0, mean HER2/cell 4.0–5.9).
Heterogeneous cases with clustered HER2-positive cells were also included. Of 8068 cases, 5.2% were
equivocal and 4.6% had a ‘non-classical’ HER2 amplified result; 1.4% ‘monosomy', 0.8% ‘co-amplified', 2.1% ‘low
amplified’, and 0.3% clustered heterogeneity. These cancers had a high frequency of ER positive (80.4%),
Nottingham grade 3 (52.1%) results. The highest percentage of grade 3 cancers (66.7%) and positive HER2
immunohistochemistry (31.7%) was in the ‘co-amplified’ group. The ‘monosomy’ group had the highest percent
grade 1 cancers (13.3%) and was most frequently HER2 immunohistochemistry negative (30.1%). Equivocal
cases had very similar characteristics to the ‘low-amplified’ category. Cases with non-classical HER2
amplification or equivocal results are typically ER positive, higher grade cancers. ‘Co-amplified’ cases have
the highest frequencies of aggressive characteristics and ‘monosomy’ cases the highest frequencies of lower
risk features. With little clinical outcomes data currently available on these non-classical HER2 results, these
results support the current classification scheme for HER2 FISH, with case-by-case correlation with additional
clinical-pathologic factors when evaluating whether to offer HER2-targeted therapies in these non-
classical cases.
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The HER2 protein is overexpressed in an estimated
10–20% of primary breast cancers, and prior to the
use of HER2-targeted therapies conferred an aggres-
sive phenotype with poor outcomes.1–4 The advent
of HER2-targeted therapies has significantly impro-
ved the disease-free and overall survival in patients
with tumors displaying HER2 overexpression.5–7

Patients with HER2-positive tumors can be offered
HER2-targeted therapies, such as trastuzumab

(Herceptin), lapatinib (Tykerb), pertuzumab (Perjeta)
and ado-trastuzumab emtansine/T-DM1 (Kadcyla).
However, these treatments are costly and are not
without side effects. Therefore, accurate identifica-
tion of HER2 amplified tumors is pivotal in proper
classification and treatment of these patients.

Although most HER2 FISH cases yield a straight-
forward (or ‘classical’) negative or positive result by
both ratio and mean HER2 signals/cell criteria, ‘non-
classical’ FISH results can occur when the ratio and
signals/cell data would independently yield differ-
ent results or results are close to a threshold. In 2013
the American Society of Clinical Oncology (ASCO)
and the College of American Pathologists (CAP)
published updated guidelines for the testing of HER2
in breast cancer.1 With this guideline update the
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previous HER2 FISH categories were modified such
that cases amplified only by HER2:CEP17 ratio ≥2.0
but with mean HER2 signals/cello6 were now
considered amplified (both CEP17 ‘monosomy’-like
cases witho4 HER2 signals/cell and ‘low amplified’
cases with between 4 and 6 mean HER2 signals/cell
included), as were cases with a negative ratio but46
mean HER2 signals/cell (‘co-amplified/polysomy’
cases). A clearer definition of heterogeneous cases
with clustered populations with HER2 amplification
making up 410% of the invasive cancer tested also
was included and considered amplified. In addition,
the equivocal category was modified to include cases
negative by ratio (o2.0) but between 4 and 6 mean
HER2 signals/cell. However, the pathology and
clinical literature is limited with regard to these the
clinical-pathologic features and outcomes of cases in
these ‘non-classical’ HER2 FISH categories. Chal-
lenges exist among each category, specifically
regarding definitions of each chromosomal abnorm-
ality/genetic alteration, consensus on interpretation
of FISH results and application of the results to
clinical situations and management decisions.

The aim of this study was to examine the
frequency and clinico-pathologic features of breast
cancer with non-classical amplification and equivo-
cal FISH results. Because of the rarity of these cases,
data from three major institutions (Stanford, UCSF,
and UWMC) were used. Clinical outcomes data were
not available.

Materials and methods

After IRB approval at each institution, the pathology
databases from Stanford, UCSF, and UWMC were
searched for invasive breast cancer cases with HER2
FISH results from 2001 to 2014. Both results from
diagnostic core biopsies and surgical specimens
were included. Data on the HER2/CEP17 ratio and
mean HER2 signals/cell and CEP17 signals/cell for
each case were required for a case to be included in
the study. The raw HER2 FISH results were inter-
preted as amplified, equivocal, and non-amplified
using the updated 2013 recommendations and the
frequencies of these overall categories were
recorded. Clinical outcomes were not available.

Cases were then further segregated into categories as
defined in Figure 1. ‘Classic amplified’ cases were
defined as positive by both ratio ≥2.0, and mean
HER2/cell ≥6.0, and ‘classic non-amplified’ cases as
negative by both ratioo2.0, and mean HER2 signal/
cello4.0. Equivocal cases were defined as ratioo2.0
and mean HER2 signals/cell between 4.0 and 5.9.
Amplified cases with non-classical results were
grouped into the following so-named categories
defined as follows: (1) ‘monosomy’ (ratio ≥2.0,
mean HER2/cello4.0); (2) ‘co-amplified/polysomy’
(ratioo2.0, mean HER2/cell ≥6.0); (3) ‘low amplified’
(ratio ≥2.0, mean HER2/cell 4.0–5.9). Cases with

clusters of amplified cells representing at least 10%
of the population were defined as heterogeneous.

The following information was collected from the
pathology database from each institution on each
‘non-classic’ and equivocal case as well as a subset of
the classical amplified and non-amplified cases:
patient age at diagnosis, clinically reported ER
status, Nottingham grade and HER2 immunohisto-
chemistry results. The frequencies of different
clinical-pathologic characteristics were then calcu-
lated for each of these parameters.

Results

HER2 FISH data were available for a total of 8068
cases from the three institutions (Stanford = 2449,
UCSF=3001, and UWMC=2959). Overall frequen-
cies of the major diagnostic HER2 FISH categories
according to the 2013 HER2 guidelines update were
16.0% amplified (both ‘classic’ and ‘non-classic’
types), 5.2% equivocal, and 78.8% non-amplified.
In all, 11.4% of the total cases were ‘classical’
amplification and 4.6% were ‘non-classical’ ampli-
fication, with non-classical amplified results
accounting for 28.8% of the total amplified category.
(See Figure 2) The majority of the ‘non-classical’
amplified results were low amplified (44.3% of ‘non-
classical’ amplified results; 2.1% of total cases),
followed by monosomy (31.9% of ‘non-classical’
amplified; 1.4% of total cases), co-amplified (17.6%
of ‘non-classical’ amplified; 0.8% of total cases), and
heterogeneous (6.2% of ‘non-classical’ amplified;
0.3% of total cases) (See Figure 3).

Table 1 and Figure 4 show a summary of the
collected clinical-pathologic characteristics for each
category of HER2 FISH results.

Overall, ‘non-classical’ amplified cases had a high
frequency of ER-positive cancers (78.8%), which was
similar to equivocal (82.2%) and classic non-
amplified cases (81.3%), whereas the classically
amplified cases were less-commonly ER positive
(69.2%). Of the ‘non-classical’ amplified categories,
the co-amplified and heterogeneous cases had the
lowest frequencies of ER-positive cases (75% and
72.2%, respectively) and the low amplified and
equivocal cases had the highest (81% and 82%,
respectively).

‘Non-classical’ amplified and equivocal cases also
had a high frequency of grade 3 cancers (48% and
45.1%, respectively), which was closer to the fre-
quency of grade 3 cancers seen in classic amplified
cases (39.2%) than in classic non-amplified cases
(21.1%). Conversely, grade 1 cancers were uncom-
mon in the ‘non-classical’ amplified (9.8%) and
equivocal cases (9.1%), similar to classic amplified
cases (3.5%) and dis-similar to the classic non-
amplified cases, which had the highest frequency of
grade 1 cancers (25.1%). Of the ‘non-classical’
amplified categories, monosomy cases had the hig-
hest frequency of grade 1 cancers (13.3%) and the co-
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amplified and heterogeneous cases had the highest
frequencies of grade 3 cancers (66.7% and 63.2%,
respectively).

With the exclusion of heterogeneous cases, the
majority of the ‘non-classical’ amplified and equivocal
cases were equivocal (+2) by immunohistochemistry

Figure 1 Definitions used for ‘Classical’ and ‘Non-classical’ HER2 FISH result categories.
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(62%). Discordant immunohistochemistry negative
(0–1+), FISH-positive cases occurred in 8.5% of all
the ‘non-classical’ amplified cases. This was more
frequent than in the classic amplified category (2.9%
immunohistochemistry negative). The monosomy
category had the highest percentage of HER2 immu-
nohistochemistry negative cases (30.1%), but this
discordance was also very frequent in both the low-
amplified (21.6%) and equivocal categories (25.4%).
Co-amplified cases had the highest percentage of
positive HER2 immunohistochemistry (31.7%).

The equivocal and low-amplified categories had
strikingly similar frequencies of all characteristics.
Equivocal and low-amplified cases by definition
have the same range of mean HER2 signals/cell
(4.0–5.9) and were noted to vary only in the mean
CEP17 signals/cell (CEP17 mean of 3.2 for equivocal
and 1.9 for low amplified).

The highest frequency of patients younger than 50-
year old was seen in the classic amplified cases (38%),
followed by ‘non-classic’ amplified (33.8%), classic
non-amplified (30%) and equivocal categories (28.1%).
Similar mean ages were noted across categories.

Discussion

This multi-institutional review of breast cancer HER2
FISH results provides insight into the frequency of
cases with ‘non-classical’ amplification (positive by
only ratio or signals/cell criteria but not by both) or
equivocal FISH results and their common clinico-
pathologic features. Taken together, ‘non-classical’
amplified and equivocal cases account for as much as
9.8%, or close to 1 in 10, of HER2 FISH test results. In
general, these categories had high frequencies of ER
positivity, similar to the non-amplified category, but
were also frequently high grade.

The 2013 CAP/ASCOHER2 guidelines update clearly
established that any of the ‘non-classical’ amplified
categories we examined are considered a HER2-positive
result that makes a patient eligible for HER2-targeted
therapies. However, these categories were variably
defined prior to the update and remain poorly under-
stood owing to their limited representation in clinical
trials. As defined in this study, ‘non-classical’ amplified
cases may account for over a quarter of all FISH
amplified results, can cause discordance with HER2
immunohistochemistry results and discordance with
other clinical-pathologic features. For this reason, the
2013 guidelines update also contains supplemental
material discussing these ‘non-classical’ cases in more
depth and emphasizing that, while patients should be
considered eligible for HER2-targeted therapy, the other
clinical-pathologic features present should be consid-
ered in making treatment decisions.1

In the face of the limited clinical outcomes data on
these cases, acknowledgment of the ‘non-classical’
nature of these HER2 ‘amplified’ or equivocal cases
can help explain results that seem discordant and
help highlight the clinical options in each case.
Table 2 proposes a series of comments (based on the
2013 CAP/ASCO HER2 testing guidelines update)
that can be included in pathology reports when
reporting HER2 FISH results that are non-classical or
equivocal. A more detailed discussion of our results
broken down by these categories is as follows:

Monosomy

One of the more controversial ‘non-classical’ ampli-
fied categories is cases with very low mean HER2
signals/cell (o4) but an amplified result by HER2:

Figure 2 Overall frequencies of HER2 FISH result categories.
Classic amplified cases were defined as positive by both ratio ≥ 2.0
and mean HER2/cell ≥6.0 and classic non-amplified cases as
negative by both ratioo2.0 and mean HER2 signal/cello4.0.
Equivocal cases were defined as ratioo2.0 and mean HER2
signals/cell between 4.0 and 5.9.

Figure 3 Breakdown of ‘Non-classical’ amplified results. Ampli-
fied cases with non-classical results were grouped into the
following categories defined as follows: (1) ‘monosomy’ (ratio
≥2.0, mean HER2/cello4.0); (2) ‘co-amplified/polysomy’
(ratioo2.0, mean HER2/cell ≥6.0); (3) ‘low amplified’ (ratio
≥2.0, mean HER2/cell 4.0–5.9). Cases with clusters of amplified
cells representing at least 10% of the population were defined as
heterogeneous.
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CEP17 ratio42.0. This frequently occurs in the
setting of loss of one CEP17 control signal such that
there are o2.0 mean CEP17 signals 2–3 mean HER2
signals/cell. Although we have not technically
determined if the cases in our series have true
monosomy (loss of a chromosome) or loss of a
portion of the chromosome, for ease of category
definitions in this study, we have defined cases in
this category (ratio ≥ 2.0 and mean HER2 signals/cell
o4) as such. Because of their low mean HER2
signals/cell, these cases will only be scored as
amplified when using a dual probe HER2 FISH
assay. Subset analysis of the HERA trial data did not
suggest reduced trastuzumab benefit for cases that
had o4 average HER2 signals/cell and ratio ≥2.0
(although these cases were limited in number), so
based on this data, the 2013 CAP/ASCO Guidelines
update included such cases in the amplified
category.8 However, in the N9831 trastuzumab trial
the only cases that did not receive definite trastuzu-
mab benefit were cases that were centrally immuno-
histochemistry negative and had a FISH ratio42.0.9
Other studies suggest a reduced response rate to

HER2-targeted therapies, without a perceptible effect
on the time to progression.10

We saw a low overall frequency of monosomy
cases across our institutions, accounting for only
1.4% of all cases. However, monosomy was the ‘non-
classical’ amplified category that had the highest
percentage of grade 1 cancers (13.3%) and negative
HER2 immunohistochemistry results (30.1%), both
of which would be considered discordant with a
HER2-positive FISH result in any given case. For the
monosomy group, we suggest consideration about
whether to treat with chemotherapy plus HER2-
targeted therapy be based on correlation with all
clinico-pathologic characteristics, on a case-by-case
basis. For instance, patients with ratio-positive
monosomy results that are high grade and HER2
positive by immunohistochemistry might be better
candidates for HER2-targeted therapy than patients
with low grade, HER2 negative cancers by immuno-
histochemistry. In addition, if a HER2 immunohis-
tochemistry test has not been performed (as would
occur at laboratories that do FISH first or FISH only),
concurrent immunohistochemistry may provide
additional valuable information when there is a
monosomy ‘amplified’ FISH result.

Co-amplified/Polysomy

Cases with increased HER2 and increased CEP17
signals can result in a negative ratio (o2.0) but a
positive result by mean HER2 signals/cell (≥6.0). The
2013 CAP/ASCO HER2 Guidelines update classifies
these cases as positive for HER2 gene amplification
stating that ‘if HER2 signals per cell are 46, assay
should be considered positive regardless of ratio’
(see Table 8 of 2013 CAP/ASCO HER2 Guidelines
Update) and emphasize that the mean HER2 signals/
cell should be reported in addition to the ratio data.1
Data suggest that most cases with these character-
istics are not true polysomy (gains of whole
chromosomes) but rather co-amplification of the
HER2 gene and peri-centromertic regions and there-
fore should be referred to as ‘co-amplified'.2,11,12

The reported frequency of ‘polysomy’ cases ranges
from 10 to 54% of breast cancer cases (variable
definitions used), with some investigators demon-
strating poor prognosis amongst these patients13–16
In our study, using the definition of ratioo2.0 and
mean HER2/cell ≥6.0, co-amplified cases were rare,

Figure 4 Frequencies of clinico-pathologic characteristics accord-
ing to HER2 FISH category.

Table 1 Pathologic and clinical features of breast cancer by HER2 FISH category

FISH category N Mean age %o50 years Grade 1 Grade 2 Grade 3 HER2 0–1+ HER2 2+ HER2 3+ ER+ ER−

Monosomy 113 55.6 32.5% 13.3% 43.9% 42.9% 30.1% 57.5% 12.4% 78.8% 21.2%
Co-amplified 63 56.6 33.3% 5.6% 27.8% 66.7% 13.2% 55.0% 31.7% 75.0% 25.0%
Equivocal 416 58.2 28.1% 9.1% 45.8% 45.1% 25.4% 67.3% 7.3% 82.2% 17.8%
Low amplified 171 55.9 34.8% 9.6% 47.8% 42.6% 21.6% 68.3% 10.0% 81.0% 19.0%
Heterogeneous 20 61.4 30.0% 5.3% 31.6% 63.2% 10% 25% 65% 72.2% 27.8%
Classic amplified 318 54.2 38.0% 3.5% 57.3% 39.2% 2.9% 28.6% 68.5% 69.2% 30.8%
Classic non-amplified 1926 57.4 30.0% 25.1% 53.8% 21.1% 53.0% 46.1% 0.9% 81.3% 18.7%
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accounting for only 0.8% of all cases across our
institutions.

There is little data on the response of co-amplified
cases to HER2-targeted therapies in the absence of
HER2 overexpression by immunohistochemistry.
However, of the ‘non-classical’ amplified cases in
our study, co-amplified cases had the highest

percentage of concurrent 3+ HER2 immunohisto-
chemistry (31.7%), with only 13.2% HER2 negative
by immunohistochemistry. The recent HERA trial re-
analysis of HER2 results by Stoss et al.17 also found
cases with ≥ 6.0 HER2 signals/cell and ratioo2.0
had the highest rates of concurrent 3+ positive
immunohistochemistry results across all 2013

Table 2 Proposed pathology report comments for non-classical HER2 FISH categories

Category Ratio and HER2 signals/cell Report comment

Monosomy Ratio ≥ 2.0, HER2 signals/
cello4.0

This invasive cancer has an average CEP17 signal of o2.0 resulting in a HER2/
CEP17 ratio≥2.0 by FISH, despite a low average HER2 copy number ofo4.0.
There is limited data on how these patients respond to HER2-targeted therapy.
However, the ASCO/CAP Guideline recommends considering these cases HER2
positive based on limited data from a similar group of patients included in the
HERA trials that did not appear to show reduced benefit for trastuzumab.
Clinical correlation with other patient factors and the pathologic features of the
patient’s cancer (including HER2 by IHC) should be used in this setting when
considering treatment with HER2-targeted therapies. Despite uncertainty of
benefit, this patient is considered eligible for HER2-targeted therapy based on
the eligibility criterion for the first-generation trastuzumab trials and the 2013
ASCO/CAP HER2 Testing Guideline Update.

Low amplified Ratio ≥ 2.0, HER2 signals/
cell = 4.0–5.9

This invasive cancer has a low level of increased HER2 signals (4–6) and a
HER2:CEP17 ratio ≥2.0. Although there is limited data to suggest benefit of
HER2-targeted therapy in this setting, these patients were considered eligible for
the first generation of trastuzumab trials. Clinical correlation with other patient
factors and the pathologic features of the patient’s cancer (including HER2 by
IHC) should be used in this setting when considering treatment with HER2-
targeted therapies. This patient is eligible for HER2-targeted therapy based on
the 2013 ASCO/CAP HER2 Testing Guideline Update.

Co-amplified/
polysomy

Ratioo2.0, HER2 signals/
cell46.0

This invasive cancer has ≥6.0 mean HER2 signals/cell but also has increased
centromere (CEP17) control signals, resulting in a HER2:CEP17 ratio o2.0.
Because array-based comparative genomic hybridization (aCGH) studies have
shown that true polysomy (duplication of the entire chromosome) is actually
rare, whereas gain of the pericentromeric region of chromosome 17 is more
commonly observed, the ASCO/CAP Guideline recommends considering these
cases HER2 positive. However, there is limited data to indicate if patients
receive benefit from HER2-targeted therapy in this setting without
overexpression of the HER2 protein by IHC. Clinical correlation with other
patient factors and the pathologic features of the patient's cancer (including
HER2 by IHC) should be used in this setting when considering treatment with
HER2-targeted therapies. This patient is eligible for HER2-targeted therapy
based on the 2013 ASCO/CAP HER2 Testing Guideline Update.

Equivocal Ratioo2.0, HER2 signals/
cell = 4.0–5.9

This invasive cancer has a negative ratio (o2.0) and an equivocal mean HER2
signals/cell between (≥4 and o6). Common reasons for this include frequent
cells with low-level increased HER2 signal cells with coordinate mild increases
in the mean CEP17 signals/cell or scattered cells with ≥6 HER2 signals/cell in a
non-clustered, scattered distribution.* The 2013 ASCO/CAP HER2 Testing
Guideline update recommends reporting these cases as equivocal for HER2 gene
amplification. Because of the equivocal results, additional cells were counted by
a second independent observer and the results above are an average of the two
counts. There is limited data to indicate if patients receive benefit from HER2-
targeted therapy in this setting without overexpression of the HER2 protein by
IHC. Additional HER2 testing is recommended on additional samples if/when
available. Clinical correlation with other patient factors and the pathologic
features of the patient's cancer (including HER2 by IHC) should be used in this
setting when considering treatment with HER2-targeted therapies.

* Offer an additional comment indicating the pattern seen in the specific case, if
any.

Heterogeneous Clustered amplified
population 410%

This invasive cancer has two distinct, clustered subpopulations (heterogeneous)
with different HER2 gene status. The ASCO/CAP Guideline recommends
reporting heterogeneous cases that have a clustered subpopulation of amplified
cells representing410% of the total as HER2-positive (with results given for
both populations present). Because of the presence of clustered heterogeneity,
separate counts were performed in the two areas by two independent observers
in each cell population. This patient is eligible for HER2-targeted therapy based
on the 2013 ASCO/CAP HER2 Testing Guideline update.
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HER2 FISH categories. Co-amplified cases in our
study also had the highest frequency of grade 3
cancers across all categories (66.7%). Testing by both
immunohistochemistry and FISH may be important
in some of these cases if results are discordant.
Overall, our results support the current classification
of co-amplified cases as HER2 amplified with
consideration for HER2-targeted treatment.

‘Low Amplified’ and Equivocal

Overall, these two categories were the most common
of the non-classical categories in our multi-
institutional study, with 5.2% of cases equivocal
and 2.1% low amplified. Per the 2013 Guidelines
Update, cases with low-level amplification of HER2
(between 4 and 6 mean HER2 signals/cell) are
considered amplified if the mean CEP17 signals
results in a HER2:CEP17 ratio ≥ 2.0 (‘non-classical’
low amplified in this study), but would be consid-
ered equivocal if the mean CEP17 signals creates a
ratioo2.0. Given that these two groups have the
same range of mean HER2 signals/cell and the
control CEP17 signal is what drives the difference
in classification, it is not surprising that our study
found almost identical frequencies of additional
clinico-pathologic characteristic in these two groups.
Both the low-amplified and equivocal cases in our
study series had high frequencies of ER positivity,
and low frequencies of concurrent 3+ HER2 results
by immunohistochemistry. The recent HERA trail re-
analysis found similar low rates of 3+ positive
immunohistochemistry results in low-amplified
and equivocal cases and high frequencies of equivo-
cal immunohistochemistry results.17

With respect to response to HER2-targeted thera-
pies, retrospective review of the original HERA trial
results suggest there was still benefit from trastuzu-
mab therapy in the low-amplified group (cases with
between 4 and 9 signals/cell).8 Other studies suggest a
reduced responsiveness to trastuzumab-based neoad-
juvant treatments and decreased time to progression
in patients with low-amplified cancers.18–20 The
N9831 trial showed improved disease-free survival
for trastuzumab-treated cancers that had a ratioo2.0
by FISH, including cases with 2.0–5.0 mean HER2
signals/cell, but they had all initially tested HER2
positive locally.9 The Update Committee agreed with
the FDA statement in the US package insert of
trastuzumab that ‘Definitive conclusions cannot be
drawn regarding efficacy within other subgroups
owing to the small number of events’ in the first
generation of trastuzumab trials. Therefore, the 2013
guideline recommendation is to consider low ampli-
fied cases positive ‘without the need for further
testing'. However, for equivocal cases additional
testing was recommended in the guideline.

The supplement to the guidelines does point out
that for equivocal cases, co-amplification of the
CEP17 region is occasionally observed, which may

be the reason behind the ratio beingo2.0. In the
recent HERA trail re-analysis, 61.1% of the cases that
fell in the 2013 equivocal category were noted to
have more than three CEP17 signals/cell.17 Similarly,
the mean CEP17 signals/cell in our study for the
equivocal cases was 3.24. For such cases the guide-
lines recommend either retesting by other methods
(such as immunohistochemistry or single-probe ISH
test), retesting on other samples, or FISH using
alternative chromosome 17 control probes on the
same sample. We have also previously observed high
frequencies of cases with intermixed, non-clustered
populations of amplified cells in equivocal cases.21
These intermixed amplified cells are non-clustered
and together with the majority of non-amplified
cells, average to create an equivocal range result. The
clinical significance of these ‘mosaic-type’ hetero-
geneity cases is unclear, but examining the cell
counting sheets and reporting the percent amplified
cells may be one approach to explain an equivocal
result in cases with such findings.

Heterogeneity

The literature on HER2 heterogeneity in breast
cancer is fraught with many different definitions,
including the non-clustered form (or ‘mosaic’ form),
making any conclusions about clinically significant
HER2 heterogeneity challenging, with reported fre-
quencies ranging from 1.3 to 54%.22–30 The updated
2013 ASCO/CAP guidelines recommend defining
cases with heterogeneity for HER2 amplification as
amplified if the amplified cells are clustered and
represent at least 10% of the cancer population being
examined.1 Although several studies have shown
that tumors with intermixed genetic heterogeneity
are associated with low-level HER2 amplification
and equivocal HER2 expression, and serve as an
independent risk factor for decreased disease-free
survival, regional, or clustered heterogeneity as
defined by the 2013 Guidelines Update is not well-
studied and it is unclear how common this is.24,26

In our multi-institutional study, clustered hetero-
geneity was identified in o1% of total cases and
these cases were frequently HER2 immunohisto-
chemistry positive (in the FISH amplified areas),
grade 3 cancers. This frequency is likely an under-
estimate as cases in our institutional databases prior
to the more specific 2013 definition may not have
uniformly been categorized as cases with separate
clustered populations of cells. To better identify
heterogeneous cases on FISH, the recommendations
entail either having the pathologist scan the entire
sample under fluorescence to determine whether
more than one population is present, and/or utilizing
the HER2 immunohistochemistry to guide scoring
(see Data Supplement 8, 2013 Guidelines Update),
then reporting the percentage of tumor with each
FISH/immunohistochemistry pattern.1

Modern Pathology (2017) 30, 227–235

Unusual HER2 FISH results

M Ballard et al 233



Our study is limited by the populations presenting
to our institutions and their testing methodologies,
but offers a unique look at the frequency and
characteristics of different categories of HER2 FISH
in a non-trial setting. Although additional clinical
outcomes data, such as responses to HER2-targeted
therapies in these ‘non-classical’ amplified and
equivocal categories, would be ideal, the rarity of
these types makes them unlikely to be well-studied
in current clinical trial settings. Our results support
the concept that the HER2 ‘non-classical’ amplified
and equivocal cases frequently have features inter-
mediate between classical amplified and non-
amplified cases. In addition, they support the
recommendation to consider all the clinico-
pathologic features on a case-by-case basis when
determining whether to offer HER2-targeted thera-
pies in these difficult cases.
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