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Abstract

Purpose The updated 2013 American Society of Clinical
Oncology/College of American Pathologists guideline
recommendations for human epidermal growth factor
receptor 2 (HER?2) testing have made some major changes
in HER2 fluorescence in situ hybridization (FISH) inter-
pretation criteria with additional FISH equivocal cases.
Repeat HER?2 testing is recommended after initial HER2
FISH equivocal results; however, little is known about its
impact on final HER?2 status. The aim of this study is to
investigate whether reflex test clarifies HER2 status, and to
characterize clinicopathological features of the newly
defined HER2 equivocal group.

Methods A total of 886 consecutive cases of primary
invasive breast cancer conducted with dual-probe HER2
FISH testing between November 2013 and December 2015
were reviewed. HER2 immunohistochemistry (IHC) and
FISH testing were performed on a different tissue block or
a new specimen after initial HER2 FISH equivocal results.
Results Compared to 2007 guideline, 85 (9.6%) cases
changed their category by using 2013 guideline. The major
change of the 85 cases is that 57 (6.4%) cases in HER2
FISH-negative category changed to equivocal, and the
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equivocal category cases increased from 36 to 67. HER2
FISH equivocal was significantly associated with HER2
IHC equivocal (2+) and chromosome 17 polysomy
(P < 0.01). Repeat testing by IHC and FISH clarified
HER?2 status in 33 and 42% of HER2 equivocal cases,
respectively. Overall 32 (48%) initial HER2 equivocal
cases stayed HER2 equivocal after repeat FISH and or THC
testing. These tumors were ER/PR+, with high KI-67
index.

Conclusion New guidelines classify more HER2 FISH
equivocal cases. Repeat HER2 testing clarifies HER2 status
in about 50% of initial HER2 FISH equivocal cases. In
addition, HER?2 equivocal cases merit further study as there
is limited information about prognosis and optimal treat-
ment strategy for this population.

Keywords Breast cancer - HER2 -
Immunohistochemistry - Fluorescence in situ
hybridization - Equivocal - Chromosome 17 polysomy

Abbreviations
HER2 Human epidermal growth factor 2
IHC Immunohistochemistry

FISH  Fluorescence in situ hybridization
ASCO American Society of Clinical Oncology
CAP College of American Pathologists
Introduction

Human epidermal growth factor 2 (HER2), located on
17q12.21-21.32, is critical for the management of breast
cancer [1]. Overexpression of HER2 protein and/or HER2
gene amplification, which is present in 15-20% of breast
cancers, is associated with poor prognosis. Anti-HER2
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therapy significantly improves the clinical outcomes of
HER2-positive patients [2—4]. Therefore, evaluation of
HER2 status becomes more and more critical [5, 6].
Immunohistochemistry (IHC) and in situ hybridization
(ISH) assays are used to evaluate the HER?2 status, and
Fluorescence in situ hybridization (FISH) is most com-
monly used in situ hybridization technique [7, 8].

The American Society of Clinical Oncology (ASCO)/
College of American Pathologists (CAP) have provided
detailed guidelines for conducting and interpreting HER2
testing in clinical practice. ASCO/CAP guidelines for
HERR? testing were initially released in 2007 and updated in
2013 [9, 10]. The updated 2013 guidelines have made some
major changes on the diagnostic categories for FISH and
redefined the FISH equivocal (a dual-probe HER2/CEP17
ratio is <2.0 with average HER2 copy number >4
and <6/cell). Several studies have shown that the update of
the equivocal category led to an increase in FISH equivocal
cases compared to those using the 2007 criteria [11-16].
This causes a managerial dilemma for increasing the
number of patients diagnosed with HER2 equivocal [9, 10].
The updated guidelines recommend that an equivocal FISH
result must prompt reflex testing, including reflex THC
testing, testing on a different tissue block or a new speci-
men by either IHC or FISH, or FISH using alternative
chromosome 17 probes [10]. The overall cost will be
increased due to these additional tests for the expanded
equivocal cases; however, limited data have demonstrated
the impact of these reflex until now [8, 17]. The aim of this
study is to investigate the impact of reflex testing on HER2
equivocal cases and to explore the pathological character-
istics of HER2 equivocal population.

Materials and methods
Patient population

We retrospectively identified all consecutive cases of primary
invasive breast cancer conducted with dual-probe HER2 FISH
testing from Guangdong General Hospital (Guangzhou,
China) between November 2013 and December 2015. Spec-
imens consisted of core needle biopsy and surgical excisions
(partial and full mastectomy specimens). In our institution,
IHC was the initial test on all cases and followed by reflex
HER?2 FISH after 2+ results. Our lab has a history of excel-
lence in participation and performance of the CAP proficiency
surveys and National External Quality Assessment Service,
United Kingdom (UKNEQAS) as evidence of high standard
quality and accuracy of testing. Ethics approval for this study
was granted by the Medical Ethics Committee of Guangdong
General Hospital, Guangzhou, China.
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Fluorescence in situ hybridization (FISH)

The FDA-approved PathVysion HER2 DNA probe kit
(Abbott Molecular, Des Plaines, IL, USA) was used in
accordance with the manufacturer’s recommended proto-
cols, but with minor modifications, which has been
described previously [18]. Lymphocytes and normal breast
tissue were served as negative control. A known paraffin-
embedded primary breast cancer specimen with HER2
amplification was selected as positive control. Analysis of
HER2 FISH was performed by one certified pathologist
and one certified technologist independently without
knowledge of the ITHC results. If there was a discrepancy
between the two scorers, another pathologist who was
usually the most experienced in FISH could rescore the
case and generated the final result. HER2 FISH results
were interpreted based on 2013 ASCO/CAP guidelines.
Chromosome 17 polysomy was defined as >3CEP17 sig-
nals per nucleus. For investigational purposes, a separate
result was recorded for each case using the 2007
guidelines.

Immunohistochemistry (IHC)

Immunohistochemical staining was performed on 4-pm-
thick formalin-fixed, paraffin-embedded tissue sections by
certified laboratory staff using standardized automated
methodology (Ventana Medical Systems, Oro Valley, AZ).
Standardized immunohistochemical protocols were fol-
lowed with control slides as appropriate. HER2 THC was
interpreted based on 2013 ASCO/CAP guidelines by two
pathologists independently without knowing FISH results.
Discrepant cases were concurrently reviewed by these two
pathologists using a multiheaded microscope to obtain a
consensus score. IHC for Ki67 and P53 was performed
using monoclonal rabbit anti-human Ki67 antibody (1:200,
MIB-1, DAKO) and P53 (1:500, DO-7; DAKO), respec-
tively. For positivity assessment of the immunostaining for
each section, only nuclear staining was regarded as posi-
tive. Case was scored as high level expression of Ki67 if
over 14% tumor cells were positively stained. 10% of
nuclear staining in tumor cells is the cutoff for p53
positivity.

Statistical analyses

Statistical analyses were performed using the SPSS 13.0
statistical software package (SPSS Inc, Chicago, IL). Cat-
egorical data were compared using y” test or Fisher’s exact
test. Statistical significance was assumed if P < 0.05.
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Result

Increased HER2 FISH equivocal cases using 2013
ASCO/CAP guidelines compared to using 2007
ASCO/CAP guidelines

In total, 886 patients with primary invasive breast cancers
were included in this study; some cases were referred from
other hospitals for pathological consultation. We reported
our final HER?2 classification according to the ASCO/CAP
2013 guidelines, and each case was also classified HER2
status using the 2007 criteria for comparison purposes. Of
all 886 cases, 801 (90.4%) had the same HER2 classifi-
cation using the 2007 or 2013 guidelines. Table 1 sum-
marizes the HER2 classification of all cases. Compared to
using 2007 guidelines, 85 (9.6%) cases changed their cat-
egory by using 2013 guideline. Among these 85 cases, the
major change is that 57 (6.4%) cases in HER2 FISH-neg-
ative category changed to equivocal, followed by 13 cases
(1.5%) changed from equivocal to positive, 9 cases (1.0%)
changed from equivocal to negative, and 6 cases (0.7%)
changed from negative to positive (P < 0.001). The
equivocal category cases increased from 32 to 67.

HER?2 FISH equivocal correlates with HER2 THC
equivocal, chromosome 17 polysomy

Among the HER2 FISH equivocal cases based on 2013
guidelines, 83.6% (56 of 67 cases) showed IHC equivocal
results, 11.9% (8 of 67 cases) showed negative IHC results,
and three cases had positive IHC results. HER2 FISH
equivocal was significantly associated with HER2 THC
equivocal (P < 0.01). Interestingly, most of the cases with
classification change from negative to equivocal were also
IHC equivocal (P < 0.001) (Tables 2, 3).

218 of the 886 cases (24.6%) are considered to have
chromosome 17 polysomy according to a definition
of >3.0 CEP17 copies per nucleus. As shown in Table 4,
the frequency of chromosome polysomy 17 was signifi-
cantly higher in the HER2-amplified or equivocal groups
than those in the non-amplified group irrespective of cri-
teria used (both P < 0.001).

Repeat test help to verify the final HER2 status
on the FISH equivocal cases

Because additional cell counts were performed clinically
and one technologist and one pathologist have scored the
case independently in each HER2 FISH equivocal, and
another CEP17 was not available in most laboratory like
us, we performed IHC and FISH on a different tissue
block or a new specimen for those HER2 FISH equivocal
cases to further evaluate HER2 status. Among the 67
HER2 FISH equivocal cases, 46 of them underwent
HER2 IHC, with 27 in a different tissue block and 19 in a
new specimen (surgical resection). As a result, 3 cases
were found HER2 positive (IHC 3+), 12 cases negative
(IHC 0/14), and 31 remained equivocal (IHC 2+).
Additional FISH was performed in 48 HER2 FISH
equivocal cases, which includes 20 tests in new specimen
(surgical resection) and 28 tests in new block. As shown
in Tables 5, 6, and 7, these cases were re-categorized as
amplified in 8 cases, non-amplified in 12 cases, and
equivocal in 28 cases. All the 3 IHC 34 cases were also
amplified by FISH. None of these cases showed HER2
heterogeneity by FISH or IHC.

The clinical-pathologic features of “Deemed
Equivocal” cases

Even after performing reflex IHC and new test on new
block or specimen, 32 cases ultimately deemed to be
equivocal and 29 had complete clinicopathological infor-
mation available for review. Table 8 summarizes the main
clinicopathological characteristic of these “Deemed
Equivocal” cases. All patients were female, with an aver-
age age of 54, ranging from 21 to 83. Most cases (79.3%)
corresponded to invasive ductal carcinomas, no special
type, 3 (10.3%) with focal invasive micropapillary carci-
noma, 2 (6.9%) with mucinous carcinoma component, and
1 (3.4%) with neuroendocrine feature. Most of them
showed intermediate/high histologic grade (n = 28,
96.6%), estrogen receptor positive (ER+) concomitant
with progesterone receptor positive (n = 23, 79.3%), and
high Ki67 index (n = 23, 79.3%). Tumor of size more than

Table 1 HER?2 status of 886

FISH tests classified with 2007 2007 guidelines

2013 guidelines

Total

and 2013 ASCO/CAP scoring Amplified Equivocal Non-amplified

guidelines
Amplified 202 (22.8%) 0 0 202 (22.8%)
Equivocal 13 (1.5%) 10 (1.1%) 9 (1.0%) 32 (3.6%)
Non-amplified 6 (0.7%) 57 (6.4%) 589 (66.5%) 652 (73.6%)
Total 221 (24.9%) 67 (7.6%) 598 (67.5%) 886
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Table 2 HER2 IHC result

ot o <9 3 o 1 1 P 1 1 1 q *
distribution for FISH equivocal IHC status according to 2013 guideline N FISH equivocal according to 2013 guideline P value

cases according to 2013 o/1+ 246 8 (3.3%)
ideline '
gludelt 24 476 56 (11.8%)
3+ 164 3 (1.8%) 0.000
#* o2 test

Table 3 HER?2 IHC result distribution for cases change from FISH negative according to 2007 guideline to FISH equivocal according to 2013
guideline

IHC status according to 2013 guideline N 2007 negative change to 2013 equivocal P value*
0/1+ 246 8 (3.3%)

2+ 476 46 (9.7%)

3+ 164 3 (1.8%) 0.000

#* 2 test

Table 4 Correlation between Chromosome polysomy 17 and HER2 FISH equivocal

FISH status FISH according to 2007 guideline P value* FISH according to 2013 guideline P value*
N Chromosome polysomy 17 N Chromosome polysomy 17

Negative 652 80 (12.3%) 598 43 (7.2%)

Equivocal 32 7 (21.9%) 67 36 (53.7%)

Positive 202 130 (64.4%) 0.000 221 138 (62.4%) 0.000

* ;52 test

Table 5 Summary of HER2 status with repeat test on a different tissue block or a new specimen in 67 HER2 FISH equivocal cases by FISH or
IHC

HER?2 status IHC FISH
0/1+ 2+ 3+ Positive Equivocal Negative

N 12 (26.1%) 31 (67.4%) 3 (6.5%) 8 (16.7%) 28 (58.3%) 12 (25.0%)
Table 6 Outcome of repeat test on a different block versus a new Table 7 Outcome of repeat test on a different block versus a new
specimen in 67 HER2 FISH equivocal cases by IHC specimen in 67 HER2 FISH equivocal cases by FISH
HER?2 status Specimen HER?2 status Specimen

Different block New specimen Different block New specimen
0/1+ 7 (15.2%) 5 (10.9%) Positive 3 (6.3%) 5 (10.4%)
2+ 19 (41.3%) 12 (26.1%) Equivocal 17 (35.4%) 11 (22.9%)
3+ 1 (2.2%) 2 (4.3%) Negative 8 (16.7%) 4 (8.3%)

2.0 cm, lymph node negative, and P53 expression were  trastuzumab to neoadjuvant chemotherapy was demon-
seen in more than half of the cases. Chemotherapy plus strated to increase overall response rate in breast cancer
trastuzumab was administered to 11 patients. Addition of  cases with HER2 equivocal (data in submission).
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Table 8 Clinicopathological features of HER2 “Deemed Equivocal”
cases

Characteristics N %

Age (years)

>50 18 62.1

<50 11 37.9
Histological type

IDC, NOS 23 79.3

IDC with focal special type features 6 20.7
Grade

Low 1 34

Intermediate 14 48.3

High 14 48.3
Tumor size (cm)

>2.0 19 65.5

<2.0 10 34.5
Nodal status

NO 17 58.6

N1-3 12 414
ER/PR status

ER+/PR+ 23 79.3

ER-+/PR— 1 34

ER—/PR+ 1 34

ER—/PR— 4 13.8
Ki67 (%)

>14 23 79.3

<14 6 20.7
P53

Positive 16 55.2

Negative 13 44.8
Discussion

The updated guidelines for HER2 recommended by ASCO/
CAP were published in 2013 [10]. One of the significant
changes in the updated guidelines was redefining the
equivocal criterion with emphasis on HER2/nucleus signal
count for interpretation of HER2 FISH results. Several
studies have reported that the proportion of HER2 FISH
equivocal cases increases substantially after implementa-
tion of the new guidelines. Sapino et al. reassessed 957
breast cancers with equivocal (2+) IHC and found that the
equivocal FISH cases increased fivefold when using the
ASCO/CAP 2013 FISH algorithm (12.3%) compared to
those using the ASCO/CAP 2007 ratio criterion (2.4%)
[12]. Long et al. reviewed 717 consecutive HER2 FISH
results and found that 35 initial negative cases became
equivocal when using 2013 guidelines [11]. Espinet et al.
reported a consistent trend with 58 new equivocal cases

when applying updated guidelines to 622 HER2 FISH
results [13]. Singh et al. study showed that 42 initial neg-
ative cases became equivocal, resulting in a 2.2% increase
of equivocal classification after the use of 2013 guidelines
in 836 HER2 FISH results [14]. In our data, both IHC and
FISH were used as a primary test. Similar to these reports,
we found that 85 cases of the 886 breast cancers changed
their categories, among which 57 cases were changed from
HER?2 FISH negative to equivocal using the 2013 ASCO/
CAP guidelines compared to those using 2007 guidelines,
representing a 2.1-fold increase in the size of the equivocal
category. This further illustrated that the update of equiv-
ocal category led to a significant increase in HER2 FISH
equivocal cases.

Numerous studies have demonstrated that the concor-
dance rates between IHC and FISH were the highest in
tumors scored by IHC as 0/14+ and 3+ and the lowest for
2+ [18, 19]. Interestingly, analysis of the IHC score of
these HER2 FISH equivocal cases showed that most of
them (56/67) were HER2 2+, and the majority of cases
(46/57) changed from initial negative to equivocal were
also HER2 2+. It seemed that HER2 FISH equivocal were
correlated with THC equivocal. Since reflex FISH tests
were conducted for some IHC 2+ cases in our cohort,
which would have a bias towards the correlation, we did a
literature review to verify the correlation of HER2 THC
with FISH equivocal. We noted that in the Long’s study,
most of the HER2 FISH equivocal cases (26/41) were also
equivocal 24 by IHC, and the majority cases (11/18)
changed from negative to equivocal were IHC 24, and
they called these cases as “double equivocal” [11].
Bethune’s study also showed that the vast majority of cases
changed from initial negative (97%, 56/58) to equivocal
HER?2 was equivocal (2+) by THC [20]. Collectively, these
studies suggested that most HER2 FISH equivocal cases
were also IHC equivocal, the so-called “double
equivocal.”

Our data have illustrated that a significantly higher
proportion of cases in the HER2 FISH equivocal group had
a chromosome 17 polysomy, suggesting its contribution to
the newly defined equivocal group. Chromosome 17
polysomy has previously been reported in series investi-
gating breast cancers. Reported prevalence rates of chro-
mosome 17 polysomy (>3 CEP17 copies/nucleus) ranged
between 3 and 46% [21]. The largest examination of HER2
equivocal breast cancers was HERA (HERceptin Adjuvant)
trial, where 69 of 113 new HER2 equivocal cases were
chromosome 17 polysomy [22]. Fan et al. reported that
75% of HER2 FISH equivocal cases with 2013 guidelines
were chromosome 17 polysomy [23]. In Bethune’s study,
77% of their cohort that switched from the HER2 FISH
negative to equivocal with new guidelines was also chro-
mosome 17 polysomy [20]. Chromosome 17 polysomy has
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also showed its correlation with increased IHC score (2+/
3+4) in tumors without HER2 amplification [21]. As seen
from our data, chromosome 17 polysomy was more fre-
quently detected in tumors with IHC 2+/3+ than THC
0/1+. In the absence of HER2 amplification, chromosome
17 polysomy has been demonstrated to be correlated with
equivocal IHC results (IHC 2+4). This may be the expla-
nation for the correlation of HER2 FISH equivocal with
IHC 2+-. The impact of chromosome 17 polysomy has also
been evaluated in several studies but yielded some incon-
sistent results. Although most studies linked chromosome
17 polysomy with unfavorable clinicopathologic features
and poorer prognosis due to several other genes such as
BRCAL, TOP2A, TP53 in chromosome 17 implicated in
tumor genesis, others have found that chromosome 17
polysomy had no effect on clinicopathologic variables or
had more favorable pathologic features [21, 24]. In parallel
with these studies, a very recent study by Bethune showed
that the pathological features of HER2 FISH equivocal
group were intermediate between HER2-negative and
HER2-positive tumors [20]. The HER2 FISH equivocal
group with chromosome 17 polysomy needs further
investigation to evaluate whether there is a subgroup within
this cohort that is worth treating with HER2-targeted
therapy. However, recent reports suggest that true chro-
mosome 17 polysomy is a rare event in breast cancers and
most of the elevated CEP17 signals detected by dual-probe
ISH HER?2 testing are local gain/amplification in the peri-
centromeric region of chromosome 17 [25].

Breast cancers with equivocal HER2 scores are partic-
ularly problematic for clinical management. The ASCO/
CAP algorithm recommends reflex testing to be performed
using a different modality for all HER2 equivocal cases.
However, there are few studies available for the impact of
such additional assays on the ultimate status of HER2
[15, 26, 27]. In a study by Muller which commenced with
FISH for HER2, reflex IHC only classifies 29% (5 of 17) of
equivocal FISH as positive or negative, but the majority
remained equivocal [15]. Regarding the utility of retesting
in a separated specimen, Striebel et al. found that 59% of
equivocal FISH results based on 2007 guidelines were
reassigned as either positive or negative based on evalua-
tion of the surgical resection specimen, albeit 41% (7/17)
of equivocal results were not solved [27]. Among the
remaining 12 equivocal cases in Muller’s study by both
IHC and FISH, six equivocal cases had repeat testing in an
excisional specimen, and the final results were two nega-
tive, two equivocal, and two positive [15]. Here we per-
formed both IHC and FISH on a different tissue block or a
new specimen (surgical resection specimen) in a “reflex-
ive” manner for those equivocal FISH cases. We found that
new IHC and FISH testing could classify 33% and 42% of
cases as negative or positive and the additional 67% and

@ Springer

58% of cases remained equivocal. A very recent study has
assessed the use of RARA, SMS, and TP53 as alternative
FISH probes and has concluded that using any of these
three genes alone, even if used in combination, may not be
appropriate as alternative to CEP17 and has little value in
daily practice [28]. All equivocal FISH results in our
department have been confirmed by counting additional
cells or repeating the FISH test. Like most laboratories, we
do not have access to alternative chromosome 17 probes,
and additional FISH using other reference genes was not
performed in our cohort. Collectively, these showed that
combining with reflex IHC and new test in a different
tissue block or a separate specimen could verify the final
HER? status in more than half of the equivocal FISH cases.
However, a nice bit of cases (32/67) ultimately deemed to
be equivocal, though without enough tumors present for
reflex test accounting for some of the cases.

Analysis of the clinicopathological characteristic of
these “Deemed Equivocal” cases displayed that they were
predominantly ER/PR+ with higher proliferative index by
Ki-67 and were intermediate between HER2-negative and
HER2-positive tumors in other pathological factors such as
tumor size, grade, and nodal involvement. The findings
were concordant with previous reports and showed that
“Deemed Equivocal” cases were maybe a unique category
of carcinomas and more studies needed to address the
questions [16, 20, 29].

Whether patients with HER2 equivocal tumors should
receive targeted therapy remains controversial. The 2013
ASCO/CAP guidelines recommended that the patients with
an ultimate equivocal HER? result, even after reflex testing
with an alternative assay, should be considered for HER2-
targeted therapy and the decision should be left to be made
by oncologists [10]. In out cohort, addition of trastuzumab
to neoadjuvant chemotherapy was demonstrated to increase
overall response rate in 11 patients with HER2 equivocal.
These results coincided with the outcomes from the N9831
trial that anti-HER?2 therapy may be beneficial to patients
with average HER2 copy number >4/cell irrespective of
HER?2 ratio [30]. Further prospective clinical studies are
necessary to better define treatment options and prognosis
for patients with cancers in the new “equivocal” category.

In conclusion, a more significant impact of the updated
guidelines is seen on the increase in the classification of
HER?2 FISH equivocal cases. Combining reflex IHC with
additional test in a different tissue block or a separate
specimen can clarify HER2 status in approximately half of
the equivocal FISH cases and has been proved effective in
capturing additional patients eligible for anti-HER2 ther-
apy as well as identifying patients with equivocal results
who may potentially benefit from anti-HER2 therapy.
Likewise, the cases deemed equivocal for HER2 under the
2013 guidelines represent a very different group which
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requires more studies to guarantee optimal treatment reg-
imens and clinical outcome.
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