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Abstract

Objectives Human epidermal growth factor receptor 2 (HER2, ERBB?2) is a valuable prognostic and predictive biomarker in
breast cancer. Accurate assessment of HER?2 status is essential in selecting the patients with invasive breast cancer who will
likely response to HER2-targeted therapies. Some major modifications in the diagnostic recommendation for fluorescence
in situ hybridization (FISH) have been made in the updated 2018 American Society of Clinical Oncology (ASCO)/College
of American Pathologist (CAP) guideline. According to the revised guideline, concomitant IHC assays are required to arrive
at the most accurate HER? status designation after HER2 FISH equivocal results; however, little is known about its influence
on the clinical practice of pathologist. The purpose of this study was to evaluate the impact of the revised 2018 ASCO/CAP
guidelines on the HER? status designation.

Methods We retrospectively reviewed the HER2 FISH testing results from 2233 cases of invasive breast cancer between
January 2014 and December 2017. Concomitant immunohistochemistry (IHC) were performed on the same tissue blocks
that were used for the FISH testing.

Results Compared to the 2013 guidelines, the HER?2 status in 183 (8.2%) cases were re-defined when reassessed by the 2018
guidelines. Among these 183 cases, 175 equivocal cases according to the 2013 guideline were re-defined as HER2 negative
(n=173) or HER2 positive (n=2). Eight previously classified as HER2 positive cases were converted to negative in the
2018 scheme, all of which were with HER2 IHC scores of 14 or 2+. The number of cases in the negative category was 1705
according to the 2018 guidelines as opposed to 1524 by the 2013 guidelines.

Conclusions The updated 2018 ASCO/CAP guidelines eliminated the FISH equivocal category, which can be attributed to
reflex HER2 IHC, and partly ease the dilemma for clinical practice. Reflex IHC for FISH equivocal cases is of prime impor-
tance; furthermore, HER2 FISH results were converted from positivity to negativity based on the concomitant IHC results
in a small percentage of cases. In all, implementation of the 2018 ASCO/CAP guidelines provides much clearer instructions
and recommendations for the HER?2 status designation, and thus reduces the risk of misdiagnosis.
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Introduction

Breast cancer is the most common cancer in women
worldwide [1]. Human epidermal growth factor receptor 2
(HER2), also called ERBB2 and encoded by the ERBB2
(v-erb-b2 avian erythroblastic leukemia viral oncogene
homolog 2) gene, is amplified or overexpressed in about
15-20% of invasive breast cancers [2]. Patients with HER2
positive are associated with poor prognosis and tend to have
early relapse and distant metastasis in the absence of sys-
temic therapy [3-8]. HER2 positivity enables patient selec-
tion for HER2- targeted therapies, such as trastuzumab, per-
tuzumab, and other anti-HER2 agents, which target HER2
or its downstream pathways [9—14]. Therefore, accurate
assessment of HER status becomes more and more critical.
Evaluation of HER2 protein expression by immunohisto-
chemistry (IHC) and gene amplification via fluorescence
in situ hybridization (FISH) are the two technologies most
commonly applied to determined HER2 status [7, 15, 16].

The clinical importance of HER2 evaluation led to the
need of improving the accuracy and reproducibility of HER2
testing. Thus, the American Society of Clinical Oncology
(ASCO)/College of American Pathologists (CAP) have ini-
tially issued detailed guideline recommendations for con-
ducting and interpreting HER?2 testing in clinical practice in
2007, and first revised them in 2013. Later in 2018, ASCO/
CAP updated the guidelines again [17, 18]. The updated
2018 guidelines have made some major modification in the
diagnostic recommendations for FISH, including the fol-
lowing: (1) cases with a HER2/CEP17 ratio less than 2.0
as well as a average HER2 copy number > 4.0 and < 6.0/
cell can now be diagnosed as negative or even positive if
they qualify based on HER2 THC scores of 0/1+/2+ or 3+,
respectively; (2) cases with a HER2/CEP17 ratio less than
2.0 and a average HER2 copy number > 6.0/cell are diag-
nosed as negative if IHC score was 0/1+; (3) cases with a
HER2/CEP17 ratio less than 2.0 and a average HER2 copy
number > 6.0/cell can be still diagnosed as positive if they
had 2+ or 3+ IHC score; (4) cases with HER/CEP17 ratio of
2.0 or more are re-classified as negative, given the fact that
they have low HER2 copy number (less than 4.0) and IHC
score (less than 3+).

To investigate how the updated guidelines affected the
final HER?2 designation, we retrospectively examined the
HER?2 status of 2233 patients with invasive breast cancer
who were enrolled in our study for FISH testing between
January 2014 and December 2017, and compared the dif-
ference in HER? status interpretation based on the 2013 and
2018 ASCO/CAP Guidelines.
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Materials and methods
Case cohort

We retrospectively reviewed the HER2 FISH testing results
from 2233 cases of invasive breast cancer between January
2014 and December 2017. In our institution, both HER2
IHC and HER2 FISH testing are routinely performed for all
patients who are diagnosed as invasive or metastatic breast
cancer. Specimens were composed of core needle biopsy
samples, surgical excisions, and biopsy samples from meta-
static sites.

The study was approved by the Ethics Committee of
Guangdong General Hospital, Guangdong Academy of
Medical Sciences, Guangzhou, China.

Fluorescence in situ hybridization (FISH)

HER?2 FISH testing was performed on a 4-um formalin-
fixed paraffin-embedded tissue specimens using the FDA-
approved PathVysion HER2 DNA probe kit (Abbott Molec-
ular, Des Plaines, IL, USA) according to the manufacturer’s
recommended protocols, which has been described in detail
previously [19, 20]. HER2 FISH signals were independently
analyzed by one certified pathologist (ZHL) and one certi-
fied technologist (DYL). Each counted 30 cells from two
non-overlapping areas. When there was a conflict between
their scores, another pathologist (FPX) who was the most
experienced in FISH would review the slide and reached
the final result. For investigational purpose, all cases were
reclassified using both 2013 and 2018 CAP/ASCO guide-
lines [17, 18].

Immunohistochemistry (IHC)

The expression of HER protein was evaluated by IHC stain-
ing using standardized automated methodology (Ventana
Medical Systems, Oro Valley, AZ). IHC for HER2 was per-
formed using the c-erb-B2 antibody (4B5, Ventana). Stand-
ardized immunohistochemical protocols were followed with
control slides as appropriate. IHC slides were scored by two
pathologists according to the guidelines already available at
the time of testing.

Statistical analyses

Data analysis was done by use of IBM SPSS statistic soft-
ware version 22.0 (v22.0; IBM, Chicago, IL) or Graphad
(GraphPad Software Inc, La Jolla, CA). The Chi square test
was used to compare these two groups (with and without
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HER?2 status changes) with respect to the proportion with
CEP17 signals > 3. Statistical significance was assumed if
P<0.05.

Results

2240 patients with primary or metastatic invasive breast
cancer were tested for HER2 status with FISH between
2014 and 2017. Seven cases were excluded from this study
for a lack of HER2 and CEP17 signal details. We re-classi-
fied the remaining 2233 cases based on their HER2 FISH
results and IHC scores using both 2013 and 2018 guidelines.
The distribution of HER2 FISH results is summarized in
Table 1. Meanwhile, we also found that the interpretations
of HER?2 status for a total of 183 (8.2%) cases were changed
when reassessed by 2018 guidelines (Table 2). Changes are
described in detail as follows.

Cases remaining HER2 negative according
to both 2013 and 2018 ASCO/CAP guidelines

In total, 1524 (68.2%) patients were diagnosed as negative
for HER2 according to both guidelines. These were cases
with HER2/CEP17 ratio less than 2.0 and HER2 gene copy
number less than 4.0. A representative FISH image is shown
in Fig. la.

Table 1 HER2 FISH status Distribution in 2233 Patients using 2013
and 2018 Guidelines

FISH status # Of cases
reported with
2018 guideline

# Of cases
reported with
2013 guideline

Difference (%)

Positive 528 (23.6%) 534 (24.0%) -04
Negative 1705 (76.4%) 1524 (68.2%) +82
Equivocal 0 (0%) 175 (7.8%) -78

Table2 2013 to 2018 HER2 FISH changes by era of American Soci-
ety of Clinical Oncology (ASCO)/Collage of American pathologists
(CAP) Guidelines

2013 to 2018 HER2 FISH changes by ASCO/CAP No. (%)
Guidelines

Remained negative 1524 (68.2)
Equivocal to negative 173 (7.7)
Equivocal to positive 2(0.1)
Positive to negative 8(0.4)
Remained positive 526 (23.5)
Total category changes 183 (8.2)

Fig. 1 Representative HER2 fluorescence in situ hybridization sig-
nal (red signals=HER2, green=CEP17). a This case was scored
as negative under both 2013 and 2018 scoring criteria. HER2/
CEP17 ratio=1.048; HER2/nucleus ratio=2.167. b A case was
scored as HER2 equivocal with 2013 criteria but became negative
with the 2018 scoring criteria. HER2/CEP17 ratio=1.77, HER2/
nucleus=4.75; IHC HER2 2+. ¢ One case was scored as HER2
equivocal with 2013 criteria but became positive for HER2 ampli-
fication with the 2018 scoring criteria. HER2/CEP17 ratio=1.861;
HER2/nucleus=4.9; IHC HER2 34. d One case scored as posi-
tive by the 2013 criteria was scored as negative per 2018 criteria.
HER2/CEP17ratio=2.367; HER2/nucleus=4.733;IHC HER2 1+. e
This case was scored as positive under both scoring schema.HER2/
CEP17 ratio=10.467; HER2/nucleus=26.167, IHC HER2 3+. f
An example of the fourteen cases with HER2/nucleus ratio greater
than 6.0 but a HER2/CEP17 ration less than 2.0 was scored as posi-
tive under both scoring schema.HER2/CEP17 ratio=1.59; HER2/
nucleus =6.467;CEP17/nucleus =4.067; IHC HER2 2+

Cases diagnosed as HER2 equivocal according
to 2013 ASCO/CAP guidelines but HER2 negative
when 2018 ASCO/CAP guidelines was applied

173 (7.7%) cases initially classified as HER2 equivocal
in 2013 scoring schema were re-diagnosed as negative
according to the revised 2018 guidelines, representing
cases with HER2/CEP17 ratio less than 2.0 and average
HER?2 copy number >4 and < 6/cell. An example is illus-
trated in Fig. 1b. Same tissue samples used for FISH were
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used for the concomitant IHC testing. 19 of these 173 cases
had HER2 THC scored as 0/1+, and the remaining cases
were assessed as 2+ HER?2 IHC. Based on the revised 2018
guidelines, another certified pathologist recounted at least
30 cells included the invasive area with IHC 2+ staining, and
generated similar HER2 FISH results. Thus, all of the 173
cases in the original cohort that were reported as equivocal
with a comment recommending repeat testing on the same
specimen using additional chromosome 17 probe, were reas-
sessed as negative.

Cases diagnosed as HER2 equivocal according
to 2013 ASCO/CAP guidelines but HER2 positive
when 2018 ASCO/CAP guidelines was applied

Only 2 (0.1%) cases considered as equivocal in the 2013
schema were re-diagnosed as positive under the 2018 guide-
lines. One of the two cases is presented in Fig. 1c. The same
biopsy specimens for FISH underwent IHC testing for HRE2
expression, and the results showed that the two cases had
3+ HER?2 IHC score.

Cases diagnosed as HER2 positive according to 2013
ASCO/CAP guidelines but HER2 negative when 2018
ASCO/CAP guidelines was applied

Eight (0.4%) cases categorized as positive under the 2013
guidelines were re-classified in the negative category by
2018 guidelines, given the low HER2/nucleus ratio less
than 4.0 and the IHC score less than 3+4. According to the
2018 scoring schema, the HER2/nucleus ratio less than 4.0

would not warrant a positive interpretation on its own, were
it not for the condition with HER2/CEP17 ratio just slightly
over threshold and the THC score less than 3+. An exam-
ple is illustrated in Fig. 1d. In this category only one case
had 1+IHC, and seven had 2+ equivocal IHC score. All 7
equivocal cases were recounted additional nuclei to define
the final HER2 FISH classification.

Cases remaining HER2 positive according
to both 2013 and 2018 ASCO/CAP guidelines

526 (23.5%) cases that were scored positive in the 2013
schema remained positive with the revised scoring sys-
tem. These were cases with HER2/nucleus counts of 4.0 or
greater and HER2 IHC scored 2+or 3+. A representative
FISH image is shown in Fig. le.

This group included fourteen cases with HER2/nucleus
greater than 6.0 but a HER2/CEP17 ratio less than 2.0,
given an elevated CEP17 count (“polysomy”’). An example
is illustrated in Fig. 1f and detailed data for these cases is
provided in Table 3, including interpretation based on both
scoring schemes. In fact, polysomy 17 can lead to a low
HER2/CEP17 ratio despite a high HER2/nucleus count, but
the relationship between chromosome 17 polysomy and the
response to HER2-targeted therapy is not entirely clear, par-
tially due to inadequate clinical reports in published studies
[21-23].

To sum up, the final HER2 FISH classification of 183
cases in our study cohort were significantly changed when
the updated 2018 guidelines was applied. The frequency of
chromosome 17 polysomy (defined as a mean of >3 CEP17

Table 3 Clinicopathologic data and outcome of cases with HER2/nucleus greater than 6.0 but a HER2/CEP17 ratio less than 2.0

Case No. HER2IHC HER2/Nucleus CEP17/Nucleus HER2/CEP17 2013 2018 Reported Anti-HER?2 therapy Outcome
strict strict interpreta-
result result tion
A 2+ 8.900 5.200 1.712 Pos Pos Pos No PR
B 2+ 7.067 4.033 1.752 Pos Pos Pos No CR
C 2+ 7.000 3.533 1.981 Pos Pos Pos No data No data
D 2+ 6.800 3.600 1.889 Pos Pos Pos Yes CR
E 2+ 6.767 4.667 1.450 Pos Pos Pos No PD
F 2+ 6.733 3.967 1.697 Pos Pos Pos Yes CR
G 2+ 6.657 5.033 1.305 Pos Pos Pos Yes CR
H 2+ 6.467 5.133 1.260 Pos Pos Pos Yes CR
1 2+ 6.467 4.067 1.590 Pos Pos Pos No No data
J 2+ 6.367 4.933 1.291 Pos Pos Pos No No data
K 2+ 6.233 4.067 1.533 Pos Pos Pos Yes CR
L 2+ 6.167 4.533 1.36 Pos Pos Pos Yes CR
M 3+ 6.200 3.267 1.898 Pos Pos Pos Yes CR
N 3+ 6.200 4.767 1.301 Pos Pos Pos Yes CR

IHC immunohistochemistry, Pos positive, PR partial response, CR complete response, PD progressive disease
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Table 4 Relationship of HER2 status change with 2013 and 2018
guideline recommendations and chromosome 17 polysomy

HER?2 status Chromosome 17 polysomy  Total p value
Absent Present

Change 97 (53.0%) 86 (47.0%) 183 (8.2%) <0.001

No change 1726 (84.2%) 324 (15.8%) 2050 (91.8%)

Total 1823 (81.6%) 410 (18.4%) 2233 (100%)

signals/cell) was re-classified in the new recommendations
(p<0.001; Chi square test). Based on the 2018 guidelines,
HER?2 status reassessment was present in 86/183 (47.0%)
cases with chromosome 17 polysomy, as compared to
32472050 (15.8%) cases without HER?2 status reassignment
(Table 4). Overall, 410 of the 2233 cases (18.4%) are con-
sidered to have chromosome 17 polysomy.

Discussion

With the development of anti-HER2- targeted agents, accu-
rate assessment of HER2 status is the most important factor
in selecting patients who will likely respond to the therapy,
and avoiding the use of these costly drugs in patients with
HER?2 negative [10, 12, 24]. Thus, the accuracy and repro-
ducibility of HER2 testing is critical. Large numbers of lit-
eratures have been published to compare the advantages and
disadvantages of different techniques developed so far for
the assessment of HER?2 status, and found that FISH assay
demonstrated greater accuracy compared with IHC [25-28].
However, studies have also shown that IHC and FISH had
the highest concordance rates in tumors with HER2 THC
0/1+and 3+, and lowest for cases with HER2 IHC 2+ equiv-
ocal [26, 29]. Due to the bias between HER2 IHC and FISH
results and the fact that modification of guideline recom-
mendations could affect the final HER2 classification, it is
important to understand the impact of the updated guideline
on the determination of HER2 gene status.

ASCO/CAP updated the recommendations of the test-
ing guidelines for HER2 and the revised guidelines were
published in 2018 [18]. One of the significant modifications
in the updated guidelines was redefining the interpretation
criteria for arriving at the most accurate HER?2 status desig-
nation (positive or negative) based on the interpretation of
IHC and FISH results. Data from our retrospective single-
institution comparative study has shown that 183 out of the
reviewed 2233 invasive breast cancer cases had re-classified
HER?2 status, among which 175 cases were changed from
HER?2 FISH equivocal to negative (n=173) or positive
(n="2) using the 2018 ASCO/CAP guidelines (Tables 1,
2). The findings were concordant with previous reports and
showed that group 4 (HER2 equivocal using 2013 guideline)

and group 5 (HER?2 positive but the HER2 copy numberless
than 4.0) were strongly correlated with immunohistochem-
istry 0/1 + status.

The subsequent changes implied that the guideline
updates were effective in identifying more patients with
HER2 negative who may avoid the use of costly anti -HER2-
targeted agents, along with their harmful side effects.

According to our data, the most significant change in
the HER?2 status assignment was noticed in tumors with
CEP17 signals >3, also called chromosome 17 polysomy
group (Tables 3, 4). Prevalence rate of chromosome 17
polysomy in breast cancer was reported ranging from 3 to
46% [30-33]. Several studies and our previous study also
showed that the frequency of chromosome polysomy 17 was
significantly higher in the HER2-amplified or HER2 equivo-
cal (using 2013 ASCO/CAP guidelines) breast cancers than
those in the non-amplified ones [32, 34]. Since the re-cate-
gorized cases mostly occurred in HER2-amplified or HER2
equivocal group using the 2013 ASCO/CAP guidelines in
the study, this may be the explanation for why the change
in the HER2 status assignment was significantly associated
with chromosome 17 polysomy. However, most of (173/175)
the previous HER2 equivocal cases were re-diagnosed as
negative after using the new guidelines in our cohort, and
the vast majority of (167/173) them were IHC 2+. Whether
these cases were truly HER2-negative requires further inves-
tigations. In addition, fourteen cases with HER2/nucleus
greater than 6.0 but a HER2/CEP17 ratio less than 2.0 due
to polysomy were all classified as positive by both 2013 and
2018 guidelines. A very recent study, which was conducted
based on the largest number of breast cancer cases with aver-
age HER2 copy number >6 HER2 copy but HER2/CEP17
ratio < 2.0, showed that all of these patients did not benefit
from trastuzumab therapy [35]. More studies are needed to
evaluate whether the subgroup within our cohort is worth
treating with HER2-targeted therapy. Nevertheless, some
studies have demonstrated that true chromosome 17 poly-
somy was a rare event in breast cancers [36].

To conclude, our single-center retrospective study is
the first to evaluate the impact of the 2018 ASCO/CAP
updated guidelines on the final HER2 FISH classification
based on a large number of invasive breast cancers cases.
Our analysis has demonstrated that a substantial number of
patients with breast cancer would be classified differently
when interpreted their initial FISH results under the 2018
guidelines. During the revision of our manuscript, a study
including 331 breast cancer cases had also showed that the
2018 guideline would increase the negative rate of HER2
FISH for THC 2+ patients [37]. Our study has shown that
interpretation of HER? status for breast cancer with chromo-
some 17 polysomy was most affected by the updated 2018
guidelines. Although the new guidelines are helpful, and can
more accurately identify HER?2 gene status in breast cancer,
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diagnostic judgment and long-term outcome data remains
the touchstone of the evaluation of the new criterion.
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