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Abstract

Purpose This study explored the relationship of ER expression levels with HER2 staining properties and heterogeneity
and discussed the differences in HER?2 assessment caused by the 2018 ASCO/CAP guideline updates from that of the 2013
version.

Methods HER2-positive breast cancer was divided into three groups of the high hormone receptor expression (LH-high)
group, low expression (LH-low) group, or negative (NLH) group to (1) compare differences in the percentage of the HER2
IHC test score of 2+ based on the 2013 ASCO/CAP guideline and in the intratumor heterogeneity of HER2 expression for
breast cancer with an IHC score of 3 + among these groups, (2) compare the HER2/CEP17 ratio and the average HER2 copy
number, and classified ISH groupings according to the 2018 ASCO/CAP guideline algorithm.

Results (1) Of 244 HER2-positive breast cancers, the cases with a HER2 ITHC score of 2 + (n=>54, 22.1%) were signifi-
cantly more common in the LH-high group (n=45, P<0.001). The frequency of heterogeneity was low (n=25, 10.2%)
for the HER2 score of 3+ (n=190, 77.9%), and significantly higher in the LH-high group (n=19, 76%, P=0.002). (2) In a
HER?2 IHC score of 2+, Group 2 which is deemed HER2 negative according to the revised 2018 ASCO/CAP guideline was
observed in 17 (39.5%) out of 43 cases, of which 16 cases (94.1%) were in the LH-high group.

Conclusions The LH-high group is a heterogeneous group largely consisting of heterogeneous cases with HER2 IHC scores
of 2+ or 3+. NLH, in contrast, is a homogenous group.

Keywords HER?2 positive breast carcinoma - HER2 staining; heterogeneity - Hormone receptor - HER2 ASCO/CAP
guideline
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Breast cancer is the most common malignancy in women

[1], and overexpression or genetic amplification of human
epidermal growth factor receptor 2 (HER?2) is observed in
15-25% of invasive breast cancer [2, 3]. HER2-positive
breast cancer was previously classified as a poor prog-
nosis group [4], but currently anti-HER2 therapy has
shown remarkable effectiveness for this group of cancer
and improved prognosis [3]. In the clinicopathologic defi-
nition, HER2-positive breast cancer can be divided into
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hormone receptor-positive breast carcinoma (luminal
HER2, LH) and hormone receptor-negative breast car-
cinoma (non-luminal HER2, NLH) [5]. HER2-positive
breast cancer can be further subdivided into five patterns
by gene analysis [6], and it has been reported that there are
differences in clinical response to treatment and prognosis
depending on the subgroup [6, 7]. Previously, we classified
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HER2-positive breast cancer into LH and NLH groups for
clinicopathological study and demonstrated that HER2-
positive breast cancer forms diverse groups in terms of
morphology and immune response [8]. In other words, this
study showed the non-uniformity of HER2-positive breast
cancer by its nature, not only for treatment response and
prognosis, but also for clinicopathological findings.

The American Society of Clinical Oncology (ASCO)/
College of American Pathologists (CAP) guideline is
widely used for HER2 testing and assessment worldwide
[9, 10]. Accurate assessment of HER2 status and accu-
racy control of staining are critical components as these
directly relate to the clinician’s decision on indication for
anti-HER?2 therapy [2, 9, 10], but several problems have
been reported for fixation and other technical features.
One of such problems includes intratumor heterogeneity
of HER2 expression. Intratumor HER2 heterogeneity is
estimated to be around 13-36% with a varying range of
the rate among reports [11]. When HER2 protein expres-
sion is heterogeneous across the tumor, it is generally
scored 2 + by the HER2 immunohistochemistry (IHC) test.
HER?2 THC 2 + tumors are often equivocal both in protein
expression and gene amplification [12], and it has also
been reported that patients in the HER2 IHC score 2 +/in
situ hybridization (ISH) + group had significantly poorer
prognosis than those of the IHC 3 + group [13] and breast
cancer with intratumor heterogeneity for HER2 expression
did not respond to treatment well [14]. Lee et al. investi-
gated the relationship between intratumor heterogeneity of
HER?2 protein expression and HER2-positive breast can-
cer subgroups and reported that hormone receptor (HR)- /
HER?2 + breast cancer showed stronger expression in THC
staining, higher average HER2 copy numbers and HER2/
CEP17 ratios, and lower HER2 genetic heterogeneity,
compared with HR + /HER2 + breast cancer [15]. Another
report showed an inverse correlation of HER2 expression
and hormone receptor expression [16]. All of these find-
ings suggest a possible association of HER2 expression
with hormone receptor expression and its expression level.

Despite the definition of genomic heterogeneity in the
2013 ASCO/CAP guideline stating "more than one popu-
lation of tumor cells exists within the same tumor [9]," in
practice, intratumor heterogeneity is divided into tumors
expressing HER?2 protein heterogeneously across the entire
tumor (mosaic pattern) and those showing regionally atten-
uated protein expression (clustered/regional pattern) [17].
Breast cancers coexisted with both intraductal and invasive
lesions may also present with different HER2 expression.
As described above, HER2 expression in HER2-positive
breast cancer is not uniform and treatment response may be
influenced by whether the hormone receptor expression is
positive or negative, as well as by its expression level and
heterogeneity.

In response to the revision of the ASCO/CAP guideline in
2018, classification groups based on the ISH HER2/CEP17
ratio were changed. Notably, the HER2/CEP17 ratio >2.0
and average HER2 copy number < 4.0 signals per cell group
(Group 2), which had resulted in positive in the 2013 guide-
line, were reviewed, and revised to be classified as negative
if the result of repeated testing is similar.

In this study, we divided HER2-positive breast cancer
into three groups: luminal breast cancer with high expression
of hormone receptors (LH-high), luminal breast cancer with
low expression of hormone receptors (LH-low), or the NLH
group to (1) compare differences in the percentage of the
HER?2 IHC test score of 2+ and the intratumor heterogeneity
of HER?2 expression in breast cancer with an IHC score of
3 +among these subgroups, and to (2) discuss differences in
HER?2 assessment caused by the 2018 ASCO/CAP guideline
updates from that of the 2013 version, especially focusing
on Group 2 that is considered to be negative per the 2018
ASCO/CAP guideline.

Materials and methods
Subjects and clinicopathologic factors

HER2-positive invasive breast cancer was selected from
invasive breast cancer cases surgically treated at JCHO
Kurume General Hospital from January 2013 to Decem-
ber 2017. Four-pm sections were prepared from formalin-
fixed, paraffin-embedded biopsy or resected specimens and
subjected to hematoxylin—eosin (HE) staining and immu-
nostaining. All specimens were observed retrospectively and
re-evaluated by two pathologists (M.A. and R.Y.). Immu-
nostaining was basically performed using biopsy specimens,
and in the absence of biopsy specimens resected specimens
were used, only if the patient had not been treated with pre-
operative adjuvant chemotherapy. Pathological records were
used as a reference to collect the patient’s clinical informa-
tion. Tumor diameter was generally measured on surgical
specimens, and in patients who received preoperative chem-
otherapy, the tumor diameter measured by ultrasonography
at the initial visit was used.

Estrogen receptor (ER)/progesterone receptor (PgR)
staining

ER and PgR staining was performed using BenchMark
XT (Ventana, Tucson, AZ, USA), following the protocol
procedure. Primary antibodies are as follows: ER (clone
SP1, VENTANA) and PgR (clone IE2, VENTANA). For
assessment, ER and PgR expression was scored using the
Allred score (0-8), which takes into account the percent-
age and intensity of positive cells [18], with a score of >2
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defined as LH. An Allred score of >4 was defined as high
expression and a score of 2-3 as low expression. Accord-
ingly, when either the ER or PgR score was >4 the specimen
was categorized as LH-high, and when both ER and PgR
scores were <3 or 0, it was categorized as LH-low or NLH,
respectively.

HER2 IHC staining

HER?2 IHC staining was performed using BenchMark XT,
following the protocol procedure. HER2 (C-erbB-2) (clone
4B5, VENTANA) was used as the primary antibody. HER2
assessment was based on the ASCO/CAP guideline [9, 10].
HER?2 negative was defined as an IHC score of 0 or 1+.
HER?2 equivocal was defined as an IHC score of 2 4 (Fig. 1b)
and these cases were retested by the ISH method. HER?2 pos-
itive was defined as an IHC score of 3 + (Fig. 1a) and these
cases were also assessed for HER?2 stainability as described
below. Homogeneity was defined as the overexpression of
HER? protein in more than 90% of tumor cells, while hetero-
geneity was defined as the overexpression of HER2 protein
in 10-90% of tumor cells [19]. In heterogeneous tumors,
mosaic heterogeneity was defined as a mixture of cells with
or without HER2 protein expression as confirmed by the
IHC test (Fig. 1c), and clustered/regional heterogeneity was
defined as the regional population of cells with weakened
or loss of HER2 protein expression (Fig. 1d) [17]. When
different HER2 staining properties were observed in intra-
ductal and invasive lesions, the HER2 status was classified
as in situ/invasion heterogeneity.

HER2 ISH testing

Dual color ISH (DISH) was used for ISH testing. DISH was
performed using BenchMark XT, following the protocol pro-
cedure. The ISH kit used was an INFORM HER?2 Dual ISH
DNA probe cocktail (VENTANA). The DISH test was addi-
tionally used to evaluate cases that had been diagnosed as
an IHC score of 3 + by the prior physician and newly scored
IHC 2 + (HER2 equivocal) but were unable to confirm an

IHC score of 3 + by the repeated test. Initial assessment was
made based on the 2013 ASCO/CAP guideline [9].

HER2 DISH assessment according to ASCO/CAP
clinical practice guideline 2013 vs. 2018

After DISH was performed, HER2 status was classified as
HER? positive when the HER2/CEP17 ratio was >2.0 or the
average HER?2 copy number was > 6.0 according to the 2013
ASCO/CAP guideline [9].

Whereas, based on the 2018 guideline [10], HER2
status was classified as HER2 positive when the HER2/
CEP17 ratio was >2.0 and the average HER2 copy number
was >4.0 (Group 1). HER2 status was considered as requir-
ing a repeated test when the HER2/CEP17 ratio was >2.0
and the average HER2 copy number was <4.0 (Group 2);
when the HER2/CEP 17 ratio was < 2.0 and the average
HER2 copy number was > 6.0 (Group 3); or when the HER2/
CEP 17 ratio was < 2.0 and the average HER2 copy number
was >4.0 t0 < 6.0 (Group 4).

Statistical analysis

Pearson’s y* test or Fisher’s exact test was performed as
required. A P value <0.05 was considered statistically
significant. Multiplicity was adjusted by the Bonferroni
method. We used Jump Pro version 13 (SAS Institute, Cary,
NC) for statistical analysis.

Results
Clinicopathological characteristics and HER2 status

Between 2013 and 2017, 1,627 surgeries were performed for
invasive breast cancer, of which 263 cases were HER2 posi-
tive (HER2 positive rate was 16.2%). A total of 244 cases
were included in this study, excluding 6 cases which were
diagnosed as a HER2 score of 3 + by their prior physicians
but were HER2 negative as a result of additional DISH, and
13 cases which underwent preoperative chemotherapy and

Fig. 1 HER?2 IHC staining. a HER2 IHC score 3 +homogeneity. b HER2 IHC score 2+. ¢ HER2 IHC score 3 + mosaic heterogeneity. d HER2

THC score 3 +clustered (regional) heterogeneity
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biopsy specimens were not available for evaluation before
the chemotherapy. All subjects were women, including
158 patients (64.8%) in the LH group [128 (52.5%) in LH-
high; 30 (12.3%) in LH-low] and 86 patients (35.2%) in the

NLH group (Fig. 2). Table 1 shows the clinicopathological
backgrounds of each group. The median age of the overall
patients was 58 years and the median tumor diameter was
1.8 cm, with no significant differences in age or tumor size

All invasive breast cancer cases undergoing surgery from 2013-2017

(N=1627)

l---) | HER2-negative dataset (N=1364)|

HER2-positive dataset (N=263)| HER2-positive rate16.2%

Pre NAC specimen not available (N=13)
HER2-negative dataset by DISH reassessment (N=6)

—p

Cases with available samples (N=244)

"4

N

Hormone receptor-positive dataset: LH
(N=158) (64.8%)

Hormone receptor-negative dataset: NLH
(Allred score ER 0 and PgR 0)
(N=86) (35.2%)

"4

N

Hormone receptor high expression dataset: LH-high
(Allred score ER 4-8 and/or PgR 4-8)

(N=128) (52.5%)

Hormone receptor low expression dataset: LH-low
(Allred score ER 0,2,3 and PgR 0,2,3)

(N=30) (12.3%)

Fig.2 Flow diagram of the patients populations

Table 1 Clinicopathological characteristics and HER?2 stainability of 244 HER2-positive breast cancers

LH NLH © Total 2B P value P value
LH-high 4 LH-low B Total A*B (n=86) (n=244) (Avs.Bvs.C) (Avs.B) (Avs.C) (Bvs.C)
(n=128) (n=30) (n=158)
Age (years) 57+114 61+9.9 58+11.3 59+11.3 58+11.3 0.07
Tumor size 1.8+1.8 1.8+1.6 1.8+1.7 1.7+£2.0 1.8+1.8 0.28
(cm)
HER?2 positive
2+ 45 (35.2%) 1(3.3%) 46 (29.1%) 8 (9.3%) 54 (22.1%) <0.001" v v
3+ 83 (64.8%) 29 (96.7%) 112 (70.9%) 78 (90.7%) 190 (77.9%)
Homogene- 64 (50%) 28 (93.3%) 92 (58.2%) 73 (84.9%) 165 (67.6%) 0.002" v
ity
Mosaic 15 (11.7%) 1(3.3%) 16 (10.1%) 4(4.7%) 20 (8.2%)
heteroge-
neity
Clustered 4(3.1%) 0 4(2.5%) 1(1.2%) 52%)
heteroge-
neity
In situ/ 0 0 0 0 0
invasion
heteroge-
neity

LH luminal HER2, NLH non-luminal HER2
*Indicates significant result
v/ Bonferroni-adjusted P value (<0.016)
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among the subgroups. The number of patients with a HER2
IHC score of 2+ was significantly higher in the LH-high
group than in the LH-low and NLH groups (P <0.001),
while more than 80% of patients had a HER2 score of
3+ and homogeneous staining properties in the LH-low and
NLH groups. Heterogeneity was less frequent in patients
with a HER2 score of 3+ (n=190, 77.9%) and observed in
25 patients (10.2%). Heterogeneity was significantly more
common in the LH-high group [19 patients (76%) in LH-
high; 1 patient (4%) in LH-low; 5 patients (20%) in NLH;
P=0.002). The number of patients who had clustered het-
erogeneity with a HER2 score of 3 + was as small as 2%
overall, and there was no significant difference among the
subgroups. No patients showed in situ/invasion heterogene-
ity in any of the subgroups.

ASCO/CAP clinical practice guideline 2013 vs. 2018

The HER2/CEP17 ratios and average HER2 copy numbers
of the cases tested by DISH are shown in Table 2. Forty-
three patients had a known average HER2 copy number.
Twenty-six patients (60.5%) had a HER2/CEP17 ratio
of >2.0 and average HER2 copy number > 4.0 signals per
cell (Group 1), and 17 patients (39.5%) had a HER2/CEP17
ratio of >2.0 and average HER2 copy number < 4.0 signals
per cell (Group 2). There were significantly more patients in
the LH-high group who had a mean copy number less than

Table 2 Average HER2 copy numbers of HER2 score 2 + breast cancers

4.0 and none in the NLH group. No patients fell under Group
3 or 4 which required a HER2/CEP17 ratio of <2.0. The
HER2 mean copy number and DISH data were unavailable
from a total of 11 patients (20.4%).

Discussion

We previously reported that HER2-positive breast cancer
was not pathologically homogeneous by nature and could
be broadly classified into LH and NLH groups by tumor
morphology and immunoreactivity [8]. The present study
demonstrated the non-uniformity of HER2-positive breast
cancer in the HER2 staining properties among subgroups
due to different hormone receptor expression levels.

In this study, the analysis using antibodies from Ven-
tana identified a significantly higher number of cases
with a HER2 IHC score of 2+in the LH-high group,
although our study did not address trends observed with
other antibodies. The majority of cases that presented
mosaic or clustered heterogeneity in the staining pattern
with a HER2 score of 3 + was the LH-high group (n=19,
76%). Relating to the finding that most HER2 expression
was heterogeneous in the LH-high group at a moderate
expression level (2 +) or higher (3 +), there is a crosstalk
between ER and HER2 receptors [20], which may affect
the HER2 protein expression. As it has been reported that

LH

LH-high* (n=128) LH-low® (n=30) Total**® (n=158) (n=86)

HER2 45 (35.2%) 1(3.3%) 46 (29.1%)
score
2+
HER2/CEP17 ratio>2.0
and Average HER2 copy number > 4.0 signals per cell (Group 1)
19 0 19
and Average HER2 copy number < 4.0 signals per cell (Group 2)
16 1 17
HER2/CEP17 ratio <2.0
and Average HER2 copy number > 6.0 signals per cell (Group 3)
0 0 0
and Average HER2 copy number 4.0—6.0 signals per cell (Group 4)
0 0 0
HER2/CEP17 ratio > 2.0 without HER2 copy number
9 0 9
DISH data unknown
1 0 0

NLHC  Total 4*B+C P value P value

(n=244) (Avs.Bvs.C) (Avs.B) (Avs.C) (Bvs.C)
8(9.3%) 54 (22.1%) <0.001" v v

26 0.036" v v

17

0

0

10

LH luminal HER2, NLH non-luminal HER2
*Indicates significant result
v'Bonferroni-adjusted P value (<0.016)
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the expression of HER2 and ER was variable and both
positive and negative cases coexisted in the cancer cell
subpopulation of the LH group [21], the LH-high group,
which expresses both hormone and HER?2 receptors simul-
taneously, could be considered a heterogeneous group for
its expression of HER2 and hormone receptors.

The majority of cases showed homogenous staining with
a HER2 score of 3 +in the LH-low and NLH groups. Com-
pared with hormone receptor-positive groups, the hormone
receptor-negative HER2-positive breast cancer could achieve
a higher pathological complete response (pCR) rate with pre-
operative chemotherapy regimens including HER2-directed
agents, according to a report [22]. Our study revealed that
HER?2 protein expression was relatively homogenous in the
LH-low and NLH groups, suggesting their susceptibility to
HER2-directed agents.

A study on in situ/invasion heterogeneity demonstrated
no discrepancy in HER2 expression at the invasion site
and intraductal lesion, reporting that heterogeneity rarely
occurred during the course of invasion of intraductal lesions
[23]. Our study also found a case where the IHC test indi-
cated a difference in staining between invasive lesions and
intraductal lesions; however, in situ/invasion heterogene-
ity was excluded as a result of reassessment by DISH. It is
therefore unlikely that genetic mutations or genetic transfor-
mation occurs during the invasion of HER2-positive breast
cancer, and if this type of staining is observed, confirmation
by ISH is necessary.

The ISH test was additionally used to evaluate breast can-
cer cases of an IHC score of 2+, and it was found in this
study that the average HER2 copy number was significantly
lower in the LH-high group. With the revision of the ASCO/
CAP guideline, it is now recommended from the 2018 ver-
sion to repeat testing for patients whose HER2/CEP17 ratio
is >2.0 but the average HER2 copy number is <4.0, and if
the second test result is similar, the patient’s HER2 status
should be interpreted as negative [10]. Among the cases who
were tested by additional DISH with an IHC score of 2 + and
whose average HER2 copy numbers were known, 17 (39.5%)
had a HER2/CEP17 ratio of >2.0 and an average HER2 copy
number of < 4.0 (Group 2), and these cases could be HER2
negative if the result is confirmed by repeated testing. Since
the majority of these cases (16/17, 94.1%) were in the LH-
high group, they would be classified as a luminal type once
tested HER?2 negative. The exclusion of these types of cases
from the HER?2 group may lead to a clearer characterization
of HER2-positive breast cancer and improve the therapeutic
responsiveness of HER2-positive breast cancer to anti-HER2
treatment. Standardization of HER2 diagnosis, including
fixation methods is not without controversy [2]. However,
we believe it would aid in accurate HER2 diagnosis to know
that many hormone receptor-positive patients with a HER2
IHC score of 2 +could ultimately be HER2 negative.

The limitation of this study includes that the number
of cases tested by DISH was small because DISH was
basically performed only for patients with a HER2 IHC
score of 2+, and no cases presented with a HER2/CEP17
ratio of < 2.0. Immunostaining was mostly performed on
biopsy specimens and heterogeneity may have been less
detected compared with that using resected specimens.
In contrast, needle biopsy specimens are recommended
for application to clinical diagnosis because they are well
fixed and suitable for immunostaining, according to the
purpose of our study designed to support clinical practice.

In summary, HER2-positive breast cancer was not
intrinsically uniform in terms of HER?2 staining properties.
The LH-high group is a heterogeneous group largely con-
sisting of heterogeneous cases with HER2 IHC scores of
2 +or 3 +. The majority of group 2 according to the 2018
ASCO/CAP guideline were in the LH-high group. NLH,
in contrast, is a homogenous group. While the LH-low
group was intermediate between the LH-high and NLH
groups in the analysis on tumor morphology and immune
response [8], the LH-low group is considered closer to the
NLH group for staining properties and heterogeneity of
HER2. In view of the accuracy control of the HER2 test,
the knowledge of these subgroup characteristics will be
useful for breast cancer diagnosis and may also help eluci-
date the difference in treatment response among clinically
HER?2-positive breast cancer subgroups.
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