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Abstract

Background Human epidermal growth factor receptor 2 (HER2)-low status has recently gained attention because of the
potential therapeutic benefits of antibody—drug conjugates (ADCs) in breast cancer patients. We aimed to investigate the
concordance of HER?2 status between core needle biopsy (CNB) and subsequent surgical resection specimens focusing on
the HER2-low status.

Methods This retrospective study was conducted in 1,387 patients with invasive breast cancer whose HER2 status was evalu-
ated in both CNB and surgical resection specimens. The discordance rates between CNB and surgical resection specimens
and the clinicopathological features associated with HER?2 status discordance were analyzed.

Results The overall concordance rates of HER2 status between CNB and surgical resection specimens were 99.0% (x=0.925)
for two-group classification (negative vs. positive) and 78.5% (x=0.587) for three-group classification (zero vs. low vs.
positive). The largest discordance occurred in CNB-HER2-zero cases with 42.8% of them reclassified as HER2-low in sur-
gical resection. HER?2 discordance was associated with lower histologic grade, tuamor multiplicity, and luminal A subtype.
In multivariate analysis, tumor multiplicity and estrogen receptor (ER) positivity were independent predictive factors for
HER2-zero to low conversion.

Conclusions Incorporation of HER2-low category in HER?2 status interpretation reduces the concordance rate between CNB
and surgical resection specimens. Tumor multiplicity and ER positivity are predictive factors for conversion from HER2-
zero to HER2-low status. Therefore, HER2 status should be re-evaluated in resection specimens when considering ADCs
in tumors exhibiting multiplicity and ER positivity.
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Introduction

Breast cancer is a heterogeneous disease, and accurate
determination of basic biomarkers including estrogen
receptor (ER), progesterone receptor (PR), and human
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(IHC 0, IHC 1+, and IHC 2 +/ISH-negative) and are not
eligible for HER2-targeted therapy.

Traditionally, HER2-targeted agents were not applica-
ble for breast cancers with intermediate HER2 expression
levels often referred to as HER2-low (IHC 1+ or THC
2 + /ISH-negative) [4]. However, recent observations
with novel anti-HER2 compounds suggest that a subset
of HER2-low breast cancers may benefit from HER2-
targeted therapies. For example, the DESTINY-Breast04
trial, an open-label phase III study, showed a significant
improvement in survival outcomes among advanced/
metastatic HER2-low breast cancer patients treated with
an antibody—drug conjugate (ADC), trastuzumab deruxte-
can, compared with those treated with the chemotherapy
regimen selected by physicians [5]. Subsequently, the
American Society of Clinical Oncology (ASCO)/College
of American Pathologists (CAP) revised their guidelines
for HER?2 testing. They incorporated footnotes specifically
addressing HER2-low tumors to guide identification and
treatment of trastuzumab deruxtecan-eligible patients [6].

Core needle biopsy (CNB) is less invasive and more
cost-effective than excisional biopsy, and it is currently
recommended as the first-line diagnostic modality [7].
Many studies have explored the reliability of biomarker
testing using CNB compared with ground-truth surgical
biomarker results and have reported favorable outcomes
[8-10]. Although evaluation of HER2 status using CNB
was considered reliable, such results were based on a
binary classification system, which distinguishes HER2-
positive from HER2-negative tumors [11-13]. The results
may differ when HER2 status is classified as HER2-
positive, HER2-low, or HER2-zero. Lu et al. observed
a decrease in HER2 concordance rate between CNB and
surgical resection specimens when incorporating HER2-
low, with « value of 0.684 [14]. Chen et al. also reported
moderate concordance of HER2 status between CNB and
surgical resection specimens with three-tiered classifica-
tion including HER2-low (x=0.57) [15]. As the current
ASCO/CAP guidelines use a 10% cutoff point for HER2
IHC scoring [16], CNB may not represent the HER2 status
of the tumor if only a small portion of the tumor shows
HER?2 staining. Moreover, HER2 staining patterns are not
homogeneous in some cases [17, 18]. Recent studies have
reported the limited diagnostic value of CNB in identify-
ing HER2-low breast cancers [14, 15].

This study aimed to investigate the concordance of
HER?2 status between CNB and subsequent surgical resec-
tion specimens with a specific focus on the HER2-low sta-
tus to validate diagnostic accuracy of CNB for determining
HER?2 status. We also aimed to identify the factors associ-
ated with discordance to guide the HER?2 re-evaluation in
surgical resection specimens.
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Materials and methods
Patient selection

Data of patients diagnosed with invasive breast cancer who
underwent surgery at Seoul National University Bundang
Hospital between January 1, 2021, and December 31,
2022, were collected retrospectively. Patients who were
histologically diagnosed with invasive breast cancer using
CNB and subsequent surgical resection and whose both
preoperative CNB and surgical resection specimens were
available to standard biomarker testing were eligible for
the study. Patients treated with primary systemic therapy
(PST) such as neoadjuvant chemotherapy, targeted therapy,
or endocrine therapy were excluded.

During this period, 2,243 patients with invasive breast
cancer underwent surgery without PST. Of them, 856
patients were excluded due to the following reasons: pre-
operative histologic confirmation was not performed in 20
patients, CNB results indicated in situ carcinoma or other
entities in 199 patients, standard biomarker status was not
evaluated preoperatively in 584 patients due to clinician’s
discretion (in cases of early-stage low-grade breast cancer
to expedite surgical resection or biomarker testing done in
another institution), the biomarker status was not evaluated
in surgical resection specimens in 33 patients, and HER2
ISH was not performed in 20 patients with equivocal (2+)
HER?2 IHC result (Fig. 1). Consequently, 1,387 patients
were included in the analysis.

Clinicopathological information

Clinical and pathological data were retrieved from the
electronic medical records and pathological reports during
the study. All CNB and surgical resection specimens were
initially diagnosed by experienced breast pathologists.
For biopsy specimens, data on the number of tissue cores,
histologic subtype (based on the World Health Organiza-
tion classification criteria), histologic grade (based on the
Bloom and Richardson grading system), and the presence
or absence of in situ carcinoma were collected. For surgi-
cal resection specimens, comprehensive information per-
taining to the histological diagnosis, including histologic
subtype, tumor size, T stage, N stage, histologic grade,
lymphovascular invasion, tumor-infiltrating lymphocytes,
and tumor multiplicity, were documented and used for this
study. For multifocal or multicentric breast cancer, data of
the largest index tumor was used for analyses. Preopera-
tive CNB and surgical resection specimens were matched
based on radiologic findings such as size and location. The
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Breast cancer surgery with
no primary systemic therapy
January 1, 2021 — December 31, 2022
(n=2,243)

*  No prior CNB (n=20)?

*  CNB result of carcinoma in situ (n=183)®

. CNB result of other diagnosis (n=16)°

*  IHC not done for CNB (n=584)¢

*  IHC not done for surgical resection specimen (n=33)¢

A

¢ SISH not done for IHC 2+ (n=20)

Eligible study cohort
(n=1,387)

aPrimary excision, 11 cases; CNB done at outside hospital without submission of examinable slide, 5 cases; recurrence from previous excision site, 4 cases

YDCIS, 178 cases; LCIS, 5 cases

Fibrocystic change, ADH, FEA, Paget’s disease, PASH, adenomyoepithelioma, phyllodes tumor
9Due to clinician’s discretion (in cases of early-stage low grade breast cancer to expedite surgical resection or biomarker testing done at outside hospital)

eMinimal residual tumor, 23 cases; redo resection for positive margins, 10 cases

Fig. 1 Inclusion criteria. CNB core needle biopsy, /HC immunohistochemistry, SISH silver in situ hybridization, DCIS ductal carcinoma in situ,
LCIS lobular carcinoma in situ, ADH atypical ductal hyperplasia, FEA flat epithelial atypia, PASH pseudoangiomatous stromal hyperplasia

clinicopathological characteristics of the patients included
in this study are summarized in Table 1.

Immunohistochemical data

Immunohistochemical staining was performed in both CNB
and surgical resection specimens to identify standard bio-
markers, including ER, PR, HER2, and Ki-67. [HC staining
procedures were performed on BenchMark XT autostainer
(Ventana Medical Systems, Tucson, AZ, USA) using ultra-
View Universal DAB Detection Kit (Ventana Medical Sys-
tems) with the following antibodies: ER (ready-to-use; clone
SP1; Ventana Medical Systems), PR (ready-to-use; clone
1E2; Ventana Medical Systems), HER2 (ready-to-use; clone
4B5; Ventana Medical Systems), and Ki-67 (1:200; clone
MIB-1; Dako, Carpinteria, CA, USA).

HER?2 THC status was determined according to the 2018
ASCO/CAP guideline: 0, no staining observed or incom-
plete membrane staining of weak intensity within <10% of
tumor cells; 1+, incomplete membrane staining of weak
intensity in> 10% of tumor cells; 2 +, weak to moder-
ate, complete membranous staining in > 10% of the tumor
cells; and 3 +, complete and intense circumferential mem-
brane staining in > 10% of tumor cells. For HER2 equivo-
cal (2+) cases, HER2 silver ISH (SISH) was performed

using INFORM HER?2 DNA and chromosome 17 probes
(Ventana Medical Systems). HER2/CEP17 ratio > 2.0 and
average HER2 copy number > 4.0 per cell was defined as
HER?2 SISH-positive. HER2/CEP17 ratio of < 2.0 and an
average HER2 copy number of < 4.0 per cell was defined
as HER2 SISH-negative. In other circumstances, HER2
IHC was reviewed with SISH, and the final HER2 status
was assigned in accordance with the 2018 ASCO/CAP
guidelines [16]. There has been no change in staining pro-
tocol for HER2 IHC using 4B5 clone in our country, that
was recently reported in Japan [19].

Finally, HER2 status was classified as negative (IHC 0,
1+, or 2+ /SISH-negative) or positive (IHC 2+ /SISH-pos-
itive or IHC 3 +) using a two-group classification system.
Alternatively, HER2 status was classified as zero (IHC 0),
low (IHC 1+ or IHC 2 +/SISH-negative), or positive (IHC
2 +/SISH-positive or IHC 3 +) using a three-group clas-
sification system. In addition, HER2 status was classified
as [HC 0, IHC 1+, IHC 2 +/SISH-negative, and IHC 2 +/
SISH-positive or IHC 3 +using a four-group classification
system. HER2 THC results at the time of diagnosis were used
for initial data collection. However, for cases with HER2
discordance between CNB and surgical resection, an expe-
rienced breast pathologist (SYP) reviewed the HER2 THC
slides to eliminate inter-observer variability.
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Table 1 Clinicopathological characteristics of tumors according to HER?2 status

Clinicopatho-

Total

logical charac- (n=1,387)

HER?2 status

p value

Zero (n=354) Low (n=929) Positive

Three groups HER2-zero

HER2-low

HER2-zero vs.

teristics "
(n=104) vs. HER2- vs. HER2- HER2-positive*
low* positive*
Age at diag-
nosis
<50 years 510 (36.8) 115 (32.5) 362 (39.0) 33 (31.7) 0.053 0.096 0.450 1.000
old
>50years 877 (63.2) 239 (67.5) 567 (61.0) 71 (68.3)
old
Histologic
subtype
Invasive 1192 (85.9) 297 (83.9) 797 (85.8) 98 (94.2) 0.050 1.000 0.102 0.063
carcinoma
of NST
Invasive 117 (8.4) 31(8.9) 84 (9.0) 2(1.9)
lobular
carcinoma
Others 78 (5.6) 26 (7.3) 48 (5.2) 4(3.8)
T stage
T1 899 (64.8) 230 (65.0) 603 (64.9) 66 (63.5) 0.956 1.000 1.000 1.000
T2-4 488 (35.2) 124 (35.0) 326 (35.1) 38 (36.5)
N stage
NO 919 (66.3) 246 (69.5) 608 (65.4) 65 (62.5) 0.024 0.117 0.117 0.939
NI1-3 398 (28.7) 86 (24.3) 283 (30.5) 29 (27.9)
Not evalu- 70 (5.0) 22 (6.2) 38 (4.1) 10 (9.6)
ated
Histologic
grade
Low to inter- 1006 (72.5) 244 (68.9) 731 (78.7) 31 (29.8) <0.001 <0.001 <0.001 <0.001
mediate
High 381 (27.5) 110 (31.1) 198 (21.3) 73 (70.2)
Lympho-
vascular
invasion
Present 503 (36.3) 128 (36.2) 334 (36.0) 41 (39.4) 0.783 1.000 1.000 1.000
Absent 884 (63.7) 226 (63.8) 595 (64.0) 63 (60.6)
Tumor multi-
plicity
Present 416 (30.0) 98 (27.7) 289 (31.1) 29 (27.9) 0.434 0.696 1.000 1.000
Absent 971 (70.0) 256 (72.3) 640 (68.9) 75 (72.1)
Tumor-
infiltrating
lymphocytes
<10% 1,056 (76.1) 272 (76.8) 730 (78.6) 54 (51.9) <0.001 1.000 <0.001 <0.001
10-50% 280 (20.2) 71 (20.0) 174 (18.7) 35(33.7)
>50% 51(3.7) 11(3.2) 25 (2.7) 15 (14.4)
Molecular
subtype
Luminal A 752 (54.2) 185 (52.3) 567 (61.0) 0(0.0) <0.001 <0.001 <0.001 <0.001
Luminal B 486 (35.0) 113 (31.9) 308 (33.2) 65 (62.5)
HER2+ 39 (2.8) 0(0.0) 0(0.0) 39 (37.5)
Triple nega- 110 (7.9) 56 (15.8) 54 (5.8) 0(0.0)

tive
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Table 1 (continued)

Clinicopatho-  Total HER?2 status p value
logical charac- (n=1,387) —
teristics Zero (n=354) Low (n=929) Positive Three groups HER2-zero HER2-low HER2-zero vs.
(n=104) vs. HER2- vs. HER2- HER2-positive*
low* positive*
Estrogen
receptor
Positive 1,238 (89.3) 298 (84.2) 875 (94.2) 65 (62.5) <0.001 <0.001 <0.001 <0.001
Negative 149 (10.7) 56 (15.8) 54 (5.8) 39 (37.5)
Progesterone
receptor
Positive 1,107 (79.8) 270 (76.3) 784 (84.4) 53 (51.0) <0.001 0.003 <0.001 <0.001
Negative 280 (20.2) 84 (23.7) 145 (15.6) 51 (49.0)
Ki-67 pro-
liferation
index
<20% 973 (70.2) 237 (66.9) 706 (76.0) 30 (28.8) <0.001 0.003 <0.001 <0.001
>20% 414 (29.8) 117 (33.1) 223 (24.0) 74 (71.2)

Numbers in parentheses indicate column percentage
P values were calculated by Chi-square test

“Corrections for multiple testing were performed with Bonferroni method,

ER and PR were considered positive if more than 1% of
tumor nuclei showed staining [20]. For Ki-67 proliferation
index, tumors with 20% or more positive tumor cells were
regarded as having a high proliferative index.

Breast cancer subtypes were determined using stand-
ard biomarker profiles according to the 2013 St. Gallen
International Expert Consensus [21]. Each subtype was
defined as follows: luminal A (ER+, PR+, HER2 —,
Ki-67 <20%), luminal B (ER +, HER2 — and at least one
of: Ki-67>20% or PR <20%; ER +, HER2 +, any Ki-67,
any PR), HER2 + (ER —, PR —, HER2 +), and triple nega-
tive (ER—, PR—, HER2 ).

Statistical analysis

SPSS version 26.0.0 for Windows (IBM Corporation, New
York, USA) was used for statistical analyses. Pearson’s
Chi-square test was used to compare the clinicopathologi-
cal characteristics according to HER2 status. Corrections
for multiple testing were performed using the Bonferroni
method, and the adjusted p values were calculated. The
concordance rates between the HER2 statuses of CNB and
surgical resection specimens were analyzed using kappa
statistics. Pearson’s Chi-square test was used to compare
the clinicopathological parameters associated with discord-
ance in HER?2 status between CNB and surgical resection
specimens. The differences in the number of CNB cores and
tumor sizes were analyzed using independent sample #-tests.
Logistic regression analysis using a backward stepwise
selection method was used to analyze the factors associated

and adjusted p values are presented

with the conversion of HER2-zero to HER2-low status in
the resected specimens. The odds ratios (OR) and 95% con-
fidence intervals (Cls) were calculated for significant vari-
ables. All p values were two-sided, and p values less than
0.05 were considered statistically significant.

Results

Clinicopathological characteristics according
to HER2 status

HER?2 THC results for surgical resection specimens were as
follows: score of 0 in 354 cases, 1 +in 501 cases, 2 +in 467
cases, and 3 +in 65 cases. Among the 467 cases with an I[HC
score of 2+, 428 were HER2 SISH-negative, and 39 were
HER?2 SISH-positive. Of the 1,387 cases, 354 (25.5%) were
HER2-zero, 929 (67.0%) were HER2-low, and 104 (7.5%)
were HER2-positive.

We first compared the clinicopathological characteristics
of the tumors according to HER2 status (Table 1). Overall,
significant differences were observed in N stage (p =0.024),
histologic grade (p <0.001), level of tumor-infiltrating lym-
phocytes (p < 0.001), molecular subtype (p <0.001), ER sta-
tus (p <0.001), PR status (p <0.001), and Ki-67 proliferation
index (p <0.001) according to HER?2 status.

When the HER2-low and HER2-zero groups were com-
pared, low histological grade (p <0.001), ER positivity
(p<0.001), PR positivity (p=0.003), and low Ki-67 pro-
liferation index (p=0.003) were more frequently observed
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in the HER2-low group than in the HER2-zero group. The
HER2-low group showed lower histologic grade (p <0.001),
fewer tumor-infiltrating lymphocytes (p <0.001), higher
ER positivity rate (p <0.001), higher PR positivity rate
(»<0.001), and lower Ki-67 proliferation index (p < 0.001)
than the HER2-positive group.

CNB-surgical resection concordance of HER2 status

Using a binary classification of the HER2-negative and
HER2-positive groups, the overall concordance rate was
99.0% (1,373/1,387) with a kappa coefficient of 0.925
(»<0.001; Table 2). Of the 1291 cases with HER2-negative
results on CNB, 11 cases were HER2-positive in subsequent
surgical resection specimens. Of these, three cases showed
HER?2 heterogeneity in the surgically resected specimen.
Among 96 cases which were HER2-positive on CNB, three
were eventually classified as HER2-negative in the surgical
resection specimen, and all of them were reported to have
low levels of HER2 amplification in the CNB specimens.
Based on the three-group classification system (HER2-
zero, low, and positive), the overall concordance rate was
78.5% (1,089/1,387) with a kappa coefficient of 0.587
(p <0.001), indicating moderate consistency (Table 2;
Fig. 2). The greatest discordance was reported in CNB-
HER2-zero cases of which 42.8% (213/498) were later
revealed to have a HER2-low status in the surgical resection
specimens. The second-largest discordance was observed in

CNB-HER2-low cases where 9.0% (71/793) was found to be
HER2-zero in the surgical resection specimens.

When using the four-group classification system based
on the HER2 IHC scores and SISH results (IHC 0, IHC
1+, IHC 2 +/SISH-negative, IHC 2 + /SISH-positive or
IHC 3 +), the overall concordance rate further decreased
to 60.6% (841/1,387) with a kappa coefficient of 0.443
(p<0.001) (Table 2). The largest discordance was observed
in CNB-HER2 IHC 1 + cases where 35.6% (193/542) was
later revealed to be HER2 IHC 2 +/SISH-negative in the
surgical resection specimens. The second-largest discord-
ance was observed in CNB-HER2 IHC 0 cases where 34.5%
(172/498) was later identified as having HER2 THC 1+in
the surgical resection specimens.

Parameters associated with HER2 discordance

According to the three-group classification system, 298
cases (21.5%) showed discordance in HER?2 status between
CNB and subsequent surgical resection specimens (Fig. 3).
We analyzed the clinicopathological parameters associated
with discordance in HER?2 status between CNB and surgical
resection specimens (Table 3). Compared to the concord-
ant cases, the discordant cases had a lower histologic grade
(»=0.014), more multiplicity (p <0.001), and higher rate of
the luminal A subtype (p=0.035). Hormone receptor status
and Ki-67 proliferation index did not reveal a significant
association.

Table 2 Concordance of HER2 status in CNB and surgical resection specimen

HER?2 status (two groups) Surgical resection k-coefficient p-value
Negative (n=1283) Positive (n=104)
CNB Negative (n=1291) 1280 (99.1) 11 (0.9) 0.925 <0.001
Positive (n=96) 3@3.1) 93 (96.9)
HER?2 status (three groups) Surgical resection k-coefficient p-value
Zero (n=354) Low (n=929) Positive (n=104)
CNB Zero (n=498) 283 (56.8) 213 (42.8) 2(0.4) 0.587 <0.001
Low (n=793) 71 (9.0 713 (89.9) 9 (1.1)
Positive (n=96) 0(0.0) 3@3.1) 93 (96.9)
HER?2 status (four groups) Surgical resection k-coefficient  p-value
IHCO (n=354) IHC1+ (n=501) IHC2+/ISH- IHC2+/ISH+&
(n=428) IHC 3+ (n=104)
CNB  IHCO0 (n=498) 283 (56.8) 172 (34.5) 41 (8.2) 2(0.4) 0.443 <0.001
IHC 1+ (n=542) 69 (12.7) 274 (50.6) 193 (35.6) 6(1.1)
IHC 2+/ISH- (n=251)  2(0.8) 55(21.9) 191 (76.1) 3(1.2)
IHC 2+/ISH+and IHC 0 (0.0) 0 (0.0 3@3.1) 93 (96.9)
3+ (n=96)

Numbers in parentheses indicate row percentage
1HC immunohistochemistry, ISH in situ hybridization

@ Springer



Breast Cancer

Core needle biopsy

42.8%

0.40/

<0

fow 89.9%
(n=793)

3.1%

56.8%

Surgical resection

9 »\\“ o

(n=929)

HER2

96.9%

n=104

Fig.2 Sankey diagram showing HER?2 status concordance between core needle biopsy and surgical resection specimen

A) Core needle biopsy Surgical resection

%-iE'--';

-

Fig.3 Histologic and immunohistochemical findings of core needle
biopsy (CNB) HER2-zero to surgical resection HER2-low converted
cases. A A low-grade invasive breast cancer with HER2 immunohis-
tochemistry (IHC) score 0 in CNB reveals HER2 THC score 1+in

Considering the tendency of CNB-HER2-zero tumors
to be reclassified as HER2-low on surgical resection speci-
mens, the clinicopathological parameters associated with
HER2-zero to low conversion were determined (Table 4).

B) Core needle biopsy

Surgical resection

surgical resection specimen. B An intermediate grade invasive breast
cancer with HER2 IHC score 0 in CNB reveals HER2 IHC score
1 +in surgical resection specimen

Tumors with CNB-HER2-zero to surgical resection-HER2-
low conversion showed younger age at diagnosis, lower
histologic grade, and higher rate of tumor multiplicity com-
pared to HER2-zero concordant tumors (p=0.017, p=0.001
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Table 3 Clinicopatholgical
parameters associated with
discordance of HER?2 status
between CNB and surgical
resection specimen using three-
group classification system

@ Springer

Clinicopatholgical parameters Concordant Discordant p-value
(n=1,089) (n=298)

Age at diagnosis
<50 years old 390 (35.8) 120 (40.3) 0.158
>50 years old 699 (64.2) 178 (59.7)

Number of biopsy cores

Mean+SD 4.16+1.32 4.19+1.55 0.716

Histologic subtype
Invasive carcinoma of no special type 941 (86.4) 251 (84.2) 0.576
Invasive lobular carcinoma 90 (8.3) 27 (9.1)
Others 58 (5.3) 20 (6.7)

Size of tumor (cm)
Mean+SD 2.02+1.23 1.99+1.09 0.833

T stage
T1 710 (65.2) 189 (63.4) 0.570
T2-4 379 (34.8) 109 (36.6)

N stage
NO 721 (66.2) 198 (66.4) 0.824
N1-3 311 (28.6) 87(29.2)

Not evaluated 57 (5.2) 13 4.4)

Histologic grade
Grade I-II (low to intermediate) 773 (71.0) 233 (78.2) 0.014
Grade III (high) 316 (29.0) 65 (21.8)

Lymphovascular invasion
Present 392 (36.0) 111 (37.2) 0.690
Absent 697 (64.0) 187 (62.8)

Tumor multiplicity
Present 302 (27.7) 114 (38.3) <0.001
Absent 787 (72.3) 184 (61.7)

Tumor-infiltration lymphocytes
<10% 820 (75.3) 236 (79.2) 0.162
>10% 269 (24.7) 62 (20.8)

Molecular subtype
Luminal A 585(53.7) 167 (56.0) 0.035
Luminal B 381 (35.0) 105 (35.2)
HER2 + 38 (3.5) 1(0.3)
Triple negative 85 (7.8) 25(8.4)

Estrogen receptor
Positive 966 (88.7) 272 (91.3) 0.204
Negative 123 (11.3) 26 (8.7)

Progesterone receptor
Positive 866 (79.5) 241 (80.9) 0.607
Negative 223 (20.5) 57 (19.1)

Ki-67 proliferation index
<20% 756 (69.4) 217 (72.8) 0.256
>20% 333 (30.6) 81(27.2)

Numbers in parentheses indicate column percentage

P values were calculated by Chi-square test or independent sample t-test
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Table 4 clinicopathological
parameters associated with
CNB-HER2-zero to surgical
resection-HER2-low converted
cases in comparison with
HER?2-zero concordant cases

clinicopathological parameters Zero to zero (n=283) Zero to low (n=213) p-value
Age at diagnosis
<50 years old 99 (35.0) 97 (45.5) 0.017
>50 years old 184 (65.0) 116 (54.5)
Number of biopsy cores
Mean +SD 4.24+1.36 4.18+1.54 0.655
Histologic subtype
Invasive carcinoma of no special type 234 (82.7) 174 (81.7) 0.927
Invasive lobular carcinoma 25 (8.8) 21 (9.9)
Others 24 (8.5) 18 (8.5)
Size of tumor (cm)
Mean +SD 2.05+1.20 2.06+1.11 0.935
T stage
T1 176 (62.2) 127 (59.6) 0.562
T2-4 107 (37.8) 86 (40.4)
N stage
NO 194 (68.6) 140 (65.7) 0.253
N1-3 70 (24.7) 64 (30.0)
Not evaluated 19 (6.7) 94.2)
Histologic grade
Grade I-II (low to intermediate) 191 (67.5) 171 (80.3) 0.001
Grade III (high) 92 (32.5) 42 (19.7)
Lymphovascular invasion
Present 106 (37.5) 84 (39.4) 0.653
Absent 177 (62.5) 129 (60.6)
Tumor multiplicity
Present 79 (27.9) 89 (41.8) 0.001
Absent 204 (72.1) 124 (58.2)
Tumor-infiltrating lymphocytes
<10% 216 (76.3) 172 (80.8) 0.237
>10% 67 (23.7) 41(19.2)
Molecular subtype
Luminal A 151 (53.4) 132 (62.0) 0.004
Luminal B 86 (30.4) 67 (31.5)
Triple negative 46 (16.3) 14 (6.6)
Estrogen receptor
Positive 237 (83.7) 199 (93.4) 0.001
Negative 46 (16.3) 14 (6.6)
Progesterone receptor
Positive 219 (77.4) 180 (84.5) 0.048
Negative 64 (22.6) 33 (15.5)
Ki-67 proliferation index
<20% 186 (65.7) 160 (75.1) 0.024
>20% 97 (34.3) 53 (24.9)

Numbers in parentheses indicate column percentage

P values were calculated by Chi-square test or independent sample #-test

and p=0.001, respectively). ER and PR positivity rates were

higher (p=0.001 and p=0.048, respectively), while Ki-67
proliferation index was lower (p =0.024) in the tumors with

HER2-zero to low conversion.

Using univariate binary logistic regression analysis,
younger age (p=0.018), low histological grade (p =0.002),
tumor multiplicity (p =0.001), ER positivity (p=0.001),

PR positivity (p=0.049), and low Ki-67 proliferation index
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Table 5 Univariate and
multivariate logistic regression
analyses for factors associated

Clinicopathological parameters

Univariate analysis Multivariate analysis

with CNB-HER2-zero to
surgical resection-HER2-low
conversion

OR [95% CI] p-value OR [95% CI] p-value

Age at diagnosis

<50 vs.>50 years old 0.643 [0.447-0.926] 0.018
Histologic grade

Iand IT vs. 11 0.510 [0.335-0.776] 0.002
Tumor-infiltrating lymphocyte

<10% vs.>10% 0.768 [0.496-1.190] 0.238
Tumor multiplicity

Absent vs. present 1.853 [1.272-2.700] 0.001 1.768 [1.209-2.586] 0.003
Estrogen receptor

Negative vs. positive 2.759 [1.473-5.166] 0.002 2.580 [1.371-4.854] 0.003
Progesterone receptor

Negative vs. positive 1.594 [1.002-2.535] 0.049
Ki-67 proliferation index

<20% vs.>20% 0.635 [0.428-0.944] 0.025

(p=0.025) were confirmed to be predictors of HER2-zero
to low conversion in surgical resection specimens (Table 5).
In the multivariate analysis, tumor multiplicity (OR: 1.768,
CI 1.209-2.586, p=0.003) and ER positivity (OR: 2.580, CI
1.371-4.854, p=0.003) were proven to be independent pre-
dictive factors for HER2-zero to low conversion (Table 5).

Discussion

This study investigated concordance of HER2 status in
1,387 breast cancer patients with matched CNB-surgical
resection specimens. The overall HER2 concordance rate
between CNB and surgical resection specimens was excel-
lent when using the conventional two-group classification
(99.0%, k=0.925) but decreased to 78.5% (k=0.587) when
using the three-group classification (HER2-zero, HER2-
low, and HER2-positive). The discrepancy was largest for
CNB-HER2-zero cases, in which 42.8% were reclassified
as having HER2-low status, largely HER2 THC 1+, upon
subsequent surgical resection.

Conversion of a significant proportion of tumors initially
classified as CNB-HER2-zero into HER2-low status on sur-
gical resection can be attributed to the use of the current
semi-quantitative HER2 THC scoring system and hetero-
geneity of HER2 expression. First, the distinction between
HER?2 IHC 0 and HER2 IHC 1+ may be arbitrary and vul-
nerable to inter-observer variation [18]. Although Karakas
et al. reported a 70% concordance rate between HER2 IHC
0 and 1 +readings [22], Lambein et al. showed that 76% of
the local HER2 THC 0 cases were classified as HER2 THC
1 +upon central reassessment [23]. Criteria adjustment and
training, especially in distinguishing between HER2-0 and
HER2 THC 1+, are essential for increasing the concordance
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of HER2-low results. Second, since heterogeneous HER2
expression is common in breast cancer [18], if the number of
cores in a CNB is insufficient or the tumor is large, the CNB
results may not represent the entire tumor. However, our data
showed that the number of cores in biopsy specimens and
tumor size did not differ between concordant and discordant
cases; therefore, the degree of CNB as representative of the
entire tumor may have less impact on discordance.

In our study, ER positivity was a characteristic of HER2-
low breast cancers and was an independent indicator of
HER2-zero to low conversion in the resected specimen.
Previous studies have consistently reported that HER2-
low breast cancer is characterized by higher incidence of
hormone receptor positivity and luminal subtype [24-26].
Thus, our finding that ER positivity is a predictive factor for
HER2-low status in resection specimens in CNB-HER2-zero
cases may indicate that ER positivity is highly associated
with HER2-low status. Otherwise, whether ER positiv-
ity is associated with increased regional heterogeneity of
HER?2 expression needs further investigations. In the current
study, besides ER/PR positivity, low histologic grade and
low Ki-67 proliferation index were associated with HER2-
low breast cancers. Denkert et al. also reported that HER2-
low breast cancers tended to show higher hormone receptor
expression levels, lower cell proliferation, and lower tumor
grade compared to HER2-zero breast cancers in a pooled
analysis of 2,310 patients [24].

In this study, we showed that tumor multiplicity was
related to HER2 discordance and was an independent
predictor of HER2-zero to low conversion in resected
specimens. Multicentric tumors (those within different
quadrants) and multifocal tumors (those within the same
quadrant) are regarded as “multiple breast cancer” if sepa-
rated by normal or benign breast tissue [27]. For these
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cases, we matched the CNB with the resection specimen
by correlating the preoperative radiologic findings such as
size and location of tumors with the gross surgical find-
ings. However, we cannot guarantee absolute accuracy
of these matches. In addition, some studies reported dis-
crepancies in biomarker status within individual tumors
of multiple breast cancer, with discordance in HER2 sta-
tus observed in 5%—16% of cases [28-30]. Previously, we
observed an inter-lesional heterogeneity in the standard
biomarker expression and genomic alterations in a signifi-
cant proportion of multiple breast cancers despite the his-
tological features of multiple tumors being identical [31].
Thus, biomarker testing from one index tumor may not be
sufficient to determine the characteristics of a patient’s
disease and eligibility for targeted therapy.

In our cohort, 70.0% of the patients had HER2-low
breast cancer, which was higher than the previously
reported 45-55% of breast cancer cases [4]. This differ-
ence could be attributable to the current treatment stand-
ards where patients with HER2-positive breast cancer most
likely undergo PST; thus, a portion of them was inevitably
excluded in this study. In addition, the fact that even many
patients without PST were excluded in our study should be
taken into account before drawing any conclusions.

The present study evaluated 1,387 breast cancer patients
to elucidate concordance in the HER?2 status between CNB
and surgical resection specimens, with a focus on the
HER2-low status. However, this study has some limita-
tions. First, although HER?2 testing and interpretation were
performed in accordance with the 2018 updated ASCO/
CAP guidelines and the diagnostic breast pathologists who
performed the procedure were sufficiently trained, pre-
analytic factors such as tissue fixation and cold ischemic
time which may affect HER2 THC status were not con-
sidered. Second, although we meticulously matched CNB
and surgical resection specimens and exclusively utilized
data from the index tumors, it is conceivable that different
tumors were inadvertently paired.

In summary, our study confirmed that incorporation
of the HER2-low category into HER?2 status interpreta-
tion in breast cancer resulted in decreased concordance
between CNB and surgical resection specimens. Notably,
our findings revealed tumor multiplicity and ER positivity
as pivotal predictive factors for conversion of HER2-zero
status in CNB into HER2-low status in subsequent surgi-
cal resection. In clinical practice, our study underscores
the need of re-evaluating HER?2 status in surgical resec-
tion specimens in instances of tumor multiplicity or ER
positivity, especially when considering ADC treatment
options. Such process is critical in ensuring precise HER2
classification which would in turn, lead to optimal treat-
ment for breast cancer patients.
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