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ABSTRACT

Objective: Uterine carcinosarcoma (UCS) is uncommon high-grade endometrial cancer with
limited treatment options. We evaluated the prognostic significance of human epidermal
growth factor receptor 2 (HER2) expression and HER2 gene amplification within large
cohorts of UCS, and clarify clinicopathologic characteristics of HER2-low UCS.

Methods: We examined HER?2 protein expression in 148 patients of UCS using in vivo
diagnostic HER2 immunohistochemistry (IHC) kits and HER2 gene amplification using
fluorescence in situ hybridization (FISH) in 72 patients.

Results: HER2 IHC score was evaluated according to the latest American Society of Clinical
Oncology/College of American Pathologists criteria for gastric cancer, which was negative in
41 patients, low expression of 1+ was observed in 57 patients, and HER2 high expression was
observed in 50 patients (2+ in 38 and 3+ in 12 patients). There was no significant statistical
difference in clinicopathological characteristics based on HER2 protein expression status.
HER2 negative and low expression compared to high expression revealed poor overall
survival in stage I/ II. The concordance between IHC and FISH results were relatively low
compared to other cancer types (HER2 IHC score 1+, 2+, and 3+ were 5%, 15%, and 50%),
and combining these results was not efficient as a prognostic factor in UCS. In contrast, the
HER2 IHC score alone was a prognostic factor in stage I/II UCS. HER2 low group did not
show specific clinicopathologic features.

Conclusion: Since the HER2 IHC score low in advanced UCS is a predictive factor,
stratification of UCS using HER2 IHC score for HER2 IHC score low group and developing
adjuvant therapy may be proposed in the near future.

Keywords: Carcinosarcoma; ERBB2 Protein, Human; Immunohistochemistry;
In Situ Hybridization; Prognosis

Synopsis

Human epidermal growth factor receptor 2 (HER2) immunohistochemistry (IHC) low

and negative scores had poor prognosis in stage I/Il uterine carcinosarcoma. Unlike HER2
testing in other cancer types, protein expression did not correlate with gene amplification.
Stratification using HER2 IHC for low group and developing may be proposed in the future.
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INTRODUCTION

Uterine carcinosarcoma (UCS) is uncommon endometrial cancer that has a highly malignant
potential [1]. Itis treated as high-grade endometrial cancer and usually shows poor
therapeutic efficacy with limited treatment options and a high recurrence rate of 40%-57%
[2-4]. Despite these treatments, the overall 5-year survival rate in stage III and IV remains
poor, range from 10% to 25% [5]. Thus, new therapeutic strategies are desirable for patients
with UCS. Several reports showed that the prognostic factor is stage, performance status,
CA-125 level, lymphovascular space invasion, and myometrial invasion within a limited
patient population [3,6].

Human epidermal growth factor receptor 2 (HER2) is known as a therapeutic target in
various types of cancers such as breast cancer, gastric cancer, and endometrial serous
carcinoma [7-9]. Recently, HER2 targeted therapy including antibody-drug conjugates
(ADCs) has been discussed in multiple solid tumors including UCS, and shown promising
efficacy [7,10-17]. Although some previous studies discuss HER2 expression in patients with
UCS [11,18-21], there are still unsolved issues. First, the significance of HER2 expression

as a prognostic factor in patients with UCS is controversial due to conflicting reports [22].
These discordant results could be explained by the fact that each study used a different set of
HER2 scoring criteria, different protocol and/or primary antibodies for HER2, and was small
in size, less than 100 cases, because of the rarity of UCS. Second, unlike in breast cancer,
HER?2 gene amplification detected fluorescence in situ hybridization (FISH) does not always
correspond to HER?2 protein overexpression assessed by immunohistochemistry (IHC) [23],
but these studies were also small in size, and the prognostic significance of FISH positivity,
HER2 gene amplification, has not been established in UCS. Moreover, not only HER2 high
status but HER2 low status has been recently suggested as a therapeutic target in breast
cancer [24]. Finally, anti-HER2 therapy for UCS is being developed, and a type of HER2-ADC,
trastuzumab deruxtecan has been demonstrated its promising antitumor activity in patients
with UCS regardless of HER2 IHC score (1+, 2+, or 3+) [25]. In contrast to UCS with HER2
overexpression, the clinicopathological characteristics of patients with HER2-low expression
UCS have not yet been well reported.

Herein, we aim to investigate the issues above, within large cohorts of patients with UCS
using the in vivo diagnostic (IVD) kit for HER2 testing. Thus, we validate the prognostic
significance of HER2 expression and/or HER2 gene amplification in patients with UCS and
clarify clinicopathologic characteristics of patients with HER2-low UCS.

MATERIALS AND METHODS

1. Study and patient characteristics

The study was conducted in accordance with the Declaration of Helsinki and the approval
of the institutional ethics committee of the National Cancer Center Hospital (2014-393) and
Saitama Medical University International Medical Center (17-233). The option of refusal of
participation was ensured with opt-out consent. We retrospectively reviewed patients of
UCS at the National Cancer Center Hospital and Saitama Medical University International
Medical Center between 1997 and 2019. All cases were histopathologically diagnosed at each
institution as primary UCS according to the 2014 WHO tumor classification of the female
genital tracts [26]. The follow-up for most patients consisted of vaginal examinations, pap
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smear, and computed tomography (CT) every 3—6 months for the first 2 years. During the
third and fourth years of follow-up, patients underwent annual examinations, and those with
suspected recurrence underwent CT and histological examination. The patients who were
enrolled in the STATICE trial were excluded [25].

Patient data including staging, histological characters, previous treatment, recurrence
date, and outcomes were retrieved from electronic medical records under appropriate
anonymization circumstances.

2. HER2 testing

IHC was performed using a standard Food and Drug Administration-approved IVD kit, the
Pathway HER2 (Clone 4B5), on the BenchMark XT automated staining system (Ventana
Medical Systems Inc., Tucson, AZ, USA) according to the manufacturer’s recommended
protocol. The method used to evaluate IHC was identical to that used in our previous clinical
trial [25], which was conducted as described below. Staining intensity was initially evaluated
using the 0 to 3+ scale according to the 2016 American Society of Clinical Oncology/College
of American Pathologists (ASCO/CAP) guideline for gastric/esophagogastric junction (EGJ)
carcinoma [27]. Considering the resemblance of HER2 staining pattern, lateral/basolateral
staining, between UCS and gastric adenocarcinoma, a scoring system of HER2 by the gastric
cancer criteria that accepts lateral/basolateral staining patterns was applied [18]. In surgical
specimens, a score of O was given if there was no reactivity or membranous reactivity in <10%
of tumor cells. A score of 1+ was given if faint or barely perceptible membranous reactivity
was seen in 210% of tumor cells, and the cells were reactive in part of their membrane

only in Fig. 1. A score of 2+ was given if weak to moderate complete, basolateral, or lateral
membranous reactivity was seen in >10% of tumor cells in Fig. 1. A score of 3+ was given
when strong complete, basolateral, or lateral membranous reactivity was seen in > 10% of
tumor cells in Fig. 1. A gynecological pathologist (H.Y.) who had sufficient experience in
HER?2 scoring evaluated all stained slides [18,28]. FISH was conducted in 73 cases using

the PathVysion HER2 DNA probe kit (Abbott Molecular, Des Plaines, IL, USA) according to
the manufacturer’s recommendations by SRL Co. Ltd. (Hamura, Japan). The total numbers
of HER2 and CEP17, chromosome enumeration probe 17 (CEP17) signals were counted

in 20 adjacent interphase tumor cell nuclei examined with fluorescent microscopes and
appropriate filters. Without the knowledge of IHC status, the ratio of HER2 signal to CEP17
signal of >2.0 was considered positive, and a ratio of HER2 signal to CEP17 signal <2.0 was
considered negative according to the 2016 ASCO/CAP gastric cancer criteria in Fig. 1[27]. If
there are three or more CEP17 signals, on average, with a ratio <2, then the presence of more
than 6 HER2 signals, on average, is interpreted as positive for HER2 amplification in Fig. 1.

3. Statistics

One-way analysis of variance with Welch test analysis was performed for comparison of
continuous pathological characteristics and HER2 negative, low, and high expression, and
chi-square tests were performed in categorical and ordinal variables as appropriate. Univariate
and multivariate logistic regression analyses were done to investigate the correlation between
characteristics and survival outcomes. Hazard ratios and 95% confidence intervals (CIs) were
calculated with the Cox proportional hazard regression model. Kaplan-Meier survival curves
for overall survival (OS) were evaluated with a log-rank test. OS was defined as the interval
between diagnosis and the date of death of any cause or the last follow-up. For statistical
purposes, the stage was classified into stage I and II versus stage III and IV as well as HER2
expression into negative (HER2 IHC score 0), low expression (HER2 IHC score 1+), and
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Fig. 1. Representative microphotographs of uterine carcinosarcoma expressing HER2.

(A, B) Histological findings of uterine carcinosarcoma (hematoxylin and eosin staining, x100). (C-F)
Immunohistochemistry for HER2 in uterine carcinosarcoma (x200). Fluorescence in situ hybridization for HER2
(red signal) and CEP17 (green signal). A case with (G) and without (H) HER2 gene amplification. (G) HER2/CEP17
ratio 3.9 (184/47) (Case 44). (H) HER2/CEP17 ratio 1.1 (80/73) (Case 45).

CEP17, chromosome enumeration probe 17; HER2, human epidermal growth factor receptor 2.
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high expression (HER2 IHC score 2+ and 3+). Analyses of survival outcomes were performed
among 147 patients with the available survival data. Data were analyzed using IBM® SPSS®
Statistics Base Edition 27.0 (IBM Corporation, Armonk, NY, USA).

RESULTS

One hundred and forty-eight patients with UCS were included in the study. Patient and
clinicopathological characteristics are shown in Table 1. HER2 IHC score was negative

in 41/148 (27.7%) patients, low expression of 1+ was observed in 57/148 (38.5%) patients,

and HER2 high expression was observed in 50/148 (33.8%) patients (2+ in 38 and 3+ in 12
patients, respectively). There were no significant statistical differences in clinicopathological

characteristics based on HER2 protein expression status.

FISH was performed in 72 patients within the National Cancer Center Hospital cohort and
HER?2 gene amplification was detected in 9 patients HER2 IHC score and FISH score are
shown in Table 2. HER2 FISH positivity were 4.8% in HER2 IHC score 1+, and 15%, and 50%

in HER2 IHC score 2+, and 3+, respectively.

Table 1. Clinicopathological characteristics of patients with uterine carcinosarcoma according to HER2 immunohistochemistry status

Characteristics HER2 negative IHC score O HER2-low IHC score 1+ HER2-high IHC score 2+/3+ Total p-value
Total patients 41 (27.7) 57 (38.5) 50 (33.8) 148
Age (yr) 0.828
63 18 (25.4) 28 (39.4) 25 (35.2) 71
<63 23(29.9) 29 (37.7) 25 (32.5) 77
ECOG PS 0.967
0 38(27.9) 52 (38.2) 46 (33.8) 136
1 3(25.0) 5 (41.7) 4(33.3) 12
2,3 0(0.0) 0(0.0) 0(0.0) 0
FIGO stage (2008) 0.561
I 17 (25.4) 29 (43.3) 21 (31.3) 67
I 3(33.3) 4 (44.4) 2(22.2) 9
1 11(26.2) 12 (28.6) 19 (45.2) 42
1Y 10 (34.5) 11 (37.9) 8(27.6) 29
Unknown 0(0.0) 1(100.0) 0(0.0) 1
Lymph node metastasis 0.189
Negative 33(28.4) 46 (39.7) 37 (31.9) 116
Positive 8 (25.8) 10 (32.3) 13 (41.9) 31
Unknown 0 (0.0) 1 (100.0) 0 (0.0) 1
Adjuvant chemotherapy 0.057
No 30(35.3) 29 (34.1) 26 (30.6) 85
Yes 11 (17.5) 28 (44.4) 24 (38.1) 63
Depth of invasion 0.290
Myometrium <50% 21 (26.3) 31(38.8) 28 (35.0) 80
Myometrium >50% 18 (31.0) 20 (34.5) 20 (34.5) 58
Unknown 2 (20.0) 6 (60.0) 2 (20.0) 10
Cervical stromal involvement 0.240
Negative 26 (24.3) 49 (39.3) 39(36.4) 107
Positive 13 (40.6) 9(28.1) 10 (31.3) 32
Unknown 2 (22.9) 6 (66.7) 1(11.1) 9
Pelvic cytology 0.820
Negative 24 (30.0) 28 (35.0) 28 (35.0) 80
Positive 15 (25.4) 23 (39.0) 21 (35.6) 59
Unknown 2(22.2) 6 (66.7) 1(11.1) 9

Results were considered significant with a 2-sided p-value of <0.05

ECOG PS, Eastern Cooperative Oncology Group performance status; FIGO, International Federation of Gynecology and Obstetrics; HER2, human epidermal
growth factor receptor 2; IHC, immunohistochemistry.
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Table 2. Concordance between HER2 immunohistochemistry score and fluorescent in situ hybridization (n=73)

HER2 IHC score” FISH Positivity (%)
Positive HER2/CEP17 »2.0 (%)  Negative HER2/CEP17 <2.0 (%)

Score 0 (n=27) 3(11.1) 24 (88.9) 11

Score 1+ (n=21) 1(4.8) 20 (95.2) 5

Score 2+ (n=20) 3(15.0) 17 (75.0) 15

Score 3+ (n=4) 2 (50.0) 2 (50.0) 50

Percentages were calculated using the number of patients in the total column as the denominator.

CEP17, chromosome enumeration probe 17; FISH, fluorescence in situ hybridization; HER2, human epidermal
growth factor receptor 2; IHC, immunohistochemistry.

*Scoring based on the 2016 American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP)
gastric cancer criteria.

The median follow-up time was 26.6 months (range, 0.7-215.9 months). Univariate analysis
and multivariate analysis in HER2 IHC score and prognosis are shown in Table 3. Univariate
analysis showed an association between OS, age (263 years), stage IV, lymphovascular invasion,
cervical stromal invasion, myometrium invasion, and pelvic cytology. Multivariate analysis
using these parameters showed an association with OS in age and stage IV. Kaplan-Meier curves

Table 3. Univariable and multivariable analysis of survival outcome

Characteristics No. Univariate Multivariate
HR 95% ClI p-value HR 95% ClI p-value
HER2 status
Negative 41 1
Low 57 0.88 0.51-1.54 0.672
High 49 0.47 0.25-0.90 0.022 0.59 0.32-1.09 0.098
Age (yr)
<63 71 1
263 76 2.14 1.34-3.58 0.002 2.48 1.44-4.27 0.001
ECOG PS
0 135 1
21 12 1.47 0.63-4.43 0.358
Stage
| 67 1
1l 9 1.82 0.68-4.86 0.230
1 41 1.95 1.05-3.60 0.033
[\ 29 5.54 2.96-10.35 <0.001 2.83 1.45-5.51 0.002
Sarcomatous component
Homologous 76 1
Heterologous 65 1.39 0.85-2.25 0.181
Unknown 6
Lymphovascular invasion
Negative 62 1
Positive 71 2.21 1.29-3.76 0.003 1.60 0.87-2.96 0.129
Unknown 14
Cervical stromal invasion
Negative 107 1
Positive 31 1.73 1.01-2.97 0.045 0.94 0.52-1.70 0.849
Unknown 9
Myometrium invasion
<50% 80 1
>50% 57 2.05 1.24-3.37 0.005 1.40 0.79-2.47 0.240
Unknown 10
Pelvic cytology
Negative 80 1
Positive 58 2.07 1.26-3.41 0.004 1.54 0.88-2.68 0.123
Unknown 9

Results were considered significant with a 2-sided p-value of <0.05.
Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, human epidermal growth factor receptor 2; HR, hazard ratio.
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in stage I/I and stage III/IV are shown in Fig. 2. Median OS was 26 months in all patients, in
stage I/II, 34 months in HER2 negative and low group, and 57 months in HER2 high group,
which was the only group that showed a survival benefit with statistical significance. There was
no significant difference in OS among HER?2 status in stage III/IV. Kaplan-Meier curve in HER2
IHC score 2+/3+ and FISH positive and HER2 IHC score O or FISH negative group are shown in
Fig. 3. There was no significant difference in OS among the above, regardless of stage.

DISCUSSION

We examined HER2 protein expression and HER2 gene amplification in 148 and 72 patients
of UCS using IVD HER2 testing kits to clarify the prognostic significance of HER2 status in
patients with UCS and clinicopathological characteristics of UCS with HER2-low expression.

We identified HER2 IHC scores 0, 1+, 2+, and 3+, in 41 (27.7%), 57 (38.5%), 38 (25.7%), and
12 (8.1%) cases, respectively, which was comparable with previous reports using the same
interpretation criterion and threshold (membranous staining and >10% positive tumor

cells) [18]. A total 0f107/148 (72.3%) UCS cases with HER2 expression were observed,
indicating the majority of the patients with UCS would be candidates for anti-HER2 ADC
therapy. Unexpectedly, no correlation was observed between HER2 expression status

and clinicopathological factors, and the HER2-low and HER2-high groups could not be
characterized according to age, stage distribution, or pathological features. Although UCS
cases with HER2 IHC score 3+ has been found in the range between 0% and 25% in UCS
cases [19-21,29], it has been suggested that this wide range may in part reflect the lack of
standardized methodologies and common interpretation criterion used in the various studies
to assess the HER2 status. We believe that our data, obtained with the IVD kit and evaluated
in a well-defined manner, may serve as a reliable reference for future studies examining HER2
expression in UCS.

FISH analysis was performed only in 72 cases within the National Cancer Center Hospital
cohort. In IHC score 2+ and 3+ cases, 15.0% (6/40) and 50.0% (6/12) showed FISH positivity,
respectively. Although there had been few reports on the concordance between IHC

results and HER2 gene amplification in patients with UCS, IHC score 2+ and 3+ cases have
shown 19%—-45% and 25%-100% FISH-positive results, respectively [18,19]. Similar to the
previous reports, concordance between IHC and FISH scores was low, particularly in the
IHC score 2+ and 3+ group, compared to breast cancer and gastric cancer, in which HER2
protein expression and HER2 gene amplification is more concordant. The precise cause of
this discordance is unknown, but HER2 protein expression may occur through a different
mechanism than HER2 gene amplification in some UCS. Intratumoral heterogeneity can

be denied because FISH was performed on tumor cells marked as HER2 high by IHC score
beforehand. There also were no significant differences in the clinicopathologic feature
between the FISH negative and positive groups (Table S1), and stratification of UCS is
difficult using the HER2 gene amplification. Likely to the previous The Cancer Genome Atlas
study, HER2 gene amplification was not a prognostic factor in our study [19,20]. Furthermore,
the HER2 testing system based on a combination of IHC and FISH results, which is applied
for breast and gastric cancer, revealed no significant difference in the prognosis of patients
with UCS (Fig. 3). Our findings suggest that IHC results for HER2 protein expression do not
always correlate with HER2 gene amplification in UCS and that HER2 gene amplification and
HER2 protein expression should be treated qualitatively separately in UCS.

https://doi.org/10.3802/jg0.2025.36.€14 7/
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[72) [72)
(@) (@)
0.4 - 0.4 - o o
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53 20 1 0 0 44 10 4 0 0

Fig. 2. HER2 status (HER2 low and HER2 high) for OS (n=148).

Log-rank test for p-values. Survival curves are shown based on (A) stage I/I1, (B) stage IlI/IV. OS of uterine carcinosarcoma expressing HER2 in stage I/l and stage
111/1V. Median OS 26 months in all patients, in stage 1/1l, 40 months in HER2 negative group, 31 months in HER2 low group, and 57 months in HER2 high group.

Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, human epidermal growth factor receptor 2; HR, hazard ratio;
0s, overall survival.

We assessed HER2 status only with an IHC score instead of a combination of IHC and FISH
scores. Compared among stage I/Il UCS patients with HER2 IHC scores of O (negative), 1+ (low),
2+, and 3+ (high) group, HER2 THC negative and low groups showed worse prognosis than
HER2 high group (Table 3, Fig. 2). This result indicated that existing HER2 testing using a
combination of IHC and FISH, ASCO/CAP criteria for gastric cancer and breast cancer was

not suitable for the prognostic analysis for UCS. We have evaluated the HER2 IHC score with
the scoring system that accepts lateral/basolateral staining patterns proposed in the previous
report [18]. UCS with a predominant sarcomatous component, which reflects epithelial-
mesenchymal transition (EMT) phenotype, reportedly have a worse prognosis [6], but at

1.0
—+— HER2 negative
084 : HER2 positive
0.6 -
[%2)
o
0.4 +
0.2 -
p=0.442
0 24 48 72 96 120 144 168 192
Time (mo)
No. at risk
e 65 18 7 2
6 2 0] 0 0

Fig. 3. OS of HER2 positive (HER2 IHC score 2/3 and FISH positive) and HER2 negative (HER2 IHC score O or FISH
negative) uterine carcinosarcoma. There were no significant differences in OS among FISH status.

FISH, fluorescence in situ hybridization; HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemistry; OS, overall survival.
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the same time, HER2-positive tumor cells are known to be less common in the sarcomatous
component [18]. This suggests that UCS with HER2 negative or low scores have a predominant
sarcomatous component, which may be one of the reasons for the worse prognosis.

In contrast, there was no significant difference in the prognosis of patients with stage III/IV
UCS according to HER?2 status. Patients with stage III[/IV UCS had a poor prognosis regardless
of HER2 expression. Although the reason for HER2 as a non-prognostic factor in advanced
disease is unclear, decreased HER2 expression indicating EMT in the primary tumor, may
not play a major role in advanced-stage UCS. Alternatively, in advanced-stage cases, the HER2
status of the metastatic site may be relevant, though we could not evaluate them in this study.

According to our knowledge, we have demonstrated for the first time that the HER2 IHC
score is negative and the low group has a poor prognosis in patients with stage I/II UCS.
Unfortunately, the clinical characteristics of patients with HER2-low UCS are not well
defined, and thus IHC is currently required to identify these patients. Based on our result,
the early stage of HER2 low UCS could be a potential area to develop anti-HER2 therapy.
Although HER2 was not a prognostic factor in UCS in the advanced stage, it is important as
a predictive factor for anti-HER2-ADC therapy, as they are effective and safe in patients with
unresectable/metastatic UCS [25]. This study showed not only promising efficacy of ADC in
UCS with groups high and low group, but demonstrated no apparent difference in the PFS,
and OS. One of the reasons for this effectiveness is thought to be a bystander effect to cells
neighboring HER2-positive cells, due to a highly membrane-permeable payload of T-DXd
[30]. Hence, distinguishing HER2 IHC score 1+ from O will be important when considering
treatment strategies for unresectable or metastatic UCS. Collectively, the HER2 IHC score
was a prognostic factor in stage I/II UCS and reportedly a predictive factor of HER2-ADC in
patients with unresectable/metastatic UCS, respectively. Thus, it would be essential to assess
the HER2 IHC score in all patients with UCS.

A major limitation of the study is that this study was a retrospective study and the sample
size might have been insufficient for analysis for each group depending on the HER2 status.
We assume confirmation with a prospective study with a more sufficient number of patients
will be necessary for the future, however, regarding the rarity of UCS, conducting such a
prospective study is surely a challenge.

Concordance between HER2 IHC and FISH scores is low and combining these results was
not efficient as a prognostic factor in UCS. In contrast, the HER2 IHC score alone was a
prognostic factor in stage I/I UCS. HER2 low group did not show specific clinicopathologic
features. Since the HER2 IHC score both low and high in advanced UCS is a predictive factor,
stratification of UCS using HER2 IHC score for HER2 IHC score low group and developing
adjuvant therapy may be proposed in the near future.
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