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Abstract

Background HER2-low populations constitute a heterogeneous group, and the cytotoxic anticancer agent efficacy based on
HER?2 status remains unclear. This study evaluated the clinicopathological features and outcomes of patients with advanced
breast cancer showing HER2-low expression treated with eribulin or capecitabine, two treatment options after anthracycline
and taxane treatment.

Methods We retrospectively evaluated patients who were treated with eribulin or capecitabine between 2011 and 2015.
HER?2 status was evaluated according to the ASCO/CAP guidelines.

Results No significant difference was observed in overall survival (OS; eribulin: hazard ratio [HR], 0.66; 95% CI 0.40-1.10;
capecitabine: HR, 0.76; 95% CI 0.45-1.30) or progression-free survival (PFS; eribulin: HR, 1.13; 95% CI 0.72-1.78;
capecitabine: HR, 0.90; 95% CI 0.56-1.44) between patients receiving eribulin (HER2-null: 35, HER2-low: 44) and those
receiving capecitabine (HER2-null: 41, HER2-low: 33). Subgroup analysis revealed no significant differences in OS between
the two groups in the hormone-positive and -negative populations for eribulin and capecitabine. HER2-null and HER2-low
patients showed objective response rates (ORRs) of 22.5% and 9.1% (p=0.09) overall, and 32.0% and 10.5% (p=0.03),
respectively, in hormone-positive cases among eribulin-treated patients. No response was observed in hormone-negative
patients. Capecitabine treatment in HER2-null and HER2-low patients had overall ORRs of 26.8% and 15.2% (p=0.23),
respectively, with 27.3% and 16.1% (p=0.28) for hormone-positive cases; and 25.0% and 0% (p=1.0), respectively, for
hormone-negative cases.

Conclusions Eribulin and capecitabine sensitivity may vary based on HER2 expression in patients with HER2-low and
HER2-null breast cancer. Prognosis was similar between the HER2-low and the HER2-null groups.
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Introduction

Breast cancer is a malignant disease encompassing various
molecular subtypes. In clinical practice, it is divided into
subtypes based on hormone receptors [estrogen receptor
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(ER) and progesterone receptor (PgR)] and human epider-
mal growth factor receptor 2 (HER2) expression. HER2
is a tyrosine kinase receptor involved in cell prolifera-
tion, migration, invasion, and survival [1]. It is a negative
prognostic factor [2], and its overexpression is observed
in approximately 15%-20% of patients with breast cancer
[3]. The development of HER2-targeted treatments has
revolutionized the natural course of HER2-positive breast
cancer, effectively prolonging the survival of patients with
advanced-stage breast cancer. The treatment landscape has
become more diverse with the emergence of trastuzumab
and the subsequent development of other HER2-targeted
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Table 1 Baseline characteristics of patients in the HER2-null and HER2-low groups

Characteristics Eriburin Capecitabine
HER2-null (n=35) HER2-low (n=44) p-value HER2-null (n=41) HER2-low (n=33) p-value
Median age, years (range) 54 (30-76) 55 (33-70) 1.0 59 (36-76) 56 (38-69) 0.45
ECOG PS, n (%)
0 19 (54.3) 30 (68.2) 0.21 23 (56.1) 18 (54.6) 0.53
1 16 (45.7) 14 (31.8) 18 (43.9) 14 (42.4)
2 0(0.0) 0(0.0) 0(0.0) 1(3.0)
HER?2 status, n (%)
IHC O 35 (100) - - 41 (100) - -
IHC 1+ - 36 (81.8) - 28 (84.8)
IHC 2+, ISH-negative - 8(18.2) - 5(15.2)
HR, n (%)
Positive 25(71.4) 38 (86.4) 0.10 33(80.5) 31(93.9) 0.09
Negative 10 (28.6) 6 (13.6) 8(19.5) 2(6.1)
Histological grade, n (%)
1 1(2.9) 0(0.0) 0.48 24.9) 0 (0.0 0.035
2 16 (45.7) 22 (50.0) 13 (31.7) 23 (69.7)
3 13 (37.1) 20 (45.5) 16 (39.0) 9(27.3)
NA 5(14.3) 2(4.5) 10 (24.4) 1(3.0)
Visceral metastases, n (%)
No 12 (34.3) 6 (13.6) 0.03 13 (31.7) 6 (18.2) 0.19
Yes 23 (65.7) 38 (86.4) 28 (68.3) 27 (81.8)
Median number of chemotherapy 3(14) 3(14) 0.90 2 (1-3) 2 (1-3) 0.23
lines for metastatic disease,
(range)
Treatment lines of chemotherapy for metastatic disease, n (%)
1 3(8.6) 2(4.5) 0.76 11 (26.8) 11 (33.3) 0.36
2 11 (31.4) 15 (34.1) 18 (43.9) 17 (51.5)
>3 21 (60.0) 27 (61.4) 12 (29.3) 5(15.2)
Prior primary tumor resection, n (%)
Yes 34 (97.1) 37 (84.1) 0.06 38 (92.7) 29 (87.9) 0.70
No 1(2.9) 7(15.9) 3(7.3) 4 (12.1)
Previous endocrine therapy, n (%)
Yes 24 (68.6) 30 (68.2) 1.0 36 (87.8) 30 (90.9) 0.73
No 11 (31.4) 14 (31.8) 5(12.2) 30.1)
Neo adjuvant/adjuvant chemotherapy, n (%)
Yes 31 (88.6) 33 (75.0) 0.13 34 (82.9) 26 (78.8) 0.65
No 4(11.4) 11 (25.0) 7(17.1) 7(21.2)

ECOG PS Eastern cooperative oncology group performance status, HER 2 human epidermal growth factor receptor 2, HR hormone receptor,

IHC immunohistochemistry, ISH in situ hybridization, NA not available

agents [4], enabling different treatment sequences for each
clinical setting.

Recently, HER2-low expression defined as HER2 1 +,
HER?2 2 +, and HER2 in situ hybridization (ISH)-negative,
has been suggested to have distinct prognostic implications
[5-7]. HER2-low populations constitute a heterogeneous
group, including HR-positive and -negative breast cancers
that vary in prognosis and response to treatments. Targeted
therapies have been developed, given that approximately

@ Springer

60% of HER2-negative metastatic breast cancers are low-
HER?2 [8, 9]. Among these treatments, trastuzumab der-
uxtecan (T-DXd) is an anti-HER?2 drug with remarkable
efficacy against metastatic HER2-low breast cancer (DES-
TINY-Breast04) [10]. However, it is important to investigate
whether HER2-low status affects prognosis and sensitivity
to systemic treatment to develop a treatment strategy for
individuals across different clinical settings.
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Fig. 1 Progression-free survival (a) and overall survival (b) among patients treated with eribulin in the HER2-null and HER2-low groups

The efficacy of anticancer agents other than trastuzumab
deruxtecan was collectively studied as a treatment of choice
in the DESTINY-Breast04 trial [10]. However, the relation-
ship between the efficacy of cytotoxic anticancer agents
studied as a treatment of physician’s choice (TPS), and the
HER?2-low status has not been fully examined. Furthermore,
eribulin and capecitabine appear to be the major drugs
used following T-DXd based on the DB04, 301 [11], and
EMBRACE [12] trials. Therefore, the present study focused
on patients with metastatic or recurrent breast cancer treated
with eribulin or capecitabine, both of which are treatment
options following anthracycline and taxane treatment. We
compared the clinicopathological features and prognosis of
HER2-low and HER2-null patients. The results of this study
provide valuable insights into the management and outcomes
of the HER2-low population by analyzing a specific popula-
tion of patients with advanced breast cancer.

Materials and methods
Study population

We initially included patients with metastatic or recurrent
breast cancer who were treated with eribulin between 2011
and 2015 or with capecitabine between 2007 and 2015 at
the National Cancer Center Hospital, Tokyo, Japan. Some
patients received both eribulin and capecitabine treatments.
We selected patients who were histologically proven to be
HER2 0, HER2 1 +, or HER2 2 + plus HER2-ISH-negative.
HER?2 0 was defined as HER2-null, and HER2 1+ and HER2
2+ plus HER2-ISH negative were defined as HER2-low.
For cases with specimens from both primary and metastatic

lesions, the HER?2 evaluation of the metastatic lesion was
prioritized. For cases with only primary lesion specimens,
the evaluation was based on the primary lesion. Patholo-
gists evaluated the specimens and determined HER?2 status
according to the American Society of Clinical Oncology/
College of American Pathologists guidelines at the time of
diagnosis [13, 14]. HER2 protein was detected using immu-
nohistochemical (IHC) analysis of formalin-fixed paraffin-
embedded (FFPE) tissue specimens using Dako HercepTest
IT (DakoCytomation, Glostrup, Denmark), strictly following
the manufacturer’s guidelines. For IHC 2 + cases, HER2 flu-
orescence in situ hybridization (FISH) was performed using
PathVysion (Abbott Molecular Inc., Des Plaines, Illinois,
USA). The pathological diagnoses were confirmed by at
least two board-certified pathologists at our hospital. The
patients received eribulin (1.4 mg/m? on days 1 and 8 of a
21-day cycle) intravenously or capecitabine (either 2500 mg/
m?/day for 14 days every 21 days or 1650 mg/m?/day for
21 days every 28 days) orally. Treatment was continued until
documented or clinical disease progression, unacceptable
toxicity, deterioration of the general condition, or patient
refusal.

This study was approved by the Institutional Review
Board of the National Cancer Center (Tokyo, Japan) [No.
2014-092]. This study was conducted in accordance with the
principles of the Declaration of Helsinki. The requirement
for informed consent was waived by the Institutional Review
Board owing to the retrospective nature of the study.

Data collection

Clinical data regarding age at diagnosis, sex, Eastern Coop-
erative Oncology Group Performance Status (ECOG PS),
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Table2 Univariate and multivariate analyses of overall survival in
patients receiving eribulin

Patient Univariate Multivariate

number

HR (95% CI) p-value HR (95% CI) p-value

HER?2 status

Null 35 1 - 1 -
Low 44 0.66 (0.40-  0.11 0.84 (0.45- 0.59
1.10) 1.59)
Age
<56 41 1 - - -
>56 38 0.89 (0.54-  0.66 - -
1.49)
ECOG PS
0 49 1 - 1 -
1 30 1.35(0.80-  0.27 1.79 (0.98-  0.058
2.27) 3.27)
HR status
Negative 16 1 - 1 -
Positive 63 0.63 (0.34- 0.14 0.59 (0.28-  0.17
1.17) 1.25)
Histological grade
1 1 1 - 1 -
2 38 0.73 (0.98-  0.75 0.71 (0.09- 0.75
5.40) 5.71)
3 33 0.59 (0.34-  0.06 1.04 (0.12-  0.97
1.03) 8.69)
Visceral metastasis
No 18 1 - 1 -
Yes 61 0.73 (0.41- 0.28 0.73 (0.34- 042
1.29) 1.58)
Treatment line
<3 31 1 - 1 -
>3 48 0.83 (0.50- 0.48 1.07 (0.59-  0.82

1.39) 1.97)

HER 2 Human epidermal growth factor receptor 2, ECOG PS Eastern
cooperative oncology group performance status, HR hormone recep-
tor

estrogen receptor (ER) status, progesterone receptor (PgR)
status, histological grade, presence of visceral metastases,
details of chemotherapy treatment, previous surgery, previ-
ous endocrine therapy, and previous neoadjuvant and adju-
vant therapies were collected from medical records. Negative
ER and PgR statuses were defined as < 1%, according to the
American Society of Clinical Oncology/College of Ameri-
can Pathologists guidelines [13, 14]. Clinical responses were
evaluated in patients with measurable lesions, according to
the Response Evaluation Criteria in Solid Tumors (version
1.1) [15]. Overall survival (OS) was defined from the first
day of chemotherapy until death or the date of last follow-
up, while progression-free survival (PFS) was defined as
the period from the first day of chemotherapy until disease
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progression or death prior to disease progression. The data
cutoff date was May 31, 2023.

Statistical analysis

Continuous variables were compared using the #-test for
normally distributed data and the Mann—Whitney U test for
non-normally distributed data, whereas categorical varia-
bles were compared using Fisher’s exact test. We compared
PFS and OS between HER2-low and HER2-null patients
and examined the factors that could affect prognosis. The
Kaplan—-Meier method was used to estimate OS and PFS,
and survival curves were compared using the log-rank test.
Cox proportional hazard models were used to evaluate the
risk factors. All p-values were based on two-sided tests, with
p <0.05 considered statistically significant. Statistical analy-
ses were conducted using SPSS (IBM Corp. Released 2021.
IBM SPSS Statistics for Windows, Version 28.0. Armonk,
NY: IBM Cor).

Results
Patient and clinical characteristics

A total of 91 and 87 patients with metastatic breast can-
cer received eribulin and capecitabine, respectively. After
selecting patients with HER2-null and HER2-low status, 79
and 74 patients were retained in the analysis, respectively.
The baseline characteristics of the patients are shown in
Table 1. In the eribulin treatment group, HER2 evaluation
was performed based on metastatic lesions in 27 cases and
primary lesions in 52 cases. In the capecitabine treatment
group, the evaluations were performed based on metastatic
lesions in 30 cases and primary lesions in 44 cases.
Among the patients who received eribulin, 35 were
HER2-null and 44 were HER2-low. The median ages
were 54 years (range 30-76 years) and 55 years (range
33-70 years) in the HER2-null and HER2-low groups,
respectively. Nineteen (54.3%) patients and 30 (68.2%)
patients were performance status (PS) 0 in the HER2-null
and HER2-low groups, respectively. Of the 44 HER2-low
patients, 36 (81.8%) were IHC 1+and 8 (18.2%) were
IHC2 + plus ISH-negative. Twenty-five (71.4%) patients and
38 (86.4%) patients were hormone-positive in the HER2-
null and HER2-low groups, respectively. Histological grades
of 1, 2, 3, and NA accounted for 1 (2.9%), 16 (45.7%), 13
(37.1%), and 5 (14.3%) patients in the HER2-null group, and
0(0%), 22 (50.0%), 20 (45.5%), and 2 (4.5%) patients in the
HER2-low group, respectively. The HER2-null group had
fewer patients with visceral metastases than the HER2-low
group [23 (65.7%) vs. 38 (86.4%), p=0.03]. The median
number of chemotherapy lines for metastatic disease was
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Fig.2 Progression-free survival (a) and overall survival (b) among patients treated with capecitabine in the HER2-null and HER2-low groups

three in both groups. Most patients [HER2-null group: 24
(97.1%); HER2-low group: 37 (84.1%)] had undergone prior
primary tumor resection, and 31 (88.6%) in the HER2-null
group and 33 (75.0%) in the HER2-low group received neo-
adjuvant or adjuvant chemotherapy.

Among patients who received capecitabine, 41 patients
were HER2-null and 33 were HER2-low. The median ages
were 59 (range 3676 years) and 56 (range 38—69 years) in
the HER2-null and HER2-low groups, respectively. Twenty-
three (56.1%) patients and 18 (54.6%) patients were PS 0 in
the HER2-null and HER2-low groups, respectively. Among
the 33 HER2-low patients, 28 (84.8%) were IHC 1+ and
5 (15.2%) were IHC2 + plus ISH-negative. Thirty-three
(80.5%) patients and 31 (93.9%) patients were hormone-
positive in the HER2-null and HER2-low groups, respec-
tively. In the HER2-null group, histological grades of 1, 2, 3,
and NA accounted for 2 (4.9%), 13 (31.7%), 16 (39.0%), and
10 (24.4%) patients, respectively; in the HER2-low group,
these grades accounted for 0 (0%), 23 (69.7%), 9 (27.1%),
and 1 (3.0%) patients, respectively, which were significantly
different (p=0.035) compared to the HER2-null group. In
the HER2-null and HER2-low groups, 28 (68.3%) and 27
(81.8%) of patients had visceral metastases, respectively.
The median number of chemotherapy lines for metastatic
disease was 2 in both groups. Most patients [HER2-null
group: 38 (92.7%); HER2-low group: 29 (87.9%)] had a
prior primary tumor resection; 34 (82.9%) in the HER2-
null group and 26 (78.8%) in the HER2-low group received
neoadjuvant or adjuvant chemotherapy.

Treatment outcomes

Among patients receiving eribulin, there was no signifi-
cant difference in OS [hazard ratio (HR), 0.66; 95% confi-
dence interval (CI) 0.40-1.10] and PFS (HR, 1.13; 95% CI
0.72-1.78) between patients in the HER2-null and HER2-
low groups [median PFS (mPFS): 4.9 vs. 4.0 months,
p=0.60, Fig. 1a; median OS (mOS): 13.6 vs. 17.4 months,
p=0.11, Fig. 1b). Univariate and multivariate analyses
did not reveal any significant differences in OS (univari-
ate, p=0.11; multivariate, p=0.59; Table 2). There was
no significant difference in OS among patients receiving
capecitabine, (HR, 0.76; 95% CI 0.45-1.30) or in PFS (HR,
0.90; 95% CI 0.56-1.44) between patients in the HER2-null
and HER2-low groups (mPFS: 8.3 vs. 9.4 months, p=0.65,
Fig. 2a; mOS: 28.6 vs. 38.0 months, p=0.32, Fig. 2b). Uni-
variate and multivariate analyses did not reveal any signifi-
cant differences in OS (univariate, p=0.32; multivariate,
p=0.08; Table 3). A subgroup analysis based on hormonal
status is shown in Fig. 3. There was no significant difference
in OS between patients in the HER2-null and HER2-low
groups in the hormone-positive population receiving eribu-
lin (mOS: 16.0 vs. 17.4 months; p=0.16) and the hormone-
negative population (mOS: 10.1 vs. 10.7 months; p=0.85)
(Fig. 3a, b). In patients receiving capecitabine, there was no
significant difference in OS between the two groups in both
hormone-positive (mOS: 29.2 vs. 38.0 months; p=0.32) and
negative (mOS: 27.2 vs. 33.2 months; p=0.95) populations
(Fig. 3c, d).

Table 4 shows the objective response rate (ORR) and
disease control rate (DCR) of patients in the HER2-null
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Table 3 Univariate and multivariate analyses of overall survival in
patients receiving capecitabine

Patient Univariate Multivariate

number

HR (95% CI) p-value HR (95% CI) p-value

HER?2 status

Null 41 1 - 1 -
Low 33 0.76 (0.45- 0.32 0.56 (0.30—  0.08
1.30) 1.06)
Age
<58 37 1 - - -
>58 37 0.87 (0.52-  0.59 - -
1.46)
ECOG PS
0 41 1 - 1 -
1 32 1.69 (0.96-  0.07 1.54 (0.83-  0.17
2.96) 2.85)
2 1 0.69 (0.09- 0.72 NA NA
5.11)
HR status
Negative 10 1 - 1 -
Positive 64 0.93 (0.44- 0.86 0.78 (0.27-  0.65
1.98) 2.26)
Histological grade
1 2 1 - 1 -
2 36 0.35(0.08-  0.16 0.44 (0.94- 0.30
1.53) 2.07)
3 25 0.83 (0.20-  0.81 0.90 (0.20-  0.89
3.60) 4.04)
Visceral metastasis
No 19 1 - 1 -
Yes 55 0.92 (0.52- 0.76 1.05 (0.48- 091
1.61) 2.27)
Treatment line
<3 57 1 - 1 -
>3 17 1.16 (0.63—  0.63 1.14 (0.51-  0.75
2.14) 2.56)

HER 2 Human epidermal growth factor receptor 2, ECOG PS Eastern
cooperative oncology group performance status, HR hormone recep-
tor

and HER2-low groups among all patients, the hormone-
positive population, and the hormone-negative popula-
tion. Among patients treated with eribulin, those with
HER2-null and HER2-low status exhibited ORRs of
22.5% and 9.1% (p=0.09) in all patients and 32.0% and
10.5% (p=0.03) in hormone-positive patients, respec-
tively. The hormone-negative patients did not exhibit any
response. Among patients treated with capecitabine, those
with HER2-null and HER2-low status exhibited ORRs of
26.8% and 15.2% (p =0.23) in all patients, while ORRs of
27.3% and 16.1% (p=0.28) were observed in hormone-
positive patients, respectively and 25.0% and 0% (p=1.0),
in hormone-negative patients, respectively. Although a
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significant difference was only observed in the hormone-
positive population of patients receiving eribulin, the ORR
was higher in the HER2-null group than in the HER2-low
group. There were no significant differences in the DCR
between the HER2-null and HER2-low groups.

Discussion

We evaluated the efficacy of two cytotoxic anticancer agents
against recurrent metastatic HER2-low breast cancer. Drug
sensitivity may vary based on HER2 expression, although
prognosis may not differ between the HER2-low and HER2-
null groups. Several studies have investigated the response
to treatment and the prognosis of HER2-low and HER2-null
breast cancers. Notably, the effectiveness of chemotherapy
indicated by a pathological complete response (pCR) appears
to be significantly lower in HER2-low breast cancer than in
HER2-null breast cancer. A comprehensive pooled analysis
of four prospective neoadjuvant clinical trials involving 2310
patients showed a significantly lower pCR rate in HER2-
low breast cancer than in HER2-null breast cancer (29.2%
vs. 39.0%, p=0.0002). This trend was more pronounced in
the hormone receptor-positive subgroup (17.5% vs. 23.6%,
p=0.024) than in the hormone receptor-negative subgroup
(50.1% vs. 48.0%, p=0.21) [16]. A systematic review and
meta-analysis of 42 studies confirmed the above findings
and reported a lower rate of pCR in HER2-low tumors (odds
ratio [OR], 0.74; 95% CI 0.62-0.88; p=0.001), particularly
in the hormone receptor-positive subgroup (OR, 0.77; 95%
CI 0.65-0.90; p=0.001) [6]. Moreover, a large-scale retro-
spective cohort analysis demonstrated the association with
a slightly lower rate of pCR in ERBB2-low status patients
(adjusted OR 0.89, 95% C1 0.86-0.92, p<0.001) [17]. These
results suggest that the efficacy of chemotherapy may dif-
fer based on HER?2 status, and prognosis appears to differ
between HER2-low and HER2-null breast cancers. A meta-
analysis presented a significant difference in terms of OS in
favor of patients with HER2-low breast cancer (HR, 0.94;
95% CI 0.89-0.98; p=0.008), regardless of hormone status
[6]. In contrast, no significant difference was found in terms
of PFS after first-line treatment between HER2-low and
HER2-null tumors [6]. In addition, a comprehensive pooled
analysis [16] revealed that patients with HER2-low-positive
tumors have significantly longer survival than those with
HER2-zero tumors in the early setting, with 3-year overall
rates of 91.6% and 85.8%, respectively (p=0.0016). This
difference was also observed in the hormone receptor-neg-
ative subgroups.

In this study, there were no significant differences in OS
or PFS between the HER2-low and HER2-null groups in
either the eribulin or capecitabine treatment groups. How-
ever, ORR tended to be poorer in the HER2-low group than
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capecitabine, and d hormone receptor-negative patients treated with
capecitabine

Table 4 Objective response and disease control rate in HER2-null and HER2-low patients

Total HR-positive HR negative
HER2-null HER2-low p-value HER2-null HER2-low p-value HER2-null HER2-low p-value
Eriburin, n (%)
ORR 8(22.9) 409.1) 0.09 8 (32.0) 4(10.5) 0.03 0 (0) 0(0) NA
DCR 23 (65.7) 25 (56.8) 0.42 19 (76.0) 22 (57.9) 0.14 4 (40.0) 3(50.0) 1.0
Capecitabine, n (%)
ORR 11 (26.8) 5(15.2) 0.23 9(27.3) 5(16.1) 0.28 2 (25.0) 0 (0) 1.0
DCR 31 (75.6) 29 (87.9) 0.18 27 (81.8) 27 (87.1) 0.73 4 (50.0) 2 (100) 0.47

HER 2 Human epidermal growth factor receptor 2, HR hormone receptor, ORR overall response rate, DCR disease control rate

in the null group, especially in the HR-positive subgroup
of eribulin-treated patients, which is consistent with a pre-
vious report [16]. This molecular mechanism may explain
the differences in chemotherapy between the HER2-low and
HER2-null groups. Previous investigations have identified

an overrepresentation of the luminal A molecular subtype,
a subtype known for lower rates of pCR while maintain-
ing a good prognosis, in HER2-low cancers [8, 18], which
explains the poor response to chemotherapy in the HER2-
low group. In addition, the HER2-null HR-positive group
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showed a notably high ORR among patients who received
eribulin. Subgroup analysis of a phase III study of eribu-
lin vs. capecitabine in patients with locally advanced or
metastatic breast cancer [11] showed that patients receiving
eribulin have better PFS in HER2-null patients than those
who received capecitabine; however, the chemotherapy
response according to the hormone status was unclear.

The proportion of HER2-low HR-positive breast cancers
in this study did not significantly differ from that reported in
other studies. One reason for the difference in OS between
our study and previous reports may be that the HER2 evalua-
tion samples were mixed for primary and metastatic diseases.
HERR2 status variability in metastasis and heterogeneity within
organs is known, with a report of potentially significant dis-
cordance in which the HER?2 status in 44% of breast cancers
shifted from HER2-negative to HER2-low; conversely, 22%
exhibit the opposite trend [19]. This previous study investigated
the effect of HER2 expression on metastasis after recurrence.
Biopsies were performed to reassess the subtype in cases where
biopsy of metastases was possible after recurrence. However,
in instances where biopsy after recurrence was not feasible,
biopsies of the primary tumor were utilized. The meta-anal-
ysis mentioned earlier included a combination of studies that
assessed HER?2 expression in the primary tumor and those that
examined metastases when biopsy was feasible, or in the pri-
mary tumor when biopsy of metastases was challenging [6],
which we believe is an important factor that may have an impact
on prognosis. However, there are insufficient data evaluating the
response to chemotherapy among patients with HER2-low and
HER2-null metastatic breast cancer. No significant differences
in prognosis were reported based on HER?2 status in a retro-
spective analysis that evaluated the prognosis of patients who
received initial and second-line chemotherapy for HR-positive
HER?2-low or negative patients [20].

This study has some limitations. First, it was a retrospec-
tive study conducted at a single institution with a small sample
size, which may affect the accuracy of the efficacy and prog-
nosis evaluations, especially in the analysis according to hor-
mone receptor status. Second, the patients were enrolled over
a considerable time span, and the treatments did not align with
modern standards, such as T-DXd for HER2-low patients and
sacituzumab govitecan for HR + HER2 negative disease, which
could affect prognosis evaluations. However, this study pro-
vides valuable insights, considering the paucity of data on the
efficacy of multiple cytotoxic anticancer agents against HER2-
low and HER2-null metastatic recurrent breast cancer.

Conclusion
The results of this study suggest that drug sensitivity to

eribulin and capecitabine may vary based on HER2 expres-
sion among patients with HER2-low and HER2-null breast

@ Springer

cancers; however, there was no difference in prognosis
between the two groups.

Acknowledgements We express our sincere gratitude to all patients
and investigators who participated in this study.

Author contributions Conception/Design: Rui Kitadai, Tatsunori Shi-
moi. Provision of study material or patients: All authors. Collection
and/or assembly of data: Rui Kitadai, Tatsunori Shimoi, Masayuki
Yoshida. Data analysis and interpretation: Rui Kitadai, Tatsunori Shi-
moi. Manuscript—writing: Rui Kitadai, Tatsunori Shimoi, Masayuki
Yoshida. Manuscript—review & editing: All authors. Final approval
of manuscript: All authors.

Data availability The data underlying this article are available from the
corresponding author upon reasonable request.

Declarations

Conflict of interest T. Nishikawa has a speakers’ bureau for Chugai
Pharma, Eisai, Genmab, MSD, Roche Diagnostics, Sanofi, and Takeda
and institutional research funding from AstraZeneca and Daiichi-San-
kyo. K. Sudo reports receiving grants from Daiichi-Sankyo, AstraZen-
eca, Amgen, PRA Health Sciences, NanoCarrier, Takeda, Merck, and
Gilead. He also reports receiving honoraria for speakers' bureaus and
manuscript writing from AstraZeneca, Eisai, Bayer Yakuhin, Pfizer,
Nihon Medi-Physics, and MSD. M. Yoshida reports receiving consult-
ing fees from Lilly Japan and Roche Japan. He also reports receiving
honoraria for speakers' bureaus and manuscript writing from Agilent
technologies, Chugai Pharma, Ono Yakuhin, MSD, and Daiichi-San-
kyo. K. Yonemori has a speakers’ bureau for Honorarim for lecture:
Pfizer, Eisai, AstraZeneca, Eli Lilly, Takeda, Chugai, Fuji Film Phar-
ma, PDR pharma, MSD, Boeringer Ingelheim, Ono, Daiichi-Sankyo,
Bayer, Jansen, Asteras, Bristol Myers Squibb, and Sanofi. He is an
Advisory board for Eisai, Astra Zeneca, Sanofi, Genmab, Gliad, On-
cXerna, Takeda, Novartis, MSD, and Henlius. He reports receiving
research grants from MSD, Daiichi-Sankyo, Merk Biopharma, Astra-
Zeneca, Taiho, Pfizer, Novartis, Takeda, Chugai, Ono, Sanofi, Seattle
genetics, Eisai, Eli Lilly, Genmab, Boeringer Ingelheim, Kyowa Hakko
Kirin, Nihon Kayaku, and Haihe. He also reports receiving honoraria
for lectures, presentations, and speakers' bureaus for Pfizer, Eisai, As-
traZeneca, Eli lilly, Takeda, Chugai, MSD, FujiFilm Pharma, Bayer,
Asteras, Boehringer Ingelheim, Daiichi-Sankyo, PDR pharma, and
Sanofi. He is also a principal investigator for MSD, Daiichi-Sankyo,
AstraZeneca, Taiho, Merk Biopharma Pfizer, Novartis, Takeda, Chu-
gai, Ono, Sanofi, Seattle genetics, Eisai, Eli Lilly, Genmab, Boeringer
Ingelheim, Kyowa Hakko Kirin, Nihon Kayaku, and Haihe.

Ethical approval This study was approved by the Institutional Review
Board of the National Cancer Center (Tokyo, Japan) [No. 2014-092].
This study was conducted in accordance with the principles of the
Declaration of Helsinki. The requirement for informed consent was
waived by the Institutional Review Board owing to the retrospective
nature of the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will



Breast Cancer (2024) 31:1037-1045

1045

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

Hayes DF. HER2 and breast cancer — a phenomenal success
story. N Engl J Med. 2019;381:1284-6. https://doi.org/10.1056/
NEJMcibr1909386.

Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith
DE, et al. Studies of the HER-2/neu proto-oncogene in human
breast and ovarian cancer. Science. 1989;244:707-12. https://
doi.org/10.1126/science.2470152.

Loibl S, Gianni L. HER2-positive breast cancer. Lancet.
2017;389:2415-29. https://doi.org/10.1016/S0140-6736(16)
32417-5.

Cardoso F, Paluch-Shimon S, Senkus E, Curigliano G, Aapro MS,
André F, et al. 5th ESO-ESMO international consensus guidelines
for advanced breast cancer (ABC 5). Ann Oncol. 2020;31:1623—
49. https://doi.org/10.1016/j.annonc.2020.09.010.

Eiger D, Agostinetto E, Saude-Conde R, de Azambuja E. The
exciting new field of HER2-low breast cancer treatment. Cancers
(Basel). 2021;13:1015. https://doi.org/10.3390/cancers13051015.
Molinelli C, Jacobs F, Agostinetto E, Nader-Marta G, Ceppi M,
Bruzzone M, et al. Prognostic value of HER2-low status in breast
cancer: a systematic review and meta-analysis. ESMO Open.
2023;8: 101592. https://doi.org/10.1016/j.esmoop.2023.101592.
Sanomachi T, Okuma HS, Kitadai R, Kawachi A, Yazaki S,
Tokura M, et al. Low HER2 expression is a predictor of poor
prognosis in stage I triple-negative breast cancer. Front Oncol.
2023;13:1157789. https://doi.org/10.3389/fonc.2023.1157789.
Schettini F, Chic N, Bras6-Maristany F, Paré L, Pascual T, Conte
B, et al. Clinical, pathological, and PAMS50 gene expression fea-
tures of HER2-low breast cancer. NPJ Breast Cancer. 2021;7:1.
https://doi.org/10.1038/s41523-020-00208-2.

Tarantino P, Hamilton E, Tolaney SM, Cortes J, Morganti S, Fer-
raro E, et al. HER2-low breast cancer: pathological and clinical
landscape. J Clin Oncol. 2020;38:1951-62. https://doi.org/10.
1200/JC0O.19.02488.

Modi S, Jacot W, Yamashita T, Sohn J, Vidal M, Tokunaga E,
et al. Trastuzumab deruxtecan in previously treated HER2-low
advanced breast cancer. N Engl J Med. 2022;387:9-20. https://
doi.org/10.1056/NEJM0a2203690.

Kaufman PA, Awada A, Twelves C, Yelle L, Perez EA, Velik-
ova G, et al. Phase III open-label randomized study of eribulin
mesylate versus capecitabine in patients with locally advanced or
metastatic breast cancer previously treated with an anthracycline
and a taxane. J Clin Oncol. 2015;33:594-601. https://doi.org/10.
1200/JC0O.2013.52.4892.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Cortes J, O’Shaughnessy J, Loesch D, Blum JL, Vahdat LT,
Petrakova K, et al. Eribulin monotherapy versus treatment
of physician’s choice in patients with metastatic breast cancer
(EMBRACE): a phase 3 open-label randomised study. Lancet.
2011;377:914-23. https://doi.org/10.1016/S0140-6736(11)
60070-6.

Harris L, Fritsche H, Mennel R, Norton L, Ravdin P, Taube S,
et al. American Society of Clinical Oncology 2007 update of
recommendations for the use of tumor markers in breast cancer.
J Clin Oncol. 2007;25:5287-312. https://doi.org/10.1200/JCO.
2007.14.2364.

Lambein K, Van Bockstal M, Denys H, Libbrecht L. 2013 update
of the American Society of Clinical Oncology/College of Ameri-
can Pathologists guideline for human epidermal growth factor
receptor 2 testing: impact on immunohistochemistry-negative
breast cancers. J Clin Oncol. 2014;32:1856-7. https://doi.org/10.
1200/JC0.2013.54.2530.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sar-
gent D, Ford R, et al. New response evaluation criteria in solid
tumours: revised RECIST guideline (version 1.1). Eur J Cancer.
2009;45:228-47. https://doi.org/10.1016/j.ejca.2008.10.026.
Denkert C, Seither F, Schneeweiss A, Link T, Blohmer JU, Just
M, et al. Clinical and molecular characteristics of HER2-low-
positive breast cancer: pooled analysis of individual patient data
from four prospective, neoadjuvant clinical trials. Lancet Oncol.
2021;22:1151-61. https://doi.org/10.1016/S1470-2045(21)
00301-6.

Peiffer DS, Zhao F, Chen N, Hahn OM, Nanda R, Olopade OI,
et al. Clinicopathologic characteristics and prognosis of ERBB2-
low breast cancer among patients in the National Cancer Data-
base. JAMA Oncol. 2023;9:500-10. https://doi.org/10.1001/jamao
ncol.2022.7476.

Daly B, Olopade OI. A perfect storm: how tumor biology, genom-
ics, and health care delivery patterns collide to create a racial
survival disparity in breast cancer and proposed interventions for
change. CA Cancer J Clin. 2015;65:221-38. https://doi.org/10.
3322/caac.21271.

Tarantino P, Gandini S, Nicolo E, Trillo P, Giugliano F, Zagami
P, et al. Evolution of low HER2 expression between early and
advanced-stage breast cancer. Eur J Cancer. 2022;163:35-43.
https://doi.org/10.1016/j.ejca.2021.12.022.

You S, Gong C,Li Y, Xie Y, Li Y, Zhao Y, et al. Clinicopathologi-
cal characteristics, evolution, treatment pattern and outcomes of
hormone-receptor-positive/HER2-low metastatic breast cancer.
Front Endocrinol (Lausanne). 2023;14:1270453. https://doi.org/
10.3389/fendo.2023.1270453.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMcibr1909386
https://doi.org/10.1056/NEJMcibr1909386
https://doi.org/10.1126/science.2470152
https://doi.org/10.1126/science.2470152
https://doi.org/10.1016/S0140-6736(16)32417-5
https://doi.org/10.1016/S0140-6736(16)32417-5
https://doi.org/10.1016/j.annonc.2020.09.010
https://doi.org/10.3390/cancers13051015
https://doi.org/10.1016/j.esmoop.2023.101592
https://doi.org/10.3389/fonc.2023.1157789
https://doi.org/10.1038/s41523-020-00208-2
https://doi.org/10.1200/JCO.19.02488
https://doi.org/10.1200/JCO.19.02488
https://doi.org/10.1056/NEJMoa2203690
https://doi.org/10.1056/NEJMoa2203690
https://doi.org/10.1200/JCO.2013.52.4892
https://doi.org/10.1200/JCO.2013.52.4892
https://doi.org/10.1016/S0140-6736(11)60070-6
https://doi.org/10.1016/S0140-6736(11)60070-6
https://doi.org/10.1200/JCO.2007.14.2364
https://doi.org/10.1200/JCO.2007.14.2364
https://doi.org/10.1200/JCO.2013.54.2530
https://doi.org/10.1200/JCO.2013.54.2530
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/S1470-2045(21)00301-6
https://doi.org/10.1016/S1470-2045(21)00301-6
https://doi.org/10.1001/jamaoncol.2022.7476
https://doi.org/10.1001/jamaoncol.2022.7476
https://doi.org/10.3322/caac.21271
https://doi.org/10.3322/caac.21271
https://doi.org/10.1016/j.ejca.2021.12.022
https://doi.org/10.3389/fendo.2023.1270453
https://doi.org/10.3389/fendo.2023.1270453

	Clinicopathological and prognostic features of HER2-null and HER2-low advanced breast cancer treated with eribulin or capecitabine
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Data collection
	Statistical analysis

	Results
	Patient and clinical characteristics
	Treatment outcomes

	Discussion
	Conclusion
	Acknowledgements 
	References




