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Abstract

Background Different hormone receptor (HR) expression patterns have significant biological and therapeutic
implications in patients with human epidermal growth factor receptor 2 (HER2)-positive breast cancer. However, the
distinction between HR-positive /HER2-positive (HR+/HER2+) and HR-negative/HER2-positive (HR-/HER2+) subtypes
remains unclear.

Methods This retrospective study analyzed 828 patients with HER2-positive breast cancer at the First Affiliated
Hospital of Xi'an Jiaotong University from 2012 to 2022. Baseline characteristics were compared by chi-square test.
Survival outcomes were estimated by Kaplan-Meier method.

Results In total, 56.3% (n=466) had HR-positive and 43.7% (n=362) had HR-negative disease. Comparatively, HR+/
HER2 + breast cancers presented favorable clinicopathological features. At a median follow-up of 49 months, 199
disease-free survival (DFS) events and 99 deaths were observed. HR+/HER2 + patients had significantly better survival
outcomes than HR-/HER2 + patients. HR-positive status was an independent protective factor for overall survival (OS)
[P=0.032; hazard ratio, 0.61; 95% confidence interval (Cl), 0.39-0.96] and DFS (P=0.001; hazard ratio, 0.61; 95% Cl,
0.46-0.81). HR+/HER2 + patients were significantly less sensitive to neoadjuvant therapy than HR-/HER2 + patients. In
the first-line treatment for HR+/HER2 + advanced breast cancer, receiving endocrine therapy significantly improved
advanced-OS (P<0.001; hazard ratio, 0.33; 95% Cl, 0.18-0.59) and progression-free survival (PFS) (P<0.001; hazard
ratio, 0.38; 95% Cl, 0.25-0.58) compared with not receiving endocrine therapy. Moreover, maintenance endocrine
therapy after HER2-targeted therapy and chemotherapy is associated with significant advanced-OS and PFS benefits
compared with no maintenance endocrine therapy (advanced-OS: P<0.001; hazard ratio, 0.05; 95% Cl, 0.03-0.12; PFS:
P<0.001; hazard ratio, 0.35; 95% Cl, 0.21-0.57).
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Conclusions This study reveals the high heterogeneity of HER2-positive breast cancer related to HR status in
clinicopathological features, metastasis patterns, and outcomes. Large randomized controlled trials are warranted to
optimize treatment strategies for the HER2-positive breast cancer population.

Keywords HER2-positive breast cancer, Hormone receptor, HER2-targeted therapy, Endocrine therapy, Survival.

Background

Breast cancer is the most common malignant tumor and
the leading cause of death in women, with an estimated
297,790 new cases and 43,170 deaths in 2023 [1]. Breast
cancer has been well recognized as a heterogeneous dis-
ease with multiple histologic and molecular subtypes.
Based on the expression of estrogen receptor (ER), pro-
gesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2), breast cancer can be classified
into four different molecular subtypes to guide precise
treatment and prognosis estimation [2]. HER2 overex-
pression occurs in approximately 20-25% of breast can-
cers, which are prone to early recurrence and distant
metastasis, resulting in a poor prognosis [3]. About half
of HER2-positive breast cancers also express hormone
receptors (HRs), including ER and/or PR [4]. A grow-
ing body of evidence suggests that biological behavior,
clinical features, therapeutic response, and prognosis
of HER2-positive breast cancer vary by HR status [5].
According to molecular intrinsic subtypes, HR-negative/
HER2-positive (HR-/HER2+) breast cancers are more
likely to be categorized as HER2-enriched (HER2-E), 75%
compared with 30% in HR+/HER2+tumors [6]. About
70% of HR+/HER2+tumors are luminal A or B, which is
biologically similar to HR+/HER2- tumors that are asso-
ciated with low response to anti-HER2 treatment but
relatively good prognosis [7]. In neoadjuvant settings,
HR+/HER2+tumors showed a lower pathologic com-
plete response rate (pCR) than HR-/HER2+tumors [8].
In terms of relapse patterns, HR+/HER2+breast cancer
had a lower risk of recurrence than HR-/HER2+breast
cancer in the first 5 years, whereas the risk of recurrence
of HR+/HER2+breast cancer is increased and similar to
that of HR-/HER2+in years 6 to 10 [9]. Previous studies
have demonstrated that complex crosstalk between HR
and HER2 signaling pathways can induce resistance to
endocrine therapy or HER2-targeted therapy [10]. Dual
inhibition of HR and HER2 pathways may provide long-
term disease control, particularly in patients who can-
not tolerate the toxicity of chemotherapy and require
maintenance of disease stability [11]. However, limited
data from randomized, double-blind, controlled trials for
HR+/HER2+breast cancer has resulted in a lack of stan-
dardized treatment regimens for these patients. To date,
the impact of HR status on survival outcomes and treat-
ment options for patients with HER2-positive breast can-
cer has not yet been clarified.

In this retrospective cohort study, based on the large-
scale Asian population, we investigated the clinico-
pathological features, metastatic patterns, and clinical
outcomes of patients with HER2-positive breast cancer
associated with HR status. These real-world data are
aimed to provide support and references for a better
understanding of tumor behavior and further develop
personalized treatment strategies for patients with
HER2-positive breast cancer.

Methods

Patient selection

Patients with breast cancer admitted to the First Affili-
ated Hospital of Xi'an Jiaotong University from January
2012 to June 2022 were retrospectively enrolled. Clinico-
pathological, treatment, and follow-up information were
retrieved from Xian Jiaotong University Breast Cancer
Database. Patients who met the inclusion and exclusion
criteria were finally included in this study for further
analysis (Fig. 1). The inclusion criteria were as follows: (1)
Female gender; (2) Pathologically confirmed HER2-posi-
tive invasive breast cancer; (3) ER and PR status known;
(4) complete clinical and follow-up data. The exclusion
criteria were as follows: (1) Male gender; (2) HER2-neg-
ative or HER2 status unknown; (3) ER and/or PR sta-
tus unknown; (4) Combined second primary tumor; (5)
Bilateral breast cancer; (6) Incomplete clinical informa-
tion; (7) Missing or unknown cause of death. This study
was reviewed and approved by the independent Ethical
Committees of The First Affiliated Hospital Xi'an Jiao-
tong University.

Histopathological assessments and related definitions

Histopathologic assessment was conducted by the
Department of Pathology, the First Affiliated Hospital
of Xi'an Jiaotong University. The methods and criteria
for immunohistochemistry (IHC) assessment of ER, PR,
HER2, and Ki-67 were made from paraffin-embedded
tumor samples from open excision biopsy and core nee-
dle biopsy. All IHC and fluorescence in situ hybridization
(FISH) results were reviewed by two senior patholo-
gists. ER-positivity and PR-positivity were defined as
at >1% positive tumor cells with nuclear staining [12].
HER?2 status was firstly determined by IHC and scored
as 0 to 3+according to ASCO/CAP (American Society
of Clinical Oncology/College of American Pathologists)
guidelines [13]. Tumors with IHC HER2 2+were further
examined by FISH, and the tumor was considered to have
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Patient diagnosed as breast cancer in The
First Affiliated Hospital of Xi’an Jiaotong
University from Jan 2012 to Jun 2022
(n=3012)
HER2-negative (n=1587)
HER?2 status unknown (n=499)
Patient with HER2-positive breast cancer
(n=926)
ER and/or PR status unknown (n=31)
Male breast cancer (n=7)
Combined second primary tumor (n=8)
Bilateral breast cancer (n=13)
Incomplete clinical data (n=9)
Missing or unknown cause of death (n=30)
Eligible patient
(n=828)

!

l

HR+/HER2+ (n=466)

HR-/HER2+ (n=362)

Fig. 1 Flowchart of the 828 patients included in the study. Abbreviations: HR, hormone receptor; HER2, human epidermal growth factor receptor 2

HER?2 amplification if the ratio of HER2 gene signals to
chromosome 17 signals was >2.2. HER2 positivity was
defined as IHC HER2 3+or FISH-proven HER2 ampli-
fied [14]. Ki-67 expression was scored as the percentage
of positive invasive tumor cells with any nuclear staining
and recorded as the mean percentage of positive cells.
HR-positive disease was defined as ER-positive and/or
PR-positive tumors in early breast cancer (EBC) or meta-
static breast cancer (MBC). De novo MBC was defined as
an initial breast cancer diagnosis with distant metastases
observed concurrently or confirmed within 30 days.

The Miller-Payne (MP) grading system was used to
evaluate pathological responses to neoadjuvant therapy
[15].

Grade 1: No change or some alteration to individual
malignant cells but no reduction in overall cellularity.

Grade 2: A minor loss of tumor cells but overall cellu-
larity is still high; up to 30% loss;

Grade 3: Between an estimated 30% and 90% reduction
in tumor cells;

Grade 4: A marked disappearance of tumor cells such
that only small clusters or widely dispersed individual
cells remain; more than 90% loss of tumor cells;

Grade 5: No malignant cells identifiable in sections
from the site of the tumor, only vascular fibroelastic
stroma remains often containing macrophages. However,
ductal carcinoma in situ may be present.

pCR was defined as no histological evidence of malig-
nancies or only in situ residuals in breast tissue after
surgery and complete disappearance of lymph node
metastasis.

Criteria for menopause: (a) bilateral ovariectomy; (b)
age <60 years, follicle-stimulating hormone and estradiol
in the postmenopausal range and have natural amenor-
rhea for one year or more; (c) age=60 years.

Follow-up

All patients were followed up by outpatient visit or called
every 3 months for the first 2 years after surgery, every
6 months between the 3rd and 5th years, then annually
until death. Disease-free survival (DFS) was computed
from the date of surgery to the date of the following
events: locoregional recurrence, contralateral breast can-
cer, secondary non-breast malignancy, distant recurrence
at any site, and death for any cause. Progression-free
survival (PFS) was defined as the time from the receipt
of a particular treatment regimen to the occurrence of
breast cancer progression or death for any cause. Overall
survival (OS) was defined as the period from the date of
surgery to the date of death for any cause. Advanced-OS
was defined as the period from diagnosis of breast can-
cer recurrence or metastasis to death for any cause. The
diagnosis of recurrence or metastasis was usually based
on the patient’s radiological images and/or available
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pathological biopsies. The data cutoff date was December
31, 2022.

Statistical analysis

Descriptive characteristics of categorical variables were
tested using the chi-square test or Fisher’s exact test.
Kaplan-Meier survival curves were used to assess the OS,
DEFS, and PFS. Log-rank tests were used to evaluate dif-
ferences in survival. Multivariate survival analyses were
performed using the Cox proportional hazards model,
and the results were reported as hazard ratios with 95%
confidence intervals (Cls). All statistical procedures were
performed using SPSS software, version 24.0. P<0.05 was
considered statistically significant.

Results

Clinicopathological characteristics and early treatment
patterns

From January 2012 to June 2022, a total of 3012 breast
cancer patients were admitted to the First Affili-
ated Hospital of Xi'an Jiaotong University. Among
828 patients who met eligibility criteria, 466 (56.3%)
were HR+/HER2+patients and 362 (43.7%) were HR-/
HER2+patients. Main baseline characteristics were
reported in Table 1. The median follow-up duration for all
enrolled patients was 49 months (range 3—196 months).
The median follow-up duration was longer in the HR+/
HER2+group than in the HR-/HER2+group (53 months
vs. 41 months, P<0.001). The median age was 49 years for
HR+/HER2+group and 50 years for HR-/HER2+group
(P=0.472). Compared to HR-/HER2+group, HR+/
HER2 +breast cancer had a lower histological grade (I-1I:
41.1% vs. 30.4%, P=0.025). In terms of HER2 status,
HR+/HER2+group showed lower HER2 immunohisto-
chemical staining and the proportion of IHC 3+ positiv-
ity in HR+/HER2+tumors was significantly lower than
that in HR-/HER2+tumors (75.1% vs. 83.7%, P=0.003).
Moreover, Ki67 values in HR+/HER2+breast cancers
were significantly lower than that in HR-/HER2 +tumors
(Ki67<30%: 45.9% vs. 37.6%, P=0.034). Concerning early
treatment options, HR+/HER2+ patients were more pre-
ferred to receive breast-conserving surgery (BCS) and
other procedures (38.6% vs. 29.6%, P=0.025), as well as
adjuvant endocrine therapy (80.5% vs. 6.4%, P<0.001),
and less inclined to receive neoadjuvant therapy (36.5%
vs. 43.9%, P=0.030) compared with HR-/HER2 + patients
(Table 2). However, there was no significant difference
between HR+/HER2+and HR-/HER2+groups in the
age at diagnosis, Eastern Cooperative Oncology Group
(ECOQG) performance status, menopausal status at diag-
nosis, affected breast, family history of tumor, histologi-
cal type, T-staging, N-staging, TNM staging at diagnosis,
neoadjuvant HER2 targeted therapy, adjuvant therapy,
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adjuvant radiotherapy, adjuvant chemotherapy, and adju-
vant HER2-targeted therapy.

Relapse and metastatic patterns

By the end of the follow-up, among the 828 eligible
patients, 263 patients had local recurrence or distant
metastasis, including 132 patients in HR+/HER2+group
and 131 patients in HR-/HER2+group (Table 3). Com-
pared with HR-/HER2+ patients, HR+/HER2+ patients
tend to have bone metastasis (61.4% vs. 38.9%, P<0.001)
and have bone as the first metastatic site (46.2% vs.
25.2%, P<0.001). HR-/HER2 + patients tend to have lung
metastasis (51.1% vs. 35.6%, P=0.011) and have the lung
as the first metastatic site (37.4% vs. 25.8%, P=0.042) and
have other sites (including soft tissues, pleura, perito-
neum, etc.) as the first metastatic site (39.7% vs. 28.0%,
P=0.046) than HR+/HER2 + patients. However, there was
no significant difference between HR+/HER2+and HR-/
HER2+groups in MBC diagnosis type, visceral involve-
ment, the number of visceral involvements, liver metas-
tasis, brain/central nervous system (CNS) metastasis,
distant lymph node metastasis, other site metastasis,
whether the first metastatic site involved viscera, brain/
CNS, liver, and distant lymph node.

Neoadjuvant treatment and efficacy

Among the 828 HER2-positive patients included, a total
of 329 patients had received preoperative neoadjuvant
therapy, of which 170 cases (51.7%) were in the HR+/
HER2+group and 159 cases (48.3%) were in the HR-/
HER2+group. Based on ER and PR status, 329 HER2-
positive patients who had received neoadjuvant therapy
were further classified into four subgroups, ER+/PR+,
ER+/PR-, ER-/PR+, and ER-/PR-, of which there were
110 cases (33.4%) in the ER+/PR+subgroup, 45 cases
(13.7%) in the ER+/PR- subgroup, 15 cases (4.6%) in the
ER-/PR+subgroup, and 159 cases (48.3%) in the ER-/
PR- subgroup. HR+/HER2+group had a significantly
lower pCR rate (the percentage of Grade 5) than that of
HR-/HER2+group (34.7% vs. 45.9%, P<0.001) (Fig. 2b).
Likewise, the pCR rate was considerably lower in ER+/
PR+subgroup than in ER+/PR-, ER-/PR+, and ER-/PR-
subgroups (32.7% vs. 37.8% vs. 40.0% vs. 45.9%, all P
value <0.05) (Fig. 2a).

Depending on the neoadjuvant therapy regimes,
329 patients with HER2-positive breast cancer who
had received neoadjuvant therapy were divided into
three groups, chemotherapy (CT) only group, trastu-
zumab+CT group, and trastuzumab+ pertuzumab+CT
group. As shown in Fig. 3b and Table S1, chemotherapy
combined with HER2-targeted therapy in neoadjuvant
therapy significantly improved the pCR rate of HER2-
positive patients compared with CT alone, regardless of
HR status (all P values<0.001). The dual HER2-targeted
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Table 1 Baseline clinicopathological characteristics in HER2-positive patients

Characteristics All patients HR+/HER2+ HR-/HER2+ Pvalue
(n=828) (%) (n=466) (%) (n=362) (%)
Follow-up time (month)
Median (range) 49 (3-196) 53(3-174) 41 (6-196) <0.001
Age at diagnosis (years)
Median (range) 50 (20-92) 49 (20-84) 50 (22-92) 0472
Age group at diagnosis, years 0.134
<50 410 (49.5) 241 (51.7) 169 (46.7)
>50 418 (50.5) 225 (48.3) 193 (533)
ECOG PS 0.726
0-1 719 (86.8) 406 (87.1) 313 (86.5)
2+ 47 (5.7) 25(54) 22(6.1)
Unknown 62 (7.5) 35(7.5) 27(75)
Menopausal status at diagnosis 0413
Premenopausal 498 (60.1) 286 (61.4) 212 (58.6)
Postmenopausal 330(39.9) 180 (38.6) 150 (41.4)
Affected breast 0.544
Left 443 (53.5) 245 (52.6) 198 (54.7)
Right 385 (46.5) 221 (474) 164 (45.3)
Family history of tumor 0.523
Yes 110(13.3) 65(13.9) 45(124)
No 718 (86.7) 401 (86.1) 317 (87.6)
Histological type 0.332
IDC 742 (89.6) 413 (88.6) 329(90.9)
Non-IDC 86 (10.4) 53(114) 33(9.1)
Histological grade 0.025
I/11 297 (35.8) 187 (40.1) 110 (304)
Il 370 (44.7) 199 (42.7) 171 (47.2)
Unknown 161 (194) 80(17.2) 81(224)
HER2 status 0.003
IHC 3+ 653 (78.9) 350 (75.1) 303 (83.7)
IHC 2+and FISH+? 17521.1) 116 (24.9) 59(16.3)
ER <0.001
<10% 438 (52.9) 76 (16.3) 362 (100.0)
10-49% 105 (12.7) 105 (22.5) 0(0.0)
>50% 285 (34.4) 285(61.2) 0(0.0)
PR <0.001
<20% 634 (76.6) 272 (584) 362 (100.0)
>20% 194 (23.4) 194 (41.6) 0(0.0)
Ki-67 0.034
<30% 350(42.3) 214 (45.9) 136 (37.6)
>30% 472 (57.0) 250 (53.6) 222 (61.3)
Unknown 6 (0.7) 2(0.4) 4(1.1)
T-staging 0.134
T1 224 (27.1) 138 (29.6) 86 (23.8)
T2 492 (594) 277 (59.4) 215 (59.4)
T3 60 (7.2) 28 (6.0) 32(88)
T4 42(5.1) 19 (4.1) 23 (6.4)
Tx 10(1.2) 4(09) 6(1.7)
N-staging 0.084
NO 308 (37.2) 180(38.6) 128 (354)
N1 301 (364) 177 (38.0) 124 (34.3)
N2 107 (12.9) 59(12.7) 48(13.3)
N3 110 (13.3) 50(10.7) 60 (16.6)
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Table 1 (continued)
Characteristics All patients HR+/HER2+ HR-/HER2+ Pvalue
(n=828) (%) (n=466) (%) (n=362) (%)
Nx 2(0.2) 0(0.0) 2(0.6)
TNM staging at diagnosis 0.677
-1l 763 (92.1) 431 (92.5) 332(91.7)
% 65 (7.9) 35(7.5) 30(8.3)

Abbreviations: HR, hormone receptor; HER2, human epidermal growth factor receptor 2; IDC, invasive ductal carcinoma; ECOG PS, Eastern Cooperative Oncology

Group performance status; ER, estrogen receptor; PR, progesterone receptor

2 Patients with IHC 2 + positivity was fluorescence in situ hybridization (FISH)-proven HER2 amplified

Table 2 Early treatment patterns in HER2-positive patients

Characteristics All patients HR+/HER2+ HR-/HER2+ Pvalue
(n=828) (%) (n=466) (%) (n=362) (%)

Surgery 0.025
Radical mastectomy 490 (59.2) 258 (55.4) 232 (64.1)
BCS and other 287 (34.7) 180 (38.6) 107 (29.6)
No surgery 51(6.2) 28 (6.0) 23 (64)

Neoadjuvant therapy 0.030
Yes 329(39.7) 170 (36.5) 159 (43.9)
No 499 (60.3) 296 (63.5) 203 (56.1)

Neoadjuvant HER2 targeted therapy 0.087
Yes 289 (34.9) 151 (324) 138 (38.1)
No 539 (65.1) 315 (67.6) 224.(61.9)

Adjuvant therapy 0.386
Yes 745 (90.0) 423 (90.8) 322(89.0)
No 83 (10.0) 43(9.2) 40(11.0

Adjuvant radiotherapy 0.545
Yes 401 (484) 230 (494) 171 (47.2)
No 427 (51.6) 236 (50.6) 191 (52.8)

Adjuvant chemotherapy 0.822
Yes 534 (64.5) 299 (64.2) 235 (64.9)
No 294 (35.5) 167 (35.8) 127 (35.1)

Adjuvant HER2 targeted therapy 0.992
Yes 623 (75.2) 350 (75.1) 273 (75.4)
No 205 (24.8) 116 (24.9) 89 (24.6)

Adjuvant endocrine therapy <0.001
Yes 398 (48.1) 375(80.5) 23 (64)
No 430(51.9) 91 (19.5) 339 (93.6)

Abbreviations: HR, hormone receptor; HER2, human epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor; BCS: breast-conserving

surgery

therapy group with the addition of pertuzumab fur-
ther improved the pCR rate compared with the trastu-
zumab+CT group (P<0.001). However, the pCR rate
was significantly lower in HR+/HER2+patients com-
pared to HR-/HER2+ patients treated with either trastu-
zumab+CT or trastuzumab+pertuzumab+CT (both P
values <0.05). Similarly, as illustrated in Fig. 3a and Table
S2, the combination of HER2-targeted therapy with neo-
adjuvant therapy significantly improved the pCR rate in
all subgroups of HER2-positive patients, regardless of ER
and PR status. The dual anti-HER2 therapy with trastu-
zumab plus pertuzumab further significantly improved
the pCR rate in all subgroups compared with trastu-
zumab alone (all P values<0.05). In the trastuzumab+CT

group, the pCR rate of the ER+/PR+subgroup was signif-
icantly lower than that in the ER+/PR- and ER-/PR- sub-
groups (14.3% vs. 28.6% vs. 30.2%, all P values<0.05). In
the trastuzumab+pertuzumab+CT group, the pCR rate
in the ER+/PR+subgroup was also significantly lower
than that in the ER-/PR+and ER-/PR- subgroups (53.7%
vs. 66.7% vs. 62.1%, both P values<0.05), whereas there
was no significant difference in the pCR rate between
the ER+/PR+and ER+/PR- subgroups (53.7% vs. 55.0%,
P=0.921). Table S3 describes the detailed neoadjuvant
therapy regimens by HR status.
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Table 3 Metastatic patterns in HER2-positive MBC patients

Characteristics All patients HR+/HER2+ HR-/HER2+ Pvalue

(n=263) (%) (n=132) (%) (n=131) (%)

MBC diagnosis type 0497
Recurrent 198 (75.3) 97 (73.5) 101 (77.1)
De novo® 65 (24.7) 35 (26.5) 30 (22.9)

Metastatic sites
Visceral involvement P 188 (71.5) 90 (68.2) 98 (74.8) 0.234
Lung 114 (43.3) 47 (35.6) 67 (51.1) 0011
Liver 93 (35.4) 52 (39.4) 41(31.3) 0.170
Brain/CNS 74(28.1) 35(26.5) 39(29.8) 0.557
Bone 132(50.2) 81(61.4) 51(389) <0.001
Distant lymph node 130 (49.4) 64 (48.5) 66 (50.4) 0.758
Other sites © 116 (44.1) 52 (39.4) 64 (48.9) 0.122

Number of visceral metastases 0.332
0 75 (28.5) 42 (31.8) 33(25.2)
1 104 (39.5) 52(394) 52(39.7)
2 65 (24.7) 27 (20.5) 38(29.0)
3 19(7.2) 1(83) 8(6.1)

First metastatic site
Visceral involvement 140 (52.8) 67 (50.8) 73 (55.7) 0419
Lung 83(31.6) 34 (25.8) 49 (37.4) 0.042
Liver 55 (20.9) 34 (25.8) 21 (16.0) 0.052
Brain/CNS 21 (8.0) 10 (7.6) 11(84) 0.806
Bone 94 (35.7) 61 (46.2) 33(25.2) <0.001
Distant lymph node 86 (32.7) 44 (33.3) 42 (32.1) 0.826
Other sites 89 (33.8) 37(28.0) 52(39.7) 0.046

Abbreviations: HR, hormone receptor; HER2, human epidermal growth factor receptor 2; MBC, metastatic breast cancer; CNS, central nervous system

2De novo (as opposed to recurrent) MBC indicates <30 days between EBC and MBC diagnoses

b Visceral involvement includes metastasis of lung, liver central nervous system, and other visceral sites

€ Metastasis of other sites refers to the metastasis of soft tissue, pleura, peritoneum, etc

@ 1% (b) 1000
920% 920%
80% e 459%
o 70% o 0%
g 6% 13.6% % & 6%
g s0% 5 s0% 7.5%
g 40% 289% g 4% 229% 164%
30% 30%
20% 20%
10% ' 10%
0% 0%
ER+PR+ ER+PR- ER PR+ ER-PR- HR+ HR-
HER2-positive patients based on ER/PR HER2-positive patients based on HR
BG1 #G2 #G3 1G4 mGS HG1 mG2 #G3 "G4 WG5S
Neoadjuvant ER+/PR+ ER+/PR- ER-/PR+ ER-/PR- Neoadjuvant HR+ HR-
therapy efficacy | (n=110) (%) | (n=45) (%) | (n=15) (%) |(n=159) (%) therapy efficacy | (n=170) (%) | (n=159) (%)
pCR (%) 36 (32.7) 17 (37.8) 6 (40.0) 73 (45.9) pCR (%) 59 (34.7) 73 (45.9)

Fig.2 Efficacy of neoadjuvant therapy by HR status (a) and ER/PR status (b) in HER2-positive patients. Abbreviations: HR, hormone receptor; HER2, human
epidermal growth factor receptor 2; ER, estrogen receptor; PR, progesterone receptor, pCR: pathological complete remission

Clinical outcomes and prognostic factors

Up to the latest follow-up date, 9.9% (46/466) of patients
in the HR-positive cohort and 14.6% (53/362) of patients
in the HR-negative cohort had died. The median OS of all
enrolled patients was 135 months (Fig. 4a). The median
OS of patients in HR-positive cohort was not reached,
compared with 116 months of patients in HR-negative

cohort. Kaplan-Meier estimated curves showed that OS
was significantly better in HR+/HER2+ patients than in
HR-/HER2+ patients (P=0.047; hazard ratio, 0.67; 95%
CI, 0.45-1.00) (Fig. 4b). In addition, ER+/PR+subgroup
had significantly better OS than ER-/PR- subgroup
(P=0.025; hazard ratio, 0.59; 95% CI, 0.38—0.92), whereas
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no significant difference in OS was observed among
other subgroups based on ER and PR (Fig. 4c and d).

By data cutoff, a total of 199 DEFS events occurred in 762
patients (excluding 65 patients with de novo MBC and 1
patient who did not undergo surgery), including 23.0%
(99/431) of patients in the HR-positive cohort and 30.2%
(100/331) of patients in the HR-negative cohort had pro-
gressed or died. The median DFS of 762 patients was 76
months (Fig. 5a). Kaplan-Meier estimated curves showed
that DES was significantly better in HR+/HER2 + patients

than in HR-/HER2+patients (P=0.010; hazard ratio,
0.70; 95% CI, 0.53-0.93) (Fig. 5b). In the first 6 years after
diagnosis of breast cancer, HR+/HER2+patients had a
lower risk of recurrence than HR-/HER2+ patients, but
after 6 years, the recurrence risk of HR-/HER2+ patients
decreased rapidly and was lower than that of HR+/
HER2+ patients. In addition, ER+/PR +subgroup had sig-
nificantly better DFS than ER-/PR- subgroup (P<0.001;
hazard ratio, 0.37; 95% CI, 0.27-0.51) and ER-/PR+sub-
group (P=0.042; hazard ratio, 0.49; 95% CI, 0.19-1.25),
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whereas no significant difference in DFS was observed
among other subgroups based on ER and PR (Fig. 5¢ and
d).

Of all patients enrolled, 263 patients were diagnosed
with advanced breast cancer by the end of follow-up.
Among them, 132 patients with HR+/HER2+, 33.3%
(44/132) died, and 131 patients with HR-/HER2+, 40.5%
(53/131) died. The median advanced-OS of all patients
with advanced breast cancer was 55 months (Fig. 6a). The
median advanced-OS of patients in both the HR-posi-
tive and HR-negative cohorts was 55 months (Fig. 6b).
Kaplan-Meier analysis showed no significant difference
in advanced-OS between HR+/HER2 + patients and HR-/
HER2+patients (P=0.378), and similarly, there was no
significant difference in advanced-OS between subgroups
based on ER and PR (Fig. 6¢ and d).

The results of univariate Cox regression analysis sug-
gested that HR was associated with OS and DFS and
was a protective factor. Considering potential bias, we
performed multivariate Cox regression analysis adjust-
ing for baseline characteristics and confirmed that HR-
positive status was an independent protective factor for
OS (P=0.032; hazard ratio, 0.61; 95% CI, 0.39-0.96) and
DFS (P=0.001; hazard ratio, 0.61; 95% CI, 0.46—0.81).

Moreover, Ki-67>30%, HER2 heterogeneity, HER2 sta-
tus of IHC 2+and FISH +, positive axillary lymph nodes
(ALNs), neoadjuvant therapy, no adjuvant HER2-tar-
geted therapy, liver metastasis, and brain/CNS metastasis
were independent risk factors for OS. Positive ALNs, no
adjuvant radiotherapy, and no adjuvant HER2-targeted
therapy were independent risk factors for DES (Table S5
and Table S6).

First-line treatment patterns and outcomes in HER2-
positive patients with MBC

At data cutoff, 99.2% (131/132) of the HR-positive
cohort and 99.2% (130/131) of the HR-negative cohort
had received first-line systemic treatment for MBC. As
shown in Table 4, in the HR-positive cohort, the most
common first-line regimen was HER2-targeted therapy
plus chemotherapy, administered to 63 (47.7%) patients,
with single-targeted HER2 therapy [trastuzumab only
or a tyrosine kinase inhibitor (TKI)] more common
than dual-targeted HER2 therapy [28.0% (37/132) vs.
19.7% (26/132)]. The second most common regimen
was HER2-targeted therapy plus chemotherapy sequen-
tial endocrine therapy, received by 34 (25.8%) patients,
with single-targeted HER?2 therapy (trastuzumab only or
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Table 4 First-line treatment by HR status in HER2-positive MBC patients

ervals

Systemic therapy regimens

HR+/HER2+ (n=132) (%)

HR-/HER2+(n=131) (%)

HER2-targeted therapy + chemotherapy — endocrine therapy
Single-target therapy © + chemotherapy — endocrine therapy
Dual-target therapy ° + chemotherapy — endocrine therapy

HER2-targeted therapy + chemotherapy
Single-target therapy + chemotherapy
Dual-target therapy + chemotherapy

HER2-targeted therapy +endocrine therapy
Single-target therapy +endocrine therapy
Dual-target therapy + endocrine therapy

Chemotherapy — endocrine therapy

Chemotherapy only

HER2-targeted therapy only

Endocrine therapy only

No systemic treatment received

6
3
2

34 (25.8)
22 (16 7

)
2(9.1)
3(477)
7(28.0)
6(19.7)
9(6.8)
6(4.5)
3(23)
6(4.5)
6 (4.5)
5(38)
8(6.1)

1(0.8)

Abbreviations: HR, hormone receptor; HER2, human epidermal growth factor receptor 2; MBC, metastatic breast cancer

2Single-target therapy refers to the use of only one HER2-targeted agent, such as trastuzumab or a small-molecule tyrosine kinase inhibitor (TKI, including lapatinib,

neratinib, tucatinib, or pyrotinib)

b Dual-target therapy refers to the combination of two HER2-targeted agents, such trastuzumab combined with pertuzumab or trastuzumab plus a TKI

u_yn

—" represent sequentlal treatment
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a TKI) more common than dual-targeted HER2 therapy
[16.7% (22/132) vs. 9.1% (12/132)]. In addition, only 6.8%
(9/132) of patients were treated with HER2-targeted ther-
apy plus endocrine therapy, and similarly, single-targeted
HER2 therapy (trastuzumab only or a TKI) was more
common than dual-targeted HER2 therapy [4.5% (6/132)
vs. 2.3% (3/132)]. In the HR-negative cohort, the most
common first-line regimen was HER2-targeted therapy
plus chemotherapy [74.8% (94/131)]. Likewise, single-
targeted HER2 therapy (trastuzumab only or a TKI) was
more common than dual-targeted HER2 therapy [39.7%
(52/131) vs. 32.1% (42/131)]. Patients with HR-positive
and HR-negative disease received HER2-targeted thera-
pies in similar proportions [84.1% (111/132) vs. 84.0%
(110/131)], but patients with HR-positive disease were
treated with chemotherapy less commonly than those
with HR-negative disease [82.6% (109/132) vs. 90.9%
(120/131)].

To investigate the effect of receiving endocrine therapy
in first-line treatment on the survival outcomes of HR+/
HER2+patients with MBC, HR+/HER2+ patients were
divided into two groups. Patients who received endocrine
therapy in first-line treatment were categorized as those
who received endocrine therapy in first-line treatment,
regardless of whether they received targeted therapy or
chemotherapy or a combination of both (#=57). Patients
who had not used any endocrine therapy in first-line but
had received chemotherapy or targeted therapy or a com-
bination of both in first-line treatment were classified as
the group that did not receive endocrine therapy in first-
line treatment (n=75). Kaplan-Meier survival curves of
the two groups showed that the advanced-OS and PFS
in the endocrine therapy group were significantly longer
than those in the non-endocrine therapy group. Median
advanced-OS was not yet estimable in the endocrine
therapy group and 38 months in the non-endocrine
therapy group (P<0.001; hazard ratio, 0.33; 95% CI,
0.18-0.59). Median PFS was 24 months and 9 months in
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the endocrine therapy group and non-endocrine therapy
group, respectively (P<0.001; hazard ratio, 0.38; 95% CI,
0.25-0.58) (Fig. 7).

To explore the effect of sequential endocrine therapy
after receiving HER2-targeted therapy plus chemother-
apy in first-line treatment on the survival outcome of
HR+/HER2+ patients with MBC, HR+/HER2+ patients
were divided into two groups, namely, sequential endo-
crine therapy group (n=34) and non-sequential endo-
crine therapy group (n=62). Kaplan-Meier survival
curves of the two groups showed that the advanced-OS
and PFS in the sequential endocrine therapy group were
significantly longer than those in the non-sequential
endocrine therapy group. Median advanced-OS was not
yet estimable in the sequential endocrine therapy group
and 34 months in the non-sequential endocrine therapy
group (P<0.001; hazard ratio, 0.05; 95% CI, 0.03-0.12).
Median PFS was 29 months and 10 months in the
sequential endocrine therapy group and non-sequential
endocrine therapy group, respectively (P<0.001; hazard
ratio, 0.35; 95% CI, 0.21-0.57) (Fig. 8).

Receptor status heterogeneity and outcomes in HER2-
positive patients

Among the patients with recurrent disease, the recep-
tor status of both metastatic and primary tumors was
known in 131 patients. As shown in Table S7, inconsis-
tent ER and PR status was observed in 13.7% and 25.2%
of cases, respectively. Tumor ER status converted from
ER-positive primary to ER-negative metastatic in 7.6%
of patients, versus 6.1% who converted from ER-nega-
tive to ER-positive. Tumor PR status is more commonly
converted from PR-positive primary to PR-negative
metastatic (18.3%) than from PR-negative to PR-positive
(6.9%). Moreover, inconsistent HER2 status in primary
and metastatic tumors was observed in 25.2% of cases.
Conversion of HER2 status from primary HER2-positive
to metastatic HER2-negative (12.2%) was roughly the

(b)

—

=)

=
J

= 1st-line ET

—— No Ist-line ET

Log-rank p <0.001
HR (95%CI)=0.38 (0.25-0.58)

20

e

Progression-free survival rate (%)

T T T 1
0 24 48 gy 9

Number at risk Months
1s-line ET 57 18 7 2 0
No I*-line ET 75 10 4 0 0

Fig. 7 Advanced-OS (a) and PFS (b) in HR+/HER2 + patients with or without endocrine therapy in the first line treatment. Abbreviations: OS: overall sur-
vival rate; PFS, progression-free survival; ET: endocrine therapy; HR, hazard ratio; Cl, confidence intervals
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same proportion as HER2-negative to HER2-positive
(13.0%).

To investigate the impact of HER2 heterogeneity on the
prognosis of HER2-positive breast cancer, patients with
HER2-positive advanced breast cancer who had under-
gone at least two HER2 assays of tumor tissues (n=182)
were divided into two groups with HER2 heterogene-
ity (n=42) and without HER2 heterogeneity (n=140).
Survival analysis showed no significant difference in
advanced-OS between the two groups (P=0.108; hazard
ratio, 0.65; 95% CI, 0.37—1.17). Median advanced-OS was
67 and 40 months in the group with and without HER2
heterogeneity, respectively. However, patients with HER2
heterogeneity tended to have worse PFS than those with-
out HER2 heterogeneity (P=0.058; hazard ratio, 0.70;
95% CI, 0.46—1.07). Median PFS was 12 and 12 months in
the group with and without HER2 heterogeneity, respec-
tively (Figure S1).

To explore the effect of HR status on the prognosis of
patients with HER2 heterogeneity, patients with HER2
heterogeneity (n=42) were divided into two groups of
HR-positive (n=28) and HR-negative (n=14) accord-
ing to HR status. The proportion of patients with HER2
heterogeneity was significantly higher in the HR-positive
group than in the HR-negative group (30.1% vs. 15.7%,
P=0.021) (Table S3). Survival analysis showed no signifi-
cant difference in advanced-OS between the two groups
(P=0.890; hazard ratio, 0.94; 95% CI, 0.37-2.37). Median
advanced-OS was 38 and 41 months in the HR-positive
and HR-negative group, respectively. However, the HR-
positive group tended to have better PFS than the HR-
negative group (P=0.056; hazard ratio, 0.92; 95% ClI,
0.45-1.90). Median PFS was 12 and 9 months in the HR-
positive and HR-negative group, respectively (Figure S2).

Discussion

In this retrospective study, we found that HR status
had a significant impact on clinicopathological features
and metastatic patterns as well as survival outcomes
in patients with HER2-positive breast cancer. HR+/
HER2+tumors exhibited a comparatively lower histo-
logical grade, lower Ki67 level, and lower HER2 immu-
nohistochemical staining, indicative of favorable clinical
characteristics. These were consistent with previous stud-
ies reporting that HR-/HER2+tumors behave more
aggressively, including a higher proportion of advanced
and high-grade tumors compared to HR+/HER2+tumors
[16]. Concerning the pattern of metastatic spread,
HR+/HER2+patients presented an extremely high fre-
quency of bone metastases at 61.4%, whereas HR-/
HER2+tumors tended to metastasize to viscera, includ-
ing the brain and lungs. Several studies reported sig-
nificant correlations between breast cancer molecular
subtypes and metastatic sites [17-21], with bone metas-
tases being the most prevalent in HR+/HER2- tumors
(79.7%), followed by HR+/HER2+tumors (61.0%), while
brain metastases were more frequent in patients with
HR-/HER2+and triple-negative breast cancers, account-
ing for 25-46% and 30—55% of all brain metastases from
breast cancer, respectively [22]. These results suggested
that the HR+/HER2+subtype is associated with milder
tumor behavior compared to the HR-/HER2+subtype
and represents an independent biological subtype.

Our results demonstrated that the relapse patterns of
HR+/HER2+and HR-/HER2 +tumors differed over time.
During the first 6 years, HR-/HER2+tumors recurred
more frequently than HR+/HER2+tumors. However, the
risk of recurrence in HR+/HER2 +tumors remained rela-
tively stable and surpassed that of HR-/HER2+ patients
after 6 years. Similar to previous published clinical tri-
als in HER2-positive breast cancer, superior outcomes of
HR-positive patients were only observed in the first five
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years and the differences disappeared over time [23, 24].
Therefore, personalized follow-up strategies are vital to
address the different early recurrence patterns of HR+/
HER2+and HR-/HER2 + patients.

In terms of prognostic profiles, our study showed that
HR+/HER2+breast cancer was significantly associated
with improved OS and DFS over HR-/HER2 +breast can-
cer, which was in line with previously published reports
[25-27]. However, no significant difference in advanced-
OS was observed between these two subtypes. In the
multivariate analysis, HR positivity is associated with
better survival outcomes than HR negativity. According
to PAM50-defined intrinsic subtypes, HER2-E is the pre-
dominant subtype in HR-/HER2+breast cancers (75%),
whereas it accounts for only 30% of HR+/HER2+, the
majority of which are luminal subtypes [6]. This genomic
profile reveals the heterogeneity of biological behavior
in HR+/HER2+and explains the reduced pCR rate after
anti-HER2 neoadjuvant therapy, however with better
survival outcomes.

Regarding treatment options, HR+/HER2+ patients
more commonly underwent breast-conserving surgery,
which may be related to the fact that the smaller size
and lower malignancy of HR+/HER2+tumors than HR-/
HER2+tumors [26]. Additionally, HR+/HER2+ patients
were less likely to receive neoadjuvant therapy, which
may be associated with poorer efficacy of neoadjuvant
therapy in HR+/HER2+patients compared to HR-/
HER2+patients. Our analysis confirmed that HR+/
HER2+patients had a significantly lower pCR rate than
HR-/HER2+patients, regardless of the neoadjuvant
regimen received. However, in the neoadjuvant setting,
irrespective of HR status, HER2-targeted therapy plus
chemotherapy significantly improved the pCR rate in
HER2-positive patients compared with chemotherapy
alone, and trastuzumab plus pertuzumab can further
enhance efficacy. These findings were consistent with
previous clinical studies (NeoSphere [28] and PEONY
study [29]). At present, major guidelines recommend
the TCbHP (docetaxel, carboplatin, trastuzumab, per-
tuzumab) regimen as the first choice for neoadjuvant
treatment of HER2-positive breast cancer. However, both
preclinical and clinical data have indicated that exten-
sive crosstalk between the ER and HER?2 signaling path-
ways leading to dual inhibition of both pathways may
be essential to prevent resistance. PerELISA study [30]
demonstrated that HR+/HER2+ patients with reduced
Ki67 after 2 weeks of preoperative letrozole treatment
achieved meaningful pCR rates without chemotherapy.
PAMS50 intrinsic subtypes further enhance the ability
to identify a subset of patients who may be spared from
chemotherapy.

In the first-line setting, our results confirmed that
HER2-targeted therapy plus chemotherapy and
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sequential endocrine therapy significantly improved sur-
vival in patients with HR+/HER2+breast cancer, only
25.8% of patients in this real-world setting received such
treatment. Currently, HER2-targeted therapy-based
combination (trastuzumab, pertuzumab, and a taxane)
is still recommended as first-line treatment for patients
with HER2-positive MBC, irrespective of HR status [31,
32]. Generally, endocrine therapy is offered to HR+/
HER2+ patients as maintenance therapy after the cessa-
tion of chemotherapy. Observational studies registHER
[33] and SystHERs [34] suggested that HER2-targeted
therapy plus chemotherapy followed by sequential endo-
crine maintenance therapy significantly prolonged PFS
and OS in HR+/HER2+patients in the first-line setting,
but only 29.4% and 34.9% of patients received sequential
endocrine therapy, respectively. Compared to Western
countries, the proportion of HR+/HER2 + patients receiv-
ing sequential endocrine therapy in the first-line setting
was relatively lower at 25.8% in this study. This indicated
that some HR+/HER2+patients in the real world may
be under-treated with endocrine therapy. With increas-
ing research on the de-escalated treatment for HR+/
HER2+subset, it remains controversial which is the opti-
mal partner for anti-HER2 therapy, endocrine therapy
or chemotherapy. A real-world study [35] based on the
US National Cancer Database showed that endocrine
therapy plus anti-HER2 therapy as first-line treatment
significantly improved the 5-year survival rate (47.5% vs.
39.8%, P<0.001) compared with chemotherapy plus anti-
HER?2 therapy. The phase III SYSUCC-002 study [36]
confirmed that trastuzumab plus endocrine therapy was
non-inferior to trastuzumab plus chemotherapy (PES:
19.2 months vs. 14.8 months; hazard ratio, 0.88; 95% ClI,
0.71-1.09; P<0.0001) but with reduced toxicity. Hence,
HER2-targeted therapy combined with endocrine ther-
apy may be a more appropriate first-line treatment option
for low-risk patients with HR+/HER2+MBC, illustrat-
ing a potential modality shift toward a chemotherapy-
sparing regimen. Moreover, both the PERTAIN [37] and
ALTERNATIVE [38] studies have demonstrated that dual
HER?2 blockade therapy (trastuzumab plus pertuzumab
or lapatinib) combined with endocrine therapy signifi-
cantly improved PFS in HR+/HER2+ patients compared
to trastuzumab plus endocrine therapy. A recent network
meta-analysis [39] including 20 randomized controlled
trials (RCTs) suggested that for HR+/HER2+MBC, the
regimens containing dual HER2 blockade, either in com-
bination with chemotherapy (CT) or endocrine therapy
(ET), displayed better efficacy. Compared with CT-con-
taining regimens, ET-containing regimens have superior
efficacy and similar safety profiles. ASCO guidelines state
that for selected patients with low disease burden, the
presence of comorbidities, and long disease-free inter-
vals, clinicians may recommend either endocrine therapy
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plus HER2-targeted therapy or endocrine therapy alone
[31]. With the wide application of CDK4/6 inhibitors in
HR-positive breast cancer, CDK4/6 inhibitors in HR+/
HER2 + patients have emerged as a focus in clinical stud-
ies. The phase II monarcHER trial [40] suggested that
in patients with HR+/HER2+MBC, the combination of
abemaciclib, fulvestrant, and trastuzumab significantly
improved PFS versus standard-of-care chemotherapy
plus trastuzumab (8.3 vs. 5.7 months; hazard ratio, 0.67;
P=0.051) and numerically prolonged OS (31.1 months
vs. 20.7 months). The phase II PLEASURABLE study
[41] demonstrated the efficacy and safety of pyrotinib
and dalpiciclib plus endocrine therapy (letrozole or ful-
vestrant) in HR+/HER2+MBC. The objective response
rate (ORR) was 68.1% and the disease control rate was
100%. The novel fully oral triplet combination has been
proven to be safe and effective, potentially provid-
ing a total oral chemotherapy-free regime for patients
with HR+/HER2+MBC. Therefore, the combination of
CDK4/6 inhibitors based on the dual blockade of HER2
and HR pathways provides an alternative promising ther-
apeutic option in heavily pretreated patients with HR+/
HER2+MBC.

In the aspect of HER2 status, we found that equivocal
HER?2 immunohistochemistry results (2+) were more fre-
quent in HR-positive tumors and discordance between
two HER2 assays (defined as HER2 heterogeneity in this
study) was more common in HR-positive tumors. Fur-
thermore, discordant HER?2 status in primary and meta-
static tumors was observed in 25.2% of cases, which was
similar to the 25% previously reported in the literature
[14]. Survival analysis showed that patients with HER2
heterogeneity tended to have worse PFS. Multiple lines of
evidence indicated that HER2 heterogeneity was closely
related to clinical outcomes in breast cancer patients. A
phase II clinical trial [42] assessed the impact of HER2
heterogeneity on the efficacy of neoadjuvant therapy
with trastuzumab emtansine (T-DM1) plus pertuzumab
in patients with HER2-positive breast cancer.10% of
patients were assessed as HER2 heterogeneous, and
81% of these patients were also HR-positive. The results
showed that the pCR rate was 55% in the non-hetero-
geneous subgroup and 0% in the heterogeneous group
(P<0.0001, adjusted for HR status). HER2 heterogeneity
may reduce the response of neoadjuvant HER2-targeted
therapies. In addition, the status of HER2 in breast cancer
may change in response to treatment. A study of HER2-
positive patients with residual lesions after neoadjuvant
treatment with trastuzumab plus chemotherapy showed
that one-third of tumors showed loss of HER2 amplifi-
cation, which was associated with poor recurrence-free
survival [43]. The PAMELA study [44] performed gene
sequencing of HER2-E tumors before and after neoad-
juvant treatment with lapatinib plus trastuzumab. The
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results showed that the proportion of luminal A subtypes
increased from baseline at day 14 of treatment, while the
proportion of HER2-E and luminal B subtypes decreased
from baseline. These conversions were more pronounced
in the HR+/HER2+versus HR-/HER2+subgroups, and
the switch from HER2-E to the luminal A was signifi-
cantly associated with a decrease in the pCR rate. The
above studies illustrated that alterations in HER2 expres-
sion after HER2-targeted therapy can exert a profound
impact on patient prognosis. Therefore, it is crucial to
reassess HER?2 status in tissue biopsy samples from resid-
ual lesions after neoadjuvant therapy as well as recurrent
or metastatic sites.

This study has several limitations. Firstly, this study
is retrospective and single-centered, which may lead to
inevitable biases in characteristics and treatment pat-
terns between different groups. Well-designed large
prospective clinical studies are required to validate the
findings. Secondly, treatment choices based on clinical
features and tumor aggressiveness could lead to selection
bias in the outcome of specific treatments. For example,
after induction chemotherapy, those patients with more
aggressive disease may be switched to other chemo-
therapy regimens after disease progression rather than
sequential endocrine therapy. This removes such patients
with invasive disease from the group receiving sequential
treatment, thus potentially selecting for better outcomes
among the remaining patients. Thirdly, reimbursement
conditions for targeted therapies limit the availability
of anti-HER2 agents and restrict the use of anti-HER2
agents in combination with other medications.

In the real world, clinicians tend to focus more on
the application of chemotherapy combined with tar-
geted therapies to control disease progression in HR+/
HER2+breast cancers, while neglecting the impor-
tance of endocrine therapy. With the breakthroughs
in the efficacy of various innovative endocrine agents
such as CDK4/6 inhibitors and antibody-drug conju-
gates (ADCs), an increasing number of studies will be
performed on endocrine therapy plus HER2-targeted
therapy or multi-targeted combination regimens for
HR+/HER2+ patients. Biomarkers of populations that
could benefit from de-escalated therapy will gradually be
revealed, with the goal of better balancing survival out-
comes with quality of life for patients.

Conclusions

In conclusion, this study illustrates the dramatic differ-
ences in clinical outcomes related to HR status in HER2-
positive breast cancer, including clinicopathological
features, metastatic patterns, and overall prognosis. Fur-
thermore, we observed that the addition of maintenance
endocrine therapy following HER2-targeted therapy and
chemotherapy was associated with improved survival in
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HR+/HER2+ patients, but some patients had inadequate
endocrine therapy. To optimize disease management in
this subset of HR+/HER2+breast cancer, more large-
scale RCTs are warranted to explore the optimal combi-
nation and sequencing of multiple treatments, in order to
tailor personalized therapeutic strategies.

Abbreviations
HR Hormone receptor

HER2 Human epidermal growth factor receptor 2

HER2-E HER2-enriched

HR+/HER2+  HR-positive /HER2-positive

HR-/HER2+ HR-negative/HER2-positive

cl Confidence interval

HR Hazard ratio

DFS Disease-free survival

oS Overall survival

PFS Progression-free survival

ER Estrogen receptor

PR Progesterone receptor

pCR Pathologic complete response rate

ASCO/CAP American Society of Clinical Oncology/College of American
Pathologists

HC Immunohistochemistry

FISH Fluorescence in situ hybridization

EBC Early breast cancer

MBC Metastatic breast cancer

MP Miller-Payne

IDC Invasive ductal carcinoma

ECOG Eastern Cooperative Oncology Group

BCS Breast-conserving surgery

CNS Central nervous system

RCTs Randomized controlled trials

T-DM1 Trastuzumab emtansine

TKI Tyrosine kinase inhibitor

ADCs Antibody-drug conjugates

HER2-E HER2-enriched

cT Chemotherapy

ET Endocrine therapy

ALNs Axillary lymph nodes

ORR Objective response rate

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-024-12974-4.

[ Supplementary Material 1 ]

Acknowledgements
We appreciate the multidisciplinary team members and breast cancer
specialized nurses for their great assistance in this study.

Author contributions

RR carried out the study conception and design. RR and SDZ performed
the data analysis, study interpretation and draft the manuscript. DFD and
JY reviewed and revised the manuscript. YZ, XYH, HW, YF, YSZ and YFQ
participated in data collection. All authors read and approved the final
manuscript.

Funding

This study was funded by National Natural Science Foundation of China

(No. 82173277), National Natural Science Foundation of China (No.
82303462), Beijing Science and Technology Innovation Medical Development
Foundation (KC2021-JF-0167-12), CHINA ANTI CANCER ASSOCIATION (No.
CORP-239), WU JIEPING MEDICAL FOUNDATION (No. 320.6750.2021-16-31),
and WU JIEPING MEDICAL FOUNDATION (No. 320.6750.2021-14-8).

Page 15 of 17

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate

This article does not contain any studies with human participants performed
by any of the authors. All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards. This study was
reviewed and approved by the independent Ethical Committees of the First
Affiliated Hospital of Xi'an Jiaotong University.

Consent for publication
Not applicable.

Informed consent
Informed consent was obtained from all participants or, if participants are
under 18, from a parent and/or legal guardian.

Competing interests
The authors declare no competing interests.

Author details

Cancer Center, The First Affiliated Hospital of Xi'an Jiaotong University,
Xi'an, China

’Department of Medical Oncology, The First Affiliated Hospital of Xi'an
Jiaotong University, Xi'an, China

Received: 31 December 2023 / Accepted: 23 September 2024
Published online: 30 September 2024

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. Ca-Cancer J
Clin. 2023;73(1):17-48.

2. Perou CM, Sorlie T, van de Eisen MB, Jeffrey SS, Rees CA, Pollack JR, Ross DT,
Johnsen H, Akslen LA, et al. Molecular portraits of human breast tumours.
Nature. 2000;406(6797):747-52.

3. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, Mcguire WL. Human-
breast Cancer - correlation of Relapse and Survival with amplification of the
Her-2 Neu Oncogene. Science. 1987,235(4785):177-82.

4. Prat A Baselga J. The role of hormonal therapy in the management of
hormonal-receptor-positive breast cancer with co-expression of HER2. Nat
Clin Pract Oncol. 2008;5(9):531-42.

5. Vici P Pizzuti L, Natoli C, Gamucci T, Di Lauro L, Barba M, Sergi D, Botti C,
Michelotti A, Moscetti L, et al. Triple positive breast cancer: a distinct subtype?
Cancer Treat Rev. 2015;41(2):69-76.

6. Kim HK, Park KH, Kim'Y, Park SE, Lee HS, Lim SW, Cho JH, Kim JY, Lee JE,

Ahn JS, et al. Discordance of the PAM50 intrinsic subtypes compared with
immunohistochemistry-based surrogate in breast Cancer patients: potential
implication of genomic alterations of discordance. Cancer Res Treat.
2019,51(2):737-47.

7. Brandao M, Caparica R, Malorni L, Prat A, Carey LA, Piccart M. What is the real
impact of estrogen receptor status on the prognosis and treatment of HER2-
Positive early breast Cancer? Clin Cancer Res. 2020;26(12):2783-8.

8. Cortazar P, Zhang LJ, Untch M, Mehta K, Costantino JP, Wolmark N, Bonnefoi
H, Cameron D, Gianni L, Valagussa P, et al. Pathological complete response
and long-term clinical benefit in breast cancer: the CTNeoBC pooled analysis.
Lancet (London England). 2014;384(9938):164-72.

9. Chumsri§, Li Z, Serie DJ, Mashadi-Hossein A, Colon-Otero G, Song N, Pogue-
Geile KL, Gavin PG, Paik S, Moreno-Aspitia A, et al. Incidence of late relapses
in patients with HER2-Positive breast Cancer receiving adjuvant trastuzumab:
combined analysis of NCCTG N9831 (Alliance) and NRG Oncology/NSABP
B-31.J Clin Oncol. 2019;37(35):3425-.

10.  Chen ZK, Wang YZ, Warden C, Chen SA. Cross-talk between ER and HER2
regulates c-MYC-mediated glutamine metabolism in aromatase inhibitor
resistant breast cancer cells. J Steroid Biochem. 2015;149:118-27.


https://doi.org/10.1186/s12885-024-12974-4
https://doi.org/10.1186/s12885-024-12974-4

Ran et al. BMC Cancer

20.

21

22.

23.

24,

25,

26.

27.

28.

(2024) 24:1216

Giuliano M, Trivedi MV, Schiff R. Bidirectional crosstalk between the Estrogen
Receptor and Human Epidermal Growth Factor Receptor 2 signaling path-
ways in breast Cancer: molecular basis and clinical implications. Breast Care.
2013,8(4):256-62.

Hammond MEH, Hayes DF, Dowsett M, Allred DC, Hagerty KL, Badve S,
Fitzgibbons PL, Francis G, Goldstein NS, Hayes M, et al. American Society

of Clinical Oncology/College of American Pathologists Guideline Recom-
mendations for Immunohistochemical Testing of Estrogen and progesterone
receptors in breast Cancer. J Clin Oncol. 2010;28(16):2784-95.

Wolff AC, Hammond MEH, Allison KH, Harvey BE, Mangu PB, Bartlett JMS,
Bilous M, Ellis IO, Fitzgibbons P, Hanna W, et al. Human epidermal growth
factor receptor 2 testing in breast Cancer American Society of Clinical Oncol-
ogy/College of American Pathologists Clinical Practice Guideline Focused
Update. Arch Pathol Lab Med. 2018;142(11):1364-82.

Niikura N, Liu J, Hayashi N, Mittendorf EA, Gong Y, Palla SL, Tokuda Y,
Gonzalez-Angulo AM, Hortobagyi GN, Ueno NT. Loss of human epidermal
growth factor receptor 2 (HER2) expression in Metastatic sites of HER2-Over-
expressing primary breast tumors. J Clin Oncol. 2012;30(6):593-9.

Ogston KN, Miller ID, Payne S, Hutcheon AW, Sarkar TK, Smith I, Schofield A,
Heys SD. A new histological grading system to assess response of breast can-
cers to primary chemotherapy: prognostic significance and survival. Breast.
2003;12(5):320-7.

Lee HJ, Park IA, Park SY, Seo AN, Lim B, Chai Y, Song IH, Kim NE, Kim JY, Yu JH,
et al. Two histopathologically different diseases: hormone receptor-positive
and hormone receptor-negative tumors in HER2-positive breast cancer.
Breast Cancer Res Treat. 2014;145(3):615-23.

Sihto H, Lundin J, Lundin M, Lehtimaki T, Ristiméki A, Holli K, Sailas L, Kataja

V, Turpeenniemi-Hujanen T, Isola J et al. Breast cancer biological subtypes
and protein expression predict for the preferential distant metastasis sites: a
nationwide cohort study. Breast Cancer Res 2011, 13(5).

Vaz-Luis |, Ottesen RA, Hughes ME, Marcom PK, Moy B, Rugo HS, Theriault RL,
Wilson J, Niland JC, Weeks JC et al. Impact of hormone receptor status on
patterns of recurrence and clinical outcomes among patients with human
epidermal growth factor-2-positive breast cancer in the National Compre-
hensive Cancer Network: a prospective cohort study. Breast Cancer Res 2012,
14(5).

Kennecke H, Yerushalmi R, Woods R, Cheang MCU, Voduc D, Speers CH,
Nielsen TO, Gelmon K. Metastatic behavior of breast Cancer subtypes. J Clin
Oncol. 2010;28(20):3271-7.

Niwinska A, Murawska M, Pogoda K. Breast cancer brain metastases: differ-
ences in survival depending on biological subtype, RPA RTOG prognostic
class and systemic treatment after whole-brain radiotherapy (WBRT). Ann
Oncol. 2010;21(5):942-8.

Gong Y, Zhang J, Ji B, Ling H, Hu X, Shao ZM. Incidence proportions and
prognosis of breast cancer patients with bone metastases at initial diagnosis.
Cancer Med. 2018;7(8):4156-69.

Martin AM, Cagney DN, Catalano PJ, Warren LE, Bellon JR, Punglia RS, Claus EB,
Lee EQ Wen PY, Haas-Kogan DA, et al. Brain metastases in newly diagnosed
breast Cancer A Population-based study. JAMA Oncol. 2017;3(8):1069-77.
Lambertini M, Campbell C, Gelber RD, Viale G, McCullough A, Hilbers F, Korde
LA, Werner O, Chumsri S, Jackisch C, et al. Dissecting the effect of hormone
receptor status in patients with HER2-positive early breast cancer: exploratory
analysis from the ALTTO (BIG 2-06) randomized clinical trial. Breast Cancer
Res Treat. 2019;177(1):103-14.

Strasser-Weippl K, Horick N, Smith IE, O'Shaughnessy J, Ejlertsen B, Boyle

F, Buzdar AU, Fumoleau P, Gradishar W, Martin M et al. Long-term hazard

of recurrence in HER2 + breast cancer patients untreated with anti-HER2
therapy. Breast Cancer Res 2015, 17.

Han YQ WuY, Xu HC, Wang JY, Xu BH. The impact of hormone receptor on
the clinical outcomes of HER2-positive breast cancer: a population-based
study. Int J Clin Oncol. 2022;27(4):707-16.

Zhao S, Liu XY, Jin X, Ma D, Xiao Y, Shao ZM, Jiang YZ. Molecular portraits

and trastuzumab responsiveness of estrogen receptor-positive, proges-
terone receptor-positive, and HER2-positive breast cancer. Theranostics.
2019,9(17):4935-45.

Kolarova I, Dusek L, Ryska A, Odrazka K, Dolezel M, Vanasek J, Melichar B,
Petera J, Buchler T, Vosmik M et al. Impact of Hormone Receptor Status on the
Behaviour of HER2 + Breast Cancer. In Vivo : 2020, 34(6):3441-3449.

Gianni L, Pienkowski T, Im YH, Tseng LM, Liu MC, Lluch A, Staroslawska E, de la
Haba-Rodriguez J, Im SA, Pedrini JL, et al. 5-year analysis of neoadjuvant per-
tuzumab and trastuzumab in patients with locally advanced, inflammatory,

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 16 of 17

or early-stage HER2-positive breast cancer (NeoSphere): a multicentre, open-
label, phase 2 randomised trial. Lancet Oncol. 2016;17(6):791-800.

Shao ZM, Pang D, Yang HJ, Li W, Wang SS, Cui SD, Liao N, Wang YS, Wang C,
Chang YC et al. Efficacy, Safety, and tolerability of Pertuzumab, Trastuzumab,
and Docetaxel for patients with early or locally Advanced ERBB2-Positive
breast Cancer in Asia the PEONY phase 3 Randomized Clinical Trial. JAMA
Oncol 2020, 6(3).

GuarneriV, Dieci MV, Bisagni G, Frassoldati A, Bianchi GV, De Salvo GL, Orvieto
E, Urso L, Pascual T, Paré L, et al. De-escalated therapy for HR+/HER2 + breast
cancer patients with Ki67 response after 2-week letrozole: results of the
PerELISA neoadjuvant study. Ann Oncol. 2019;30(6):921-6.

Giordano SH, Temin S, Chandarlapaty S, Crews JR, Kirshner JJ, Krop IE, Lin NU,
Patt DA, Perlmutter J, Ramakrishna N, et al. Systemic therapy for Advanced
Human 3 epidermal growth factor receptor 2-Positive breast Cancer: ASCO
Guideline Update. J Clin Oncol. 2022,40(23):2612-.

Gradishar WJ, Moran MS, Abraham J, Abramson V, Aft R, Agnese D, Allison

KH, Anderson B, Burstein HJ, Chew H, et al. NCCN Guidelines® insights: breast
Cancer, Version 4.2023. J Natl Compr Canc Netw. 2023;21(6):594-608.
Tripathy D, Kaufman PA, Brufsky AM, Mayer M, Yood MU, Yoo B, Quah C, Yard-
ley D, Rugo HS. First-line treatment patterns and clinical outcomes in patients
with HER2-Positive and hormone receptor-positive metastatic breast Cancer
from registHER. Oncologist. 2013;18(5):501-10.

Cobleigh M, Yardley DA, Brufsky AM, Rugo HS, Swain SM, Kaufman PA, Tripa-
thy D, Hurvitz SA, O'Shaughnessy J, Mason G, et al. Baseline characteristics,
treatment patterns, and outcomes in patients with HER2-Positive metastatic
breast Cancer by hormone receptor status from SystHERs. Clin Cancer Res.
2020;26(5):1105-13.

Statler AB, Hobbs BP, Wei W, Gupta A, Blake CN, Nahleh ZA. Real-world
treatment patterns and outcomes in HR+/HER2 + metastatic breast Cancer
patients: a National Cancer Database Analysis. Sci Rep-Uk 2019, 9.

Yuan ZY, Huang JJ, Hua X, Zhao JL, Lin Y, Zhang YQ, Wu ZY, Zhang LH, Bi XW,
Xia W et al. Trastuzumab plus endocrine therapy or chemotherapy as first-line
treatment for metastatic breast cancer with hormone receptor-positive and
HER2-positive: the sysucc-002 randomized clinical trial. J Clin Oncol 2021,
39(15).

Rimawi M, Ferrero JM, de la Haba-Rodriguez J, Poole C, De Placido S, Osborne
CK, Hegg R, Easton V, Wohlfarth C, Arpino G, et al. First-line trastuzumab plus
an aromatase inhibitor, with or without Pertuzumab, in human epidermal
growth factor receptor 2-Positive and hormone receptor-positive metastatic
or locally advanced breast Cancer (PERTAIN): a randomized, open-label phase
II'trial. J Clin Oncol. 2018;36(28):2826-.

Johnston SRD, Hegg R, Im SA, Park IH, Burdaeva O, Kurteva G, Press MF,
Tjulandin S, Iwata H, Simon SD et al. Retracted article. See vol. 39, pg. 95,

: Phase Ill, Randomized Study of Dual Human Epidermal Growth Factor
Receptor 2 (HER2) Blockade With Lapatinib Plus Trastuzumab in Combination
With an Aromatase Inhibitor in Postmenopausal Women With HER2-Positive,
Hormone Receptor-Positive Metastatic Breast Cancer: ALTERNATIVE (2021).
Journal of Clinical Oncology 2018, 36(8):741-+.

Wang Y, Xu HC, Han YQ, Wu Y, Sa Q, Xu BH, Wang JY. Identifying the optimal
therapeutics for patients with hormone receptor-positive, HER2-positive
advanced breast cancer: a systematic review and network meta-analysis. J
Clin Oncol 2023, 41(16).

Tolaney SM, Wardley AM, Zambelli S, Hilton JF, Troso-Sandoval TA, Ricci F, Im
SA, Kim SB, Johnston SR, Chan A, et al. Abemaciclib plus Trastuzumab with or
without fulvestrant versus trastuzumab plus standard- of-care chemotherapy
in women with hormone receptor-positive, HER2-positive advanced breast
cancer (monarcHER): a randomised, open-label, phase 2 trial (21, pg 763,
2020). Lancet Oncol. 2021;22(11):E472-472.

Zhang J, Meng YC, Wang BY, Wu XH, Zheng HM, Cai L, Chen WY, Wang LP, Cao
J,Tao ZH et al. PLEASURABLE: results and biomarkers analysis from the phase
Il study of dalpiciclib combined with pyrotinib and endocrine therapy (ET)

in women with dual-receptor positive (ER+/HER2+) metastatic breast cancer
(MBQ).J Clin Oncol 2023, 41(16).

Metzger O, Viale G, Stein S, Trippa L, Yardley DA, Mayer IA, Abramson VG,
Arteaga CL, Spring LM, Waks AG, et al. Impact of HER2 heterogeneity on
treatment response of early-stage HER2-Positive breast Cancer: phase Il neo-
adjuvant clinical trial of T-DM1 combined with Pertuzumab. Cancer Discov.
2021;11(10):2474-87.

Mittendorf EA, Wu Y, Scaltriti M, Meric-Bernstam F, Hunt KK, Dawood S, Esteva
FJ, Buzdar AU, Chen HQ, Eksambi S, et al. Loss of amplification following
trastuzumab-based Neoadjuvant systemic therapy and survival outcomes.
Clin Cancer Res. 2009;15(23):7381-8.



Ran et al. BMC Cancer (2024) 24:1216 Page 17 of 17

44.  Braso-Maristany F, Griguolo G, Pascual T, Paré L, Nuciforo P, Lliombart-Cussac Publisher”
A, Bermejo B, Oliveira M, Morales S, Martinez N et al. Phenotypic changes of ublisher’s note

HER2-positive breast cancer during and after dual HER2 blockade. Nat Com- Springer Nature remains neutral with regard to jurisdictional claims in
mun 2020, 11(1). published maps and institutional affiliations.



	﻿Clinicopathological characteristics, treatment patterns and outcomes in patients with HER2-positive breast cancer based on hormone receptor status: a retrospective study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patient selection
	﻿Histopathological assessments and related definitions
	﻿Follow-up
	﻿Statistical analysis

	﻿Results
	﻿Clinicopathological characteristics and early treatment patterns
	﻿Relapse and metastatic patterns
	﻿Neoadjuvant treatment and efficacy
	﻿Clinical outcomes and prognostic factors
	﻿First-line treatment patterns and outcomes in HER2-positive patients with MBC
	﻿Receptor status heterogeneity and outcomes in HER2-positive patients

	﻿Discussion
	﻿Conclusions
	﻿References


