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ABSTRACT

Co-expression of human epidermal growth factor receptor-2 (HER2) and hormone receptor (HR) pre-
dicted worse prognosis in early breast cancer before trastuzumab was developed. We aimed to inves-
tigate whether HER2 positivity was still associated with worse outcome in high-risk estrogen receptor
(ER) positive patients treated with trastuzumab and chemotherapy. In the present study, 227 ER+/
HER2+ patients treated with trastuzumab and chemotherapy (HER2-pos-T group) and 1097 ER+/HER2-
patients treated with chemotherapy alone (HER2-neg group) during 2009 and 2015 were retrospectively
enrolled for the comparison of disease-free survival (DFS) and overall survival (OS). At a median follow-
up of 59 months, 174 DFS events and 69 deaths were observed. The estimated 5-year DFS rate was 94.2%
in the HER2-pos-T group and 87.4% in the HER2-neg group (Log-rank P = 0.014). HER2-pos-T group was
associated with significantly better DFS in multivariate analysis (HR 0.38, 95% CI: 0.22—0.67, Log-rank
P = 0.001). The estimated 5-year OS rates for the two groups were 97.2% and 95.7%, respectively (Log-
rank P = 0.183). In multivariable analysis, patients in the HER2-pos-T group had significantly better OS
compared with those in the HER2-neg group (HR 0.40, 95% CI: 0.17—0.95, Log-rank P = 0.037). We
concluded that high-risk ER+/HER2+ breast cancer patients treated with chemotherapy and trastuzu-
mab had superior prognosis compared with ER+/HER2-patients. Therefore, HER2 positivity itself may
not be considered as an unfavorable factor for ER + patients in the era of trastuzumab.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In the past decade, anti-HER2 monoclonal antibodies or tyrosine
kinase inhibitors have dramatically improved the prognosis of pa-

Human epidermal growth factor receptor-2 (HER2) is amplified
or overexpressed in approximately 15%—25% of newly diagnosed
early breast cancers, and about 50% of these cases concurrently
express hormone receptor (HR) [1—3]. Previous studies indicated
that co-expression of HR and HER2 was associated with more
aggressive tumor biological behaviors and worse disease outcomes
compared with HR+/HER2-tumors [4—7]. Thus, HR+/HER2+ pa-
tients tended to be treated with escalation endocrine therapy and
chemotherapy before the advent of anti-HER2 drugs.

* Corresponding author.

** Corresponding author.
E-mail addresses: chenxiaosong0156@hotmail.com (X. Chen), kwshen@

medmail.com.cn (K. Shen).

https://doi.org/10.1016/j.breast.2020.10.002

tients with HER2+ breast cancers [8—10]. However, there are
limited data evaluating the prognosis of HR+/HER2+ patients
compared with HR+/HER2-patients in the era of HER2-targeted
therapy. The present study was designed to investigate whether
HER2 positivity was associated with worse outcome in high-risk
estrogen receptor (ER) positive patients treated with trastuzumab
and chemotherapy.

2. Materials and methods

Patients. We retrospectively analyzed early breast cancer pa-
tients operated at XXX Hospital between January 2009 and
December 2015. Clinicopathological, treatment, and follow-up data
for the patients were retrieved from XXX Database. ER+/HER2+
patients treated with trastuzumab and chemotherapy (HER2-pos-T
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group) and ER+/HER2-patients treated with chemotherapy alone
(HER2-neg group) were included for the further analysis. The main
exclusion criteria were as following [1]: neo-adjuvant therapy [2],
ductal carcinoma in situ [3], ER- [4], missing of clinical or patho-
logical information [5], no chemotherapy, and [6] HER2+, no
trastuzumab.

Histopathological assessments. Tumor pathology was inde-
pendently assessed and reviewed by two pathology specialists from
the Department of Pathology, XXX Hospital, consistent with our
previous reports [11,12]. In brief, ER positivity was defined as at
least 1% tumor cells with nuclear staining in immunohistochem-
istry (IHC) [13]. HER2 status was first evaluated by IHC and, for
HER2 2+ tumors, further examined by fluorescence in situ hy-
bridization (FISH) according to the ASCO/CAP guidelines [14—16].
HER2 positivity was defined as IHC 3+ or FISH +. ER-/PR + patients
were not included in the study.

Follow-up. All patients were followed up by outpatient visit or
call every 3 months during the first 2 years after surgery, every 6
months between the 3rd and 5th years, then annually until death
[11,12]. Disease-free survival (DFS) was defined as the time period
from the date of surgery to the date of the following events:
locoregional recurrence, contralateral breast cancer, secondary
non-breast malignancy, distant metastasis at any site, and death.
Overall survival (OS) was computed from the date of surgery to the
date of death of any cause. Last follow-up was conducted in June
2019.

Statistical analysis. Chi-square test and Fisher’s exact test, if
necessary, were used to compare the descriptive characteristics of
categorical variables between these two groups. Factors with
P < 0.05 were further tested in multivariate logistic regression
model. DFS and OS rates for the two groups were estimated using
Kaplan-Meier method and compared via Log-rank test. Multivar-
iate cox proportional hazards regression analysis was performed to
investigate independent prognostic factors in ER+/HER2+ patients
treated with trastuzumab-based chemotherapy. Annual hazard rate
curves were smoothed using ggplot function by R project, version
3.6.2 (R Foundation for Statistical Computing). All the other
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statistical procedures were performed with SPSS software, version
22.0 (SPSS Company, Chicago, IL). Two side P < 0.05 was considered
statistically significant.

3. Results

Baseline patient characteristics. A total of 4795 female breast
cancer patients underwent surgical operation at XXX Hospital be-
tween January 2009 and December 2015. As shown in Fig. 1, 1306
cases were included in the present analysis. As shown in Table 1, the
median age was 52 (Interquartile range [IQR] 45—60) years, and
635 (48.6%) patients were pre/peri-menopausal at diagnosis. There
were 839 (64.4%) patients with tumors > 2.0 cm and 688 (52.7%)
patients with positive axillary lymph nodes (ALNs). Overall,
anthracycline- or taxane-based chemotherapy regimens were
applied in 150 (11.6%) and 405 (31.2%) patients, respectively. A total
of 691 (53.2%) patients received chemotherapy regimens contain-
ing both anthracycline and taxane.

Clinicopathological features of ER+/HER2+ patients treated
with trastuzumab-based chemotherapy. Among eligible patients,
227 (17.4%) patients were categorized into the HER2-pos-T group,
and the remaining 1079 (82.6%) cases were in the HER2-neg group.
As shown in Table 1, tumor size, ALN status, histological grade, ER
level, PR level, and Ki-67 level were significantly different between
the two groups (P < 0.05). There were no statistically significant
differences in terms of age, menstrual status, family history and LVI
status in univariate analysis (P > 0.05). In multivariate logistic
regression analysis, the overall distribution of menstrual status,
ALN status, histological grade, ER level, PR level, and Ki-67 level had
significant differences between these two groups (P < 0.05,
Supplementary Table S1).

Prognosis of ER+/HER2-+ patients treated with trastuzumab-
based chemotherapy. As shown in Table 2, there were 174 DFS
events at a median follow-up of 59 (IQR 44—78) months. The DFS
was statistically significantly different between the two groups,
with the estimated disease-free probability at 5 years being 87.4%
for ER+/HER2-patients and 94.2% for ER+/HER2+ patients (Log-

Neoadjuvant treatment (n=447)
DCIS (n=489)
ER-negative (n=1394)
Tx or Nx (n=102)
Patients with ER-positive early invasive
breast cancer

(n=2363)
No chemotherapy (n=872)
HER2-positive, no trastuzumab  (n=94)

Eligible patients
(n=1306)
HER2-neg HER2-pos-T
(n=1079) (n=227)

Fig. 1. Flowchart of the 1306 patients included in the study. Abbreviations: DCIS, ductal carcinoma in situ; ER, estrogen receptor; Tx, primary tumor cannot be assessed; Nx, lymph

nodes cannot be assessed; HER2, human epidermal growth factor receptor 2.
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Table 1

Tumor and patient characteristics stratified by different groups.
Characteristics Total n = 1306 (%) HER2-neg n = 1079 (%) HER2-pos-T n = 227 (%) P value
Age (y/o) 0.541
<35 53 (4.1) 43 (4.0) 10 (44)
35-50 525 (40.2) 427 (39.6) 98 (43.2)
>50 728 (55.7) 609 (56.4) 119 (52.4)
Menstrual status 0.089
Pre/Peri- 635 (48.6) 513 (47.5) 122 (53.7)
Post- 671 (51.4) 566 (52.5) 105 (46.3)
Family history 0.788
No 1238 (94.8) 1022 (94.7) 216 (95.2)
Yes 68 (5.2) 57 (5.3) 11 (4.8)
Breast surgery 0.015
Mastectomy 944 (72.3) 765 (70.9) 179 (78.9)
BCS 362 (27.7) 314 (29.1) 48 (21.1)
Histology type 0.696
IDC 1216 (93.1) 1006 (93.2) 210 (92.5)
Non-IDC 90 (6.9) 73 (6.8) 17 (7.5)
Tumor size 0.039
<2.0 cm 464 (35.6) 397 (36.9) 67 (29.6)
>2.0 cm 839 (64.4) 680 (63.1) 159 (70.4)
ALN status 0.001
Negative 618 (47.3) 487 (45.1) 131 (57.7)
Positive 688 (52.7) 592 (54.9) 96 (42.3)
Histological grade <0.001
/1 707 (58.2) 622 (62.1) 85 (40.1)
11 507 (41.8) 380 (37.9) 127 (59.9)
LVI 0.171
No 1218 (93.3) 1011 (93.7) 207 (91.2)
Yes 88 (6.7) 68 (6.3) 20 (8.8)
ER <0.001
<10% 59 (4.5) 35(3.2) 24 (10.6)
10—-50% 240 (18.4) 178 (16.5) 62 (27.3)
>50% 1007 (77.1) 866 (80.3) 141 (62.1)
PR <0.001
<20% 663 (50.8) 513 (47.5) 150 (66.1)
>20% 643 (49.2) 566 (52.5) 77 (33.9)
Ki-67 <0.001
<14% 424 (32.5) 394 (36.5) 30(13.2)
>14% 882 (67.5) 685 (63.5) 197 (86.8)
Endocrine therapy 0.739
No 80 (6.1) 65 (6.0) 15 (6.6)
Yes 1226 (93.9) 1014 (94.0) 212 (93.4)
Chemotherapy <0.001
A 150 (11.6) 149 (13.9) 1(04)
T 405 (31.2) 393 (36.7) 12 (5.3)
A-T 632 (48.7) 448 (41.8) 184 (81.8)
A+T 59 (4.5) 56 (5.2) 3(1.3)
Others 51 (3.9) 26 (2.4) 25(11.1)

Abbreviations: HER2, human epidermal growth factor receptor 2; IDC, invasive ductal carcinoma; ALN: axillary lymph node; LVI, lymph-vascular invasion; ER, estrogen
receptor; PR, progesterone receptor; A: anthracycline; T: taxane; y/o, years old.

Table 2
Details of DFS and OS events stratified by different groups.
Overall n = 1305 (%) HER2-neg n = 1078 (%) HER2-pos-T n = 227 (%)

DES events
No recurrence 1131 (86.6) 921 (85.4) 210 (92.5)
Local-regional recurrence 28 (2.1) 25(2.3) 3(1.3)
Contralateral breast cancer 14 (1.1) 12 (1.1) 2(0.9)
Second non-breast malignancy 23(1.8) 22 (2.0) 1(04)
Distant metastasis 78 (6.0) 72 (6.7) 6(2.6)
Death without recurrence 31(2.4) 26 (2.4) 5(2.2)
OS events
Alive 1237 (94.7) 1017 (94.3) 220 (96.9)
Death of any cause 69 (5.3) 62 (5.7) 7(3.1)
Death with recurrence 38 (2.9) 36 (2.3) 2(0.9)
Death without recurrence 31(24) 26 (24) 5(2.2)

Abbreviations: HER2, human epidermal growth factor receptor 2; DFS: disease-free survival; OS: overall survival.

rank P = 0.014, Fig. 2A). Tumor size, ALN status, histological grade, P < 0.05, Supplementary Table S2). As shown in Table 3, multivar-
ER level, and PR level affected DFS in univariate analysis (Log-rank iable analysis showed that tumor >2.0 cm (HR 1.58, 95% CI:
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Fig. 2. Survival analysis in the whole population. (A) The estimated 5-year DFS rate was 87.4% for HER2-neg patients and 94.2% for HER2-pos patients treated with trastuzumab.
HER2-pos-T was associated with significantly better DFS both in univariate analysis (Log-rank P = 0.014) and multivariate analysis (HR 0.38, 95% CI: 0.22—0.67, Log-rank P = 0.001).
(B) The estimated 5-year OS rate was 95.7% in the HER2-neg group and 97.2% in the HER2-pos-T group (Log-rank P = 0.183). HER2-pos-T was associated with significantly better OS
(HR 0.40, 95% CI: 0.17—0.95, Log-rank P = 0.037) after adjusting menstrual status, histological type, tumor size, ALN status, histological grade, ER, and PR. (C) Estimated and
smoothed annual incidence of DFS events in the HER2-neg group and HER2-pos-T group *. (D) Estimated and smoothed annual incidence of OS events in the HER2-neg group and
HER2-pos-T group *. * In C/D panels, dots and triangles represent estimated annual incidence of DFS/OS events in the HER2-neg group and HER2-pos-T group, respectively.

Table 3

Multivariate analysis of prognostic factors associated with DFS and OS.
Characteristics DFS oS

HR (95% CI) P value HR (95% CI) P value

Menstrual status (Post- vs. Pre/Peri-) - - 1.77 (1.01-3.11) 0.047
Histology type (non-IDC vs. IDC) 00 (c0-c0) 0.950 00 (co-c0) 0.949
Tumor size (>2.0 cm vs. < 2.0 cm) 1.58 (1.09—-2.29) 0.015 1.97 (1.03—3.75) 0.040
ALN status (Positive vs. Negative) 1.47 (1.05—-2.05) 0.025 1.85(1.06—3.24) 0.031
Histological grade (III vs. I/II) 1.54 (1.11-2.14) 0.010 1.90 (1.10-3.26) 0.021
ER 0.005 <0.001
10—49% vs. < 10% 1.00 (0.49—-2.01) 0.84 (0.35—2.02)
>50% vs. < 10% 0.56 (0.28—1.11) 0.28 (0.13—-0.70)
PR (>20% vs. < 20%) 0.75 (0.53—1.06) 0.099 0.50 (0.26—0.95) 0.036
Group (HER2-pos-T vs. HER2-neg) 0.38 (0.22—0.67) 0.001 0.40 (0.17—-0.95) 0.037

Abbreviations: HER2, human epidermal growth factor receptor 2; ALN: axillary lymph node; ER, estrogen receptor; PR, progesterone receptor; y/o, years old.

1.09—2.29, Log-rank P = 0.015), positive ALN (HR 1.47, 95% CI:
1.05—2.05, Log-rank P = 0.025), and grade III (HR 1.54, 95% CI:
1.11-2.14, Log-rank P = 0.010) were independently associated with
worse DFS. Particularly, patients in the HER2-pos-T group had
significantly better DFS than those in the HER2-neg group (HR 0.38,
95% CI: 0.22—0.67, Log-rank P = 0.001, Table 3).

A total of 69 patients died during the follow-up period, of which
62 were in the HER2-neg group and 7 were in the HER2-pos-T
group (Table 2). Among these patients, 26 (41.9%) in the HER2-neg
group and 5 (71.4%) in the HER2-pos-T group didn’t experience
prior tumor recurrence. No statistically obvious OS difference was
observed between these two groups (Log-rank P = 0.183, Fig. 2B).
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The estimated 5-year OS rates were 95.7% and 97.2% in the HER2-
neg group and the HER2-pos-T group, respectively. Menstrual sta-
tus, tumor size, ALN status, histological grade, ER level, and PR level
were related to OS in univariate analysis (Log-rank P < 0.05,
Supplementary Table S2). In multivariable analysis (Table 3), post-
menopause (HR 1.77, 95% CI: 1.01-3.11, Log-rank P = 0.047),
tumor > 2.0 cm (HR 1.97, 95% CI: 1.03—3.75, Log-rank P = 0.040),
positive ALN (HR 1.85, 95% CI: 1.06—3.24, Log-rank P = 0.031), and
grade III (HR 1.90, 95% CI: 1.10—3.26, Log-rank P = 0.021) were
associated with worse OS, while ER >50% (HR 0.28, 95% CI:
0.12—-0.70, Log-rank P = 0.006) was related to better OS. More
importantly, patients in the HER2-pos-T group had significantly
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improved OS than those in the HER2-neg group after adjusting
these clinicopathological factors (HR 0.40, 95% CI: 0.17—0.95, Log-
rank P = 0.037, Table 3).

The estimated annual incidence rates of DFS and OS events are
shown in Fig. 2. For ER+/HER2-patients, relapse and death occurred
steadily throughout the follow-up period and the hazard curve for
DEFS exhibited a typical double-peaked pattern. The peaks occurred
at 3 years and 6—7 years after surgery. By contrast, DFS events were
less common and confined to the first 5 years for ER+/HER2+ pa-
tients, with a peak at the 3-year time point.

As with DFS, patients with ER+/HER2+ disease had a lower
estimated annual risk for OS events compared to ER+/HER2-cases.
For ER+/HER2-patients, the annual hazard for death remained
elevated during the follow-up period and two peaks were recorded
at 4 years and 6—7 years, respectively. For ER+/HER2+ patients,
however, the annual hazard for death decreased sharply beyond 5
years, which was similar to ER+/HER2-patients during the first 5
years.

Prognostic effect was tested for patients in certain subgroups
including age, menstrual status, tumor size, ALN status, tumor
grade, ER level, PR level, and Ki-67 level. With relatively small pa-
tient numbers, there seemed to be no significant interactions
(P > 0.05, Supplementary Figs. S1 and S2).

4. Discussion

Previous studies showed that HR+/HER2+ patients had distinct
clinical profiles and prognosis compared to those with HR+/HER2-
disease [4—7]. In our cohort, ER+/HER2+ patients treated with
trastuzumab and chemotherapy had more unfavorable prognostic
factors but significantly better disease outcome than ER-+/HER2-
patients receiving chemotherapy alone, indicating that HER2-
positivity itself may not be considered as an unfavorable factor
for ER + patients treated with chemotherapy in the era of
trastuzumab.

HER2+ breast cancer accounts for 15—25% of all breast cancers
and about 50% of HER2+ tumors also express hormone receptor
[2,4,5]. Patients with HR+/HER2+ tumors exhibit more aggressive
clinic-pathological characteristics and worse prognosis compared
to those with HR+/HER2-tumors [6,7]. Consistent with previous
reports, our results, recruiting patients all treated with chemo-
therapy, showed that ER+/HER2+ patients were significantly
associated with higher percentage of pre/peri-menopause, higher
tumor grade, and higher Ki-67 expression level compared with
ER-+/HER2-patients. Moreover, ER+/HER2+ patients had lower ER
and PR expression levels in the present study, indicating that ER+/
HER2+ patients in our cohort had unfavorable prognostic factors
compared with those in the ER+/HER2-group.

To our knowledge, this is the first study evaluating the prog-
nostic role of HER2 on high-risk ER + patients who receive adjuvant
chemotherapy in the era of trastuzumab. Previously, two trials that
assessed the efficacy of trastuzumab for HER2+ patients prospec-
tively included a parallel observational cohort in which HER2-
patients received same chemotherapy [17,18]. In the FinHer study,
HER2+ women treated with trastuzumab and chemotherapy had
comparable 3-year rate of survival free from distant recurrence to
HER2-patients (HR 1.09, 95% CI 0.52—2.29, Log-rank P = 0.82) [17].
Similarly, the 5-year results of the NOAH trial showed no survival
difference between these two groups (58% versus [vs.] 61%,
respectively) [18]. Moreover, there were studies evaluating the
prognostic value of HER2 status and trastuzumab for women with
metastatic breast cancer, which showed that patients with HER2+
disease who received trastuzumab had improved prognosis
compared to HER2-patients [19—21]. For example, an observational
study found that HR+/HER2+ breast cancer patients treated with

239

The Breast 54 (2020) 235—241

trastuzumab had longer survival after metastasis than HR+/HER2-
patients (HR 0.64, 95% CI 0.45—0.92, Log-rank P = 0.02) [19].
However, with the clinic-pathological difference between HER2+
and HER2-tumors, the actual prognostic efficacy of HER2 status
remained unknown. According to our results, ER+/HER2+ patients
treated with trastuzumab had significantly better 5-year DFS and
OS than those with ER+/HER2-tumors after adjusting baseline
clinic-pathological factors, indicating that HER2 positivity itself
should no longer be considered as an adverse factor for
ER + patients if they were treated with adjuvant trastuzumab and
chemotherapy.

Patients with HR + early breast cancers continue to be at risk for
recurrence many years after the initial diagnosis and treatment
including endocrine therapy [22]. The risk of late relapse in HR+/
HER2-breast cancer is well defined, but the risk in HR+/HER2+
patients treated with adjuvant trastuzumab-based chemotherapy
remains largely unknown [23]. Recently, Chumsri S and coworkers
demonstrated persistent benefit of adjuvant trastuzumab treat-
ment for HER2+ patients in the NCCTG N9831 and the NSABP B31
[23]. From 5 to 10 years after surgery, the cumulative incidence rate
of relapse or death in HR+/HER2+ patients receiving trastuzumab
and chemotherapy was 8.6% and the annualized rate was estimated
to be 0.33—2.52% [23]. Similar to this observation, no recurrence or
death beyond 5 years were observed for patients in the HER2-pos-T
group in our cohort with relatively short follow up period, indi-
cating that HR+/HER2+ patients treated with chemotherapy and
trastuzumab have favorable long-term prognosis compared with
HR-+/HER2-patients, which may guide further clinical treatment
decision making.

For high-risk pre-menopausal women with HR+/HER2-breast
cancer, ovarian function suppression (OFS) in addition to tamox-
ifen or its combination with an aromatase inhibitor has improved
the disease outcome [24—27]. By contrast, the benefit of OFS and
optimal endocrine therapy for HR+/HER2+ patients remain un-
known with clinical trials exhibiting heterogeneity between OFS
treatment benefit and HER2 status [26,28,29]. This could result
from the different patient, disease stage, or chemotherapy usage
between these trials [28]. Notably, 69% and 53% of HER2+ patients
in the SOFT and TEXT trials received trastuzumab-based chemo-
therapy [26]. In the present study, no obvious DFS or OS differences
were identified between ER+/HER2+ and ER+/HER2-patients in
the pre/peri-menopausal cohort. Moreover, treatment-related
amenorrhea (TRA) was found to be associated with improved DFS
(HR 0.58, 95% CI 0.45—0.76) and OS (HR 0.63, 95% CI 0.40—0.99) in
pre-menopausal HR+/HER2+ breast cancer patients from the
ALTTO trial [30], which might explain the subgroup analysis of the
SOFT trial (n = 236) showing that adding OFS to tamoxifen seemed
to be of particular benefit in HER2+ patients (interaction P = 0.04).
Based on above issues, HER2 positivity itself should not be
considered as an indicator for OFS usage in the presence of tras-
tuzumab and chemotherapy.

Pertuzumab was reported to increase the rate of invasive DFS
among HER2+ early breast cancer patients when it is added to
trastuzumab and chemotherapy by the 3-year result of Aphinity
trial (HR 0.81, 95% CI 0.66—1.00, Log-rank P = 0.045), which was
homogenous among HR+ and HR-subgroups (interaction P = 0.54)
[31]. Recently, SABCS updated the interim analysis of this trial,
where benefit of dual HER2 blockade with pertuzumab and tras-
tuzumab retained in the trial population [32]. And for HR+/HER2+
patients, 6-year rate of invasive DFS was 91.2% in the pertuzumab
group and 88.2% in the placebo group (HR 0.73, 95% CI 0.59—0.92),
revealing a remarkable prognosis improvement among this sub-
group [32]. Moreover, phase III randomized studies such as
MONARCH-E, PENELOPE-B, PALLAS are evaluating the potential for
CDK4/6 inhibitors to enhance standard adjuvant endocrine therapy
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in early node positive HR+/HER2-breast cancer patients who are at
high risk of disease recurrence [33]. These therapies, separately or
together, will further change the prognosis of early HR + breast
cancers.

Our study directly compared the disease outcome of ER+/
HER2+ breast cancer patients treated with trastuzumab and those
patients with ER-+/HER2-tumors receiving chemotherapy alone in a
large cohort. There were also some limitations. This was a single-
center retrospective study and selection bias was not avoidable.
For example, our results showed that the percentage of positive
ALN in HER2-patients was higher than that in the HER2+ patients
(54.9% vs. 42.3%), which contrasted with previous reports and may
be explained by that all enrolled HER2-patients in our cohort
received chemotherapy. Although this study enrolled large number
of patients, event rates were still relatively low, especially in the
HER2+ cohort. In addition, only 91 of the 1306 patients received
OFS, making it difficult to evaluate the predictive value of HER2
status for OFS benefit. Third, the follow-up period was still too short
to evaluate the risk of late disease recurrence for patients with ER+/
HER2-+ tumor. Moreover, information about duration of endocrine
therapy was not yet available, which needed further study.

In conclusion, we found that ER+/HER2+ patients had more
unfavorable clinic-pathological features than those patients with
ER-+/HER2-tumors treated with chemotherapy. More importantly,
ER+/HER2+ patients treated with trastuzumab and chemotherapy
had superior disease outcome compared with ER+/HER2-patients,
indicating that HER2 positivity itself may not be considered as a risk
factor for ER + patients in the era of trastuzumab, which warrants
further clinical investigation.
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