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Objectives: Trastuzumab, a humanized monoclonal antibody that binds human epidermal 

growth factor receptor 2 (HER2), dramatically improves the clinical outcomes of HER2-

positive breast cancer. Emerging evidence implied that the clinical behavior and sensitivity 

to targeted agents in HER2-positive breast cancer differed by hormone receptor (HR) status. 

The objective of this study was to determine the effect of the HR status on survival benefit 

of HER2-positive metastatic breast cancer when treated with anti-HER2-targeted therapy in 

People’s Republic of China.

Methods: Metastatic breast cancer patients with HER2-positive diseases across six cancer 

centers in People’s Republic of China were retrospectively analyzed in our study. Patients were 

classified into four groups according to HR/HER2 status and trastuzumab treatment: HER2+/

HR+ patients with first-line trastuzumab treatment, HER2+/HR+ patients with no trastuzumab 

treatment, HER2+/HR- patients with first-line trastuzumab treatment, and HER2+/HR- patients 

with no trastuzumab treatment. Kaplan–Meier analysis, log-rank test, and multivariate analysis 

were performed during analysis.

Results: A total of 295 patients were included in the final analysis. The median overall survival 

was 30 months (95% confidence interval: 27.521–32.479). Among patients with HER2+/

HR- disease, significant survival benefit was observed when treated with trastuzumab (30 vs 

21 months, P=0.000). However, in patients with HER2+/HR+ disease, trastuzumab admin-

istration had a survival improvement trend but no significant statistical differences (36 vs 

30 months, P=0.258). In the multivariate analysis, HR status was an independent predictor of 

overall survival and trastuzumab treatment had significantly decreased risk of death in HER2+/

HR- patients (hazard ratio =0.330).

Conclusion: HR status is an independent predictor of overall survival in HER2-positive meta-

static breast cancer patients and patients with HER2+/HR- subtype might be associated with 

more survival benefits when treated with trastuzumab-based regimens.
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Background
Human epidermal growth factor receptor type 2 (HER2) is overexpressed in ~15%–20% 

of invasive breast cancers and predicts a poor prognosis prior to the era of HER2-

targeted therapy.1–5 Trastuzumab, a humanized monoclonal antibody that binds HER2, 

dramatically improves the clinical outcomes of HER2-positive breast cancer.6–11 
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Patients with HER2-positive breast cancer are more likely 

to develop metastases compared with HER2-negative breast 

cancer patients, and anti-HER2 agents such as trastuzumab 

in combination with chemotherapy are often a preferred 

first-line therapeutic option for these patients.6,12

Hormone receptors such as estrogen receptor (ER) and 

progesterone receptor (PR) also regulate breast tumor cell 

proliferation and are usually considered prognostic predic-

tors of endocrine treatment.13 Initially, an inverse association 

was noted between HER2 positivity and hormonal receptors 

expression, but subsequently it was proved that up to 50% 

of the patients with HER2-positive tumors are also HR 

positive,14 although HR was expressed at lower levels com-

pared with HER2-/HR+ tumors.15 It was thought that anti-

HER2 agents were effective in patients with HER2-positive 

disease, irrespective of the HR status.16 However, recent data 

have suggested that HER2+/HR+ and HER2+/HR- tumors 

are two different subtypes, with different prognoses in the 

absence of HER2 blockade therapy.17–19 Data from neoad-

juvant and adjuvant settings also indicate that HR-positive 

and HR-negative tumors among HER2-positive breast cancer 

patients exhibit different response rates to treatment20 and 

relapse patterns.21,22 A large retrospective analysis showed 

that HER2-positive tumors with HR-negative expression 

exhibited greater lymphocytic infiltration, and higher HER2 

intensity.23,24 Another study revealed that HER2 heterogeneity 

affected trastuzumab responses and survival in patients with 

HER2-positive metastatic breast cancer (MBC).25 Assess-

ment of HR status helps to direct therapy for breast cancer 

patients. Before the HR testing guidelines were published, 

the threshold for positive HR status was controversial and the 

test’s performance lacked consistency.26–28 HER2 test perfor-

mance has improved since the publication of the guidelines,29 

but there are still limited data on the influence of HR status 

on trastuzumab treatment benefits in HER2-positive MBC.  

In the current study, we retrospectively investigated the 

relationship of HR and HER2 status with trastuzumab treat-

ment and its effect on outcomes of patients with MBC across 

multiple cancer centers in People’s Republic of China.

Patients and methods
Patients
This retrospective study was conducted at six cancer centers 

across People’s Republic of China, which included Beijing 

Shijitan Hospital, Liaoning Cancer Hospital and Institute, 

China-Japan Friendship Hospital, Shandong Cancer 

Hospital, the First Affiliated Hospital of Nanjing Medical 

University, and Jiangsu Cancer Hospital. Patients who met 

all the following criteria were included in the study: 1) a 

pathological diagnosis of adenocarcinoma of the breast; 2) 

at least 18 years of age; 3) immunohistochemical staining 

showed 3+ intensity for the HER2 protein (.30% of invasive 

tumor cells with intense membrane staining) or amplifica-

tion of the HER2 gene on fluorescence in situ hybridization 

(ratio of HER2 to chromosome 17 centromere $2.0);29  

4) pathologically and/or radiologically proven metastatic 

disease. Patients who met the criteria above but with one of 

the following conditions were excluded: 1) lack of definite 

ER and PR status; 2) received prior systemic therapy for 

metastatic disease; 3) received ,2 cycles of chemotherapy 

as the first-line chemotherapy without computed tomography 

scan; 4) incomplete medical records and follow-up data;  

5) other primary tumors.

Institutional review board approval was obtained from 

the Ethics Committee of Beijing Shijitan Hospital for our 

analyses, and the study was performed according to the 

Declaration of Helsinki.

Therapeutic regimen
The patients received trastuzumab at a loading dose of 

8 mg/kg of body weight, followed by 6 mg/kg of body weight 

every 3 weeks, or a loading dose of 4 mg/kg of body weight, 

followed by 2 mg/kg of body weight weekly, either by itself 

or concurrent with chemotherapy.

Data collection
Individual patient data regarding baseline characteristics, 

histopathologic results at surgery, prior chemotherapy and 

endocrine therapy, first-line regimens, initial number of 

metastases and metastatic sites, date of disease progression, 

and death were extracted for this analysis from the electronic 

medical records at each institution. The follow-up data were 

collected from electronic medical records or by telephone 

interviews. The primary tumor was staged according to the 

seventh edition of the American Joint Committee on Cancer 

tumor-node-metastasis (TNM) classification.30 Positive HR 

status was defined as staining of 1% or more of either the ER 

or PR expression on immunohistochemical analysis.

Follow-up study
Median follow-up duration was calculated as the median 

observation time for the patients. The primary endpoint of the 

study was overall survival (OS) and the secondary endpoint 

was progression-free survival (PFS). OS was calculated from 

the first date of relapse (local, regional, or distant) to the date 

of death from any cause or the date of the last follow-up. 
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PFS was calculated from the date of diagnosis of MBC until 

first disease progression after the initiation of treatment for 

MBC. The first disease progression was defined as local 

recurrence and/or distant metastasis that occurred after the 

initiation of treatment for MBC. Metastatic disease was 

diagnosed by clinical evaluations including imaging studies 

or biopsy, and disease progression detected by imaging and 

clinical examination.

statistical analysis
Kaplan–Meier method was used to estimate OS and PFS 

and their corresponding 95% confidence intervals (CIs). 

Patients without progression or death were censored at the 

last follow-up visit. Log-rank test was used for univariate 

analysis and variables with P,0.20 on univariate analysis 

and a clinically important variable (age) were included in 

the Cox proportion hazard regression model. For example, 

factors included in the multivariate analysis models on OS 

in HER2-positive MBC were age (#50 vs .50 years), 

pathological primary tumor TNM stage (I–III vs IV), HR 

status (positivity vs negativity), prior adjuvant endocrine 

therapy (receiving vs not receiving), disease-free survival 

interval (,24 vs $24 months), metastases site (non-visceral 

vs visceral metastases), initial number of metastases (single 

vs multiple metastases), trastuzumab treatment (with tras-

tuzumab treatment vs without). Univariate and multivariate 

Cox regression analyses were used to generate unadjusted 

and adjusted HR and their corresponding 95% CIs. All the 

statistical analyses were performed using the SPSS 17.0 

statistical software program (SPSS Inc., Chicago, IL, USA) 

and P,0.05 was considered statistically significant.

Results
Patient demographic and baseline 
characteristics
The study flowchart is shown in Figure 1. Nine hundred 

and thirty-two patients were diagnosed with MBC at the six 

participating hospitals between January 1, 2009 and June 1, 

2014. Four hundred and eleven (44.1%) of them were positive 

for HER2 expression but 116 patients were excluded because 

Figure 1 The study flowchart.
Abbreviations: chemo, chemotherapy; her, human epidermal growth receptor; hr, hormone receptor; MBc, metastatic breast cancer; T, trastuzumab.
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of unclear HR status (n=7), the presence of other primary 

tumor (n=1), prior palliative treatment (n=80), ,2 cycles 

of treatment (n=19), or incomplete medical records (n=9). 

Consequently, 295 patients were included in the final analysis. 

Their demographic and baseline characteristics are shown in 

Table 1. Their median age was 52 (range 26–80) years and 

slightly more than half (52.5%) of them were premenopausal. 

Additionally, approximately half (50.8%) of them were HR 

positive. Immunohistochemical staining showed 3+ intensity 

for the HER2 protein in 206 (69.8%) patients. Approximately 

half of the women (52.5%) received trastuzumab therapy and 

the median cycle of first-line trastuzumab-based therapy was 

Table 1 Demographic and baseline characteristics of the study population

Variables All  
patients

Trastuzumab  
therapy

No trastuzumab  
therapy

Patients, n (%) 295 (100.0) 155 (52.5) 140 (47.5)
age, years

Median (range) 52 (26–80) 52 (26–77) 52 (30–80)
#50 years, n (%) 129 (43.7) 66 (22.4) 63 (21.3)

Postmenopausal status, n (%)
Yes 155 (52.5) 80 (27.1) 75 (25.4)
no 140 (47.5) 75 (25.4) 65 (22.1)

histology, n (%)
iDc 286 (96.9) 152 (51.5) 134 (45.4)
ilc 9 (3.1) 3 (1.0) 6 (2.1)

Tumor grade, n (%)
1–2 94 (31.9) 57 (19.3) 37 (12.6)
3 65 (22.0) 37 (12.5) 28 (9.5)
Unknown 136 (46.1) 61 (20.7) 75 (25.4)

lymph node invasion, n (%)
0 79 (26.8) 34 (11.5) 45 (15.3)
1–3 89 (30.2) 47 (15.9) 42 (14.3)
4–9 56 (18.9) 34 (11.5) 22 (7.4)
.9 71 (24.1) 40 (13.6) 31 (10.5)

TnM stage, n (%)
i–iii 267 (90.5) 137 (46.4) 130 (44.1)
iV 28 (9.5) 18 (6.1) 10 (3.4)

hr status, n (%)
Positive 150 (50.8) 65 (22.0) 85 (28.8)

er+/Pr+ 102 (34.6) 38 (12.9) 64 (21.7)
er+/Pr- 36 (12.2) 20 (6.8) 16 (5.4)
er-/Pr+ 12 (4.0) 7 (2.3) 5 (1.7)

negative 145 (49.2) 90 (30.5) 55 (18.7)
her2 evaluation, n (%)

ihc intensity 3+ 206 (69.8) 93 (31.5) 113 (38.3)
ihc intensity 2+ or 1+, FISH amplification 89 (30.2) 62 (21.0) 27 (9.2)

Prior adjuvant chemotherapy, n (%)
Yes 247 (83.7) 128 (43.4) 119 (40.3)
no 48 (16.3) 27 (9.1) 21 (7.2)

Prior adjuvant endocrine therapy, n (%)
Yes 87 (29.5) 39 (44.8) 48 (55.2)
no 208 (70.5) 116 (39.3) 92 (31.2)

Prior adjuvant targeted therapy, n (%)
Yes 39 (13.2) 24 (8.1) 15 (5.1)
no 256 (86.8) 131 (44.4) 125 (42.4)

Disease-free survival interval, n (%)
,24 months 166 (56.3) 96 (32.6) 70 (23.7)
$24 months 129 (43.7) 59 (20.0) 70 (23.7)

Metastases, n (%)
Visceral 174 (58.9) 93 (31.5) 81 (27.4)
Multiple 108 (36.6) 49 (16.6) 59 (50.0)

First-line chemotherapy, n (%)
Taxane-based 161 (54.6) 79 (26.8) 82 (27.8)
Vinorelbine-based 53 (18.0) 35 (11.9) 18 (6.1)
Others 81 (27.4) 41 (13.9) 40 (13.5)

Abbreviations: ER, estrogen receptor; FISH, fluorescent in situ hybridization; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IDC, invasive 
ductal carcinoma; ihc, immunohistochemistry; ilc, invasive lobular carcinoma; Pr, progesterone receptor; TnM, tumor-node-metastasis.
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6 (range 2–15). Women receiving trastuzumab therapy and 

not receiving trastuzumab therapy were comparable in demo-

graphic and baseline characteristics (P.0.05 in all).

Os
The median follow-up duration from first date of treatment 

for MBC patients was 34 (range 10–74) months. One hundred 

and fifty-four (52.2%) deaths were recorded at the time of 

data analysis. The median OS for all women was 30 months 

(95% CI: 27.521–32.479) (Figure 2A). HER2+/HR+ and 

HER2+/HR- women receiving or not receiving trastuzumab 

therapy were comparable in demographic and baseline 

characteristics (P.0.05) (Table 2). Among patients with 

HER2+/HR- disease, patients receiving trastuzumab therapy 

showed markedly longer OS (median 30 months; 95% 

CI: 25.557–34.443) than those not receiving trastuzumab 

therapy (median 21 months; 95% CI: 13.904–28.096) 

(P=0.000) (Figure 2B). However, in patients with HER2+/

HR+ disease, trastuzumab administration showed longer 

OS (median 36 months; 95% CI: 28.176–43.824) than those 

Figure 2 Median overall survival (Os) regarding hr status and trastuzumab treatment. 
Notes: (A) survival curve for all patients; (B) survival curves for hr-negative patients regarding trastuzumab treatment; and (C) survival curves for hr-positive patients 
regarding trastuzumab treatment.
Abbreviations: her2, human epidermal growth factor receptor 2; hr, hormone receptor; Os, overall survival.
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Table 2 Demographic and baseline characteristics of hr-positive and hr-negative MBc patients according to trastuzumab therapy

Variables HR+ P-value HR- P-value

Trastuzumab therapy Trastuzumab therapy

Yes No Yes No

n (%) 65 (43.3) 85 (56.7) 90 (62.1) 55 (37.9)
age, years 0.338 0.541

Median (range) 52 (26–76) 52 (30–75) 52 (29–77) 53 (36–80)

#50 years, n (%) 27 (41.5) 42 (49.4) 39 (43.3) 21 (39.6)

Postmenopausal, n (%) 0.692 0.338
Yes 35 (53.8) 43 (50.6) 45 (50.0) 32 (58.2)

histology, n (%) 0.203 0.986
iDc 65 (100.0) 80 (94.1) 87 (96.7) 54 (98.2)
ilc 0 (0.0) 5 (5.9) 3 (3.3) 1 (1.8)

Tumor grade, n (%) 0.123 0.483
1–2 22 (33.8) 19 (22.4) 35 (38.9) 18 (32.7)
3 17 (26.2) 18 (21.1) 20 (22.2) 10 (18.2)
Unknown 26 (40.0) 48 (56.5) 35 (38.9) 27 (49.1)

lymph node invasion, n (%) 0.262 0.520
0 16 (24.6) 32 (37.6) 18 (20.0) 13 (23.6)
1–3 24 (36.9) 23 (27.1) 23 (25.6) 19 (34.5)
4–9 13 (20.0) 12 (14.1) 21 (23.3) 10 (18.3)

.9 12 (18.5) 18 (21.2) 28 (31.1) 13 (23.6)

TnM stage, n (%) 0.826 0.142
i–iii 61 (93.8) 79 (92.9) 76 (84.4) 51 (92.7)
iV 4 (6.2) 6 (7.1) 14 (15.6) 4 (7.3)

Prior adjuvant chemotherapy, n (%) 0.804 0.406
Yes 56 (86.2) 72 (84.7) 72 (80.0) 47 (85.5)

Prior adjuvant endocrine therapy, n (%) 0.621 0.732
Yes 31 (47.7) 44 (51.8) 8 (8.9) 4 (7.3)

Prior adjuvant targeted therapy, n (%) 0.171 0.869
Yes 10 (15.4) 7 (8.2) 14 (15.6) 8 (14.5)

Disease-free survival interval, n (%) 0.367 0.435

,24 months 30 (46.2) 33 (38.8) 66 (73.3) 37 (67.3)

Metastases location, n (%) 0.426 0.268
Visceral 34 (52.3) 50 (58.8) 59 (65.6) 31 (56.4)

Metastases number, n (%) 0.749 0.341
Multiple 20 (30.8) 37 (43.5) 29 (32.2) 22 (40.0)

First-line chemotherapy, n (%) 0.257 0.285
Taxane-based 32 (49.2) 49 (57.6) 47 (52.2) 33 (60.0)
Vinorelbine-based 16 (24.6) 12 (14.2) 19 (21.1) 6 (10.9)
Others 17 (26.2) 24 (28.2) 24 (26.7) 16 (29.1)

Abbreviations: hr, hormone receptor; iDc, invasive ductal carcinoma; ilc, invasive lobular carcinoma; MBc, metastatic breast cancer; TnM, tumor-node-metastasis.

not receiving trastuzumab therapy (median 30 months; 95% 

CI: 23.333–36.667), the difference was not statistically sig-

nificant (P=0.258) (Figure 2C).

PFs
Two hundred and thirty-eight (80.7%) patients showed 

disease progression. The median PFS for all women was 

10 months (95% CI: 9.200–10.800) (Figure 3A). The addi-

tion of trastuzumab therapy in HER2+/HR- women resulted 

in significantly longer PFS (median 11 months; 95% CI: 

9.363–12.637 vs no trastuzumab therapy: median 6 months; 

95% CI: 4.524–7.476) (P=0.000) (Figure 3B). Significant 

difference in PFS was also observed between HER2+/HR+ 

women receiving trastuzumab therapy (median 13 months; 

95% CI: 8.676–17.324) and those not receiving trastu-

zumab therapy (median 10 months; 95% CI: 8.585–11.415) 

(P=0.001) (Figure 3C).

Univariate and multivariate analysis
Univariate analyses showing a trend of association for sur-

vival were entered into the Cox proportion hazard regres-

sion model, which showed that positive HR status (hazard 
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ratio: 0.591, 95% CI: 0.406–0.860, P=0.006) and trastuzumab 

therapy (hazard ratio: 0.478, 95% CI: 0.336–0.679, P=0.000) 

were associated with statistically significant reduction 

in death risks and were independent predictors of OS of 

MBC patients (Table 3). Additionally, multivariate analysis 

revealed that initial TNM stage I–III (hazard ratio: 0.247, 

95% CI: 0.107–0.574, P=0.001) but not trastuzumab therapy 

(hazard ratio: 0.709, 95% CI: 0.436–1.154, P=0.166) were 

associated with statistically significant reduction in death risks 

for HR-positive women (Table 4). Meanwhile, trastuzumab 

therapy (adjusted hazard ratio: 0.330, 95% CI: 0.195–0.556, 

P=0.000) were associated with statistically significant reduc-

tion in death risks for HER2+/HR- women (Table 4).

Furthermore, multivariate analysis showed that posi-

tive HR status (hazard ratio: 0.641, 95% CI: 0.477–0.860, 

P=0.003), non-visceral metastasis (hazard ratio: 0.702, 95% 

CI: 0.538–0.916, P=0.009), and trastuzumab therapy (hazard 

ratio: 0.463, 95% CI: 0.350–0.611, P=0.000) were indepen-

dent predictors of PFS of MBC patients (Table 5) and trastu-

zumab therapy was associated with more significant reduction 

in recurrence risks for HER2+/HR– women (adjusted hazard 

ratio: 0.369, 95% CI: 0.245–0.557, P=0.000) (Table 6).

Figure 3 Median progression-free survival (PFs) regarding hr status and trastuzumab treatment.
Notes: (A) survival curve for all patients; (B) survival curves for hr-negative patients regarding trastuzumab treatment; and (C) survival curves for hr-positive patients 
regarding trastuzumab treatment.
Abbreviations: her2, human epidermal growth factor receptor 2; hr, hormone receptor; PFs, progression-free survival.
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Table 3 Multivariate analysis of prognostic factors for Os in her2-positive MBc patients

Variables Hazard ratio (95% CI) P-value

age 1.001 (0.985–1.018) 0.891
TnM stage i–iii vs iV 0.668 (0.388–1.149) 0.145
hr positivity vs negativity 0.591 (0.406–0.860) 0.006
receiving vs not receiving prior adjuvant endocrine therapy 1.085 (0.709–1.660) 0.708
Disease-free survival interval ,24 vs $24 months 1.288 (0.880–1.885) 0.193
non-visceral vs visceral metastases 0.730 (0.514–1.037) 0.079
single vs multiple metastases 0.776 (0.541–1.115) 0.170
With trastuzumab in first-line treatment vs without 0.478 (0.336–0.679) 0.000*

Note: *adjusted by age, initial TnM stage, hr status, prior adjuvant endocrine therapy, disease-free survival interval, metastatic location, and metastatic number.
Abbreviations: CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MBC, metastatic breast cancer; OS, overall survival; 
TnM, tumor-node-metastasis.

Table 4 Multivariate analysis of prognostic factors for Os regarding hr status of her2-positive MBc patients

Variables HR+ HR-

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

age 0.983 (0.959–1.007) 0.167 1.017 (0.993–1.042) 0.116
TnM stage i–iii vs iV 0.247 (0.107–0.574) 0.001 1.196 (0.569–2.514) 0.636
not receiving vs receiving prior adjuvant endocrine therapy 1.026 (0.591–1.782) 0.926 1.116 (0.490–2.540) 0.794
Disease-free survival interval ,24 vs $24 months 1.021 (0.582–1.792) 0.941 1.660 (0.966–2.852) 0.067
non-visceral vs visceral metastases 0.678 (0.402–1.143) 0.144 0.694 (0.423–1.140) 0.150
single vs multiple metastases 0.609 (0.363–1.023) 0.061 1.080 (0.640–1.824) 0.773
With trastuzumab therapy vs without 0.709 (0.436–1.154) 0.166* 0.330 (0.195–0.556) 0.000*

Note: *adjusted by age, initial TnM stage, prior adjuvant endocrine therapy, disease-free survival interval, metastatic location, and metastatic number.
Abbreviations: CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MBC, metastatic breast cancer; OS, overall survival; 
TnM, tumor-node-metastasis.

Table 5 Multivariate analysis of prognostic factors for PFs in her2-positive MBc patients

Variables Hazard ratio (95% CI) P-value

age 1.006 (0.993–1.019) 0.370
hr positivity vs negativity 0.641 (0.477–0.860) 0.003
receiving vs not receiving prior adjuvant endocrine therapy 1.110 (0.819–1.504) 0.502
non-visceral vs visceral metastases 0.702 (0.538–0.916) 0.009
With trastuzumab in first-line treatment vs without 0.463 (0.350–0.611) 0.000*

Note: *adjusted by age, hr status, prior adjuvant endocrine therapy, and metastatic location.
Abbreviations: CI, confidence interval; HR, hormone receptor; HER2, human epidermal growth factor 2; MBC, metastatic breast cancer; PFS, progression-free survival.

Table 6 Multivariate analysis of prognostic factors for PFs regarding hr status of her2-positive MBc patients

Variables HR+ HR-

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

age 0.995 (0.977–1.013) 0.565 1.019 (0.999–1.038) 0.058
not receiving vs receiving prior adjuvant endocrine therapy 1.023 (0.714–1.464) 0.903 1.346 (0.716–2.531) 0.357
non-visceral vs visceral metastases 0.735 (0.507–1.066) 0.105 0.610 (0.410–0.907) 0.015
With trastuzumab therapy vs without 0.556 (0.381–0.810) 0.002* 0.369 (0.245–0.557) 0.000*

Note: *adjusted by age, prior adjuvant endocrine therapy, and metastatic site.
Abbreviations: CI, confidence interval; HR, hormone receptor; HER2, human epidermal growth factor 2; MBC, metastatic breast cancer; PFS, progression-free survival.
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Discussion
Growing evidence indicated that the response to targeted 

therapy and the prognostic impact of pathologic complete 

response (pCR) after anti-HER2-targeted therapy depended 

on HR status. In neoadjuvant settings, data from a retrospec-

tive study showed that the combination of trastuzumab and 

chemotherapy gained different clinical outcomes in HER2-

positive breast cancer according to HR status, and the pCR 

rates were 1.5- to 2-fold lower in ER-positive than in ER-

negative patients.31 More recently, data from other clinical 

trials such as NeoSphere,32 NeoALTTO,33 GeparQuinto,34 

NOAH,35 ACOSOG Z1041,36 and TBCRC 00637 further 

confirmed these findings, showing that pCR rates were 

lower in HER2+/HR+ patients, regardless of the type of 

anti-HER2 treatment. Moreover, a multicenter retrospec-

tive study also revealed that HR status as an independent 

predictor of pCR and trastuzumab therapy resulted in a 

smaller benefit in recurrence-free survival in HER2+/HR+ 

patients than in HER2+/HR- patients.38 Similar data were 

also reported in the adjuvant setting. Data from a study on HR 

status and the benefit of trastuzumab among MBC patients 

showed that high expression of ER ($30% of tumor cells) 

was associated with reduced responsiveness to trastuzumab 

plus chemotherapy, and when endocrine therapy was added 

to the regimen of patients with ER higher expression tumors, 

significant PFS benefits were seen.39 These results suggest 

that the treatment strategy for HER2-positive breast cancer 

may be stratified by HR status.

Contrary to the situation in early breast cancer, data on 

the influence of HR status on trastuzumab treatment benefits 

in advanced HER2-positive breast cancer are limited. In 

our study, we evaluated the impact of HR status on the 

clinical outcome of trastuzumab therapy for Chinese MBC 

patients. Our data showed that trastuzumab administration 

resulted in a markedly longer OS with a 9 month increase in 

median OS in HER2+/HR- women compared with HER2+/

HR- women who did not receive trastuzumab therapy. This 

survival benefit, however, was not observed in HER2+/HR+ 

women. This finding is similar to previous findings from 

early stage and MBC patients.40,41 Multivariate analysis fur-

ther showed that HR status was an independent predictor of 

OS of Chinese HER2-positive MBC patients and negative 

HR status was associated with statistically significant reduc-

tion in risk of death when treated with trastuzumab (hazard 

ratio: 0.330, 95% CI: 0.195–0.556, P=0.000). In our study, 

HR status was also an independent predictor of PFS of MBC 

patients, and HER2+/HR- women had more significant 

reduction in progression risk. These findings suggest that 

HR status modulates HER2-positive MBC patient response 

to trastuzumab and HR status may be used to stratify MBC 

patients for trastuzumab therapy. Our findings partially dis-

agreed with the retrospective study by Brufsky et al42 who 

analyzed MBC patients enrolled in three clinical trials and 

found that the addition of trastuzumab therapy to chemo-

therapy significantly improved prognosis of patients with 

HER2-positive metastatic diseases. However, they observed 

no significant clinical benefit difference among HR-positive 

and HR-negative diseases.42 It must be noted, however, that 

there were some limitations in their study, such as the testing 

of HR status was performed in local laboratories and with 

potential variation. Considering the relatively lower pCR rate 

and smaller prognostic impact in HER2+/HR+ patients, we 

might reconsider less cell toxicity drugs or hormonal therapy 

combined with anti-HER2 agents in this subset of population. 

However, in HER2+/HR- patients, chemotherapy-related 

toxicity therapy combined with anti-HER2 agents remain 

the optimal treatment.

Resistance to anti-HER2 therapy is an ongoing topic 

for investigation.43,44 Emerging data suggested that the bidi-

rectional cross-talk between the HER2 and HR pathways 

is not only involved in endocrine resistance, but also in 

anti-HER2 agent resistance. Wang et al showed that, fol-

lowing trastuzumab and lapatinib treatment, the ER activity 

upregulated or dynamically transitioned and functioned as the 

key escape/survival pathway and led to reduced sensitivity 

to anti-HER2 therapy.44 Another recent preclinical study on 

the cross-talks between HER2 and HR pathways showed 

that co-expression of ER led to increased ER transcriptional 

activity and survivin expression, which was correlated with 

unfavorable response to treatment.45 Moreover, recent studies 

also showed that the cross-talks between phosphoinositide 

3-kinase (PI3K) and the ER pathway might influence the 

targeted therapy efficacy.46 PI3K mutation predicts a sig-

nificant lower response with HER2+/HR+ cohort. Patients 

with HER2+/HR+ tumors might be tested for PI3K mutation 

status, although alternative treatment options are lacking yet, 

but might become available in the near future. These findings 

partly support the clinical benefits of trastuzumab therapy 

in HER2+/HR- breast cancer patients and imply that dual 

inhibition of both HER2 and ER achieves better responsive-

ness in HER2+/HR+ breast cancer patients.

The systematic treatment of HER2-positive patients 

enrolled in our study mostly depended on primary tumor 

characteristics; less than 20% of the patients received trastu-

zumab therapy guided by biopsy data on metastatic lesions. 

The conversion rate of receptor status has been reported to 
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range from 10.3% to 16%, 30% to 40%, and 5.2% to 24% 

for ER, PR, and HER2, respectively.47–50 Recent consensus 

for MBC recommends biopsy of metastatic lesions to re-test 

HER2 and HR status.51 However, the impact of receptor 

conversion on clinical outcome remains unclear; in a pooled 

analysis, only a minority of patients (14%) changed manage-

ment strategy after biopsy of metastatic lesions.52 Thus, pro-

spective studies are required to further confirm the predictive 

value of the effectiveness and survival improvement based 

on biopsy results from metastatic lesions. Our study also 

has some other limitations owing to the multiple centers 

and retrospective nature of the study design. For example, 

among HER2-positive patients who received trastuzumab 

therapy, the duration of trastuzumab as a first-line treatment 

and continuation after progression varied according to eco-

nomic conditions and physical performance, which might 

have partly impacted the results.

In People’s Republic of China, a significant percentage 

of the HER2-positive breast cancer patients do not receive 

trastuzumab therapy because of drug availability and cost 

issues. From our data, we speculate that there is a sizable 

group of patients who may benefit less from the current 

“standard” trastuzumab and chemotherapy treatment 

than the rest of the patients. One of these groups is those 

with small tumors and high expression of both hormonal 

receptors in the adjuvant setting and therefore less or no 

chemotherapy with HER2 therapy can be considered as an 

option.53 On the other hand, the patients with metastatic 

HER2+/HR- breast cancer should be more strongly rec-

ommended to consider trastuzumab-based therapy with 

chemotherapy than the HER2+/HR+ group, despite the 

cost issues.

Conclusions
In conclusion, our study has demonstrated that HR status is an 

independent predictor of OS of HER2-positive MBC patients 

and that trastuzumab therapy significantly improves OS of 

HER2+/HR- patients. The predictive role of HR status on the 

survival benefits of anti-HER2 agents would have therapeutic 

implications and cause stratification by HR status of MBC 

patients for trastuzumab therapy, which helps to optimize cost 

effectiveness of trastuzumab-based regimens, especially in 

Chinese patients where not all people can afford expensive 

targeted therapy treatment.
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