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Background: Recent data on first-line treatment patterns administered to hormone
receptor-positive (HR+) advanced breast cancer (ABC) patients in the real-world setting
are limited. This study aimed to report the first-line treatment patterns and outcomes of
HR+ ABC patients in China.

Methods: This was a multicenter, noninterventional study. Eligible patients were
cytologically or histologically confirmed to have HR+ ABC with ≥2 complete medical
records and received first-line therapies between January 2015 and June 2019.
Treatment patterns and outcomes were extracted from structured or unstructured
electronic medical records. Progression-free survival (PFS) was analyzed with the
Kaplan-Meier method.

Results: In total, 1072 patients with HR+ ABC were enrolled at 6 treatment sites: 327
human epidermal growth factor receptor 2-positive (HER2+) patients, 696 HER2-negative
(HER2-) patients and 49 HER2-unknown patients. Overall, 62.41% of patients received
first-line chemotherapy (CT), 21.08% received targeted therapy (TT) and 15.49%
received endocrine therapy (ET). For HR+/HER2+ patients, 65.14% received TT,
28.44% received CT, and 5.81% received ET. Compared with patients who received TT,
patients who received CT alone, had a significantly worsemedian PFS (adjusted hazard ratio
[HR] =2.59, 95% confidence interval [CI], 1.64-4.10, p<0.001). For HR+/HER2- patients,
77.01% received CT, 20.69% received ET and 1.15% received TT. Compared with patients
who received ET, patients who received CT with maintenance therapy had a significantly
prolonged median PFS (adjusted HR =0.57, 95% CI, 0.44-0.76, p<0.001). Among HR+/
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HER2- patients who received CT with maintenance treatment, those with maintenance ET
had a longer median PFS than those with maintenance CT, but the difference was not
significant (adjusted HR=0.92, 95% CI, 0.64-1.33, p=0.66).

Conclusions: This real-world study demonstrates that CT remains the mainstream first-
line treatment option for HR+ patients in China. Among patients with HR+/HER2+ ABC,
the majority received first-line TT and experienced a PFS benefit. A high percentage of
HR+/HER2- patients received CT as first-line therapy in clinical practice. PFS benefit was
significantly longer in patients who received CT with maintenance therapy. Moreover,
there was no obvious difference in PFS between maintenance ET and CT. Maintenance ET
may be a better choice considering its lower toxicity and better quality of life.
Keywords: advanced breast cancer, hormone receptor-positive, first-line treatment, outcomes, real-world study
INTRODUCTION

Breast cancer is a common cancer, accounting for approximately
30% of female cancers, and has a mortality-to-incidence ratio of
15% (1). It is also the leading cause of cancer-related death in
Chinese women, with an incidence rate of 19.2% and a mortality
rate of 9.1% (2). Nearly two-thirds of patients with breast cancer
in China are diagnosed with advanced disease (3, 4). Advanced
breast cancer (ABC) comprises locally advanced breast cancer
(stages IIIB/C) and metastatic breast cancer (stage IV); common
sites of spread are bone, the lung and the liver (5). An estimated
5–10% of all breast cancer patients have metastatic disease at
initial presentation, whereas approximately 30% of patients
diagnosed with early-stage disease will progress to metastatic
disease (6, 7). ABC is a treatable but virtually incurable disease,
with metastases being the cause of death in almost all patients, a
median overall survival period of 2–3 years and a 5-year survival
rate of approximately 25% (5, 8, 9).

ABC therapies are formulated according to molecular
subtypes. At the molecular level, the molecular features of ABC
include the activation of human epidermal growth factor
receptor 2 (HER2) and hormone receptor (HR, including
estrogen receptor [ER] and progesterone receptor [PR])
expression (8). HR-positive (HR+) breast cancer is the most
common phenotype, with the proport ion reaching
approximately 70–80% (10). For HR+/HER2-positive (HER2+)
patients, the preferred first-line treatment option is anti-HER2
agents combined with chemotherapy (CT) agents (5, 11). For HR
+/HER2-negative (HER2-) patients, clinical guidelines
recommend first-line endocrine therapy (ET) with or without
targeted therapy unless they are experiencing visceral crises and/
or endocrine resistance is known or suspected (5). ET is
supported by data showing a therapeutic benefit with less
toxicity and better quality of life. First-line ET can be an
aromatase inhibitor (AI), fulvestrant or tamoxifen, depending
on the previous therapies and tumor progression (8, 12). If no
more ET options or there is rapid progression or visceral crisis,
CT is also recommended (5, 13). It is generally thought that CT is
associated with a greater and earlier tumor response, especially in
cases of a high disease burden (14). However, for women with
2

HR+/HER2- ABC, which specific patients are suitable for CT or
ET as first-line treatment remains unclear; to date, no
randomized clinical trials have answered this question (14).
Moreover, recent data on first-line treatment patterns and
outcomes administered to HR+ ABC patients in the real-world
setting are limited.

Therefore, our analysis of this multicenter, noninterventional
study described first-line therapies and clinical outcomes, and
analyzed the association between patient- and disease-related
factors and outcomes in patients with HR+ ABC in a real-world
setting in China.
METHODS

Study Design
This was a multicenter, noninterventional, retrospective
study conducted from January 2015 to June 2019. A total of 6
tertiary first-class hospitals were involved in this research
(Supplementary Table 1). The primary objectives of this study
were to describe the first-line treatment patterns and clinical
outcomes of HR+ ABC patients. The secondary objectives were
to explore associations between demographic and clinical factors
and outcomes. According to HER2 status, the patients were
categorized into the HER2+, HER2-, or HER2-unknown groups.
ABC in this study included locally advanced breast cancer (stages
IIIB/C) and metastatic breast cancer (stage IV). ER-or PR-
positive was defined as the cutoff point of 1% of stained cells
or recorded as positive by physicians in medical records. Any
ER- and/or PR-positive was regarded as HR+. HER2+ was
defined as either an immunohistochemistry (IHC) score 3+ or
an IHC score 2+ and positive fluorescence in situ hybridization
(FISH) or recorded as positive by physicians in medical records.
First-line treatment was defined as initial therapy received for
ABC up to first progression or therapy change. CT alone was
defined as the use of CT agents only. CT with maintenance
therapy refers to the continuation of CT agents and/or endocrine
agents and/or anti-HER2 agents after discontinuation of CT
agents (5). ET was defined as the use of endocrine agents only.
Targeted therapy (TT) was defined as the use of anti-HER2
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agents in combination with CT agents or endocrine agents;
cyclin dependent kinases 4 and 6 inhibitors (CDK4/6i) or
mammalian target of rapamycin (mTOR) inhibitors combined
with endocrine agents; targeted agents alone; or anti-HER2
agen t s combined wi th CT agen t s and endocr ine
agents.Endocrine sensitive patients included patients with an
initial diagnosis of advanced stage or more than one year after
completion of adjuvant endocrine therapy (5). Primary
endocrine resistance was defined as a relapse while on the first
2 years of adjuvant ET, or disease progression within the first 6
months of first-line ET for ABC, while on ET (5). Secondary
endocrine resistance is defined as relapse while on adjuvant ET
but after the first 2 years, or relapse within 12 months of
completing adjuvant ET, or disease progression within 6
months after initiating ET for ABC, while on ET (5). Disease-
free survival (DFS) was defined as the time from the date of
surgery to the development of a new breast cancer event (i.e.,
locoregional or distant breast cancer or new primary tumor).
Progression-free survival (PFS), as the primary endpoint, was
defined as the time from first-line treatment to progression or
death from any cause. Tumor progression was evaluated in
accordance with the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1.

This study protocol was approved by each site’s ethics
committee, and the requirement for informed consent was
waived because this was a noninterventional study. The
procedures used for data collection, saving and analyses from
electronic medical records (EMRs) followed the guidelines on
using real-world data to generate real-world evidence established
by the National Medical Products Administration (NMPA)
in China.

Data Source
Baseline patient characteristics, treatment patterns and disease
progression were extracted from patient charts, diagnostic tests,
laboratory findings, and clinical notes. Patient demographics
(including sex and age), TNM stage, histological type, DFS,
endocrine sensitivity, ER status, PR status, HER2 status, Ki-67
index, metastatic location, number of metastatic sites,
progression, and first-line treatment data were collected. After
de-identification, cleaning, and standardization, the data were
aggregated in the LinkDoc Breast Cancer Research Database.

Study Population
The inclusion criteria were as follows: (1) cytologically or
histologically confirmed ABC; (2) HR+ was defined as ER-
and/or PR-positive; (3) at least 2 complete medical records;
and (4) received first-line therapy between January 2015 and
June 2019. Patients who did not receive treatment or had other
primary malignancies during observation were excluded.

Statistical Analyses
Key patient cohorts were stratified by different HER2 statuses
(HER2+, HER2-, and HER2-unknown groups). Descriptive
statistics of demographics, tumor characteristics and treatment
patterns were performed. The Kaplan–Meier method was used to
estimate PFS, which was compared across cohorts using a log-
Frontiers in Oncology | www.frontiersin.org 3
rank test. The associations between baseline patient and disease
characteristics and PFS were analyzed by multivariate Cox
regression. The following patient- or disease-related factors
were studied as prognostic factors: first-line therapy, age, TNM
stage, histological type, DFS, number of metastatic sites,
metastasis sites, and Ki-67 index. For multivariate Cox
regression analysis, only observations with complete
information on all factors were used. No imputation was
performed for missing data. The hazard ratios (HRs) with 95%
confidence intervals (CIs) are presented. The significance level
was set at p= 0.05. SAS version 9.4 was used for all
statistical analyses.
RESULTS

Demographic and Clinical Characteristics
Between January 2015 and June 2019, a total of 1072 patients
with HR+ ABC who received first-line treatment were enrolled
for analysis: 327 HER2+ patients, 696 HER2- patients and 49
HER2-unknown patients. The baseline characteristics of the
patients are summarized in Table 1. Overall, the median age at
diagnosis of ABC was 50.0 (43.0–56.0) years. Most patients had
stage IV disease (859, 80.13%), invasive ductal carcinoma (667,
62.22%), endocrine sensitivity (409, 38.15%) and a Ki-67 index
>20% (640, 59.70%). The DFS of 17.35% (186) of patients was
more than 5 years, 22.11% (237) was less than 2 years, and
24.35% (261) was between 2-5 years. Of these HR+ patients,
70.43% (775) expressed both ER- and PR-positive, and 29.57%
(317) expressed ER-positive or PR-positive. A total of 35.63%
(382) of ABC patients had one metastatic site, and 44.50% (477)
of patients had ≥2 metastatic sites. The common metastasis sites
were visceral metastases (486, 45.34%), followed by soft tissue
and/or lymph nodes only (327, 30.50%) and bone only
(232, 21.64%).

Baseline demographics and clinical characteristics were
generally similar among the HER2+ and HER2- groups.
Compared with the HER2+ group, the HER2- group had a
lower median patient age at diagnosis of ABC (49.0 vs. 50.0
years) and a higher proportion of patients who were male (1.15%
vs. 0). The HER2- group had more patients with DFS > 5 years
(21.12% vs. 9.48%), positive for both ER and PR (75.72% vs.
59.57%), and a Ki-67 index ≤ 20% (40.80% vs. 25.08%) than the
HER2+ group.

First-Line Treatment Strategies
Overall, as a first-line treatment, a total of 669 (62.41%) patients
with HR+ ABC received CT (with or without maintenance
therapy), 166 (15.49%) received ET, 226 (21.08%) received TT,
and 11 (1.02%) received other therapies (Table 2).

When examining patients with HR+/HER2+ tumors by first-
line treatment after ABC diagnosis, a total of 213 (65.14%)
patients received TT, 93 (28.44%) patients received CT (with
or without maintenance therapy), and 19 (5.81%) patients
received ET. In patients with HR+/HER2+ ABC who received
CT, nearly half chose CT with maintenance therapy (45,
48.39%), and the others chose CT alone (48, 51.61%). Among
March 2022 | Volume 12 | Article 829693
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those who received CT with maintenance therapy, maintenance
ET (19, 42.22%) was a more frequent application than
maintenance CT (11, 24.44%). HER2-targeted therapy is
recommended by guidelines as standard treatment for HER2+
patients. In the present study, among patients who received TT,
the majority (197, 92.49%) received HER2-targeted therapy in
combination with CT agents, 6 (2.82%) received HER2-targeted
therapy in combination with endocrine agents, 7 (3.29%)
received targeted therapy alone, and 3 (1.40%) received HER2-
targeted therapy plus CT agents plus endocrine agents.

For patients with HR+/HER2- ABC, 77.01% (536) received
CT (with or without maintenance therapy), 20.69% (144)
received ET and 1.15% (8) received TT. Approximately half of
Frontiers in Oncology | www.frontiersin.org 4
the HER2- patients who received first-line CT chose
maintenance therapy (303, 56.53%), especially maintenance ET
(177, 58.42%), followed by maintenance CT (117, 38.61%).
Among patients who received TT, they underwent CDK4/6i (4,
50.00%) or mTOR inhibitors (4, 50.00%). The majority of
patients with an unknown HER2 status received CT (40,
81.63%), and among them, 62.50% (25) received CT with
maintenance therapy.

Outcomes
Up to the follow-up cutoff date, the median follow-up was 20.24
months overall. For all HR+ patients, the median PFS times were
17.12, 14.59 and 13.40 months in the HER2+, HER2- and HER2-
TABLE 1 | The baseline characteristics.

Characteristics, n (%) Total (n=1072) HER2-positive (n=327) HER2-negative (n=696) HER2-unknown (n=49)

Median age at diagnosis of ABC, years (range) 50.0 (43.0-56.0) 50.0 (44.0-56.0) 49.0 (43.0-56.0) 52.0 (45.0-61.0)
Sex
Male 8 (0.75) 0 8 (1.15) 0
Female 1064 (99.25) 313 (100.00) 688 (98.85) 49 (100.00)
Stage
IIIB 73 (6.81) 19 (5.81) 49 (7.04) 5 (10.20)
IIIC 140 (13.06) 42 (12.84) 87 (12.50) 11 (22.45)
IV 859 (80.13) 266 (81.35) 560 (80.46) 33 (67.35)
Histological type
Invasive ductal carcinoma 667 (62.22) 212 (64.83) 422 (60.63) 33 (67.35)
Invasive lobular carcinoma 47 (4.38) 4 (1.22) 39 (5.60) 4 (8.16)
Both 217 (20.24) 66 (20.18) 144 (20.69) 7 (14.29)
Others 84 (7. 84) 28 (8.56) 52 (7.47) 4 (8.16)
Unknown/Missing 57 (5.32) 17 (5.21) 39 (5.61) 1 (2.04)
DFS
>5 years 186 (17.35) 31 (9.48) 147 (21.12) 8 (16.33)
2-5 years 261 (24.35) 83 (25.38) 168 (24.14) 10 (20.41)
<2 years 237 (22.11) 86 (26.30) 137 (19.68) 14 (28.57)
Unknown/Missing 388 (36.19) 127 (38.84) 244 (35.06) 17 (34.69)
Endocrine sensitivity
Endocrine sensitive* 409 (38.15) 128 (39.14) 260 (37.36) 21 (42.86)
Secondary endocrine resistance 279 (26.03) 66 (20.18) 208 (29.89) 5 (10.20)
Primary endocrine resistance 167 (15.58) 68 (20.80) 94 (13.51) 5 (10.20)
Unknown 217 (20.24) 65 (19.88) 134 (19.25) 18 (36.73)
ER
Positive 1005 (93.75) 294 (89.91) 667 (95.83) 44 (89.80)
Negative 67 (6.25) 33 (10.09) 29 (4.17) 5 (10.20)
PR
Positive 822 (76.68) 226 (69.11) 556 (79.89) 40 (81.63)
Negative 242 (22.57) 98 (29.97) 135 (19.40) 9 (18.37)
Unknown/Missing 8 (0.75) 3 (0.92) 5 (0.71) 0
ER+PR
Both positive 755 (70.43) 193 (59.57) 527 (75.72) 35 (71.43)
Others 317 (29.57) 134 (40.43) 169 (24.28) 14 (28.57)
Ki-67
≤20% 386 (36.01) 82 (25.08) 284 (40.80) 20 (40.82)
>20% 640 (59.70) 235 (71.87) 381 (54.74) 24 (48.98)
Unknown/Missing 46 (4.29) 10 (3.05) 31 (4.46) 5 (10.20)
Number of metastatic sites
0 213 (19.87) 61 (18.65) 136 (19.54) 16 (32.65)
1 382 (35.63) 131 (40.06) 236 (33.91) 15 (30.61)
≥2 477 (44.50) 135 (41.28) 324 (46.55) 18 (36.73)
Metastasis sites
Bone metastasis only 232 (21.64) 56 (17.13) 165 (23.71) 11 (22.45)
Soft tissue and/or lymph nodes metastasis only 327 (30.50) 93 (28.44) 217 (31.18) 17 (34.69)
Visceral metastasis 486 (45.34) 156 (47.71) 314 (45.11) 16 (32.65)
March 2022 | Vo
*Endocrine sensitive patients included those with an initial diagnosis at an advanced stage or more than one year after completion of adjuvant endocrine therapy.
DFS, disease-free survival; ER, estrogen receptor; PR, progesterone receptor.
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unknown groups, respectively. As shown in Figure 1, the HER2+
group had a significantly longer median PFS than the HER2-
group after multivariable adjustment (adjusted HR=0.79, 95%
CI, 0.65–0.96, p=0.016). Compared with the HER2- group, the
HER2-unknown group showed a lower median PFS, but the
difference was not statistically significant (13.40 vs. 14.59
months, adjusted HR=0.95, 95% CI, 0.63–1.44, p=0.816).

In the HR+/HER2+ group, compared with patients who received
TT, those who received CT alone experienced significantly worse
median PFS (8.05 vs. 20.86 months, HR=1.92, 95% CI, 1.28–2.88,
p=0.002) (Figure 2). The obvious difference in the median PFS
between patients who received ET and those who received TT (11.73
vs. 20.86 months, HR=1.89, 95% CI, 1.06–3.37, p=0.032) was not
robust because only 19 patients received ET. After multivariate
Frontiers in Oncology | www.frontiersin.org 5
analyses for PFS, the adjusted risk of disease progression in patients
treated with ET was not significantly lower than that in patients
treatedwithTT(adjustedHR=1.81;95%CI,0.95–3.43,p=0.071).The
median PFS of patients who received CT with maintenance therapy
was shorter than that of patients who received TT, but the difference
was not significant (16.43 vs. 20.86 months, adjusted HR=1.39, 95%
CI, 0.88–2.22, p=0.162).

In theHR+/HER2-group, themedianPFS timesofbothpatients
who received CT alone (11.17 vs. 10.48 months, HR=0.75, 95% CI,
0.58–0.97, p=0.028) and those who received CT with maintenance
therapy (18.69 vs. 10.48 months, HR=0.52, 95% CI, 0.41–0.65,
p<0.001) were significantly prolonged compared to those who
received ET (Figure 3). However, after multifactor analysis, we
did not observe a difference in the median PFS between the ET and
FIGURE 1 | Kaplan-Meier curves of progression free survival among HER2+, HER2-, and HER2-unknown groups.
TABLE 2 | The most frequent treatment patterns.

Drug administration with any first-line exposure, n(%) Total HER2-positive HER2-negative HER2-unknown
(n=1072) (n=327) (n=696) (n=49)

Chemotherapy 669 (62.41) 93 (28.44) 536 (77.01) 40 (81.63)
Chemotherapy alone* 296 (44.25) 48 (51.61) 233 (43.47) 15 (37.50)
Chemotherapy with maintenance therapy 373 (55.75) 45 (48.39) 303 (56.53) 25 (62.50)

Chemotherapy with maintenance chemotherapy 143 (38.34) 11 (24.44) 117 (38.61) 15 (60.00)
Chemotherapy with maintenance endocrine therapy 205 (54.96) 19 (42.22) 177 (58.42) 9 (36.00)
Chemotherapy with other maintenance therapies** 25 (6.70) 15 (33.34) 9 (2.97) 1 (4.00)

Endocrine therapy 166 (15.49) 19 (5.81) 144 (20.69) 3 (6.12)
Targeted therapy 226 (21.08) 213 (65.14) 8 (1.15) 5 (10.20)
HER2-targeted therapy+chemotherapy 202 (89.38) 197 (92.49) 0 5 (100.00)
Targeted therapy+endocrine therapy 14 (6.19) 6 (2.82) 8 (100.00) 0
HER2-targeted therapy+endocrine therapy 6 (42.86) 6 (100.00) 0 0
CDK4/6i+endocrine therapy 4 (28.57) 0 4 (50.00) 0
mTOR inhibitors+endocrine therapy 4 (28.57) 0 4 (50.00) 0
Targeted therapy alone& 7 (3.10) 7 (3.29) 0 0
HER2-targeted therapy+chemotherapy+endocrine therapy 3 (1.33) 3 (1.40) 0 0

Other therapy# 11 (1.02) 2 (0.61) 8 (1.15) 1 (2.05)
March 2022 | Volume 12
*Chemotherapy alone: No maintenance therapy after first-line chemotherapy due to progressive disease or toxicity.
**Chemotherapy with other maintenance therapies included targeted agents plus chemotherapy agents, targeted agents plus endocrine agents, or chemotherapy agents plus
endocrine agents.
&Targeted therapy alone included a Bio-Thera ADC drug (a clinical study drug, BAT001), trastuzumab, and apatinib (an anti-angiogenic small molecule drug).
#Other therapy includes chemotherapy agents plus endocrine agents.
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CT alone groups (adjusted HR=0.98, 95% CI, 0.73–1.30, p=0.874).
Furthermore, we compared the median PFS between different
maintenance therapy groups. Figure 4 indicates that the median
PFS of maintenance CT was slightly shorter than that of
maintenance ET (16.43 vs. 19.19 months, HR=1.10, 95% CI,
0.80–1.50, p=0.555). The curve of maintenance ET declined
slightly in the first two years but decreased sharply around the
second year and intersected with the curve of maintenance CT.

Clinical Prognostic Factors for PFS
To avoid confounding effects, multivariate Cox regression analysis
was performed.Table 3 indicates that according to themultivariate
analysis in the HR+/HER2+ group, CT alone (adjusted HR=2.59,
95%CI, 1.64–4.10, p<0.001, reference: TT) as first-line therapy and
other tumor histological types (adjusted HR=1.99, 95% CI, 1.14–
Frontiers in Oncology | www.frontiersin.org 6
3.48, p=0.016, reference: invasive ductal carcinoma) were
independently associated with worse PFS. Bone metastasis only
(adjustedHR=0.42, 95%CI, 0.23–0.75, p=0.004, reference: no bone
metastasis only) was related to better PFS. Furthermore, in the
HER2- group, CT with maintenance therapy (adjusted HR=0.57,
95%CI, 0.44–0.76, p<0.001, reference: ET), andaKi-67 index≤20%
(adjusted HR=0.79, 95% CI, 0.64–0.98, p=0.033, reference: Ki-
67>20%) were significant protective factors for progression.
DISCUSSION

Our analysis of this multicenter, noninterventional study
investigated first-line therapies and their association with
clinical outcomes in patients with HR+ ABC in a real-world
FIGURE 3 | Kaplan-Meier curves of progression free survival of HR+/HER2- patients. CT, chemotherapy; MT, maintenance therapy; ET, endocrine therapy.
FIGURE 2 | Kaplan-Meier curves of progression free survival of HR+/HER2+ patients. CT, chemotherapy; MT, maintenance therapy; ET, endocrine therapy; TT,
targeted therapy.
March 2022 | Volume 12 | Article 829693

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Chen et al. First-Line Treatment in HR+ ABC
FIGURE 4 | Kaplan-Meier curves of progression free survival of HR+/HER2- patients between maintenance therapies. CT, chemotherapy; ET, endocrine therapy.
TABLE 3 | Prognostic factors of progression free survival for advanced breast cancer patients with HR-positive.

Variables HER2-positive HER2-negative

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

First-line therapy
Targeted therapy 1
Endocrine therapy 1.81 (0.95-3.43) 0.071 1
Chemotherapy alone 2.59 (1.64-4.10) <0.001 0.98 (0.73-1.30) 0.874
Chemotherapy with maintenance therapy 1.39 (0.88-2.22) 0.162 0.57 (0.44-0.76) <0.001

Age (years)
<50 1 1
≥50 1.06 (0.76-1.47) 0.739 0.85 (0.69-1.05) 0.140

Stage
IIIB 1 1
IIIC 0.84 (0.33-2.12) 0.713 1.08 (0.60-1.94) 0.804
IV 1.52 (0.60-3.86) 0.383 1.48 (0.80-2.77) 0.215

Histological type
Invasive ductal carcinoma 1 1
Invasive lobular carcinoma 0.95 (0.21-4.24) 0.947 1.00 (0.65-1.56) 0.992
Both 0.82 (0.50-1.36) 0.449 0.99 (0.72-1.35) 0.943
Others 1.99 (1.14-3.48) 0.016 1.04 (0.72-1.51) 0.818

DFS (years)
>5 1 1
2-5 1.07 (0.57-2.03) 0.827 1.00 (0.73-1.36) 0.979
<2 1.68 (0.77-3.65) 0.192 0.93 (0.62-1.41) 0.746
None 1.06 (0.18-6.22) 0.952 0.74 (0.42-1.30) 0.291

Number of metastatic sites
≥2 1 1
1 0.96 (0.65-1.42) 0.823 0.81 (0.63-1.03) 0.088

Metastasis sites
None 1 1
Bone metastasis only (Ref: no bone metastasis only) 0.42 (0.23-0.75) 0.004 1.03 (0.69-1.53) 0.889
Soft tissue and/or lymph nodes metastasis only (Ref: no soft tissue and/or lymph nodes metastasis only) 1.28 (0.69-2.38) 0.427 1.41 (0.95-2.09) 0.092
Visceral metastasis (Ref: no visceral metastasis) 0.87 (0.46-1.62) 0.652 1.53 (0.98-2.38) 0.059

Ki-67
>20% 1 1
≤20% 0.92 (0.63-1.37) 0.693 0.79 (0.64-0.98) 0.033
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setting in China. This study demonstrated that the median age at
ABC diagnosis in mainland Chinese patients was 50.0 years,
which was nearly a decade younger than that in Western patients
(15–18). In line with our findings, an epidemiological study (19)
reported that the peak age of breast cancer onset in mainland
China and Taiwan was approximately 45 to 49 years. The
proportion of patients with visceral metastases (45.34%) was
slightly higher than that in previous Western studies (20–22).

Overall, we found that first-line treatments of HR+ ABC, such
as ET, CT, and HER2-specific TT, remained mainstream
treatment options for the management of advanced disease,
and their selection largely depended on the molecular subtype.
The results showed that CT (62.41%) was widely used as an
upfront therapy for HR+ patients. In the present study, a
significant difference in the median PFS was found between the
HER2+, and HER2- groups (HER2+ vs. HER2-, adjusted
HR=0.79, 95%CI, 0.65-0.96, p=0.016). This may be due to the
high proportion (65.14%) of HER2+ patients who were treated
with TT, contributing to a significantly longer PFS than
HER2- patients.

In patients with HR+/HER2+ ABC, we found that the most
common treatment was anti-HER2 regimens plus CT-based
regimens, consistent with the 2017 and 2018 Chinese Society
of Clinical Oncology (CSCO) BC guideline recommendations (5,
13, 23). Compared to contemporaneous studies in Western
countries (16, 24), in the present study, we observed a lower
proportion (65.14%) of TT usage in Chinese HER2+ patients.
This situation may be related to the high prices of targeted drugs.
A previous study (25) reported that before targeted agents
(containing trastuzumab) were covered by government health
insurance, the estimated out-of-pocket payment by patients
ranged from 3.0 to 13.1 times of the provincial average
disposable annual income per capita for urban residents, and
6.2 to 27.3 times for rural residents. Until August 2017,
trastuzumab was covered by government health insurance. In
our study, 385 (35%) patients were included from 2015 to July
2017, and needed to pay for expensive targeted agents entirely
out-of-pocket if they chose TT. However, the cost of trastuzumab
has been reduced to one-third of the original cost since
government health insurance coverage started. These payments
were about 0.6 to 2.1 times for urban residents and 1.8 to 4.4
times for rural population (25). The financial burden for patients
is still high, especially for the rural low-income population.
Similar to our results, a real-world study from China suggested
that 49.2% of metastatic BC patients did not receive trastuzumab
as the first-line therapy (26). HER2+ ABC patients who received
TT as a first-line therapy demonstrated benefits in PFS (20.86
months). In line with our finding, a phase II study suggested TT
as first-line treatment in HER2+ metastatic breast cancer, with a
median PFS of 19.5 months (27). Additional trials (16, 28) also
showed that the addition of targeted agents to CT significantly
improved PFS compared with CT alone. Similarly, observations
from our study demonstrated that patients who received CT
alone had significantly worse PFS than those who received TT.
Moreover, there was a trend toward a longer PFS in patients
treated with TT compared with those receiving CT with
Frontiers in Oncology | www.frontiersin.org 8
maintenance therapy, but there was no obvious difference
between the two groups. In 45 patients treated with CT with
maintenance therapy, the subsequent strategy of choosing
maintenance therapy was effective in prolonging the PFS of the
patients, making the difference between the two groups close.
Guideline also showed there are no data to decide which is more
beneficial for PFS between TT and CT with maintenance therapy
in HER2+ ABC (5). Ultimately, TT should be preferred for HR
+/HER2+ patients to achieve better PFS with lower toxicity.

Of note, the treatment patterns of HR+/HER2- ABC observed
in the current study differed from guideline recommendations (5,
29, 30). The majority (77.01%) of patients received CT with or
without maintenance therapy, in contrast to guidelines (5) that
recommend ET as the standard of care in first-line settings. The
top treatment pattern was CT with maintenance ET. The high
proportion of patients initiating CT as first-line treatment in this
paper is consistent with the result from a recent real-world study
in China (31). The authors reported that 35.3% of patients with
HR+/HER2- metastatic BC received ET as front-line treatment,
and 17.2% of patients who had neither visceral metastasis nor
progression on (neo)adjuvant ET wrongly received CT instead of
ET (32). However, in Europe and America, only 25–56% of
patients receive CT in the first-line metastatic setting, which is
obviously different from that in China (14, 32–34). In addition,
56.53% of patients received maintenance treatment after the
disease was effectively controlled by CT, and maintenance ET
(58.42%) was preferred. Although maintenance treatment
strategies have not been evaluated in randomized controlled
trials, they have been widely applied in clinical settings (35).

We explored potential reasons for the wide usage of CT for
HER2- ABC patients in routine oncology practice in China. First,
a large proportion of patients with visceral metastasis (45.11%) in
our cohort led to the increased use of CT. This result may be
explained by the fact that the European Society for Medical
Oncology (ESMO) guidelines recommend that when HR
+/HER2- patients have visceral crisis, the preferred option is
CT (5). Additionally, outpatient EMR data were not collected in
this study. The majority of patients received ET in the outpatient
department, which may have resulted in underestimating ET use
in our study. Second, 13.51% of patients had primary endocrine
resistance and 29.89% had secondary endocrine resistance,
resulting in the inability to use endocrine drugs. Usually,
patients who have endocrine resistance are not recommended
to use ET for HR+ ABC by Chinese expert consensus (13). Third,
compared with ET, the higher response rates and faster response
associated with CT may cause clinicians to prescribe CT to
patients with rapidly progressive and symptomatic disease (14,
34). This may be attributed to the vast heterogeneity in
metastatic disease characteristics among these patients and the
lack of clear prognostic indicators to guide physicians in
identifying which patients may benefit from CT or ET. Given
the generally poor prognosis of patients, physicians may use
assumptions of disease response and poor overall survival rates
to favor aggressive CT (33). It has been proven that patients with
potentially more unfavorable characteristics, such as a higher
number of metastatic sites, receive CT more often than ET (14)
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or receive CT first followed by endocrine maintenance treatment.
Fourth, treatment costs would influence patients’ choice of
agents. Reports have demonstrated that drug reimbursement
policies in China strongly affect the availability of optimum
systemic therapies (30). Many regimens are not covered by
government health insurance, frequently resulting in
prohibitively high out-of-pocket expenses for patients (3, 23).
In China, a proportion of endocrine regimens and targeted
regimens are not covered by insurance. Long-term
administration of these drugs will be a financial burden; thus,
patients’ and physicians’ decisions on whether TT or ET should
be used as first-line treatment are affected by family incomes
(36). Finally, based on the physician’s experience, the
acceptability of CT was better than that of ET in patients.
Thus, taking into account patients’ preferences, CT was more
commonly used as first-line therapy.

The real-life median PFS times of ET (10.48 months) and CT
alone (11.17 months) for patients with HR+/HER2- ABC in the
present study were consistent with those reported in clinical
trials (21). RWS showed that the PFS for ET as first-line therapy
was approximately 9-12 months (18, 37), similar to that of
choosing CT alone as first-line therapy. Notably, in the patient
receiving induction CT followed by maintenance therapy, the
PFS time almost doubled that with CT alone (18.69 months).
This is most likely because maintenance therapy could have
improved the prognosis of the first-line CT group (15). CT with
maintenance therapy was associated with a significantly longer
median PFS than ET. The results of this study indicated that
maintenance therapy after first-line CT should be recommended
as a first-line treatment strategy in HR+/HER2- ABC,
considering its major impact on tumor progression. The
rationale of maintenance therapy is based on the assumption
that residual tumors contain clones that are still sensitive to one
or more drugs included in the combination used as induction
therapy, allowing prolonged tumor control with a decrease in
side effects (38). We also compared the survival benefit among
different maintenance therapies. It was interesting to note that
there was no obvious difference between maintenance ET and
CT. A recent meta-analysis (39) on maintenance CT concluded
that time to progression was improved only in some patients and
that improved PFS and overall survival were very rarely
observed, whereas worsening of quality of life was the most
frequent outcome. First-line maintenance ET is a considerable
treatment pattern, especially when the expected benefit of
continuous CT is limited or toxicity is unbearable (39).

In addition to first-line treatment patterns, we also identified
significant prognostic factors for PFS. For the HR+/HER2+
subgroup, the PFS benefit was independently associated with
CT with maintenance therapy and a Ki-67 index ≤ 20%. Previous
studies are consistent with our results, suggesting that high Ki-67
expression was associated with worse OS and PFS (40). Bone
metastasis only was identified as a protective factor, whereas CT
alone was related to higher death rates in the HR+/HER2
+ subgroup.

A number of limitations regarding our study should be
considered when interpreting the results. First, bias was
Frontiers in Oncology | www.frontiersin.org 9
inherent because of the retrospective and observational nature
of the study design. With or without available parameters, the
quality of the data complicated the analyses and may have
resulted in bias. Second, although data collection for PFS
analysis may not have been controlled, it may closely represent
real-life practice where therapies are changed almost exclusively
due to progression or unacceptable side effects. Third, outpatient
data were not included, which may have led to an
underestimation of ET usage. Fourth, variables such as the
Eastern Cooperative Oncology Group (ECOG) performance
status and (neo)adjuvant therapy were not collected, and all of
these variables may impact outcomes. Finally, owing to the small
number of patients who received HER2-targeted therapy in
combination with ET, statistical analyses could not be
performed and differences between this group and HER2-
targeted therapy in combination with CT were not discussed.

This real-world study demonstrated that CT (with or without
maintenance therapy) remained the mainstream first-line
treatment option for HR+ patients in China. Among patients
with HR+/HER2+ ABC, the majority received first-line TT and
experienced a PFS benefit. A high percentage of HR+/HER2-
patients received CT as first-line therapy in clinical practice, not
completely adhering to guidelines. There are multiple reasons for
not adhering to guidelines outside of clinical trials, such as
visceral metastasis, endocrine resistance, costs, response rates
and patient acceptability. The results of this study indicated that
CT with maintenance therapy was associated with a significantly
longer median PFS than ET in HR+/HER2- ABC. Moreover,
there was no obvious difference in PFS between maintenance ET
and CT. Maintenance ET may be a better choice considering its
lower toxicity and better quality of life.
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ESO–ESMO International Consensus Guidelines for Advanced Breast Cancer
(ABC 4)†. Ann Oncol (2018) 29:1634–57. doi: 10.1093/annonc/mdy192

6. Reinert T, Barrios CH. Optimal Management of Hormone Receptor Positive
Metastatic Breast Cancer in 2016. Ther Adv Med Oncol (2015) 7(6):304–20.
doi: 10.1177/1758834015608993

7. Davie A, Carter GC, Rider A, Pike J, Lewis K, Bailey A, et al. Real-World
Patient-Reported Outcomes of Women Receiving Initial Endocrine-Based
Therapy for HR+/HER2- Advanced Breast Cancer in Five European
Countries. BMC Cancer (2020) 20(1):855. doi: 10.1186/s12885-020-07294-2. 7.

8. Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami N, Poortmans P,
et al. Breast Cancer. Nat Rev Dis Primers (2019) 5(1):66. doi: 10.1038/s41572-
019-0111-2. 23.

9. Cardoso F, Spence D, Mertz S, Corneliussen-James D, Sabelko K, Gralow J,
et al. Global Analysis of Advanced/Metastatic Breast Cancer: Decade Report
(2005-2015). Breast (2018) 39:131–8. doi: 10.1016/j.breast.2018.03.002

10. Waks AG, Winer EP. Breast Cancer Treatment: A Review. JAMA (2019) 321
(3):288–300. doi: 10.1001/jama.2018.19323

11. Giordano SH, Temin S, Kirshner JJ, Chandarlapaty S, Crews JR, Davidson NE,
et al. Systemic Therapy for Patients With Advanced Human Epidermal
Growth Factor Receptor 2-Positive Breast Cancer: American Society of
Clinical Oncology Clinical Practice Guideline. J Clin Oncol (2014) 32:2078–
99. doi: 10.1200/JCO.2013.54.0948

12. Finn RS, Crown JP, Lang I. The Cyclin-Dependent Kinase 4/6 Inhibitor
Palbociclib in Combination With Letrozole Versus Letrozole Alone as First-
Line Treatment of Oestrogen Receptor-Positive, HER2-Negative, Advanced
Breast Cancer (PALOMA-1/TRIO-18): A Randomised Phase 2 Study. Lancet
Oncol (2015) 16:25–35. doi: 10.1016/S1470-2045(14)71159-3

13. Committee of Chinese Society of Clinical Oncology. Chinese Society of Clinical
Oncology Breast Cancer Guideline 2017 Version 1. Beijing: People’s Medical
Publishing House (2017).
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