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Purpose This study aims to comprehensively evaluate the clinical efficacy of chemotherapy or endocrine therapy maintenance in
metastatic breast cancer (MBC) patients.

Materials and Methods The meta-analysis of randomized clinical trials (RCTs) and propensity score matching of multicenter cohort
study evaluated MBC patients who underwent first-line chemotherapy or endocrine therapy maintenance. This study is registered with
PROSPERO: CRD42017071858 and ClinicalTrials.gov: NCT04258163.

Results A total of 2,867 patients from 15 RCTs and 760 patients from multicenter cohort were included. The results from meta-
analysis showed that chemotherapy maintenance improved progression-free survival (PFS) (hazard ratio [HR], 0.63; 95% confidence
interval [Cl], 0.54 to 0.73; p < 0.001; moderate-quality evidence) and overall survival (OS) (HR, 0.87; 95% Cl, 0.78 to 0.97; p=0.016;
high-quality evidence) than observation. In the cohort study, for hormone receptor-positive MBC patients, chemotherapy mainte-
nance improved PFS (HR, 0.67; 95% Cl, 0.52 to 0.85; p < 0.001) and OS (HR, 0.55; 95% Cl, 0.42 to 0.73; p < 0.001) compared with
observation, and endocrine therapy maintenance also improved PFS (HR, 0.65; 95% Cl, 0.53 to 0.80; p < 0.001) and OS (HR, 0.55;
95% Cl, 0.44 to 0.69; p < 0.001). There were no differences between chemotherapy and endocrine therapy maintenance in PFS and
0S (all p > 0.05). Regardless of the continuum or switch maintenance therapy, showed prolonged survival in MBC patients who were
response to first-line treatment.

Conclusion This study provided evidences for survival benefits of chemotherapy and endocrine therapy maintenance in MBC
patients, and there was no difference efficacy between chemotherapy and endocrine therapy maintenance for hormone receptor-
positive patients.

Key words Metastatic breast neoplasms, Chemotherapy, Endocrine therapy, Overall survival, Progression-free survival

Introduction chemotherapy, take a watch and wait strategy, and the op-
timal maintenance treatment has not been determined [1-4].

The primary goals of treatment for metastatic breast can- For hormone receptor-positive MBC patients, switch
cer (MBC) are to reduce symptoms, maintain quality of life, endocrinetherapymaintenanceisalsoacommonoptionfollow-
slow tumor progression, and extend survival. After first-line ing first-line chemotherapy. A GINECO group study, phase 1T
chemotherapy, further treatment always determined by the trial of taxane plus bevacizumab compared with exemestane
patient’s response, individual tolerance, and physician pref- plus bevacizumab duration in estrogen receptor—positive,
erences. However, there are several options for MBC patients human epidermal growth factor receptor 2 (HER2)-nega-
who are responding to chemotherapy, to continue treatment tive MBC patients after first-line taxane and bevacizumab
with a fix number of cycles or until disease progression, stop indicated that maintenance therapy with exemestane plus
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bevacizumab did not achieve longer progression-free sur-
vival (PFS) [5]. The current clinical practice has established
neither a clear clinical benefit of chemotherapy over endo-
crine therapy maintenance for hormone receptor—positive
MBC patients.

Overall, high-quality studies are warranted to further
clarify the association between chemotherapy or endocrine
therapy maintenance and clinical benefit in patients with
MBC after first-line chemotherapy, specifically hormone
receptor—positive MBC patients. This study aimed to per-
form a comprehensive meta-analysis of randomized con-
trolled trials (RCTs) and machine learning propensity score
matched analysis of multicenter cohort data to evaluate the
efficacy of chemotherapy or endocrine therapy maintenance
in MBC patients after first-line chemotherapy.

Materials and Methods

1. Meta-analysis of randomized clinical trials

The meta-analysis was conducted according to the Coch-
rane Collaboration recommendations and PRISMA state-
ment [6]. We searched PubMed, EMBASE, the Cochrane
Central Register of Controlled Trials, and ClinicalTrials.gov
for RCTs up to December 30, 2019 using the following terms:
“chemotherapy” or “endocrine therapy”, “breast cancer”
and “randomized clinical trials.” The proceedings of Ameri-
can Society of Clinical Oncology, European Society for Medi-
cal Oncology and American Society for Therapeutic Radiol-
ogy and Oncology, and the references in the included RCTs
and relevant meta-analysis were also reviewed manually.

Trials with any of the following study designs were
included: trials comparing a fixed number of cycles of with a
longer cycle, regardless of whether the longer cycle is a few
more cycles or until the disease progresses, it also doesn’t
matter whether maintenance therapy is the original regi-
men or alternative, chemotherapy or endocrine therapy. We
have excluded studies whose abstracts or full texts were no
English, and studies that do not have available data. Three
investigators (Y.Y., Q.G. and D.L.) screened the eligibility of
the studies. The risk of bias was assessed based on the rec-
ommendation of the Cochrane Collaboration Handbook [7].

2. Propensity score matched analysis of multicenter cohort
study

The multicenter cohort study was reported according
to the CONSORT and STROBE guideline. hormone recep-
tor—positive MBC patients who underwent chemotherapy,
endocrine therapy maintenance, or observation were retro-
spectively collected from three hospitals in China between
January 2003 and September 2017. A total of 760 patients

were recruited from at the Sun Yat-sen Memorial Hospital
of Sun Yat-sen University (Guangzhou, China), the Sun Yat-
sen University Cancer Center (Guangzhou, China), and the
Foshan Afflicted Hospital of Sun Yat-sen University (Foshan,
China).

Patient selection was performed according to the following
inclusion criteria: (1) primary diagnosed as hormone recep-
tor—positive breast cancer, which was defined as immuno-
histochemical staining showed that at least 1% of the nuclei
were positive for either estrogen receptor or progesterone
receptor. (2) Patients with measurable disease, who have
response to first-line chemotherapy, including the patients
were evaluated as complete response, partial response, or
stable disease according to the Response Evaluation Criteria
in Solid Tumors (RECIST) criteria, ver. 1.1 [8]. (3) After the
last cycle of first-line chemotherapy, it was still in a state of
no progress for at least 4 weeks, otherwise it was considered
to be a failure of first-line chemotherapy. The key exclusion
criteria were as follows: (1) the presence of immeasurable
disease, and (2) the endocrine therapy was administered
before first-line chemotherapy. The data were censored on
April 30, 2018. The follow-up was performed according to
the recommendation of the National Comprehensive Cancer
Network guidelines.

3. Endpoint definition

The primary endpoints were PFS and overall survival
(OS). The PFS was defined as the time from therapy to the
first assessed progression, or death. The OS was defined
as the time from the date of the histologically documented
diagnosis to the date of death or final follow-up.

4. Statistical analysis

For the meta-analysis, we pooled the data from different
studies using a DerSimonian-Laird random effects model
weighted by the sample size in each trial [9]. Then, to incor-
porate the indirect comparison with the direct comparison,
we conducted a random effects Bayesian network meta-
analysis. The treatment effect on the time-to-event outcome
was estimated by the hazard ratio (HR) with 95% confidence
interval (CI). Weighted averages of treatment effects were
calculated by pooling log HRs for PFS and OS across the
studies, by inverse variance weighting. The I statistic was
used to assess the heterogeneity across the trials. I> > 50%
was considered substantial heterogeneity [10]. The Grading
of Recommendations Assessment, Development and Evalu-
ation (GRADE) methodology was used to assess the quality
of evidence as high, moderate, low, or very low [11].

For the individual patient-level analysis, the exact chi-
square test was used to compare the patient characteristics.
Propensity score matching was used to reduce baseline bias
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Table 1. Characteristics of trials included in the meta-analysis

Coates et al. [14]
Harris et al. [19]
Muss et al. [2]
Ejlertsen et al. [4]

Gregory etal. [1]

Falkson et al. [15]

Kloke et al. [21]
French Epirubicin
Study Group [16]
Nooij et al. [22]
Gennari et al. [17]
Mayordomo
et al. [20]
Alba et al. [13]
Park et al. [3]

Gligorov et al. [18]

Tredan et al. [5]

1987

1990

1991

1993

1997

1998

1999

2000

2003

2006

2009

2010

2013

2014

2016

Chemotherapy

regimen

AC or CMFx3 vs. AC
or CMF until PD

Mitoxx4 then Mitox
until PD vs. control

FACx6 then CMFx12
vs. control

FECx8 vs. FECx24

VAC/VEC/MMMx6
then VAC/VEC/
MMMx6 vs. control

Doxorubicinx6 then
CMFPTH until PD
vs. control

[Ex6 then MPA until
PD vs. control

FECx4 vs. FECx11/12

CMFx6 then CMF until
PD vs. control

AT /ETx6/8 then TXL
x8 vs. control

Ex3—TXLx3 then w TXL
until PD vs. control

ATx6 then PLD until
PD vs. control

PGx6 then PG until
PD vs. control

Bev+Docx3/6 then
Bev+X vs. Bev until PD

T+Bevx4/6 then T+Bev
vs. E+Bev until PD

Maintenance
duration

Until PD or
additional a fixed
No. of cycles

Until PD

Until PD

Additional a fixed
No. of cycles

Additional a fixed
No. of cycles

Additional a fixed
No. of cycles

Until PD

Until PD
Additional a fixed
Until PD
Additional a fixed
No. of cycles
Until PD
Until PD
Until PD

Until PD

Until PD

Regimen of
maintenance

Combination or
single-agent
therapy
Combination agent
Single-agent therapy
Combination agent

Combination agent

Combination agent

Combination agent

Single-agent therapy
Combination agent
Combination agent
Combination agent
Combination agent
Combination agent
Combination agent
Combination agent

Combination agent

Switch
agent
therapy

No

No

Yes

Yes

Yes

No

Yes

Yes

Yes

No

Yes

Yes

Time of
random

Before/
After
first-line CT

Before first-line CT

After first-line CT

After first-line CT

Before first-line CT

After first-line CT

After first-line CT

After first-line CT

Before first-line CT

After first-line CT

After first-line CT

Before first-line CT

After first-line CT

After first-line CT

After first-line CT

After first-line CT

AC, doxorubicin, cyclophosphamide; AT, doxorubicin, paclitaxel; Bev, bevacizumab; Bev+Doc, bevacizumab, docetaxel; Bev+X, bevaci-
zumab and capecitabine; CMF, cyclophosphamide, methotrexate, fluorouracil; CMFPTH, cyclophosphamide, methotrexate, fluorouracil,
prednisone, tamoxifen and halotestin; CT, chemotherapy; E, epirubicin; E+Bev, exemestane, bevacizumab; ET, epirubicin, paclitaxel; FAC,
fluorouracil, doxorubicin, cyclophosphamide; FEC, fluorouracil, epirubicin, cyclophosphamide; IE, ifosfamide, epirubicin; Mitox, mitox-
antrone; MMM, mitoxantrone, methotrexate, mytomicin; MPA, medroxyprogesterone acetate; PD, progressive disease; PG, paclitaxel,
gemcitabine; PLD, pegylated liposomal doxorubicin; T+Bev, taxane, bevacizumab; TXL, paclitaxel; VAC, vincristine, doxorubicin, cyclo-
phosphamide; VEC, vincristine, epirubicin, cyclophosphamide; w TXL, weekly paclitaxel.

based on neural network machine learning [12]. The PFS and
OS were calculated using the Kaplan-Meier method and the
log-rank test. Univariate and multivariable Cox regression
models were applied to determine the independent predic-
tion factors. Furthermore, we developed a model to predict

the OS and evaluate the suitability of chemotherapy or endo-
crine therapy maintenance. The optimal cutoff values were
used to separate patients into low-risk and high-risk groups
were generated using the “survminer” package in R (R Foun-
dation for Statistical Computing, Vienna, Austria).
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Table 2. Clinical characteristics among patients with chemotherapy maintenance versus observation before and after propensity score
matching in multicenter cohort

No. of patients (%) No. of patients (%)
Characteristic —————————— p-value ——————— p-value
Chemotherapy  Observation Chemotherapy  Observation

Total 183 (42.6) 247 (57.4) 176 (50.0) 176 (50.0)

Age (yr)
Median (95% CI) 49.5 (47.8-51.3)  48.8 (47.2-50.4)  0.548 49.5 (47.7-51.3)  49.0 (47.2-50.8) 0.670
<50 89 (48.6) 136 (55.1) 0.222 86 (48.9) 94 (53.4) 0.455
=50 94 (51.4) 111 (44.9) 90 (51.1) 82 (46.6)

Follow-up, median (95% CI, mo) 27.2 (24.0-30.5) 21.1(17.9-24.3)  0.010 27.6 (24.3-30.9)  20.5 (16.7-24.3) 0.006

ECOG PS
0-1 169 (92.3) 223 (90.3) 0.566 163 (92.6) 157 (89.2) 0.354
=2 14 (7.7) 24(9.7) 13 (7.4) 19 (10.8)

First diagnosis
Yes 0 2(0.8) 0.615 0 2(1.1) 0.478
No 183 (100) 245 (99.2) 176 (100) 174 (98.9)

Ki-67 status
<14 31(21.5) 22 (14.3) 0.138 29 (20.9) 19 (16.7) 0.493
>14 113 (78.5) 132 (85.7) 110 (79.1) 95 (83.3)

Bone metastasis
Yes 108 (59.0) 107 (43.3) 0.002 101 (57.4) 101 (57.4) >0.99
No 75 (41.0) 140 (56.7) 75 (42.6) 75 (42.6)

Liver metastasis
Yes 61 (33.3) 70 (28.3) 0.314 57 (32.4) 49 (27.8) 0.416
No 122 (66.7) 177 (71.7) 119 (67.6) 127 (72.2)

Pulmonary metastasis
Yes 60 (32.8) 77 (31.2) 0.802 55(31.2) 62(35.2) 0.497
No 123 (67.2) 170 (68.8) 121 (68.8) 114 (64.8)

Brain metastases
Yes 6(3.3) 18 (7.3) 0.115 6(3.4) 14 (8.0) 0.107
No 177 (96.7) 229 (92.7) 170 (96.6) 162 (92.0)

Soft tissue metastasis
Yes 11 (13.4) 9(10.7) 0.767 10 (12.7) 6(9.1) 0.677
No 71 (86.6) 75 (89.3) 69 (87.3) 60 (90.9)

Lymph node metastasis
Yes 73 (39.9) 92 (37.2) 0.648 67 (38.1) 68 (38.6) >0.99
No 110 (60.1) 155 (62.8) 109 (61.9) 108 (61.4)

Menopausal status
Premenopausal 104 (56.8) 138 (55.9) 0.920 101 (57.4) 96 (54.5) 0.668
Postmenopausal 79 (43.2) 109 (44.1) 75 (42.6) 80 (45.5)

No. of metastatic sites
1-2 131 (71.6) 198 (80.2) 0.050 131 (74.4) 131 (74.4) >0.99
23 52 (28.4) 49 (19.8) 45 (25.6) 45 (25.6)

Response to first-line chemotherapy
CR+PR 82 (44.8) 128 (51.8) 0.180 82 (46.6) 94 (53.4) 0.241
SD 101 (55.2) 119 (48.2) 94 (53.4) 82 (46.6)

CI, confidence interval; CR, complete response; ECOG, Eastern Cooperative Oncology Group; PR, partial response; PS, performance sta-
tus; SD, stable disease. ¥Study patients before propensity score matching, ¥Study patients after propensity score matching.
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Table 3. Clinical characteristics among patients with endocrine therapy maintenance versus observation before and after propensity score

matching in multicenter cohort

No. of patients (%) No. of patients (%)
Characteristic —_———— pvalue —————
Endocrine therapy Observation Endocrine therapy Observation

Total 330 (57.2) 247 (42.8) 221 (50.0) 221 (50.0)

Age (yr)
Median (95% CI) 49.1 (47.8-50.4)  48.8 (47.2-50.4) 0.753  48.4(46.9-50.0) 49.2 (47.6-50.8) 0.509
<50 168 (50.6) 136 (55.1) 0.366 119 (53.8) 120 (54.3) >0.99
=50 162 (49.4) 111 (44.9) 102 (46.2) 101 (45.7)

Follow-up, median (95% CI, mo) 35.3(32.6-38.1) 21.1(17.9-24.3) <0.001 35.0 (31.5-38.5) 19.6 (16.4-22.7) < 0.001

ECOG PS
0-1 302 (91.5) 223 (90.3) 0.716 201 (91.0) 197 (89.1) 0.634
=22 28 (8.5) 24(9.7) 20 (9.0) 24 (10.9)

First diagnosis
Yes 1(0.3) 2(0.8) 0.801 1(0.5) 2(0.9) >0.99
No 329 (99.7) 245 (99.2) 220 (99.5) 219 (99.1)

Ki-67 status
<14 56 (22.1) 22 (14.3) 0.069 27 (16.7) 20 (13.9) 0.607
>14 197 (77.9) 132 (85.7) 135 (83.3) 124 (86.1)

Bone metastasis
Yes 216 (65.5) 107 (43.3) <0.001 107 (48.4) 107 (48.4) >0.99
No 114 (34.5) 140 (56.7) 114 (51.6) 114 (51.6)

Liver metastasis
Yes 63 (19.1) 70 (28.3) 0.012 51(23.1) 66 (29.9) 0.131
No 267 (80.9) 177 (71.7) 170 (76.9) 155 (70.1)

Pulmonary metastasis
Yes 87 (26.4) 77 (31.2) 0.240 65 (29.4) 70 (31.7) 0.680
No 243 (73.6) 170 (68.8) 156 (70.6) 151 (68.3)

Brain metastases
Yes 10 (3.0) 18 (7.3) 0.031 9(4.1) 17 (7.7) 0.157
No 320 (97.0) 229 (92.7) 212 (95.9) 204 (92.3)

Soft tissue metastasis
Yes 13 (8.8) 9(10.7) 0.803 10 (10.4) 9(11.0) >0.99
No 135 (91.2) 75 (89.3) 86 (89.6) 73 (89.0)

Lymph node metastasis
Yes 88 (26.7) 92 (37.2) 0.009 64 (29.0) 84 (38.0) 0.055
No 242 (73.3) 155 (62.8) 157 (71.0) 137 (62.0)

Menopausal status
Premenopausal 175 (53.0) 138 (55.9) 0.553 120 (54.3) 122 (55.2) 0.924
Postmenopausal 155 (47.0) 109 (44.1) 101 (45.7) 99 (44.8)

No. of metastatic sites
1-2 273 (82.7) 198 (80.2) 0.497 180 (81.4) 172 (77.8) 0.408
>3 57 (17.3) 49 (19.8) 41 (18.6) 49 (22.2)

Response to first-line chemotherapy
CR+PR 155 (47.0) 128 (51.8) 0.285 111 (50.2) 120 (54.3) 0.446
SD 175 (53.0) 119 (48.2) 110 (49.8) 101 (45.7)

CI, confidence interval; CR, complete response; ECOG, Eastern Cooperative Oncology Group; PR, partial response; PS, performance sta-
tus; SD, stable disease. ¥Study patients before propensity score matching, ¥Study patients after propensity score matching.
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Table 4. Clinical characteristics among patients with endocrine therapy versus chemotherapy maintenance before and after propensity
score matching in multicenter cohort

No. of patients (%) No. of patients (%)
Characteristic —————————— p-value ————————— p-value
Endocrine therapy Chemotherapy Endocrine therapy Chemotherapy

Total 330 (64.3) 183 (35.7) 176 (50.0) 176 (50.0)

Age (yr)
Median (95% CI) 49.1 (47.8-50.4)  49.5 (47.8-51.3) 0712 49.7 (47.9-51.4) 49.6 (47.8-51.4) 0.943
<50 168 (50.6) 89 (48.6) 0.688 88 (50.0) 85 (48.3) 0.831
=50 162 (49.4) 94 (51.4) 88 (50.0) 91 (51.7)

Follow-up, median (95% CI, mo) 35.3(32.6-38.1)  27.2(24.0-30.5) <0.001 31.3(28.3-34.4) 27.7 (24.3-31.0) 0.111

ECOG PS
0-1 302 (91.5) 169 (92.3) 0.871 161 (91.5) 162 (92.0) >0.99
>2 28 (8.5) 14 (7.7) 15 (8.5) 14 (8.0)

First diagnosis
Yes 1(0.3) 0 >0.99 1(0.6) 0 >0.99
No 329 (99.7) 183 (100) 175 (99.4) 176 (100)

Ki67 status
<14 56 (22.1) 31(21.5) 0.989 24 (17.9) 30 (21.9) 0.503
>14 197 (77.9) 113 (78.5) 110 (82.1) 107 (78.1)

Bone metastasis
Yes 216 (65.5) 108 (59.0) 0.176 112 (63.6) 104 (59.1) 0.444
No 114 (34.5) 75 (41.0) 64 (36.4) 72 (40.9)

Liver metastasis
Yes 63 (19.1) 61 (33.3) < 0.001 54 (30.7) 54 (30.7) >0.99
No 267 (80.9) 122 (66.7) 122 (69.3) 122 (69.3)

Pulmonary metastasis
Yes 87(26.4) 60 (32.8) 0.150 53(30.1) 60 (34.1) 0.493
No 243 (73.6) 123 (67.2) 123 (69.9) 116 (65.9)

Brain metastases
Yes 10 (3.0) 6(3.3) >0.99 8 (4.5) 6(3.4) 0.785
No 320 (97.0) 177 (96.7) 168 (95.5) 170 (96.6)

Soft tissue metastasis
Yes 13 (8.8) 11 (13.4) 0.381 9(10.5) 11 (14.5) 0.593
No 135 (91.2) 71 (86.6) 77 (89.5) 65 (85.5)

Lymph node metastasis
Yes 88 (26.7) 73 (39.9) 0.003 66 (37.5) 66 (37.5) >0.99
No 242 (73.3) 110 (60.1) 110 (62.5) 110 (62.5)

Menopausal status
Premenopausal 175 (53.0) 104 (56.8) 0.462 92 (52.3) 101 (57.4) 0.392
Postmenopausal 155 (47.0) 79 (43.2) 84 (47.7) 75 (42.6)

No. of metastatic sites
1-2 273 (82.7) 131 (71.6) 0.004 133 (75.6) 128 (72.7) 0.626
>3 57 (17.3) 52(28.4) 43 (24.4) 48 (27.3)

Response to first-line chemotherapy
CR+PR 155 (47.0) 82 (44.8) 0.706 81 (46.0) 81 (46.0) >0.99
SD 175 (53.0) 101 (55.2) 95 (54.0) 95 (54.0)

CI, confidence interval; CR, complete response; ECOG, Eastern Cooperative Oncology Group; PR, partial response; PS, performance sta-
tus; SD, stable disease. ¥Study patients before propensity score matching, ¥Study patients after propensity score matching.
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Additionally, to evaluate the potential correlation between
the different outcomes, a matrix correlation analysis was first
conducted, and a weighted linear regression model was fur-
ther applied to quantify any existing correlations. An F-sta-
tistical significance test of the regression coefficient () was
performed to confirm the validity of this model. Pearson cor-
relation coefficients (o) and the coefficient of determination
(R?) with its 95% CI were used to estimate the strength of the
correlation. All statistical tests were two-sided, and p-values
less than 0.05 were considered statistically significant. The
statistical analyses were performed using R ver. 3.4.3.

This study combined a meta-analysis of RCTs that was reg-
istered on PROSPERO (Identifier: CRD42017071858), and a
retrospectively, machine learning propensity score matched
analysis of multicenter cohort study that has been registered
at ClinicalTrials.gov (Identifier: NCT04258163).

Results

1. Trials and patients’ characteristics

The study design and patient recruitment shows in Fig. 1.
The characteristics of RCTs are summarized in Table 1. This
included 15 trials including 2,867 patients, 13 trials [1-4,13-
22] compared chemotherapy maintenance and observation,
one trial [5] compared endocrine therapy maintenance and
observation, and one trial [21] compared chemotherapy and
endocrine therapy maintenance. Most trials had a low risk of
bias (S1 Fig.).

The multicenter cohort recruited 760 patients, including
183 patients (24.1%) who underwent chemotherapy main-
tenance, 330 patients (43.4%) received endocrine therapy
maintenance, and 247 patients (32.5%) were observation
after first-line chemotherapy. All of the included patients
received first-line chemotherapy, of which 236 patients
(31.1%) received mono first-line chemotherapy, 169 patients
(22.2%) received combination first-line chemotherapy, and
163 patients (21.4%) received first-line endocrine therapy
at the same time. As for the maintenance treatment, 188
patients (24.7%) were treated with monotherapy of cyto-
toxic chemotherapy (n=28) or endocrine therapy (n=160),
193 (25.4%) patients received combination therapy of cyto-
toxic chemotherapy (n=74) or endocrine therapy (n=119),
141 (18.6%) patients underwent switch chemotherapy main-
tenance (n=42) or endocrine therapy (n=99), and 65 (8.6%)
patients received continuum maintenance treatment of cyto-
toxic chemotherapy (n=20) or endocrine therapy (n=45). Via
machine learning-based propensity score matching, there
were 176 patients in each group for the comparison between
chemotherapy maintenance and observation, 221 patients
in each group for the comparison between endocrine ther-

apy maintenance and observation, and 176 patients in each
group for the comparison between chemotherapy and endo-
crine therapy maintenance. The demographic features are
detailed in Tables 2, 3, and 4, the baseline bias was reduced
after matching.

2. Chemotherapy maintenance with better clinical benefit
than observation in RCTs

In the meta-analysis of RCTs, comparing with observa-
tion, chemotherapy maintenance significantly improved PFS
(HR, 0.63; 95% CI, 0.54 to 0.73; p < 0.001; moderate-quality
evidence) (Fig. 2A) and OS (HR, 0.87; 95% CI, 0.78 to 0.97;
p=0.016; high-quality evidence) (Fig. 2B). Similar survival
benefits were also recorded in subgroups defined by timing
of random assignment, duration of maintenance chemother-
apy in the study arm, combined agent or single-agent chem-
otherapy maintenance, and switch agent therapy or not (52
and S3 Tables). The GRADE evidence ranged from moderate
to high quality.

3. No difference between chemotherapy and endocrine
therapy maintenance in RCTs

In the meta-analysis of RCTs, patients who received endo-
crine therapy showed similar PFS than chemotherapy main-
tenance (HR, 1.00; 95% CI, 0.70 to 1.50; p=0.998) (S4A Fig.).
Only one trial comparing endocrine therapy maintenance
and observation, which found that endocrine therapy main-
tenance could extend the time to progression (p=0.020), but
no improved survival (p=0.390) [21]. The overall network
meta-analysis comparison between chemotherapy and
endocrine therapy maintenance showed similar PFS (HR,
1.00; 95% CI, 0.73 to 1.37; p > 0.99) (S4B Fig.). Patients who
received treatment with chemotherapy or endocrine thera-
py maintenance had similar OS (HR, 1.15; 95% CI, 0.59 to
2.22; p=0.679) (S4C Fig.). The HR of OS for the overall net-
work meta-analysis comparison between chemotherapy and
endocrine therapy maintenance was 1.02 (95% CI, 0.68 to
1.53; p=0.920) (S4D Fig.).

4. Chemotherapy maintenance with better clinical benefit
than observation in cohort study

In the multicenter cohort study, before matching, chem-
otherapy maintenance was associated with a significant
improvement in PFS (HR, 0.66; 95% CI, 0.53 to 0.83; p <
0.001) (Fig. 3A) and OS (HR, 0.56; 95% CI, 0.43 to 0.73; p <
0.001) (Fig. 3B) compared with observation. After matched,
chemotherapy maintenance also significantly improved PFS
(HR, 0.67; 95% CI, 0.52 to 0.85; p < 0.001) (Fig. 3C) and OS
(HR, 0.55; 95% CI, 0.42 to 0.73; p < 0.001) (Fig. 3D) compared
with observation. The majority of subgroups showed the OS
advantage of chemotherapy maintenance compared with
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Progression-free survival

Chemotherapy Observation

(total)

(total)

HR (95% CI)

Coates 1987 154 151 0.56 (0.43-0.73)
Harris 1990 22 21 1.18 (0.65-2.15)
Muss 1991 Al 74 0.26 (0.16-0.43)
Ejlertsen 1993 157 161 0.71(0.61-0.83)
Gregory 1997 48 52 0.70(0.53-0.92)
Falkson 1998 99 96 0.46 (0.31-0.68)
FESG 2000 266 126 0.65(0.50-0.84)
Nooij 2003 96 100 0.67 (0.50-0.90)
Gennari 2006 109 106 1.01(0.71-1.43)
Mayordomo 2009 90 90 0.77 (0.57-1.05)
Alba 2010 78 77 0.54 (0.39-0.75)
Park 2013 116 115 0.73(0.55-0.97)
Gligorov 2014 91 94 0.38(0.27-0.54)
Total 1,397 1,263 0.63 (0.54-0.73)

Favors
observation

Favors
chemotherapy

Weight (%)

8.8
43
5.4
10.5
8.6
6.7
8.8
8.3
74
8.1
76
8.4
73
100.0

Heterogeneity: 1>=70%, T?=0.0539, p < 0.001
Test for overall effect: Z=—5.92 (p < 0.001)

S (total)

Overall survival

Chemotherapy Observation

(total)

HR (95% CI)

Coates 1987 154 151 0.77 (0.60-0.98)
Harris 1990 22 21 1.06 (0.57-1.97)
Muss 1991 A 74 1.11(0.74-1.67)
Ejlertsen 1993 157 161 0.78(0.63-0.97)
Gregory 1997 48 52 0.81(0.54-1.21)
Falkson 1998 99 96 0.94(0.69-1.28)
FESG 2000 266 126 0.96(0.78-1.18)
Nooij 2003 96 100 1.03(0.83-1.27)
Gennari 2006 109 106 1.12(0.73-1.72)
Mayordomo 2009 90 90 0.94 (0.67-1.32)
Alba 2010 78 77 0.86 (0.58-1.27)
Park 2013 116 115 0.65(0.42-1.00)
Gligorov 2014 91 94 0.43(0.26-0.70)
Total 1,397 1,263 0.87(0.78-0.97)

Favors
observation

Favors

Weight (%) chemotherapy

11.0
28
57

12.5
58
8.4

12.9

12.6
53
74
6.0
53
43

100.0

Heterogeneity: 12=36%, T%=0.0140, p=0.100
Test for overall effect: Z=—2.41 (p=0.016)

Fig. 2. Pooled HRs for progression-free survival (A) and overall survival (B) with chemotherapy maintenance versus observation [1-4,13-
20,22]. CI, confidence interval; FESG, French Epirubicin Study Group; HR, hazard ratio.

the observation (S5 Fig.). Furthermore, comparing with com-
bination therapy of cytotoxic chemotherapy, monotherapy
of cytotoxic chemotherapy after first-line treatment in MBC
showed similar PFS (HR, 0.94; 95% CI, 0.56 to 1.59; p=0.832)
and OS (HR, 0.71; 95% CI, 0.40 to 1.27; p=0.241). The com-
parison between the switch and continuum chemotherapy
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maintenance treatment was also performed. Results showed
that there were no differences between switch and contin-
uum chemotherapy maintenance in PFS (HR, 0.67; 95% CI,
0.32 to 1.42; p=0.285) and OS (HR, 0.54; 95% CI, 0.19 to 1.58;
p=0.254) (S6 Fig.).
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Fig. 3. Progression-free survival and overall survival among patients with chemotherapy maintenance versus observation before and
after matching in multicenter cohort: progression-free survival before matching (A), overall survival before matching (B), progression-free
survival after matching (C), and overall survival after matching (D). CI, confidence interval; HR, hazard ratio.

5. Endocrine therapy maintenance with better clinical ben-
efit than observation in cohort study

In the cohort study, for hormone receptor—positive MBC
patients, before matching, compared with the observation
group, the endocrine therapy maintenance group signifi-
cantly prolonged the PFS (HR, 0.63; 95% CI, 0.53 to 0.76; p
< 0.001) (Fig. 4A) and OS (HR, 0.56; 95% CI, 0.45 to 0.69; p
< 0.001) (Fig. 4B). After matching, endocrine therapy main-
tenance also improved PFS (HR, 0.65; 95% CI, 0.53 to 0.80;
p < 0.001) (Fig. 4C) and OS (HR, 0.55; 95% CI, 0.44 to 0.69;
p < 0.001) (Fig. 4D). Compared with observation group, the
endocrine therapy maintenance group showed OS superior-
ity in most subgroups, more results are shown in S7 Fig. It
was observed that there were no differences between com-
bination therapy and monotherapy of endocrine therapy
maintenance in PFS (HR, 1.12; 95% CI, 0.87 to 1.44; p=0.397)
and OS (HR, 1.11; 95% CI, 0.82 to 1.49; p=0.497). Results of

the comparison between switch and continuum endocrine
therapy maintenance indicated that continuum endocrine
therapy maintenance significantly improved PFS (HR, 0.63;
95% CI, 0.43 to 0.92; p=0.017), whereas no differences were
presented in OS (HR, 0.99; 95% CI, 0.64 to 1.52; p=0.948) (S8
Fig.).

6. No difference between chemotherapy and endocrine
therapy maintenance in cohort study

In the cohort study, for hormone receptor—positive MBC
patients, before matching, there were no differences bet-
ween chemotherapy and endocrine therapy maintenance in
PFS (HR, 1.03; 95% CI, 0.84 to 1.27; p=0.760) (Fig. 5A) and
OS (HR, 1.06; 95% CI, 0.83 to 1.35; p=0.660) (Fig. 5B). After
matching, the chemotherapy was also similar to the endo-
crine therapy maintenance in PFS (HR, 0.96; 95% CI, 0.76 to
1.21; p=0.726) (Fig. 5C) and OS (HR, 0.85; 95% CI, 0.65 to 1.11;
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Fig. 4. Progression-free survival and overall survival among patients with endocrine therapy maintenance versus observation before and
after matching in multicenter cohort: progression-free survival before matching (A), overall survival before matching (B), progression-free
survival after matching (C), and overall survival after matching (D). CI, confidence interval; HR, hazard ratio.

p=0.219) (Fig. 5D). Chemotherapy and endocrine therapy
maintenance have comparable OS in most subgroups, more
results are shown in S9 Fig.

Furthermore, for all 513 patients who received chemothe-
rapy or endocrine therapy maintenance, we built a prediction
model incorporating factors with the response to first-line
chemotherapy (HR, 1.83;95% CI, 1.45 t0 2.30), liver metastasis
or not (HR, 2.05; 95% CI, 1.61 to 2.62), pulmonary metastasis
or not (HR, 1.61; 95% CI, 1.27 to 2.03), soft tissue metastasis or
not (HR, 1.20; 95% CI, 1.06 to 1.35), lymph node metastasis or
not (HR, 1.90; 95% CI, 1.50 to 2.40), and Ki-67 > 14% or < 14%
(HR, 1.35; 95% CI, 1.17 to 1.55), and then a risk score of death
was calculated for each patient using a formula derived from
the levels of these predictive variables weighted by their cor-
responding regression coefficients as follows: Risk score=
(0.49359xlevel of best response to chemotherapy)+(0.64785x
level of liver metastasis)+(0.33138xlevel of pulmonary meta-
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stasis)+(0.28485xlevel of soft tissue metastasis)+(0.62951x
level of lymph node metastasis)+(0.36584x1evel of ki67 expre-
ssion) to categorize patients into high-risk or low-risk group
according to OS. After obtaining the risk scores of deaths
from the prediction model, the patients were separated into
low-risk and high-risk groups (HR for PFS, 0.44; 95% CI, 0.35
to 0.55; p < 0.001; HR for OS, 0.30; 95% CI, 0.23 to 0.40; p <
0.001) (510 and S11 Figs.). There was no significant difference
in PFS or OS between chemotherapy or endocrine therapy
maintenance in either high-risk (HR for PFS, 0.88; 95% CI,
0.70 to 1.12; p=0.296; HR for OS, 0.81; 95% CI, 0.62 to 1.06;
p=0.122) (S12A and S12B Fig.) or low-risk groups (HR for
PFS, 1.01; 95% CI, 0.63 to 1.61; p=0.971; HR for OS, 1.31; 95%
CI, 0.74 to 2.35; p=0.358) (S12C and S12D Fig.).
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7. Stratification analysis according to the response of first-
line treatment in cohort study

In the cohort study, for the complete response patients
after first-line treatment, patients received endocrine therapy
showed similar PFS (HR, 0.39; 95% CI, 0.14 to 1.11; p=0.064)
(S13A Fig.) and OS (HR, 1.17; 95% CI, 0.14 to 9.49; p=0.867)
(S13B Fig.) than chemotherapy maintenance. Similar PFS
(HR, 0.80; 95% CI, 0.31 to 2.07; p=0.622) (S13C Fig.) and OS
(HR, 0.97; 95% CI, 0.24 to 3.93; p=0.969) (S13D Fig.) benefits
were observed in patients received monotherapy and com-
bination therapy. Patients who received switch or continu-
um maintenance treatment also had similar PFS (HR, 0.82;
95% CI, 0.22 to 2.98; p=0.718) (S13E Fig.) and OS (p=0.073)
(S13F Fig.). For the patients who were partial response to
the first-line treatment, there were no differences between
chemotherapy and endocrine maintenance therapy in PFS
(HR, 0.83; 95% CI, 0.56 to 1.23; p=0.343) (S14A Fig.) and OS

(HR, 0.83; 95% CI, 0.52 to 1.34; p=0.444) (S14B Fig.). Compar-
ing with combination therapy, monotherapy maintenance
significantly improved PFS (HR, 1.48; 95% CI, 1.00 to 2.20;
p=0.047) (S14C Fig.), whereas no differences were observed
in OS (HR, 1.37; 95% CI, 0.86 to 2.18; p=0.177) (514D Fig.).
Moreover, the switch maintenance was similar to the con-
tinuum maintenance treatment in PFS (HR, 0.56; 95% CI,
0.31 to 1.02; p=0.058) (S14E Fig.) and OS (HR, 0.89; 95% CI,
0.46 to 1.70; p=0.701) (S14F Fig.). As for patients with stable
disease after the first-line treatment, the chemotherapy was
similar to the endocrine maintenance therapy in PFS (HR,
0.86; 95% CI, 0.60 to 1.23; p=0.409) (S15A Fig.) and OS (HR,
0.75; 95% CI, 0.50 to 1.14; p=0.176) (S15B Fig.). Monotherapy
maintenance showed similar PFS (HR, 1.26; 95% CI, 0.88 to
1.80; p=0.197) (S15C Fig.) and OS (HR, 1.44; 95% CI, 0.94 to
2.21; p=0.087) (S15D Fig.) compared with combination thera-
py. Patients who received switch or continuum maintenance
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treatment had similar PFS (HR, 0.66; 95% CI, 0.39 to 1.14;
p=0.138) (S15E Fig.) and OS (HR, 0.94; 95% CI, 0.49 to 1.79;
p=0.854) (S15F Fig.).

8. PFS as surrogate for OS

In order to further explore the potential surrogate value of
PFS for OS in maintenance treatment in MBC patients. Dif-
ferences were greater with PFS than OS for trials of chemo-
therapy maintenance compared with observation (HR, 0.72;
95% CI, 0.59 to 0.80; p < 0.001) (S16 Fig.), and the correlation
coefficient R? between treatment effects on PFS and on OS
was 12% (95% CI, 8% to 16%) when all trials were considered
to 40% (95% CI, 30% to 54%) after exclusion of one highly
influential trial3 by sensitivity analysis (517 Fig.). Addition-
ally, in the cohort study, among patients (n=513) who were
treated with chemotherapy or endocrine therapy mainte-
nance, the association between PFS and OS was R?>=0.609 (p
<0.001) (S18 Fig.).

Discussion

This study based on 15 RCTs including 2,867 patients and
a multicenter cohort recruited 760 patients quantitatively
evaluated the clinical benefits of chemotherapy or endo-
crine therapy maintenance after first-line chemotherapy for
MBC, which indicated that maintenance treatment has clini-
cally benefits for both PFS and OS than observation in MBC
patients, and there were no difference efficacy between chem-
otherapy and endocrine therapy maintenance for hormone
receptor—positive MBC patients. Additionally, treatment
effect sizes were greater for OS than for PFS, and a moderate
correlation between PFS and OS was identified for determin-
ing the effectiveness of maintenance treatment.

Results of this study were consistent with a meta-analysis
of the duration of chemotherapy for MBC [23], which showed
prolonged chemotherapy had a statistically significant sur-
vival advantage, thus support policies to extend treatment
until the disease progresses without unacceptable toxicity.
We included several new trials [3,5,18,21] that were not in-
cluded in the previous study [23], in particular studies that
included new antitumor drugs including gemcitabine and
capecitabine. A meta-analysis [24] included four RCTs with
1,044 participants and found that the combination of dou-
blet chemotherapy with trastuzumab compared with single-
agent chemotherapy as first-line therapy for HER2-positive
MBC is associated with longer PFS and OS, and recommend-
ed that doublet chemotherapy appears to be an appropriate
regimen for good performance status patients. This meta-
analysis with multicenter cohort study findings support PFS
and OS benefit of chemotherapy than observation after first-
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line chemotherapy in MBC. Furthermore, it was observed
that comparing with combination therapy, monotherapy
maintenance significantly improved PFS for the patients who
were partial response to the first-line treatment. Overall, we
recommend the use of sequential monotherapy chemothera-
py maintenance for MBC patients, and combination of dou-
blet chemotherapy recommend for patients who with rapid
disease progression, or life-threatening visceral metastases
occurs, or the need for rapid symptom or disease control is
present.

Previous meta-analysis study included eight RCTs with
4,580 participants indicated that cyclin-dependent kinases 4
and 6 inhibitors combined with endocrine therapy can signif-
icantly prolong PFS, OS and improve the objective response
rate, clinical benefit response in patients with hormone
receptor—positive, HER2-negative advanced breast cancer
[25]. But even in the first-line treatment of hormone receptor—
positive MBC patients, more than half of the patients receive
chemotherapy as the first-line treatment, for the reasons that
patients with high tumor load and visceral crisis, clinicians
who consider that some patients need a fast response, and
the efficacy of chemotherapy is higher than that of endocrine
therapy [26]. It is worth noting that there are few studies
provide high evidence for endocrine therapy maintenance
after disease control by previous chemotherapy in hormone
receptor—positive MBC patients.

Moreover, in previous clinical practice, using endocrine
therapy maintenance before disease progression might not
be recommended after first-line chemotherapy, patients who
received endocrine therapy before disease progression may
lose the opportunity to receive other endocrine therapy after
disease progression [27]. Due to the limited trials comparing
endocrine therapy maintenance and observation in hormone
receptor—positive MBC patients, our multicenter cohort data
analysis provides evidence that the endocrine therapy main-
tenance plays an important role in hormone receptor—posi-
tive MBC patients.

This study further confirmed the benefit of maintenance
endocrine therapy in hormone receptor—positive MBC
patients, which could provide clinical evidence for further
clinical trials. Although the results revealed that chemother-
apy and endocrine therapy maintenance have similar effects
on PFS and OS, further validation in prospective clinical tri-
als was needed. Independent biomarkers, such as circulat-
ing tumor cell, long noncoding RNAs and tumor immune-
microenvironment were adequately predicting therapeu-
tic response and identifying patients who could derive the
greatest therapeutic benefit in breast cancer [28-30]. But there
were no clear evidences that tumor immune-microenviron-
ment biomarkers can guide maintenance therapy. Therefore,
in order to further validate the results of this study, over-
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come within-tumor microenvironments heterogeneity, and
explore the mechanism of maintenance therapy efficacy, we
conducted a phase 3 randomized trial comparing the efficacy
of fulvestrant versus capecitabine as maintenance therapy
after first-line combination chemotherapy in patients with
hormone receptor+/HER2- MBC, and the trial recruitment
is ongoing (NCT04263298).

There are some limitations in this study. The heteroge-
neity of molecular subtype of MBC, and the schedule of
chemotherapy that some of the regimens used in the study
are outdated from the current point of view. Although pro-
longed chemotherapy maintenance has significant clinical
benefits, which can reduce symptoms and improve quality
of life by delaying disease progression, however, only two
studies included in the meta-analysis focused on the qual-
ity of life. Due to the retrospective nature of the multicenter
cohort study and the meta-analytic approach taken in this
study, not all of the included patients have available data for
us to further analyze. Additionally, due to a lack of available
tumor microenvironment-based variables, we were unable
to further consider the potential mechanisms driving the
interaction between clinical benefit and tumor microenviron-
ment, which warrants further investigation to better guide
chemotherapy or endocrine therapy maintenance precisely.

In conclusion, this study provided evidences for PFS and
OS benefits of chemotherapy or endocrine therapy mainte-
nance over observation after first-line chemotherapy in MBC,
and there was no difference efficacy between chemotherapy
and endocrine therapy maintenance for hormone receptor-
positive MBC patients. Additionally, treatment effect sizes
were greater for OS than for PFS, and a moderate correlation
between PFS and OS was identified and suggested that both
PFS and OS should be evaluated to determine the effective-
ness of maintenance therapy in future clinical trials.
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