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Background: Chemo-endocrine therapy is the standard adjuvant treatment strategy for hormone receptor-
positive (HR+) early breast cancer. Our research aimed to compare the efficacy of adjuvant chemo-endocrine
therapies, regarding different endocrinal regimens and integration sequences (sequential or concomitant), for
HR+ early breast cancer.

Methods: PubMed, Embase, the Cochrane Library and web of science were searched for articles published
before October 2018 with Clinicaltrials.gov (https://clinicaltrials.gov) for registered clinical trials and
ASCO, AACR, ESCO, SABCS meeting abstracts for addition. Randomized clinical trials (RCTs) comparing
chemotherapy and/or endocrine therapy in the adjuvant treatment of primary breast cancer patients were
included. Hazard ratios (HRs) of disease-free survival (DFS) and overall survival (OS) were extracted and
analyzed in Bayesian analysis. Patients were stratified by menopause status.

Results: Thirty-three trials with 28,515 patients and 19 treatments were enrolled. Comparisons between
regimens has seen better efficacy of ovarian function suppressor (OFS) + aromatase inhibitors (AI) than OFS
+ tamoxifen, either used concurrently [HR =0.69, 95% credible intervals (CrI): 0.47-1.02] or sequentially
with chemotherapy (HR =0.72, 95% Crl: 0.49-1.06) in premenopausal patients. Adding OFS to tamoxifen
was marginally better than tamoxifen used alone (DFS: HR =0.85, 95% CrI: 0.65-1.09; OS: HR =0.77, 95%
Crl: 0.52-1.08). Comparisons between different sequences of chemo-endocrine therapy proved equal efficacy
in premenopausal and postmenopausal patients. Recommendation was given based on ranking of treatments.
Sequential and concurrent use of chemotherapy and OFS + Al ranked equally in premenopausal patients
and were recommended as the best option. However, tamoxifen ranked higher when used concurrently with
chemotherapy in both premenopausal and postmenopausal HR+ early breast cancer.

Conclusions: In the adjuvant chemo-endocrine therapy for premenopausal HR+ early breast cancer,
concurrent and sequential adjuvant chemo-endocrine therapy was demonstrated of equal efficacy in both
postmenopausal and premenopausal HR+ early breast cancer.

Trial Registration: PROSPERO CRD42018104889.
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Introduction

Breast cancer is the most common malignancy in women
worldwide (1). Breast cancer treatment has seen evolutions
over the years (2). Chemotherapy and endocrine therapy
are demonstrated as the two major treatment strategies for
hormone receptor-positive (HR+) early breast cancer (2,3).
Endocrine therapy is a routine treatment for HR+ breast
cancer, with most commonly used regimens categorized
into: tamoxifen, aromatase inhibitors (AI) and ovarian
function suppressor (OFS), among which, OFS was given
to premenopausal patients to induce menopause status,
while tamoxifen works as a selective estrogen receptor
modulator by inhibiting estrogen-estrogen receptor
binding and Al inhibiting androgens-estrogen conversion
to decrease circulating estrogen level (4,5). In the adjuvant
setting, the combination of chemotherapy and endocrine
therapy for HR+ early breast cancer had been demonstrated
better efficacy than single regimens used alone, especially
for women with median-high risk breast cancer, and
significantly extended survival time (6-9). Chemotherapy
has an early onset, therefore, contains generations of
regimens. Systematic comparisons of chemotherapy
were done between chemotherapy regimens of different
generations in previously published meta-analysis, and
demonstrated equal efficacy in HR+ breast cancer. The
largest difference in 5-year DFS for 3rd (anthracyclines
and taxanes either concurrently or in sequence) vs. 2nd
(anthracycline-based) generation is near 2.3% and even
smaller when compared within generations (10). Paired
comparisons between chemo-endocrine therapies had
also been done in randomized clinical trials (RCTs) and
traditional meta-analyses, however, considering the diversity
of regimens used, systematic comparison of treatment
schemes remained inconclusive (11).

Chemo-endocrine therapy includes not only the
combination of regimens, but also the sequence of each
treatment used. Clinical routines prefer the sequential
use of chemo-endocrine therapy and clinical guidelines
only based on limited evidence. By far, there are only
3 RCTs comparing concurrent versus sequential addition
of tamoxifen to chemotherapy, however, all failed to reach
statistical difference in either disease-free survival (DFS) or
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overall survival (OS) (12-14). Meta-analysis of these trials
done by F. Poggio also found only a preference towards
chemotherapy followed by tamoxifen [DFS: hazard ratio
(HR) =0.95, 95% CI: 0.76-1.18, P=0.643; OS: HR =0.95,
95% CI: 0.80-1.12, P=0.529] (15). The addition of A to
chemotherapy has also been sequentially used without any
evidence from clinical trials. Comparison between different
sequences for the integration of chemotherapy and Al is
neglected. In recent years, RCTs like SOFT-TEXT have
established the position of OFS in the adjuvant therapy
of premenopausal HR+ early breast cancer (16,17), the
emergence of OFS + AI/TAM has further changed the
blueprint of adjuvant endocrine therapy, especially for
patients required adjuvant chemotherapy. The exploration of
optimal timing for the integration of multi-regimens chemo-
endocrine therapy calls for tons of works in RCTs. However,
further clinical trials in the adjuvant settings needs tedious
time-consuming and rigorous conduction, therefore, can
hardly be done, and the optimal timing for the integration of
chemo-endocrine therapy remains unraveled.

Network meta-analysis (NMA) compares treatments both
directly and indirectly within a directed acyclic graph (DAG),
with direct comparisons based on RCTs and traditional
meta-analysis so that indirect comparisons can be done
between treatment arms without previous demonstration in
RCT, therefore, NMA can simultaneously compare multiple
therapies and provide novel insights between schemes
without direct evidence from RCT (18). Moreover, Bayesian
network analysis provides probabilities of each treatment
on particular position among all treatments included in the
DGA based on pooled therapeutic efficacy, as well as safety,
cost, etc. if available and ranks treatments accordingly, thus
providing recommendations for the selection of treatment
from different perspectives.

The purpose of this study was to comprehensively
compare the efficacy of chemo-endocrine therapies,
regarding both different endocrine regimens and different
integration sequences (sequential or concomitant), in the
adjuvant therapy of HR+ early breast cancer using Bayesian
network analysis. We present the following article in
accordance with the PRISMA reporting checklist (available
at https://tbcr.amegroups.com/article/view/10.21037/tber-
21-3/rc).
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Methods
Search strategy and selection criteria

A systematic search was done in PubMed, Embase, the
Cochrane Library and web of science for articles published;
Clinicaltrials.gov (https://clinicaltrials.gov) for registered
clinical trials; the American Society of Clinical Oncology
(ASCO) annual meeting, the American Association for
Cancer Research (AACR) annual meeting, the European
Society for Medical Oncology (ESCO) annual meeting
and the San Antonio Breast Cancer Symposium (SABCS)
meeting for abstracts before July 2020. Previously published
meta-analyses focusing on chemo-endocrine therapy of
HR+ early breast cancer were searched for supplements (19).
Searching terms were designed according to PICOS
principles (20), detailed searching strategies was shown
in Appendix 1 and PROSPERO registration profile (ID:
CRD42018104889). Literature searches were performed by
two researchers independently, with disagreement solved by
a third researcher.

Eligible studies had to fulfill the following criteria:
(I) English language published studies only; (II) RCTs
compared the efficacy of adjuvant chemo-endocrine therapy
in HR+ early breast cancer patients with adjuvant chemo-
endocrine therapy used concomitantly or sequentially; (IIT)
HRs of survival outcomes reported or extractable; (IV)
patients with histologically diagnosed HR-positive early
breast cancer without distant metastasis or second early
tumor at diagnosis. Studies excluded from current analysis
were those with the following characteristics: (I) non-RCTs;
(I) non-HR+ breast cancer patients or HR+ subgroup not
extractable; (III) RCTs with no arm treated with chemo-
endocrine therapy or patients previously treated with other
pharmaceutical therapy; (IV) ongoing trials with no results;
(V) researches published in other languages; (VI) HRs not
reported or not extractable.

Data collection and quality assessment

The primary endpoint was DFS, and secondary endpoint
were OS and relapse-free survival (RFS). DFS was
defined as the time from randomization to either first
relapse, second early tumor, or death without relapse,
whichever occurred first. OS was defined as the time from
randomization to death from any cause. RFS was defined
as time from randomization to recurrence or contralateral
breast cancer. For study reported only event free survival
(EFS), defined as time from randomization to the first event
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of failure (locoregional recurrence, metastases, second
primaries including contralateral breast cancer, or death),
statistics were incorporated into DFS for analysis. HRs and
95% Cls were extracted and put into analyses (21). For
literatures with only survival plots, HRs were generated
using Engauge Digitizer version 10.11. For multi-arms
trials, HRs were recalculated according to Jayne F Tierney’
methods (22).

Study name, country, ethnicity, age, menopausal status,
ER/PR status, surgical choices, interventions, sample size
per group, randomization scheme, staging information,
median follow-up with protocols were reviewed and
extracted. Disparities were consoled with a third investigator
for final decision. Treatments were extracted with both
regimens and sequence. Quality of studies included were
evaluated using the Cochrane risk-of-bias method and
publication bias were evaluated using funnel diagram (23).

Bayesian NMA

Network plots of treatment arms enrolled were drawn
using Stata/SE 15.1 software (StataCorp, College Station,
Texas, USA). The network diagram consists of nodes and
edges, representing the competing treatments and the
available direct comparisons between pairs of treatments,
respectively. Both nodes and edges were weighted according
to the number of patients and studies enrolled.

NMA was conducted based on a Bayesian framework
using OpenBUGS 3.2.3 software (MRC Biostatistics Unit,
Cambridge, UK) (24) and “gemtc” package in RStudio
Version 1.2. Deviance information criteria (DIC) was used
to estimate model fitness, models with lower DIC were
considered better fit (25). Random model was used in the
following analyses (Table S1, Appendix 2).

The MCMC simulation were run for 50,000 burn-in
iterations and 100,000 simulation iterations with 4 Markov
chains. Extractions of values were done every 10 iterations.
The convergence was assessed by trace plots and Brooks-
Gelman-Rubin plots. The pooled estimates of HRs and
95% credible intervals (Crls) between two treatments were
calculated. Based on the therapeutic efficacy, the probability
of each treatment on each position was calculated and
treatments were ranked by the position of the highest
possibility. For two treatments with the highest possibility
on the same position, the two treatments were considered a
tied with equal preference.

Node-splitting analyses were applied to evaluate the
consistency of models (26). The effects of comparisons
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Figure 1 Workflow of literature selection and geometry of studies and treatment arms included. (A) Flow chart of literature search and

selection process according to the PRISMA guidelines: (B) Network plots of studies and treatment arms enrolled. Nodes represent the

competing treatments and edges represent the available direct comparisons between pairs of treatments. Both nodes and edges were

weighted according to the number of patients and studies enrolled, respectively. Nodes were colored into three categories: chemotherapy

or hormonal therapy alone (light blue); chemotherapy and endocrine therapy used concurrently (cranberry); chemotherapy followed by

endocrine therapy (dark green). Che, chemotherapy; Tam, tamoxifen; OFS, ovarian function suppression; Tri, triptorelin; Gos, goserelin;

Let, letrozole; Exe, exemestane; Ana, anastrozole. Sequence of regimens was illustrated as: sequential use, “~”; concurrent use,

in direct, indirect and network analysis were compared
and different estimates (P<0.05) suggested the presence
of inconsistency. Heterogeneity across studies was tested
by I’ statistic: I’=0%: no heterogeneity; I’>25%: mild
heterogeneity; I'’>50%: moderate heterogeneity; I'>75%:
high heterogeneity (27).

Given that chemotherapy regimens were previously
demonstrated equal efficacy between generations in HR+
breast cancer (10), chemotherapy was not compared
between regimens and recorded as with or without adjuvant
chemotherapy only in this study. Analyses were done with
patients stratified by menopausal status. Menopausal status
was defined as pre-menopause and post-menopause. The
Bayesian analysis was reported according to the Preferred
Reporting Items for Systematic Reviews and Network
Meta-Analysis (PRISMA-NMA) guidelines (28).

Statistical analysis

Statistical significance of comparisons between treatments
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was represented as 95% Crl not cross 1. Comparisons with
HR <1, upper 95% Crl <1.05 or HR >1, lower 95% Crl
>0.95 were considered marginal significance. For all the
other analyses without specific notification, a two-side P
value <0.05 was considered significant.

Results
Literature search and study characteristics

The literature search left 1,383 literatures after removing
duplication, among which 1,291 were removed due to
literature type, species type, non-RCT or lack of chemo-
endocrine therapy arm. 102 studies were reviewed with
full texts and a total of 33 studies were included for final
analyses after thorough selection (Figure 14). All studies
included were evaluated for publication bias and risk of bias,
all studies were demonstrated of low risks (Figure S1). The
33 studies included ranged from 1980 to 2020 with a total
of 28,515 pathologically diagnosed female HR+ early breast
cancer patients and 19 treatment arms (Figure 1B). Detailed
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characteristics of studies included were summarized in
Table S2.

Chemotherapy was not compared between regimens.
Endocrine therapy enrolled included tamoxifen, OFS and
Al. OFS was achieved by bilateral oophorectomy, ovarian
irradiation or luteinizing/gonadotrophin hormone-releasing
hormone agonists (LHRHa/GnRHa), including triptorelin
(Tri) and goserelin (Gos). Patients receiving Tri/Gos could
subsequently undergo oophorectomy or irradiation. Al
regimens included letrozole (Let), exemestane (Exe) and
anastrozole (Ana). Sequences of regimens were defined
as concurrent (“+”: endocrine therapy concurrently used
with chemotherapy) or sequential (“~”: endocrine therapy
sequentially used after chemotherapy). For treatments
containing OFS + Tam/Al, the sequence of chemo-
endocrine therapy was defined based on the initiating timing
of OFS used concurrently with or after chemotherapy.

For the three clinical outcomes enrolled, 23 studies
contained DFS data between 18 treatment arms, 24 studies
contained OS data between 13 treatment arms and only 8
studies contained RFS data between 6 treatments. Among
all studies included, two trials reported EFS data, defined
as time from randomization to the first event of failure
(locoregional recurrence, metastases, second primaries
including contralateral breast cancer, or death), which were
identical with DFS defined in our study, thus were included
in DFS analysis (29,30).

Given the different clinical strategies between premenopausal
and postmenopausal patients, comparisons were done
with patients stratified by menopausal status. Studies with
extractable subgroup endpoints were enrolled. Sixteen studies
were included in premenopausal analysis and 18 studies in
postmenopausal analysis. Geometry of studies and treatments
included in each group were shown in Figure S2A,S2B.
Four studies were excluded due to unextractable subgroup
data (8,31-33). As for RFS analysis, analysis can be done in
neither premenopausal nor postmenopausal group, therefore,
analyses were done only regarding DFS and OS. Additionally,
comparisons between OFS (triptorelin vs. goserelin) and
Al (letrozole vs. exemestane vs. anastrozole) have seen no
statistical significance, indicating equal efficacy within each
category. Therefore, further comparisons were done with
treatment arms merged by OFS and Al so as to explore for
better significance (Figure S2C,S2D).

© Translational Breast Cancer Research. All rights reserved.
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Bayesian network analysis of chemo-endocrine therapy in
premenopausal HR+ early breast cancer

In premenopausal patients, comparisons between treatment
arms found statistical significance only in DFS (Che -
Tam vs. Che — Tri + Exe: HR =1.61, 95% Crl: 1-2.61;
Che - Tri vs. Che - Tri + Exe: HR =2.17, 95% Crl: 1.05-
4.58), but rarely in OS. Take marginal significance into
account, further comparisons have seen Che - Gos + Tam
significantly improved DFS compared to Che - Tri (HR
=0.6,95% Crl: 0.33-1.05, Figure S3A).

With treatments merged by OFS and Al, comparisons
still showed most statistical significances in DFS, with
Che - OFS + Al demonstrated significant better efficacy
than Che - Tam/OFS (Che - Tam: HR =0.61, 95% Crl:
0.41-0.9; Che - OFS: HR =1.94, 95% Crl: 1.22-3.11 and
Che - OFS + Tam significantly better than Che - OFS (HR
=1.4, 95% Crl: 1.02-1.92) (Figure 24). Moreover, OFS + Al
was demonstrated marginally better efficacy in HR+ breast
cancer than OFS + tamoxifen, either used concurrently
with chemotherapy (HR =0.69, 95% Crl: 0.47-1.02) or
sequentially after (HR =0.72, 95% Crl: 0.49-1.06) and the
addition of OFS to tamoxifen was marginally better than
tamoxifen used alone regarding both DFS (HR =0.85, 95%
Crl: 0.65-1.09) and OS (HR =0.77, 95% CrI: 0.52-1.08).

Comparisons between concurrent and sequential
combination of chemo-endocrine therapy were done
between Che +/— Tam, Che +/- OFS, Che +/- OFS + Al
and Che +/- OFS + Tam. However, all comparisons were
not statistical significance regarding either DFS or OS,
indicating equal efficacy between sequences. Among all four
comparisons, only Che +/- Tam were demonstrated slightly
better efficacy when used concurrently regarding both DFS
(HR =0.86, 95% Crl: 0.63-1.18) and OS (HR =0.94, 95%
Crl: 0.67-1.31), while Che +/- OFS + Tam slightly better
efficacy when used sequentially (DFS: HR =1.11, 95% Crl:
0.68-1.84); OS: HR =1.21, 95% CrI: 0.42-3.55).

Furthermore, with treatments ranked by efficacy,
comparisons between concurrent and sequential
combination of chemo-endocrine therapy were done based
on ranking positions. With treatments merged by OFS and
Al, equal positions were seen in Che +/- OFS + Al and
Che +/- OFS + Tam regarding both DFS and OS, with
both Che +/- OFS + Al recommended as the best option
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Figure 2 Comparisons of chemo-endocrine therapies for premenopausal HR+ early breast cancer regarding DFS, OS. (A) Comparisons

of chemo-endocrine therapy for premenopausal HR+ early breast cancer by Bayesian network analysis regarding DFS and OS. Treatment

arms were aligned on the diagonal line. Hazard ratios and 95% Crls were generated by comparing the upper-left arm to the lower-right.

Bricks were colored by clinical outcomes: DFS: light green, OS: light blue. 95% CrI not cross 1 was considered statistically significant
and represented as bold deep green (DFS) or deep blue (OS) bricks with underline. HR <1, upper 95% Crl <1.05 and HR >1, lower 95%
CrI >0.95 were considered marginal significance and represented as deep green (DFS) or deep blue (OS) bricks only. (B) Rankogram of

treatment arms in DFS and OS analysis for premenopausal HR+ early breast cancer. Based on the therapeutic efficacy, the probability of

each treatment on each position was calculated and presented as bar plot. Treatments were ranked by the position of the highest possibility.

For two treatments with the highest possibility on the same position, the two treatments were considered a tied with equal preference. DFS,

diseases-free survival; OS, overall survival; Crls, credible intervals; Che, chemotherapy; Tam, tamoxifen; OFS, ovarian function suppression;

Al, aromatase inhibitor.
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and Che +/- OFS + Tam as the second. Meanwhile, in both
DEFES and OS, the concurrent use of chemotherapy and
tamoxifen ranked higher than used sequentially, indicating
putative benefit of Che + Tam in premenopausal HR+ early
breast cancer (Figure 2B, Figure S3B).

Bayesian network analysis of chemo-endocrine therapy in
postmenopausal HR+ early breast cancer

In postmenopausal patients, comparisons were done
between 8 treatments in DFS analysis and 5 treatments
in OS analysis. However, no statistical significance was
seen in either DFS or OS (Figure S3C). Further analyses
with treatments merged by Al have seen the identical
pattern, with most statistical significances seen in DFS,
demonstrating the therapeutic effect of adjuvant chemo-
endocrine therapy in improving the DFS of not only
premenopausal, but also postmenopausal HR+ breast
cancer (Figure 34). Moreover, comparisons between
regimens demonstrated the addition of Al after tamoxifen
significantly improved DFS (Che + Tam vs. Che - Tam-
Al: HR =1.59, 95% CrI: 1.01-2.61; Che + Tam vs. Che -
Tam-AlL: HR =1.54, 95% Crl: 1-2.44), however, the clinical
advantage of Al over tamoxifen was not seen (Che + Tam
vs. Che - Al: HR =1.36, 95% Crl: 0.85-2.13; Che - Al
vs. Che - Tam: HR =0.76, 95% Crl: 0.48-1.23), so as the
comparison between Che +/- Tam regarding both DFS and
OS (DFS: HR =1.03, 95% CrI: 0.8-1.35; OS: HR =0.91,
95% Crl: 0.73-1.15).

Treatments recommended for postmenopausal patients
highlighted the therapeutic efficacy of Al in the adjuvant
chemo-endocrine therapy for postmenopausal HR+
early breast cancer, with Che - Tam-AI and Che - Al
recommended as the best and second in DFS, respectively,
and Che - Al recommended as the best for OS. Comparisons
between Che +/- Tam based on the ranking position has
seen the identical position in DFS but a higher position
when used concurrently in OS (Figure 3B). Comparatively,
similar results were seen in the ranking of treatments not

merged (Figure S3D).

Evaluation of inconsistency and beterogeneity

Evaluation of inconsistency were done in all comparisons.
In DFS analyses between sequential and concurrent use
of chemotherapy and tamoxifen, inconsistency was only
seen in premenopausal patients (Figure S4A,S4B), but
not in OS analysis (Figure S5A,S5B). In premenopausal
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patients, comparisons between sequential and concurrent
integration of chemotherapy and tamoxifen showed
disagreement between direct and indirect comparison
(P=0.0394). Despite insignificance in traditional meta-
analysis, indirect comparisons showed better efficacy of
concurrent use. However, network analysis revealed no
difference with combined consideration of the two. This
showed putative subgroups with different clinical response
using chemotherapy and tamoxifen.

In premenopausal patients, heterogeneity was mainly
seen in direct and indirect comparisons of DFS between
Che +/- Tam. Except for this, comparison between Che -
Tam with/without Al showed heterogeneity in DFS analysis
that came from direct and indirect comparisons (I’ = 65.4%)
in postmenopausal patients (Figure S6A,S6B).

Comparison between Che - Tam with/without OFS
showed heterogeneity in OS analysis that also came from
direct and indirect comparisons in premenopausal patients
(I’=41.2%). In postmenopausal patients, heterogeneity was
seen in comparisons between sequential and concurrent use of
chemotherapy and tamoxifen with heterogeneity mainly came
from pair-wised comparisons of RCTs (Figure S7A,S7B).

Discussion

Comprehensive comparison of chemo-endocrine therapy
required integrative evaluations focusing on both different
chemo-endocrine regimens and different sequences for
integration, which remained unraveled. By adopting
Bayesian network analysis, our work aimed to compare
different endocrine regimens and different integration
chemo-endocrine sequences in adjuvant setting of HR+
early breast cancer comprehensively. After systematic
review of RCTs, 33 trials with 28,515 pathologically
diagnosed female HR+ early breast cancer patients were
enrolled. Comparisons between different sequences of
chemo-endocrine therapy proved equal efficacy, either
used sequentially or concurrently, in both premenopausal
and postmenopausal patients. The ranking of treatments
generated by Bayesian network analysis has also seen equal
recommendations of Che +/- OFS + Al and Che +/- OFS
+ Tam regarding both DFS and OS in premenopausal
patients. Intriguingly, only tamoxifen ranked higher
when used concurrently with chemotherapy in both
premenopausal and postmenopausal patients, indicating
putative benefit of Che + Tam in HR+ early breast cancer.
In premenopausal patients, comparisons between
endocrine regimens have seen better efficacy of OFS + Al

Transl Breast Cancer Res 2022;3:8 | https://dx.doi.org/10.21037/tbcr-21-3
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Figure 3 Comparisons of chemo-endocrine therapies for postmenopausal HR+ early breast cancer regarding DFS, OS. (A) Comparisons of

chemo-endocrine therapy for postmenopausal HR+ early breast cancer by Bayesian network analysis regarding DFS and OS. (B) Rankogram

of treatment arms in DFS and OS analysis for postmenopausal HR+ early breast cancer. DFS, diseases-free survival; OS, overall survival.

than OFS + tamoxifen in improving DFS, as well as Adding
OFS to tamoxifen compared to tamoxifen alone. These
results are in accordance with data from SOFT/TEXT (16)
and ASTRRA (34). The introduction of OFS in the adjuvant
chemo-endocrine therapy caused discussions focusing on the
initiating time of OFS and chemotherapy. In our study, both
sequentially or concurrently used chemotherapy and OFS
+ Al/Tam ranked equally as the best and second options
in premenopausal patients, respectively. The integrative

© Translational Breast Cancer Research. All rights reserved.

analysis of TEXT and SOFT showed a similar result, in
which the concurrent use of triptorelin with chemotherapy
demonstrated a not significant difference in BCFI compared
with sequential triptorelin after chemotherapy (HR =1.11,
95% CI: 0.72-1.72, P=0.72). However, analysis of DFS
and OS cannot be done due to guarantee-time bias (35).
By adopting Bayesian network analysis with data extracted
from TEXT and SOFT, respectively, DFS and OS were
firstly compared between Che +/- Tri + Exe and Che +/-
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Tri + Tam in our study, which providing novel insight into
the exploration of optimal timing for the integration of
OFS and chemotherapy.

Current researches found significant improvement in
the survival of advanced breast cancer patients treated with
chemotherapy alongside with Al or fulvestrant comparing
to either chemotherapy or endocrine therapy used alone
(36-39). Albeit the indirect comparisons between concurrent
and sequential use of the same agents, increased response
rate and response durations rendered indicating putative
additive and synergistic effects of Al or fulvestrant used
with chemotherapy, which is different to the antagonistic
effect between tamoxifen and cytotoxic reported (40).
Furthermore, similar comparisons were also explored in
neoadjuvant therapy. The addition of letrozole concurrently
with neoadjuvant chemotherapy was demonstrated a
prominent clinical and pathologic response rates compared
to chemotherapy alone in postmenopausal HR+ locally
advanced breast cancer (41). Latest update of CBCSG-036
reported an improvement of tumor overall response rates
in ER-positive, HER2-negative breast cancer patients
treated with neoadjuvant concurrent chemo-endocrine
therapy (ORR: 84.8% vs. 72.6%, odds ratio = 2.11, 95%
CI: 1.13-3.95, P=0.02, pCR: 7.2% vs. 4.0%, P=0.278) (42),
demonstrated the synergistic effect with concurrent
chemo-endocrine therapy in neoadjuvant setting. These
evidences raised challenges to the sequential administration
of chemotherapy and endocrine therapy in the adjuvant
settings of HR+ breast cancer.

Comparisons between concurrent and sequential
combination of tamoxifen to chemotherapy were done in
RCTs and no significant difference was seen. In GEICAM
9401 study, comparisons were done in postmenopausal
node-positive breast cancer patients, DFS at 5 years was
70% in the concurrent group and 75% in the sequential
group (HR =1.11, 95% CI: 0.71-1.73, P=0.64) (12).
In SWOG-8814, insignificant differences was showed
regarding both DFS and OS in postmenopausal node-
positive HR+ breast cancer patients, favoring CHE seq
TAM (DFS: HR =0.84, 95% CI: 0.70-1.01, P=0.061; OS:
HR =0.90, 95% CI: 0.73-1.10, P=0.30) (13). Bedognetti
et al. compared the efficacy of concurrent vs. sequential
administration of adjuvant chemotherapy and tamoxifen
in node-positive primary breast cancer but also found no
difference between concurrent or sequential use, subgroup
analysis in HR+ patients showed no difference (HR of
relapse = 1.16, 95% CI: 0.88-1.52, P=0.36; HR of death
=1.06, 95% CI: 0.78-1.44, P=0.76) (14). Despite the
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insignificances, all comparisons revealed the sequential
combination of tamoxifen and chemotherapy of slight
better efficacy, which were further demonstrated in a
previously reported meta-analysis (DFS: HR =0.95, 95%
CI: 0.76-1.18, P=0.643; OS: HR =0.95, 95% CI: 0.80-
1.12, P=0.529) (15). However, our results indicated the
putative advantages of tamoxifen concurrently used with
chemotherapy in HR+ early breast cancer. Comparatively, a
collaborative meta-analysis of individual patient data from
20 trials (n=21,457) comparing the 5 years of tamoxifen
versus no adjuvant tamoxifen in early breast cancer was
done by Early Breast Cancer Trialists” Collaborative Group
(EBCTCG). Subgroup analysis demonstrated tamoxifen
was of slight superiority of recurrence rate ratio (RR) when
starting concurrently with the chemotherapy [RR =0.62 (SE
=0.06)] comparing to be used after it [RR =0.71 (SE =0.05)],
as well as better death rate ratio [concurrent: RR =0.69
(SE =0.08); sequential: RR =0.78 (SE =0.07)] (43), which in
accordance with our results. Preclinical studies regarding
the combination of chemotherapy and tamoxifen were
done. Sutherland et 4/. showed that Tamoxifen inhibited cell
growth and increased the proportion of G0/G1 cells (40).
Therefore, the anti-tumor activity of 5-fu and doxorubicin
is weakened. However, another explanation supporting
concurrent use chemo-endocrine therapy was proclaimed
focusing on the impact of intra-tumor heterogeneity
(44-46). In addition to the chemotherapy-responsive cells,
there should be tumor cells that were highly responsive
to endocrine therapy, such as cells with high levels of
estrogen receptors (ER) and/or progesterone receptors
(PgR), co-exist, therefore, starting endocrine therapy
after chemotherapy would be a delay to these cells and
chemotherapy-induced tumor escape and migration were
also found that threat the outcomes of breast cancer
patients (47). Combining both studies on molecular level
and clinical trials, the concurrent efficacy chemotherapy and
tamoxifen requests further discussions.

Limitations were seen in this work, one of which is the
coverage of endocrine regimens, especially for treatment
with concurrent chemotherapy and Al. The significantly
better efficacy of Al found in our study indicating the
therapeutic efficacy of chemotherapy used with AI of
utter importance, especially for postmenopausal patients.
However, due to the absence of treatment arm using Al
concurrently with chemotherapy, comparison cannot be
done. Secondly, the absence of estimation and comparison
focusing on the adverse side effects that may severely
diminish the quality of life for breast cancer patients owing
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to the complexity of clinical trials enrolled. Adverse effects
reported in studies included showed a huge diversity
given the timespan as well as the study design, which
made it impossible to compare the difference between
each treatment arms using Bayesian analysis. However,
there is little overlap of toxicities between chemotherapy
and endocrine therapy. Furthermore, the toxicities from
endocrine therapies are mostly minor and are less likely
to affect the tolerability for chemotherapy. Therefore,
the possible added toxicities from the combined chemo-
endocrine therapy should not deter the use of this modality,
especially in premenopausal women who may benefit from
a possible survival advantage.

Despite the limitations mentioned, significance should
be seen in our study. Except for the advantages seen in Al
compared to tamoxifen and combined use of OFS and Tam/
Al to Tam/Al alone, comparisons focusing on the sequence
of chemo-endocrine therapy has seen chemotherapy
recommended to be concurrently used with tamoxifen in
both premenopausal and postmenopausal patients based
on Bayesian ranking results. Therefore, we may reconsider
the sequence of adjuvant chemo-endocrine therapy.
Moreover, the significant better efficacy of Al found in our
study indicating the therapeutic efficacy of chemotherapy
used with Al of utter importance. GIM10-CONSENT
(NCT02918084), the only ongoing RCT comparing
concomitant vs. sequential administration of Als with
chemotherapy in the adjuvant therapy of postmenopausal
early breast cancer patients, is still in recruiting but will
provide initial estimation of outcomes in 2028, therefore, a
future update should be expected.

In conclusion, comparisons between regimens in our
study demonstrated that OFS + Al was of better efficacy
than OFS + Tamoxifen and adding OFS to Tam significantly
improved DFS in the adjuvant chemo-endocrine therapy
of premenopausal HR+ early breast cancer. Comparisons
between sequences revealed concurrent and sequential
chemo-endocrine therapy of equal efficacy in both
postmenopausal and premenopausal patients. However,
Bayesian network ranking showed better DFS and OS
with concurrent tamoxifen and chemotherapy than used
sequentially for both postmenopausal and premenopausal
patients.
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