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ABSTRACT
Background Several endocrine therapy (ET)- based 
treatments are available for patients with advanced breast 
cancer. We assessed the efficacy of different ET- based 
treatments in patients with hormone receptor- positive/
HER2- negative advanced breast cancer with endocrine- 
sensitive or endocrine- resistant disease.
Methods We searched Medline and Cochrane Central 
Register of Controlled Trials up to 15 October 2019 and 
abstracts from major conferences from 2016 to October 
2019. We included phase II/III randomised trials, comparing 
≥2 ET- based treatments. Progression- free survival (PFS) 
and overall survival (OS) were analysed by network meta- 
analyses using MTC Bayesian models based on both 
fixed- effect and random- effect models; relative treatment 
effects were measured as HRs and 95% credibility 
intervals (CrI). All statistical tests were two- sided. Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses guidelines were followed and this systematic 
review is registered in the PROSPERO database.
Results 55 publications reporting on 32 trials (n=12 293 
patients) were included. Regarding PFS in the endocrine 
sensitive setting (n=5200; 12 trials), the combination 
of cyclin- dependent kinases (CDK)4/6- inhibitors 
(CDK4/6i)+fulvestrant 500 mg (F500) was likely the most 
effective treatment (surface under the cumulative ranking 
curve (SUCRA)=97.3%), followed by CDK4/6i+aromatase 
inhibitor ±goserelin; there was no significant difference 
between them (HR 0.82; 95% CrI 0.54–1.25). Regarding 
OS (n=2157; five trials), the most effective treatment was 
probably CDK4/6i+F500 (SUCRA=97.3%); comparing 
CDK4/6i+F500 versus F500 held a HR of 0.77 (95% CrI 
0.63–0.95). Regarding PFS in the endocrine- resistant 
setting (n=6635; 20 trials), CDK4/6i+F500 was likely 
the most effective treatment (SUCRA=95.7%), followed 
by capivasertib+F500, without significant difference 
between them (HR 0.91; 95% CrI 0.60–1.36). For OS 
(n=4377; 11 trials), the most effective treatments were 
capivasertib+F500 (SUCRA=84.7%) and CDK4/6i+F500 
(SUCRA=69.9%). Comparing CDK4/6i+F500 versus F500 
held a HR of 0.77 (95% CrI 0.67–0.89).
Conclusions CDK4/6i+F500 is likely the best treatment 
option in both endocrine- sensitive and endocrine- resistant 
diseases for PFS, and in endocrine- sensitive patients 
for OS. Concerning OS in endocrine- resistant patients, 

capivasertib+F500 and CDK4/6i+F500 are likely the best 
treatments.
PROSPERO registration number CRD42018104628.

INTRODUCTION
Advanced breast cancer includes both unre-
sectable locally advanced and metastatic 
breast tumours and is usually considered 

Key questions

What is already known about this subject?
 ► A considerable research effort has been made in the 
previous years to develop more targeted and effec-
tive treatments for patients with hormone receptor- 
positive/HER2- negative advanced breast cancer. It 
is now recognised that endocrine therapy (ET) rep-
resents the cornerstone of systemic treatment for 
these patients. The addition of new targeted agents 
to ET have further improved prognosis in these pa-
tients by delaying and/or reversing resistance to 
endocrine treatment. Nevertheless, most of these 
agents have never been directly compared in clin-
ical trials.

What does this study add?
 ► Our data show that, in terms of progression- free 
survival, the combination of a cyclin- dependent 
kinases 4/6 inhibitor with fulvestrant 500 mg ap-
pears to be the best treatment option for both the 
endocrine- sensitive and endocrine- resistant popu-
lations. In addition, we have shown that this combi-
nation significantly increases overall survival in both 
settings, as compared with fulvestrant 500 mg. We 
also analysed specific subgroup of patients, such as 
patients with de novo metastatic, recurrent, visceral 
and bone- only disease.

How might this impact on clinical practice?
 ► In the absence of direct head- to- head compari-
sons for all regimens, our results may help guiding 
physicians and patients in the decision regarding 
the choice of regimen of ET with/without targeted 
agents for their advanced breast cancer.
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an incurable disease.1 More than 70% of breast cancers 
are hormone receptor- positive (HR+)/HER2- negative 
(HER2−).2 In this setting, endocrine therapy (ET) is the 
cornerstone of systemic treatment, being the preferred 
frontline therapy for these patients even in the presence 
of visceral metastasis, unless visceral crisis is present.1 3 
Yet, despite the significant clinical benefit of ET, almost 
all patients eventually acquire endocrine resistance over 
the course of treatment.1

In recent years, a considerable amount of research has 
allowed to better understand, define and target the mech-
anisms of resistance to ET.4 Many new targeted agents 
have emerged, in combination with ET, and are now 
available in daily clinical practice or are in the late stages 
of drug development.1 Some of them target the cyclin- 
dependent kinases (CDK)4/6, which are involved in cell- 
cycle regulation; or the PI3K and mTOR enzymes, which 
are responsible for proliferation and survival, among 
other functions.4

Nonetheless, these new combinations have never been 
directly compared in clinical trials. Having pair- wise 
comparative data for all of these regimens would not be 
feasible considering the large number of possible head- 
to- head comparisons, and the substantial expenses asso-
ciated with running such clinical trials. Furthermore, 
thanks to the growing sequential use of ET- based regi-
mens in order to avoid chemotherapy, and the numerous 
available treatment options, clinicians face the problem 
of deciding which are the best ET- based regimens to be 
sequentially prescribed to these patients. In such scenario 
of multiple available options, a network meta- analysis 
offers a unique opportunity to summarise and rank the 
relative efficacy of the different ET- based treatments, 
which could improve the treatment decision- making 
process in daily clinical practice. With this network meta- 
analysis, we assessed the efficacy of different ET- based 
treatments in patients with HR+/HER2− advanced breast 
cancer, both with endocrine- sensitive and endocrine- 
resistant disease.

METHODS
Search strategy and selection criteria
Randomised phase II/III controlled trials including 
patients with HR+/HER2− advanced breast cancer, 
comparing at least one single- agent ET to any ET- based 
treatments were included. Definitions of endocrine- 
sensitivity and endocrine- resistance were as per the 4th 
ESO- ESMO International Consensus Guidelines for 
Advanced Breast Cancer (ABC4).1 Endocrine- sensitive 
patients were defined as patients who never received 
ET in early breast cancer stage, or relapsing ≥12 months 
after completing adjuvant ET, or diagnosed with de novo 
stage IV breast cancer. Endocrine- resistant patients were 
defined as patients relapsing during adjuvant ET, or <12 
months after its completion, or with progressive disease 
under ET for advanced breast cancer.

Primary endpoint was progression- free survival (PFS), 
defined as time from randomisation until progressive 
disease or death.5 PFS was reported separately for patients 
with endocrine- sensitive and endocrine- resistant disease, 
without further molecular selection beyond HR+/
HER2− status. Secondary endpoint was overall survival 
(OS), defined as time from randomisation until death 
from any cause. Pre- defined subgroup analyses for PFS 
benefit were: patients with de novo metastatic disease; 
recurrent disease; visceral disease; bone- only disease; and 
with specific somatic mutations (e.g., PIK3CA- mutated 
tumours).

We excluded studies without information on HER2 
status; with patients with HER2+ tumours with no sepa-
rate analysis for the cohort of patients with HR+/
HER2− disease; with mixed endocrine- sensitive and 
endocrine- resistant populations for which a clear assign-
ment was not possible; without data on PFS; or using 
chemotherapy as a comparator. Trial reports focusing 
solely on endpoints (eg, quality of life) or subgroup anal-
yses that were not included in our protocol were also 
deemed not eligible.

A systematic search of the literature without language 
restrictions was performed up to 15 October 2019. 
Keywords like breast cancer and endocrine and targeted 
therapy drugs were combined in the search strategy 
(online supplementary methods), which was applied to 
Medline and adapted for use in the Cochrane Central 
Register of Controlled Trials. We also searched abstracts 
from major conferences (American Society of Clinical 
Oncology (ASCO) Annual Meeting, European Society 
for Medical Oncology Congress and San Antonio Breast 
Cancer Symposium) from 2016 to October 2019, in order 
to include unpublished trials.

This systematic review and network meta- analysis was 
based on the Cochrane Collaboration Handbook6 and 
registered in the PROSPERO database. The Preferred 
Reporting Items for Systematic reviews and Meta- Analyses 
extension for network meta- analysis guidelines was 
followed to report the present study.7

Data collection and assessment of risk of bias
Two reviewers (MB, CM) independently evaluated the 
screened titles and abstracts; in case of disagreement, a 
third author (ML) resolved it. Full papers were reviewed 
by five authors (MB, ML, CM, NP, MD). Multiple reports 
from the same trials were collated and data extraction 
was performed by one reviewer (MB) and verified by a 
second reviewer (AF). Disagreements were resolved by a 
third reviewer (ML).

We extracted trial name/identifier; first author; year 
of publication; study phase; endocrine- sensitive and/
or endocrine- resistant disease population; median 
number of previous lines of ET and allowance of 
previous chemotherapy for advanced breast cancer; 
treatment arms; number of patients; estimates of 
HRs and their CIs for PFS and OS in the intention- to- 
treat population; and PFS parameters in the specified 
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subgroups. For multiple reports of the same trial, we 
used the first publication of the primary endpoint to 
extract PFS data in the intention- to- treat population; 
for OS, we used the report with the longest follow- up 
data for analysis; for subgroup analysis, we used publi-
cations specifically reporting subgroup analysis (when 
available) or, alternatively, the first published report. 
Two reviewers (NP, MD) assessed the risk of bias using 
the Cochrane tool (version 5.1.0).6

Definition of treatment arms
Treatments were grouped according to their pharmaco-
logical class, with the use of clinical judgement whenever 
required. As examples, palbociclib, ribociclib and abemac-
iclib were included in the ‘CDK4/6 inhibitors’ (CDK4/6i) 
group; aromatase inhibitors (AI; anastrozole, letrozole and 
exemestane) were pooled together as a group, irrespective 
of being administered as monotherapy or combined with 
goserelin (the ‘AI±goserelin’ group), as the latter can be 
used to induce menopause in premenopausal patients.1 In 
cases in which there was only one drug representative of a 
class (eg, bortezomib), the specific name of the drug was 
used. If different doses of the same drug were tested (eg, 
fulvestrant 250 mg and fulvestrant 500 mg) or if different 
compounds of the same class were compared head- to- head 
(eg, mTOR inhibitors vistusertib and everolimus), each 
drug was considered separately. All other treatment arms 

were then defined as single- agent ET (eg, tamoxifen), and 
the combinations of different ET agents between them (eg, 
AI+fulvestrant 250 mg) and/or with targeted therapies (eg, 
everolimus+AI).

Data synthesis and statistical analysis
Network plots describing the geometry of all compar-
isons were generated. Relative treatment effects 
were measured as HR to compare the different treat-
ment regimens regarding PFS and OS. Results from 
the included trials were pooled using both pairwise 
frequentist meta- analysis and network meta- analysis. 
Network meta- analysis is a generalisation of pairwise 
meta- analysis that allows all evidence to be taken into 
account in a single model (both direct and indirect). 
Direct evidence comes from head- to- head trials and 
indirect evidence comes from trials that has a common 
comparator arm. In a network meta- analysis, the 
final evidence for each pair of treatments will come 
from direct evidence only, from indirect evidence 
only or from a combination between direct and indi-
rect evidence, all depending on the geometry of the 
network. Our network meta- analysis was performed 
using MTC Bayesian models based on both fixed- 
effect and random- effect models to yield comparative 
frameworks among all included arms, based on direct 
and indirect evidence.8 Decision between fixed- effect 

Figure 1 Adapted Preferred Reporting Items for Systematic reviews and Meta- Analyses flow diagram. *Indexed literature 
search (until 15 October 2019): Medline and Cochrane Central Register of Controlled Trials. **Non- indexed literature search: 
American Society of Clinical Oncology, San Antonio Breast Cancer Symposium, European Society for Medical Oncology 
annual conferences from 2016 to October 2019. ET, endocrine therapy; OS, overall survival; PFS, progression- free survival.
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and random- effect were made using deviance infor-
mation criterion.9 In random- effects network meta- 
analysis models, the same variance among studies was 
assumed for all pairwise comparisons. As none of our 
networks had pairwise comparisons with both direct 
and indirect evidence, consistency was not checked. 
Closed loops appearing in the plots come from three 
and four- arms individual studies.

The Meta and Gemtc packages from R (V.3.4.2) were 
used for the analysis. HR point estimates and their 95% 
CIs or 95% credibility intervals (CrI) were used to report 
the results. Additionally, in the network analysis, regi-
mens were ordered based on posterior rank probabilities 
(which indicate the probability of each regimen being the 
best, the second best, and so on) as well the surface under 
the cumulative ranking curve (SUCRA) values. SUCRA 
is a value between 0% and 100% calculated based on 
the posterior rank probabilities (larger value indicates a 
more effective treatment).10 Difference between two regi-
mens were considered significant if their 95% CrI did not 
cross the value of 1.

RESULTS
Characteristics of included studies
The systematic search of the literature yielded 3499 
records, of which 149 were reviewed as full text 
(figure 1). Among them, 55 publications reporting on 
32 trials (n=12 293 patients) were included: 10 trials 
reported on endocrine- sensitive patients only,10–31 
18 trials on endocrine- resistant patients only19 29 32–56 
and 3 trials on both but with distinct analyses for each 
group57–60 (table 1). Publication dates ranged from 
2009 to 2019, reflecting the fact that widespread stand-
ardised testing of HER2 status was only implemented 
in 2007,61 rendering most trials conducted before that 
ineligible for this study.

Quality of the evidence
Of the 32 trials included, 11 (34%) presented a low risk in 
at least 6 of the 7 assessed areas of potential bias (online 
supplementary table 1). Regarding the ‘double- blinded’ 
and ‘outcome- blind’ areas, a high risk of bias was present 
in 14 (44%) trials. The risk of bias was frequently high/
unclear in trials with results published only in the form of 
meeting abstracts.13 58 62

For both PFS and OS, most of the direct treatment 
comparisons had only one trial providing direct evidence, 
thus heterogeneity was not assessable for those compar-
isons. There was minimal heterogeneity (I2=0%) in all 
direct comparisons with two or more trials in the PFS and 
OS networks, except for the comparison between fulves-
trant 500 mg (F500) versus pan- PI3K inhibitors (pan- 
PI3Ki)+F500 in the PFS network of endocrine- resistant 
patients with visceral disease (I2=42%).

Network meta-analyses results
From the 32 trials included in the systematic review, 
3 were excluded from the network meta- analysis: 2 

trials did not provide HR for PFS or OS (Paul et al13 
and SAKK21/0841 and one trial had treatment arms 
that could not be connected to the rest of the network 
(TAMRAD33). In addition, the tamoxifen- containing arms 
of the MONALEESA-7 trial31 32 could not be connected to 
the rest of the network either. Thus, 29 trials (n=11 842 
patients) were included in network meta- analysis models.

Primary endpoint: PFS
The endocrine- sensitive network included 12 randomised 
controlled trials (n=5200 patients), testing 10 ET- based 
regimens (figure 2A). Using a fixed- effects model, 
the combination of CDK4/6i with F500 was likely the 
most effective treatment (SUCRA=97.3%), followed 
by CDK4/6i+AI±goserelin (SUCRA=89.8%)—online 
supplementary table 2. When comparing the efficacy of 
CDK4/6i+F500 versus CDK4/6i+AI±goserelin, the HR 
was 0.82 (95% CrI 0.54–1.25)—table 2. The endocrine- 
resistant network included 20 trials (n=6635 patients), 
comparing 20 ET- based regimens (figure 2B). Using a 
fixed- effects model, CDK4/6i+F500 was probably the 
most effective treatment (SUCRA=95.7%), followed by 
capivasertib+F500 (SUCRA=88.7%)—online supplemen-
tary table 3. The comparison of CDK4/6i+F500 versus 
capivasertib+F500 held a HR of 0.91 (95% CrI 0.60–
1.36)—table 3.

Secondary endpoint: OS
The number of trials reporting on OS was smaller as 
compared with those reporting on PFS. In the endocrine- 
sensitive population, five trials were included (n=2157 
patients), comparing four treatments (figure 2C). 
Using a fixed- effects model, CDK4/6i+F500 was likely 
the most effective treatment (SUCRA=97.3%), followed 
by CDK4/6i+AI±goserelin (SUCRA=89.8%) and F500 
(SUCRA=61.8%)—online supplementary table 2. 
Comparing CDK4/6i+F500 to F500 held a HR of 0.77 
(95% CrI 0.63–0.95) and when comparing CDK4/6i+AI±-
goserelin to AI±goserelin the HR was 0.70 (95% CrI 0.48–
1.02)—table 2.

In the endocrine- resistant population, 11 trials 
(n=4377 patients), testing 12 treatments, reported data 
on OS (figure 2D). Using a fixed- effects model, treat-
ments with the highest chance of improving OS were 
capivasertib+F500 (SUCRA=84.7%) and CDK4/6i+F500 
(SUCRA=69.9%)—table 3 and online supplementary 
table 3. The comparison of capivasertib+F500 to F500 
held a HR of 0.59 (95% CrI 0.34–1.04), and when 
comparing CDK4/6i+F500 to F500 the HR was 0.77 (95% 
CrI 0.67–0.89).

Subgroup analysis of PFS
Four trials reported subgroup analysis for PFS separately 
for endocrine- sensitive patients with de novo metastatic or 
recurrent disease.15 23 29 63 All trials tested CDK4/6i+AI±-
goserelin versus AI±goserelin and the pairwise meta- 
analysis showed a HR of 0.50 (95% CI 0.39 to 0.63) among 
patients with de novo metastatic disease, favouring the 
combination with CDK4/6i; similarly, the HR was 0.58 
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(95% CI 0.49 to 0.70) among patients with recurrent 
metastatic disease (online supplementary figure 1).

Five trials reported subgroup analysis for PFS on 
patients with visceral disease in the endocrine- sensitive 
setting,15 19 24 25 29 and nine in the endocrine- resistant 
setting (online supplementary figure 2).33 42 44–46 48 52 53 55 On 
endocrine- sensitive patients, CDK4/6i+AI±goserelin was 
likely the most effective treatment (SUCRA=98.4%), with a 
HR of 0.59 (95% CrI 0.34–1.04) when compared with F500. 
On endocrine- resistant patients, CDK4/6i+F500 was prob-
ably the most effective treatment (SUCRA=94.7%), with a 
HR of 0.68 (95% CrI 0.53–0.88) when compared with pan- 
PI3Ki+F500 (online supplementary tables 4 and 5).

Patients with bone- only disease were analysed separately 
for PFS in nine trials, of which four were on endocrine- 
sensitive,15 19 24 29 and five on endocrine- resistant patients 
(online supplementary figures 3 and 4).20 35 46 47 49 In endocrine- 
sensitive patients, all trials compared CDK4/6i+AI±goser-
elin versus AI±goserelin: the pairwise meta- analysis showed 
a HR of 0.49 (95% CI 0.36 to 0.67) favouring the combi-
nation with CDK4/6i. In endocrine- resistant patients, treat-
ments had to be split between two networks, due to the 
absence of direct or indirect connection between all tested 
regimens. In network 1, everolimus+AI was probably the 
best treatment (SUCRA=100%) and, in network 2, it was 
CDK4/6i+F500 which was most likely to be the best treat-
ment (SUCRA=80.3%)—online supplementary tables 6 
and 7.

No network meta- analysis was performed based on 
molecularly defined subgroups, such as PIK3CA- mutant 
patients, owing to the substantial degree of heterogeneity 
in how to define and/or identify these subgroups among 
different trials.44 47 53 64

DISCUSSION
In this network meta- analysis, all the tested ET- based 
treatments for patients with HR+/HER2− advanced 
breast cancer were compared providing a rank order for 
their efficacy based on clinically meaningful endpoints 
(PFS and OS). Results suggest that the combination of 
CDK4/6i+F500 is likely to be the best treatment option in 
terms of PFS benefit among endocrine- resistant patients 
and also for endocrine- sensitive patients. The second most 
effective treatment options were CDK4/6i+AI±goserelin 
in the endocrine- sensitive population, and capivasert-
ib+F500 in the endocrine- resistant population. Notably, 
by directly comparing CDK4/6i+F500 to CDK4/6i+AI±-
goserelin or to capivasertib+AI, even if HR are below 1, 
the CrIs cross 1.0, meaning that these differences are 
non- significant. Yet, this model may still guide clinicians 
by indicating which treatment options are probably the 
most effective among all.

The robustness of OS networks was partially hampered, 
as half of the trials have not yet provided mature data 
on this endpoint and all were unpowered for it, as OS 
was a secondary endpoint. Even so, the analysis showed 
that, similarly to the PFS results, CDK4/6i+F500 is also Tr
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possibly the best treatment for endocrine- sensitive 
patients in terms of OS, with a significantly better HR 
when compared with F500 (HR 0.77; 95% CrI 0.63–0.95). 
Interestingly, when pooling the OS data for the compar-
ison of CDK4/6i+AI±goserelin versus AI±goserelin, the 
HR was non- significant (0.70; 95% CrI 0.48–1.02). In 
the endocrine- resistant population, the SUCRA value 
was higher for capivasertib+F500, but only the compar-
ison between CDK4/6i+F500 and F500 held a significant 
HR (0.77; 95% CrI 0.67–0.89). These pooled results 
are highly relevant, as they consistently demonstrate 
that the addition of a CDK4/6i to F500 significantly 
increases the clinically important endpoint of OS, both 
in the endocrine- sensitive and endocrine- resistant 
settings. Nonetheless, we have to consider that OS gains 
are also influenced by post- progression therapies—in 

MONALEESA-3, subsequent antineoplastic therapies 
were received by 81.5% of patients in the ribociclib+F500 
group and 84.7% of patients in the F500 group60; 
however, in MONALEESA-7, only 68.9% of patients in 
the ribociclib+tamoxifen/AI+goserelin group and 73.2% 
of patients in the tamoxifen/AI+goserelin group received 
subsequent antineoplastic therapy,32 which is lower than 
what would be expected. Therefore, this should also be 
taken into account when evaluating the OS benefits of 
each treatment.

For the subgroup analysis of patients with endocrine- 
sensitive disease, data regarding the comparison 
between CDK4/6i+F500 versus F500 were not available 
and, hence, we cannot assess the combination’s benefit 
in these subgroups. Taking that into account, results 
from subgroup analyses were not substantially different 

Figure 2 Network plots. (A) Progression- free survival (PFS) in endocrine- sensitive (ES) patients. (B) PFS in endocrine- 
resistant (ER) patients. (C) Overall survival (OS) in ES patients. (D) OS in ER patients. The width of the connecting lines is 
proportional to the number of trials comparing each pair of treatments, with bolder lines indicating comparisons with a higher 
number of trials. *±goserelin. AI, aromatase inhibitor; anti- andro, anti- androgen agent; CDK, cyclin- dependent kinases; 
CDK4/6i, CDK4/6 inhibitor; cont, continuous; F250, fulvestrant 250 mg; F500, fulvestrant 500 mg; int, intermittent; multiTKI, 
multi- tyrosine kinase inhibitor; pan- PI3Ki, pan- PI3K inhibitor; sapat, sapatinib; vistus., vistusertib.
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from the ones reported in the overall populations: 
CDK4/6i+AI±goserelin was likely the most effective treat-
ment in terms of PFS both in endocrine- sensitive patients 
with bone- only, visceral, de novo and recurrent disease. In 
the endocrine- resistant setting, CDK4/6i+F500 was likely 
the best treatment for patients with visceral disease; for 
patients with bone- only disease, both CDK4/6i+F500 and 
everolimus+AI are suitable options.

The remaining preplanned subgroup analysis, namely 
in molecular- selected subgroups, was not carried out, 
as we did not have access to individual patient data and 
aggregated data from trial publications was scarce. In 
addition, trials testing selective PI3K- alpha inhibitors in 
endocrine- resistant patients, like SANDPIPER (fulvestrant 
with/without taselisib)65 and SOLAR-1 (fulvestrant with/
without alpelisib),66 were not included in this systematic 
review, as they reported endpoints separately for patients 
with PI3KCA- mutated tumours and with PI3KCA- wild type 
tumours. Thus, our network meta- analysis only provides 
results regarding the use of ET- based regimens in patients 
with HR+/HER2− advanced breast cancer without 
further molecular selection. With the increasing use of 
multigene sequencing, clinicians will have access to the 
mutational landscape of the individual patient’s tumour. 
Nevertheless, use of somatic multigene sequencing in 
breast cancer is still controversial as its clinical utility has 
not yet been proven. Hence, ASCO and ABC4 guidelines 
do not support the routine use of such multigene panels 
in routine clinical practice when deciding treatment for 
patients with advanced breast cancer.1 67

Our main conclusions are based on fixed- effect model 
analyses, given that all of them provided better devi-
ance information criteria compared with the respective 
random- effect models. These results could have been 
impaired by heterogeneity among trials, but we showed 
that heterogeneity was minimal (I2=0%) in all direct 
comparisons with ≥2 trials in the main PFS and OS 
networks, making the results robust, while still taking into 
account that these findings are derived from both direct 
and indirect evidence.

We have focused solely on efficacy parameters and did 
not include toxicity, due to the large number of regi-
mens evaluated and the absence of one single parameter 
to measure it Furthermore, our group has previously 
published a meta- analysis on the risk of adverse events 
with the addition of targeted agents to ET in patients with 
HR+ advanced breast cancer.68 We concluded that the use 
of targeted agents significantly increased the incidence of 
adverse events, both of grade 1–4 and grade 3–4. There-
fore, the toxicity profile of each class of agents should be 
taken into account when deciding which treatment to 
prescribe to the individual patient. The systematic use of 
patient- reported outcomes (PROs) in clinical trials has 
recently become widespread practice; however, most of 
the trials included in our analysis did not provide infor-
mation on this endpoint. Thus, we have not extracted 
data regarding PROs, but this should be considered in 
future meta- analyses. This is especially relevant nowadays, 

as the Magnitude of Clinical Benefit Scale of the Euro-
pean Society for Medical Oncology gives limited credit 
to a PFS gain not associated with improved quality of life 
or OS benefit.69 Therefore, as this scale is used for reim-
bursement policies in some countries, PROs results can 
also influence the availability of some treatments.

We also acknowledge that there was heterogeneity in 
patients’ populations regarding menopausal status and 
prior hormonal/chemotherapy treatments received, 
which may have influenced the benefit from each 
regimen. Additionally, endocrine- sensitivity should be 
regarded as a continuum—hence, the time cut- off to 
separate endocrine- sensitive from endocrine- resistant 
disease does not have a specific biological basis and 
the benefit from treatment may have changed between 
trials according to the proportion of patients with 
a ‘more’ endocrine- sensitive or endocrine- resistant 
disease. Endocrine- resistant population may also be 
heterogeneous, as patients might have received a vari-
able number of previous ET lines—nonetheless, in most 
trials including endocrine- resistant patients, the median 
number of previous ET lines was just one (table 1); the 
only exception was the BELLE-3 trial.53

Publication bias was not assessed, as there are multiple 
limitations to its performance on network meta- analysis, 
especially regarding the creation of funnel plots.70 None-
theless, we have searched both fully published articles as 
well as conference abstracts, thus increasing the chances 
of including all potentially eligible trials.

Most of the published network meta- analyses assessing 
the efficacy of ET- based regimens in HR+/HER2− 
advanced breast cancer only included patients with 
endocrine- sensitive,71–73 or with endocrine- resistant 
disease.74–76 Of the network meta- analyses that have 
included both groups of patients, one specifically 
compared palbociclib+ET to different single- agent ET,77 
another compared everolimus+exemestane to several 
chemotherapy regimens78 and the third evaluated palbo-
ciclib+ET versus chemotherapy,79 making them difficult to 
compare with our results. Another recent and very large 
network meta- analysis has evaluated all chemotherapy 
and ET- based treatments in postmenopausal women with 
HR+/HER2− metastatic breast cancer.80 Similarly to our 
results, it has showed that CDK4/6i plus ET are better 
than standard ET; in addition, it has demonstrated that 
no chemotherapy regimen was significantly better than 
CDK4/6i plus ET in terms of PFS. However, this network 
meta- analysis did not include premenopausal women, 
did not provide OS data or analysed efficacy according 
to endocrine- sensitivity status or different patients’ 
subgroups (visceral disease, bone- only, etc). In addition, 
it comprised many trials including patients with HER2+ 
or triple- negative disease, partially hampering the gener-
alisation of results.

Thanks to the high number of patients included 
and the geometry of the networks, we could provide 
ranking probabilities for each treatment, which facilitates 
decision- making for clinicians. Yet, these probabilities 
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should be taken together with the HR and CrI of the pair-
wise comparisons. For instance, when analysing OS data 
in endocrine- resistant patients, the first rank is occupied 
by capivasertib+F500, followed by CDK4/6i+F500. Never-
theless, when comparing these two regimens, we see that 
the CrI are wide (table 3), meaning that these rankings 
should be interpreted with caution, as there was no signif-
icant difference between these treatments. In addition, 
our findings should be tailored to the individual patient, 
in terms of phase of disease (ie, endocrine- sensitive vs 
endocrine- resistant), previous therapies and tolerance to 
them.

Due to the rapid pace of changes in treatment options 
for HR+/HER2− advanced breast cancer, this network 
meta- analysis provides evidence- based data to patients, 
clinicians and policy makers to support nowadays 
clinical decision- making. It clearly demonstrates that 
CDK4/6i combined with ET is likely the best treatment 
option in terms of PFS and OS among patients with 
endocrine- sensitive and endocrine- resistant disease and 
across all patient subgroups, which could help facil-
itating the access to CDK4/6i. Yet, data of the direct 
comparison between CDK4/6i+F500 versus F500 among 
endocrine- sensitive patients comes from a subgroup 
analysis of a single trial (MONALEESA-3)59 60; there-
fore, these subgroup analysis results should ideally be 
confirmed in a dedicated randomised trial for patients 
with endocrine- sensitive disease. Nonetheless, while 
such data are not available, CDK4/6i+F500 could still be 
considered as an option for endocrine- sensitive patients 
in upcoming ASCO and ABC5 guidelines.1 3 This is rein-
forced by the fact that, even if for many years AI have 
been considered the standard- of- care for these patients, 
the FALCON trial has demonstrated that, in terms of 
PFS, F500 is superior to AI.25 However, little data are 
available on the effectiveness of AI or tamoxifen after 
F500, which leads many physicians to delay its use into 
the second- line—a practice which the availability of 
alpelisib66 should reinforce. Ongoing trials are testing 
new, orally administered selective oestrogen receptor 
degraders, alone or in combination with CDK4/6i or 
AI, which should change the treatment landscape in 
coming years.81

In the future, it is expected that new genomic, 
proteomic, metabolomics and imaging biomarkers will 
be used to further tailor treatment to the individual 
patient. This is especially needed, not only to spare 
patients from the toxic effects of ineffective regimens, 
but also due to the potential ‘financial toxicity’ of these 
multiple ET- based treatments, given their potential 
impact on the individual patient and also on the sustain-
ability of healthcare systems.82 Therefore, new pooled 
analyses will probably be conducted to compare the 
efficacy of different ET- based treatments in biomarker- 
defined populations, such as patients with PI3KCA- 
mutated tumours.

In conclusion, this network meta- analysis suggests that 
the combination of a CDK4/6i+F500 may be the best 

treatment option in terms of PFS for both endocrine- 
sensitive and endocrine- resistant patients with HR+/
HER2− advanced breast cancer. As for OS, CDK4/6i+F500 
is possibly the best choice for endocrine- sensitive patients. 
Concerning endocrine- resistant patients, capivasert-
ib+F500 and CDK4/6i+F500 are likely the best treatments 
in this setting.
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