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Abstract

Background This network meta-analysis aimed to assess the comparative efficacy and safety of combinations
involving three cyclin-dependent kinase 4/6 (CDK4/6) inhibitors and endocrine therapies (ETs) in patients with
metastatic or advanced breast cancer (BC) who are hormone receptor-positive (HR+) and human epidermal growth
factor receptor 2-negative (HER2-).

Methods \We initially identified relevant studies from previous meta-analyses and then conducted a comprehensive
search of PubMed, Embase, and the Cochrane Central Register of Controlled Trials (CENTRAL) databases to locate
additional studies published between February 2020 and September 2021. Essential data were extracted, and a
network meta-analysis was performed using R 4.1.1 software with a random-effects model. Furthermore, we assigned
rankings to all available treatment combinations by calculating their cumulative probability.

Results Data analysis included ten reports from nine studies. Pooled results demonstrated that each treatment
combination significantly reduced the hazard risk of progression-free survival (PFS) compared to treatment with

an aromatase inhibitor (Al) or fulvestrant alone. However, there were no differences observed in PFS or overall
survival (OS) among the different treatment combinations. Additionally, patients receiving palbociclib plus Al and
abemaciclib plus Al or fulvestrant experienced more severe adverse events (AEs), with hazard ratios (HRs) of 10.83
(95% confidence interval [Cl]=2.31t0 52.51) and 4.8 (95%Cl=1.41 to 16.21), respectively. The HR for ribociclib plus Al
was 9.45 (95%Cl=2.02 to 43.61), and the HR for palbociclib plus fulvestrant was 6.33 (95%Cl=1.03 to 39.86). Based on
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the ranking probabilities, palbociclib plus fulvestrant had the highest probability of achieving superior PFS (37.65%),
followed by abemaciclib plus fulvestrant (28.76%). For OS, ribociclib plus fulvestrant ranked first (34.11%), with
abemaciclib plus fulvestrant in second place (25.75%). In terms of safety, palbociclib plus Al (53.98%) or fulvestrant
(51.37%) had the highest probabilities of being associated with adverse events.

Conclusions Abemaciclib plus fulvestrant or ribociclib plus Al appear to be effective and relatively safe for the
treatment of HR+/HER2- metastatic or advanced BC patients. However, given the reliance on limited evidence, our
findings require further validation through additional studies.

Keywords Breast cancer, Abemaciclib, Ribociclib, Palbociclib, Network meta-analysis

Background

According to the Global Cancer Statistics 2020 report,
breast cancer (BC) has the highest incidence worldwide
among all cancer types and is the leading cause of cancer-
related death in women [1]. Studies have indicated that
approximately 30—-40% of early-stage BC patients eventu-
ally progress to advanced BC [2], with a small proportion
of patients already diagnosed with distant metastases
[3]. A recent study by Shi et al. highlighted COL11A1
as a potential novel biomarker for BC, as it was found to
be highly expressed in BC samples and associated with
poor prognosis. This suggests that COL11A1 could be a
potential therapeutic target in BC. However, it is impor-
tant to note that BC exhibits significant heterogeneity [4],
leading to the identification of four distinct molecular
subtypes based on the presence of different biomarkers
[5]. Among these subtypes, hormone receptor-positive
(HR+) and human epidermal growth factor receptor
2-negative (HER2-) BC are the most common, account-
ing for 60—65% of patients with metastatic or advanced
BC [3, 6, 7]. Traditionally, endocrine therapy, including
aromatase inhibitors (AI) or fulvestrant, is recommended
as first-line treatment for HR+/HER2- BC patients, unless
there is a visceral crisis or life-threatening situation [8,
9]. However, some patients either fail to respond to ini-
tial therapy due to primary resistance [10] or experience
disease progression during treatment due to acquired
resistance [11]. Cyclin-dependent kinase 4/6 (CDK4/6)
plays a crucial role in cell cycle regulation [12] and has
been closely associated with endocrine therapy resistance
[13]. Notably, the US Food and Drug Administration
(FDA) has approved three CDK4/6 inhibitors, namely
palbociclib, ribociclib, and abemaciclib, for the treat-
ment of HR+/HER2- BC patients [14]. Currently, there is
increasing interest among researchers and practitioners
in exploring the efficacy and safety of combining different
CDK4/6 inhibitors with endocrine therapies [15]. Sev-
eral pairwise [16-21] and network meta-analyses [22—
24] have confirmed the efficacy and safety of CDK4/6
inhibitors in combination with endocrine therapy for the
treatment of metastatic or advanced BC patients with
HR+/HER2-. However, definitive investigations of the
comparative efficacy and safety of different treatment

combinations involving CDK4/6 inhibitors (abemaciclib,
palbociclib, and ribociclib) and endocrine therapies (Al
and fulvestrant) in clinical trials and previously published
meta-analyses are lacking. It is worth noting that network
meta-analysis allows for the summary and comparison
of the efficacy and safety of different treatment combi-
nations, facilitating their ranking based on cumulative
probability [25]. Therefore, we conducted this network
meta-analysis to investigate the comparative efficacy and
safety of various combinations of three CDK4/6 inhibi-
tors (abemaciclib, palbociclib, and ribociclib) and two
endocrine therapies (Al and fulvestrant) in patients with
HR+/HER2- metastatic or advanced BC, with the aim of
providing evidence-based recommendations for clinical
decision-making.

Methods

Study design

This network meta-analysis adhered strictly to the
guidelines of the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) for network
meta-analysis (PRISMA-NMA) [26, 27]. We also fol-
lowed the methodological framework recommended
by the Cochrane Handbook for Reviewers of Systematic
Reviews [28].

Search Strategy

We initially identified systematic reviews and meta-
analyses related to the topic in PubMed (Medline) using
MeSH terms and corresponding synonyms: breast can-
cer, palbociclib, ribociclib, abemaciclib, and random.
Subsequently, two independent authors (Yiyuan Liu and
Jinyao Wu) conducted searches in PubMed, Embase
(Ovid), and the Cochrane Central Register for Con-
trolled Trials (CENTRAL) to retrieve additional studies
published between February 2020 and September 2021,
as the previous meta-analysis had screened studies pub-
lished before 2020 [18]. The complete search strategy is
summarized in Supplementary Table 1. Moreover, we
manually reviewed the reference lists of eligible studies
and related meta-analyses to identify additional studies.
Literature retrieval was performed independently by two
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authors, with any discrepancies resolved through discus-
sion with the senior author.

Inclusion criteria

To be eligible for inclusion, studies needed to meet the
following criteria: (a) patients must have had a definitive
diagnosis of HR+/HER2- metastatic or advanced BC, (b)
therapeutic regimes must have included various combi-
nations of three CDK4/6 inhibitors (abemaciclib, palbo-
ciclib, ribociclib) and two endocrine therapies (Al and
fulvestrant), (c) at least one of the following outcomes
must have been reported: progression-free survival
(PFS), overall survival (OS), and severe treatment-related
adverse events (AEs), and (d) the studies must have been
full-text randomized controlled trials (RCTs).

Exclusion criteria

Studies were excluded if they met at least one of the fol-
lowing criteria: (a) ineligible study designs such as phase I
trials, observational studies, animal studies, commentar-
ies, and subgroup analyses; (b) redundant reports by the
same group based on the same dataset; and (c) studies
published in languages other than English.

Study selection

Study selection was performed using EndNote X9 soft-
ware. Duplicate studies were automatically excluded by
the software. Next, the title and abstract of each study
were screened to evaluate eligibility. Subsequently, the
full text of each potentially eligible study was assessed.
Finally, we included all RCTs that compared the efficacy
and safety of one combination regimen with others for
HR+/HER2- metastatic or advanced BC patients. Eligibil-
ity was determined independently by two authors, with
any disagreements resolved through discussion with a
third senior author.

Data extraction

Data extraction was performed independently by two
authors. The following data were extracted from each eli-
gible study: first author’s name, study identifier, clinical
trial identifier, publication year, study phase, sample size,
median age, median follow-up duration, clinical charac-
teristics of patients, details of therapeutic regimens, and
outcomes of interest.

Definition of outcomes

In this study, we defined progression-free survival (PES)
as the time from randomization to the first occurrence of
radiographic or clinical progression or death, and overall
survival (OS) as the time from randomization to death.
Severe treatment-related adverse events (AEs) were
defined as events with a grade=>3.
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Methodological Quality Assessment

The methodological quality of each individual study
was independently assessed by two authors using the
Cochrane Collaboration risk of bias assessment tool [29].
Six aspects were evaluated: randomization, allocation
concealment, blinding methods, attrition rate, outcome
reporting, and other sources of bias. Each aspect was
labeled as low, unclear, or high risk based on the quality
evaluation results. Quality assessment was performed by
two authors, with any disagreements resolved through
discussion with a third senior author. RevMan version
5.4 (Review Manager, the Cochrane Collaboration, 2020)
was used to visually represent the risk of bias summary
graphically.

Statistical analysis

Traditional pairwise meta-analysis based on the random-
effects model was conducted using RevMan software.
Bayesian network meta-analysis was performed using
R software (V.4.1.1) and the “gemtc” package [30-32]
through Markov Chain Monte Carlo (MCMC) simula-
tion. Hazard ratios (HRs) with 95% credible intervals (CI)
were used to express PFS and OS for each study, while
odds ratios (ORs) with 95% CI were used to express
the risk of severe AEs. The random-effects model was
selected for this network meta-analysis to generate rela-
tively conservative estimates, as this model accounts
for heterogeneity across trials within individual com-
parisons [33]. MCMC simulation was conducted with
20,000 burn-in iterations followed by 50,000 iterations
and 4 Markov chains [34]. The convergence of the models
was qualitatively assessed using Gelman-Rubin-Brooks,
trace, and density plots [35] and quantitatively assessed
using the potential scale reduced factor (PSRF) [36, 37].
Treatment combinations were ranked based on their
probabilities using the “gemtc” package [38]. The global
heterogeneity of the model was assessed using the het-
erogeneity index (I%) through the “mtc.anohe” command
[39]. Since only indirect evidence was available for all
comparisons, the split-node method was not employed
to investigate inconsistency between direct and indirect
estimates [31, 40]. Publication bias was not assessed due
to the insufficient number of eligible studies (<10 stud-
ies) [33].

Results

Included studies

We identified 64, 304, and 241 potentially eligible stud-
ies from PubMed, Embase, and CENTRAL, respectively.
After removing 115 duplicate studies using EndNote, we
sequentially evaluated the titles, abstracts, and full texts.
Ultimately, we deemed 6 studies eligible after excluding
461 ineligible studies, in addition to the 3 eligible stud-
ies identified from previous meta-analyses. Therefore,
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this network meta-analysis included a total of 9 eli-
gible studies [41-49] comprising 10 reports. The study
retrieval and selection process is presented in Fig. 1.
Furthermore, to compare all available combinations for
progression-free survival (PFS) and overall survival (OS),
we included the results of a previous meta-analysis that
examined the comparative efficacy and safety of fulves-
trant and Al in advanced breast cancer [50] in this net-
work meta-analysis.
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Baseline characteristics of included studies

Among the 9 studies included in this analysis, 2 studies
[45, 46] were phase II design, while the remaining 7 stud-
ies [41-44, 47-49] were phase III designs. All of these
studies provided data on the HR for PFS and the inci-
dence of severe AEs, with an a total sample size of 5043
and 5022, respectively. Additionally, Six studies reported
the HR for OS, involving a combined sample size of 3421.
The evidence plots for PFS, OS, and severe AEs were

Fig. 1 PRISMA flowchart of the study retrieval and selection process for this network meta-analysis
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Fig. 2 Network of the comparisons for the Bayesian network meta-analysis. As shown in the figure, the thickness of the lines is proportional to the num-
ber of comparisons, and the diameter of the circles is proportional to the number of treatments included in the meta-analysis. Network of PFS (A), OS (B),
and severe AEs based on different endocrine therapies including Al (C) and fulvestrant (D)

Table 1 Reported HR for PFS and OS and severe AEs rate of each

eligible study
Study Study Control HRforPFS HRfor Severe
oS AEs
rate, %
PALOMA-1 P+Al Al 0.488 0.9897 7590
(0.319, (0.623, vs.
0.748) 1.294)  20.78
PALOMA-2 P+Al Al 0.563 n.r. 79.28
(0461, VS.
0.687) 2838
PALOMA-3 P+F F 0.50 0.81 7233
(040,062) (064, s
1.03) 21.84
MONALEESA-2 R+Al Al 0.568 0746 8204
(0457, (0517, s,
0.704) 1.078) 3273
MONALEESA-3 R+F F 0.593 073 2851
(0.480, (059, s,
0.732) 0.90) 16.53
MONALEESA-7 R+Al Al 0.55 0.71 82.09
(044,069) (0.54, s
095) 2967
MONARCH-2 A+F F 0.553 0.757 6599
(0.449, (0606, vs.
0.681) 0.945) 2691
MONARCH-3 A+Al Al 0.540 n.r. 5841
(0418, VS.
0.698) 24.84
MONARCH plus ~ A+Al Al 0499 n.r. 59.02
(cohort A) (0.346, Vs,
0.719) 2323
MONARCH plus  A+F F 0376 n.r. 51.92
(cohort B) (0.240, VS.
0.588) 15.09

P, palbociclib; R, ribociclib; A, abemaciclib; Al, aromatase inhibitor; F, fulvestrant;
AEs, adverse events; HR, hazard ratio; PFS, progression-free survival; OS, overall
survival; n.r., not reported

presented in Fig. 2. In regard to severe AEs, we presented
separate evidence plots based on different endocrine
therapies, as there were no eligible studies exploring the
connection between Al and fulvestrant. The baseline
characteristics of the included studies are summarized
in Supplementary Tables 2, and the numerical results for
each outcome in each study can be found in Table 1.

Quality Assessment of included studies

Among the identified studies [41-49], all were consid-
ered to have a low risk of selection bias. Most studies
effectively minimized performance and detection bias
through double-blind designs, except for one study that
used an open-label design [46]. Since attrition bias did
not affect our estimates significantly, we categorized all
studies as low risk in this domain. Regarding outcome
reporting and other biases, most studies were either
unclear or at low risk. A summary of the individual
study-level assessment can be found in Fig. 3.

Meta-analysis of progression-free survival

All 9 eligible studies [41-49] involving 5043 patients
reported hazard ratios (HR) for PES. The pairwise meta-
analysis results indicated a reduced hazard risk of PFS
for each treatment combination (Supplementary Fig. 1).
This finding was further supported by the network meta-
analysis (Fig. 4). However, when comparing the available
treatment combinations of three CDK4/6 inhibitors and
various endocrine therapies, no statistical differences
were observed for PFS (Fig. 4).

Meta-analysis of overall survival

Among the 9 included studies, 6 studies [41-43, 46, 47]
involving 3421 patients reported the HR for OS. The
pairwise meta-analysis suggested that the combination



Page 6 of 12

(2023) 23:816

Liu et al. BMC Cancer

selq Jayjo

(seiq Bunuodal) Buiuodal aAnos|es

(seiq uonuye) ejep awooino a3a|dwoodu|

(seiq uonoalap) Juswssasse awoono Jo Buipulg

(seiq @ouewuopad) |puuosiad pue syuedidiied jo Buipung
(seig uonoa|as) Juaw|easuod UoeIO|Y

(seiq uonoajes) uonesauab asuanbas wopuey

?

?

?

MONALEESA2 | @ | @ (@ | 2 | @ | 2 | @

MONALEESA3 | @D | @  © (| 2 | &

MONALEESA-7 | @ | ® | ©®  ® | ® | 2 | @

MONARCH2 | @ | ® | ® @ @ | 2

MONARCH-3 | @ | ® @ | 2 | ®| 2 | @

MONARCH plus 2020 | @ | @ | 2

PALOMA-1 | @D O S S| 2 | @
paloMA2 | @ @ @ |2 | O O S

PALOMA-3 | @D @ O O @ | 2

Fig. 3 Risk of bias summary: reviewers' judgments of each risk of bias item for each eligible study



Liu et al. BMC Cancer (2023) 23:816

A Hazard Ratio (95% Crl)
Compared with Al
P+Al 0.54 (0.38, 0.74)
P+F —_—— 0.46 (0.26, 0.82)
F < 0.93 (0.63, 1.4)
R+Al © 0.56 (0.41, 0.76)
R+F © 0.55 (0.31, 0.98)
A+F 0.47 (0.27,0.74)
A+Al © | 0.52 (0.37, 0.73)
0.2 1 2
Cc

Hazard Ratio (95% Crl)

Compared with A+Al
P+Al —p— 1.0 (0.64, 1.6)
Al & 19(14,2.7)
Pt = 0.89 (0.46, 1.7)
F ——o— 1.8(1.1, 3)
R+Al © 1.1(0.68, 1.7)
R+F S 1.1(0.54,2.1)
A+F 0.90 (0.46, 1.6)
04 1 3
E Hazard Ratio (95% Crl)
Compared with R+Al
P+Al < 0.97 (0.61, 1.5)
Al 1.8(1.3,24)
P+F e 0.83 (0.43, 1.6)
F 1.7(1.0,2.7)
R+F —_— 0.99 (0.52, 1.9)
A+F o 0.84(0.44, 14)
A+Al © 0.94 (0.59, 1.5)
| |
04 1 3
G

Hazard Ratio (95% Crl)
Compared with P+Al

Al & 1.8 (1.3, 2.6)

P+F —_— o+ 0.85(0.45,1.7)
S = 1.7 (1.0,2.9)

R+Al = 1.0 (0.67, 1.6)
R+F © 1.0 (0.53, 2.0)
A+F O+ 0.86 (0.45, 1.5)
A+Al v —a— 0.96 (0.61, 1.6)

0.4 1 3

Compared with F

Page 7 of 12

Hazard Ratio (95% Crl)

P+Al 0.58 (0.34, 0.95)
Al 1.1(0.73, 1.6)
PF 0.50 (0.32, 0.77)
RAI 0.60 (0.37, 0.98)
RF 0.59 (0.39, 0.90)
AF 0.50 (0.34, 0.67)
AAl 0.56 (0.34, 0.93)
[ ]
0.3 2
D Hazard Ratio (95% Crl)
Compared with A+F
P+Al 1.2 (0.65, 2.2)
Al 2.1(1.3,3.8)
P+F 0.99 (0.60, 1.8)
F 2.(1.5,29)
R+Al 1.2 (0.69, 2.3)
R+F 1.2(0.72, 2.1)
A+Al 1 1.1(0.63, 2.2)
06 1 4
F Hazard Ratio (95% Crl)
Compared with R+F
P+Al —_— 0.98 (0.49, 1.9)
Al ———— 1.8(1.0,3.2)
P+F -1 0.84 (0.46, 1.5)
F © 1.7 (1.1, 2.6)
R+Al —_— 1.0 (0.53, 1.9)
A+F 0.85(047,14)
A+Al < 0.95 (0.48, 1.8)
[ |
04 1 4
H Hazard Ratio (95% Crl)
Compared with P+F
P+Al 1.2 (0.59, 2.2)
Al S 22(1.2,3.8)
F —— 2.0 (1.3,3.1)
R+Al —© 1.2 (0.63, 2.3)
R+F 1.2 (0.65, 2.2)
A+F © 1.0 (0.56, 1.7)
A+Al —— 1.1(0.58, 2.2)
0.5 1 4

Fig. 4 Forest plot of the hazard ratios for PFS based on different pairwise comparisons

of abemaciclib plus fulvestrant (HR=0.76, 95% CI=0.61
to 0.94) and ribociclib plus AI (HR=0.73, 95% CI=0.58
to 0.91) or fulvestrant (HR=0.73, 95% CI=0.59 to 0.90)
was associated with improved OS (Supplementary
Fig. 2). However, these findings were not supported by
the network meta-analysis (abemaciclib plus fulves-
trant: HR=0.76, 95% CI=0.50 to 1.15; ribociclib plus Al:
HR=0.73, 95% CI=0.52 to 1.02; ribociclib plus fulves-
trant: HR=0.73, 95% CI=0.48 to 1.11) (Fig. 5). Similarly,
the network meta-analysis indicated no statistical differ-
ence between the available treatment combinations of
three CDK4/6 inhibitors and different endocrine thera-
pies for OS (Fig. 5).

Meta-analysis of severe adverse events
All eligible studies [41-49] reported the incidence
of severe adverse events. The pairwise meta-analysis

revealed that treatment combinations involving three
CDK4/6 inhibitors plus Al or fulvestrant were associ-
ated with a higher incidence of severe adverse events
compared to Al or fulvestrant alone (Supplementary
Fig. 3). However, the network meta-analysis confirmed
increased incidence only for specific combinations: ribo-
ciclib (OR=9.46, 95% CI=2.07 to 43.14) or palbociclib
(OR=10.83, 95% CI=2.36 to 50.93) plus Al and abe-
maciclib (OR=4.79, 95% CI=1.40 to 16.13) or palboci-
clib (OR=6.30, 95% CI=1.03 to 40.68) plus fulvestrant
(Supplementary Fig. 4). However, no statistically sig-
nificant differences were observed between the available
treatment combinations of the three CDK4/6 inhibitors
and different endocrine therapies in the network meta-
analysis (Supplementary Fig. 4).
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Fig. 5 Forest plot of the hazard ratios for OS based on different pairwise comparisons

Rank Probabilities

The rankings of all available treatment combinations are
presented in Fig. 6. Regarding PFS, palbociclib plus ful-
vestrant had the highest likelihood of being the most
effective regimen (SUCRA=37.65%), followed by abe-
maciclib plus fulvestrant (SUCRA=28.76%) (Fig. 6a).
For OS, ribociclib plus fulvestrant was identified as the
most effective regimen (SUCRA =34.11%), with abemaci-
clib plus fulvestrant ranking second (SUCRA=25.75%)
(Fig. 6b). In terms of severe adverse events, the
least desirable regimens were palbociclib plus Al
(SUCRA=53.98%) (Fig. 6¢) and palbociclib plus fulves-
trant (SUCRA=51.37%) (Fig. 6d).

Convergence Assessment

To assess the convergence of the Markov Chain Monte
Carlo (MCMC) simulation in our network meta-analysis,
we calculated the potential scale reduction factor (PSRF)

value. The PSRF value was close to 1, indicating satisfac-
tory convergence of the MCMC simulation.

Discussion

Although endocrine therapy is recommended for the
treatment of metastatic or advanced BC patients with
HR+/HER2- as the first-line treatment unless a visceral
crisis or life-threatening situation [8, 9], some patients
still suffer from recurrence and or suffer from prog-
ress due to primary [10] or acquired drugs resistance
[11]. Considering the association CDK4/6 with endo-
crine therapy resistance [13], treatment combinations
of different CDK4/6 inhibitors and endocrine therapy
are popularly investigated [15]. It’s exciting that several
meta-analyses [16—21] confirmed the efficacy and safety
of CDK4/6 inhibitors combined with endocrine therapy
among metastatic or advanced BC with HR+/HER2-.
Unfortunately, it remains unclear which combinations
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Fig. 6 Ranking plot based on the probabilities of interventions in the analysis of secondary outcomes. PFS (A), OS (B), and severe AEs based on different
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of three CDK4/6 inhibitors with two endocrine thera-
pies maybe the optimal option for treating metastatic or
advanced BC with HR+/HER2-. In this network meta-
analysis, we introduced results from a published meta-
analysis [50] to explore the comparative efficacy and
safety of all available treatment combinations of three
CDK4/6 inhibitors and two endocrine therapies for the
PES and OS. Our results confirmed the efficacy of vari-
ous treatment combinations of three CDK4/6 inhibitors

and two endocrine therapies in prolonging PFS com-
pared with endocrine therapy alone, and palbociclib plus
fulvestrant and abemaciclib plus fulvestrant were likely
the most effective regime. No statistical differences were
detected between various combinations. Meanwhile,
ribociclib plus fulvestrant and abemaciclib plus fulves-
trant were likely the most effective regime, although all
available treatment combinations, including CDK4/6
inhibitors combined with different endocrine therapies
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and individual endocrine therapy, were comparable
regarding OS. In addition, our network meta-analysis
also suggested that palbociclib plus Al or fulvestrant,
ribociclib plus Al, and abemaciclib plus fulvestrant sig-
nificantly increased the incidence of severe AEs com-
pared with endocrine therapy alone, and palbociclib plus
AT and palbociclib plus fulvestrant were the worst com-
bination in terms of therapeutic safety. Also, no statisti-
cal differences were detected between combinations of
three CDK4/6 inhibitors and two endocrine therapies.
Six pairwise meta-analyses [16-21] have investigated
the comparative efficacy and safety of CDK4/6 inhibi-
tors combined with endocrine therapy and endocrine
therapy alone. However, only two meta-analyses [18,
21] designed subgroup analyses to investigate the com-
parative efficacy and safety of combining three CDK4/6
inhibitors with endocrine therapy and endocrine therapy
alone. Meta-analysis performed by Lin et al. [18] sug-
gested that whether the combination of CDK4/6 with Al
or fulvestrant or the combination of ribociclib or abe-
maciclib with endocrine therapy significantly prolonged
OS compared with endocrine therapy alone based on six
eligible studies. Unfortunately, this meta-analysis did not
differentiate the differences in the combination of each
CDK4/6 inhibitor plus each endocrine therapy, leading
to inconsistent results with our network meta-analysis.
Furthermore, our meta-analysis included additional 3
studies to generate more reliable results. In addition, a
meta-analysis performed by Zheng and colleagues also
used a similar method to differentiate the efficacy and
safety of various combinations of three CDK4/6 inhibi-
tors with endocrine therapy [21], revealing that combina-
tions of three CDK4/6 inhibitors with endocrine therapy
were significantly associated with the decreased PFS and
the increased incidence of severe AEs, and ribociclib plus
endocrine therapy was related to longer OS. It’s noted
that AI and fulvestrant inhibit estrogen production by
regulating different pathways, therefore exerting differ-
ent efficacy, as found in a previous meta-analysis [50].
Therefore, it’s more reasonable to separately differentiate
various combinations of different CDK4/6 inhibitors with
two endocrine therapies. This viewpoint can be further
supported by the fact that combinations of three CDK4/6
inhibitors with two endocrine therapies were associated
with different risks of severe AEs. Three network meta-
analyses focused on a similar topic have also been pub-
lished recently [22-24]; however, no one differentiated
the types of CDK4/6 inhibitors [22]. Desnoyers and col-
leagues performed a network meta-analysis to majorly
investigate the safety of different CDK4/6 inhibitors in
metastatic BC [23] and suggested no statistical differ-
ence in comparison of ribociclib versus palbociclib and
comparison of abemaciclib versus palbociclib regarding
PES and OS after differentiating endocrine therapies to

Page 10 of 12

be AI and fulvestrant, which were consistent with our
findings. In addition, this meta-analysis also investigated
the risk of three CDK4/6 inhibitors plus different endo-
crine therapies on the occurrence of specific AEs and
suggested that ribociclib and abemaciclib were associ-
ated with lower severe neutropenia but higher gastroin-
testinal toxicity compared with palbociclib. However, no
statistical difference was detected in our meta-analysis
due to severe AEs being regarded as an individual out-
come. Another meta-analysis investigated the efficacy
and safety of CDK4/6 and PI3K/AKT/mTOR inhibitors
as second-line treatment in postmenopausal patients
with HR+/HER2- metastatic BC [24] and revealed no sta-
tistical differences between three combinations of three
CDK4/6 inhibitors with fulvestrant regarding PFS and
OS, which was consistent with our findings. This meta-
analysis also showed a benefit for ribociclib plus fulves-
trant in terms of severe AEs compared to abemaciclib
plus fulvestrant and palboclclib plus fulvestrant, which
was inconsistent with our results. It’s noted that this
study only considered the combined risk of severe neu-
tropenia, leukopenia, and anemia; however, our network
meta-analysis estimated the combined risk of all reported
severe AEs. Certainly, it’s essential to investigate the risk
of various combinations of severe hematologic AEs under
the inspiration of these positive findings [24].

Previous results showed that endocrine therapies were
commonly used to treat hormone receptor-positive
cancer, but cancer cells may develop resistance to these
therapies over time. CDK4/6 inhibitors targeted the cell
cycle, preventing cancer cells from progressing through
the cell division process. The results of RCTs and this
meta-analysis showed better effectiveness when combin-
ing these two kinds of therapies, which indicated syn-
ergistic action between these two therapies. However,
different combinations of these two kinds of therapies
showed different effectiveness, especially using different
outcomes to compare them. Therefore, the next step is to
study pharmacological mechanisms of different therapies
and find an optimal combination to treat breast cancer.
Our network meta-analysis has several methodological
strengths as follows: (a) we applied asystematic literature
retrieval strategy to reduce the risk of publication bias;
(b) we applied ranking probability to distinguish subtle
differences among all available treatment combinations
of CDK4/6 inhibitors with different endocrine therapies;
(c) our network meta-analysis was the first comparison
of direct and indirect regimes, which incorporated all
available data to investigate the comparative efficacy and
safety of all available treatment combinations more pre-
cisely; (d) the good convergence of MCMC simulation
ensure the accuracy of the estimates; and (e) all included
studies were RCTs, so the evidence was of high quality.
Nevertheless, our network meta-analysis has also some
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limitations as follows: (a) we did not identify direct com-
parison of different combinations of CDK4/6 inhibitors
plus endocrine therapies, therefore causing estimates to
be inaccurate; (b) we did not introduce subgroup analy-
sis to investigate the impact of treatment strategies (first-,
second-, or subsequent-line), clinical characteristics of
patients (premenopausal status, postmenopausal status,
and any menopausal status), and doses of CDK4/6 inhibi-
tors on the pooled results due to insufficient number of
eligible studies; (c) our network meta-analysis included
more eligible studies compared with previous meta-
analyses; however, more comparisons were constructed
based on limited eligible studies, which inevitably leads
to an underestimation of the validity of the analysis; and
(d) our literature search was limited to studies published
in English, which may lead to language bias and have a
negative impact on the validity of pooled results.

Conclusions

In conclusion, based on our network meta-analysis, the
combinations of abemaciclib plus fulvestrant or ribo-
ciclib plus AI appear to be promising options for the
treatment of HR+/HER2- metastatic or advanced breast
cancer. These combinations demonstrate superior effi-
cacy and safety compared to other available treatment
options. However, further randomized controlled trials
(RCTs) are necessary to provide more robust evidence
and compare the efficacy and safety of different treat-
ment combinations involving three CDK4/6 inhibitors
and two endocrine therapies.
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