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Abstract
Background Several trials have demonstrated the benefit of anti-CDK4/6 inhibitors plus endocrine therapy in estrogen 
receptor-positive (ER+) advanced breast cancer (BC), in first or subsequent lines of therapy. However, due to the lack of 
direct/indirect comparisons, there are no data demonstrating the superiority of one drug over the other. We compared the 
effectiveness of palbociclib, ribociclib, and abemaciclib in advanced ER + BC via an indirect adjusted analysis.
Methods We performed electronic searches in the PubMed, EMBASE, and Cochrane databases for prospective phase 3 
randomized trials evaluating anti-CDK4/6 inhibitors plus endocrine agents. We compared the results with an adjusted indirect 
analysis of randomized-controlled trials. Outcomes of interest were progression-free survival (PFS), overall response rate 
(ORR) and G3–4 toxicities occurring in ≥ 5% of patients.
Results Six trials and six treatment arms including a total of 3743 participants, were included. For PFS and ORR analysis, 
the three agents were similar in both first- and second-line studies. All G3–4 toxicities were similar, with reduced risk of 
diarrhea for palbociclib versus abemaciclib (relative risk [RR] 0.13, 95% CI 0.02–0.92; P = 0.04) and of QTc prolonga-
tion for palbociclib versus ribociclib (RR 0.02, 95% CI 0–0.83; P = 0.03). Despite different inclusion criteria and length of 
follow-up, similar features were noticed among second-line studies with the exception of increased risk of anemia G3–4 
and diarrhea G3–4 for abemaciclib.
Conclusions Based on PFS and ORR results of this indirect meta-analysis, palbociclib, ribociclib, and abemaciclib are 
equally effective in either first- or second-line therapy for advanced ER + BC. They, however, ported different toxicity profiles.

Keywords Breast cancer · CDK-4/6 inhibitors · Meta-analysis

Introduction

Women with estrogen receptor-positive (ER+) advanced 
breast cancer (BC) are usually treated with first-line endo-
crine therapy unless a visceral crisis or strongly symptomatic 

metastases exist. CDK4–6 inhibitors (palbociclib, ribociclib, 
or abemaciclib) extend progression-free survival when 
added to endocrine therapies in both first- and subsequent 
lines of therapy in this group of patients and now repre-
sent the standard of care [1–6]. Overall survival data are 
still immature, despite the update of a Paloma-3 study pro-
viding an increased median survival with the addition of 
palbociclib to fulvestrant alone in a pretreated setting [7]. 
These agents are a similar, but not identical, mechanism of 
action at the molecular level that consists of the inhibition of 
the phosphorylation of retinoblastoma proteins, preventing 
cell cycle progression and inducing arrest in the G1 phase 
[8]. These three agents increase the risk of leukopenia and/
or neutropenia (mainly palbociclib and ribociclib) or diar-
rhea (abemaciclib), but the magnitude or their efficacy was 
apparently similar compared to the aromatase inhibitor 
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alone (about 50% less risk of progression) in all subgroups 
analyzed according to the site of metastases and previous 
exposure to hormonal agents. These results were formally 
replicated even in pretreated patients wherein they were 
combined with fulvestrant.

Unfortunately, despite the similar efficacy and overall 
response rate (ORR) and a slightly different but near-identi-
cal spectrum of adverse events, these three agents have not 
been compared with each other in a randomized manner.

We performed first a systematic literature review to 
identify the published randomized clinical trials (RCTs) in 
advanced ER + BC, including these three CDK4–6 inhibitors 
evaluating efficacy in first- or further line settings; we then 
carried out an indirect adjusted meta-analysis to synthesize 
the efficacy (PFS, ORR) and toxicity (grade [G]3–4 tox-
icities occurring in at least 5% of patients in experimental 
arms) of each regimen over the others.

Materials and methods

Study search and inclusion criteria

We searched Pubmed, EMBASE, and the Cochrane Library 
up to 14th October 2018 using terms breast cancer and pal-
bociclib, ribociclib, abemaciclib, and randomized trials. 
We also reviewed reference lists for additional citations. 
We applied no language restriction. Two reviewers (FP and 
AG) independently assessed titles and abstracts and full-text 
articles of potentially relevant citations for inclusion. Disa-
greements were resolved by consensus. Trials published only 
in an abstract form (e.g., a conference proceeding) were not 
included. Studies were included if they were (1) randomized 
phase 3 trials comparing any CDK4/6 drug associated with 
endocrine therapy with endocrine therapy alone with or 
without placebo, (2) studies including ER + metastatic BC, 
and (3) first- or second-line trials reporting efficacy (OS and/
or PFS and/or overall response rate [ORR] and safety out-
comes (G3–4 toxicities of any treatment arms)). Ongoing 
studies with preliminary data only or observational studies 
were excluded.

Data extraction

Data extraction and assessment were made independently 
by two different authors (AG and FP), and disagreements 
were resolved by discussion with a senior author (VA). 
Quality judgement of selected trials was made following 
the Cochrane Handbook for Systematic Reviews of Inter-
ventions reported criteria, including sequence generation, 
selective outcome reporting, blinding of participants, per-
sonnel and outcome assessors; incomplete outcome data 
and allocation concealment. We defined as “+” a feature at 

low risk of bias, as “−” a feature at high risk of bias and as 
“?” if data were insufficient for a more precise judgement. 
Hazard ratios for PFS and ORR were extracted from each 
randomized trial. In addition, G3–4 events occurring in at 
least 5% of patients in experimental arms were analysed for 
relative risk (RR) compared to control arms. Author, year of 
publication, experimental arm, and number of patients were 
also reported for each trial. The quality appraisal of included 
studies was analyzed using the Jadad scale [9]. Two review-
ers (AG and FP) independently assessed the quality of the 
studies, and publication bias and disagreement was resolved 
by discussion with a senior author (VA).

Data synthesis and statistical analysis

Our primary outcomes was PFS. Secondary endpoints were 
ORR, G3–4 toxicities described in at least 5% of patients 
in experimental arms and time to deterioration in quality 
of life. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) were used to estimate the impact of CDK4/6 agents 
on PFS. A combined HR > 1 implied worse survival, and 
it was considered statistically significant if 95% CI for the 
combined HR did not overlap 1. We calculated the pooled 
HRs for PFS, estimating pooled RRs and 95% confidence 
intervals in a random or fixed-effect model. Statistical het-
erogeneity was assessed by calculating the percent of the 
total variance due to between-study variability (I2 statistic). 
Higher I2 values (> 50%) indicate greater between-study 
heterogeneity. Relative risks and confidence intervals were 
calculated using comprehensive meta-analysis software. We 
performed adjusted indirect comparisons using the method 
described by Bucher et al. [10]. In summary, the effect of 
intervention B relative to intervention A can be estimated 
indirectly as follows: using the direct estimators for the 
effects of intervention C relative to intervention A (effectAC) 
and intervention C relative to intervention B (effectBC): 
effectAB = effectAC–effectBC. The variance of the indirect 
estimator effect AB is the sum of the variances of the direct 
estimators: varianceAB = varianceAC + varianceBC. Tran-
sitivity and consistency are the important assumptions of 
indirect comparison meta-analysis related to the validity of 
indirect estimates. The plausibility of transitivity assumption 
was evaluated based on the individual study characteristics. 
Homogeneity was evaluated in the pooled analysis of the 
six studies and in subgroup analysis (bone-only and visceral 
subgroup). Similarly, consistency, the assumption that the 
direct effect estimates and the calculated indirect estimates 
for a given comparison are similar, was evaluated through 
heterogeneity, and was measured with the I2 statistic.

We calculated indirect  HRind and  RRind for palbociclib, 
ribociclib, and abemaciclib for each outcome, adjusted by 
the results of their comparisons against the control arm 
(endocrine therapy alone with or without placebo).
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Results

Six publications were included [1–6], corresponding to six 
phase-3 trials (Fig. 1; Supplementary Table 1a, b). Three 
trials included patients with not previously treated advanced 
ER + BC, and three included patients with pretreated 
advanced ER + BC and progressing while receiving adjuvant 
treatment or first-line therapy for metastatic disease. Overall, 
3743 patients were included (1827 in first-line studies and 
1916 in second-line studies). Overall, the included trials pre-
sented minimal risk of bias. Three comparisons were made 
in all settings: palbociclib versus ribociclib, palbociclib ver-
sus abemaciclib and ribociclib versus abemaciclib (Fig. 2).

Transitivity, homogeneity and consistency

Inclusion and exclusion criteria, as described above, did 
not vary systematically across studies. Baseline charac-
teristics were varied but similar between individual trials, 

Fig. 1  Flow diagram of 
included studies
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but summary baseline characteristics were comparable 
across direct comparisons in the six trials. De novo meta-
static disease was similar in first-line studies (34, 37 and 
39% for palbociclib, ribociclib, and abemaciclib studies). 
In second-line trials, only ribociclib + fulvestrant/placebo 
study included patients with de novo metastatic disease 
(20/17.4%, respectively). More patients in PALOMA-3 study 
received a previous first-line therapy than MONARCH-2 
and MONALEESA-3 studies. All studies were placebo-
controlled trials. First-line studies had a letrozole + placebo 
control arms except MONARCH-3 that permitted both letro-
zole or anastrozole + placebo control arms. All second-line 
studies had fulvestrant + placebo control arms. In all studies 
investigator-assessed PFS was the primary endpoint. Sam-
ple size was comparable across studies. Heterogeneity was 
evaluated in the whole population and in those patients with 
bone only and visceral disease. For three first-line trials, 
the pooled direct comparison showed a benefit of CDK4–6 
inhibitors + aromatase inhibitors versus aromatase inhibitors 
alone (HR = 0.56, 95% CI 0.46–0.65; P for heterogeneity 
0.93, I2 = 0%). For bone-only and visceral disease subgroups, 
the magnitude of effect was comparable and heterogeneity 
was low in the pooled analysis of trials (P = 0.23, I2 = 32% 
and P = 0.9, I2 = 0%). Results were similar for 3 s line stud-
ies, even if studies had different length of follow-up, rate of 
pretreated patients, and PALOMA-3 study did not provide 
PFS in bone-only BCs.

PFS and ORR with first‑line agents

Hazard ratios for PFS were respectively 0.58 (95% CI 
0.46–0.72), 0.56 (95% CI 0.43–0.72) and 0.54 (95% CI 
0.41–0.72) for the three main direct comparisons of pal-
bociclib, ribociclib, and abemaciclib. In indirect com-
parisons, all three first-line agents (CDK4–6 + aromatase 

inhibitors) were similar in term of PFS:  HRsind 1.04 (95% 
CI 0.73–1.46), 1.07 (95% CI 0.75–1.54) and 1.04 (95% 
CI 0.71–1.52) respectively for palbociclib versus riboci-
clib, palbociclib versus abemaciclib and ribociclib versus 
abemaciclib comparisons. The treatment inconsistency 
was absent: P for heterogeneity 0.99, I2 = 0%. Similarly, 
ORR was not significantly different among the three com-
parisons:  RRind 0.82 (95%CI 0.6–1.09), 0.87 (95%CI 
0.63–1.19), and 1.06 (95%CI 0.77–1.47) (Supplementary 
Table 3a; Figs. 3, 4, 5) for palbociclib versus ribociclib, 
palbociclib versus abemaciclib and ribociclib versus abe-
maciclib comparisons. In direct comparisons, ORR was 
42.1, 40.7, and 48.1% for the three experimental arms.

G3–4 toxicities with first‑line agents

Rates of events reported in first-line trials with CDK4–6 
inhibitors are reported in Supplementary Table 2. All 
G3–4 toxicities, G3–4 leukopenia, neutropenia, anemia, 
AST and ALT increase, diarrhea and QTcF increase 
beyond 480  ms (only for palbociclib versus riboci-
clib comparisons) were analyzed. No difference among 
agents were found except less G3–4 diarrhea with palbo-
ciclib compared with abemaciclib  (RRind 0.13, 95% CI 
0.02–0.92) and reduced risk of QTcF prolongation  (RRind 
0.02, 95% CI 0-0.15; P = 0.002) for palbociclib [11] com-
pared to ribociclib (Supplementary Table 3a; Figs. 3, 4, 5). 
Two studies reported quality of life evaluation for first-line 
studies [12, 13]; through indirect comparison, palbociclib 
and ribociclib plus letrozole were associated with a similar 
time to deterioration in quality of life (HR = 0.94, 95% CI 
0.72–1.24; P = 0.73). No published data were found for 
abemaciclib.

Fig. 3  Forest plots for all indirect comparisons among CDK4–6 inhibitors in first-line trials for advanced ER + BC patients: palbociclib versus 
ribociclib
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PFS and ORR with second‑line agents

Hazard ratios for PFS were respectively 0.46 (95% CI 
0.36–0.59), 0.59 (95% CI 0.48–0.73) and 0.55 (95% CI 
0.44–0.78) for the three main direct comparisons of pal-
bociclib, ribociclib, and abemaciclib in second-line set-
tings. In indirect comparisons, all three second-line agents 
(CDK4–6 + fulvestrant) were similar in term of PFS:  HRsind 
0.78 (95% CI 0.57–1.07), 0.84 (95% CI 0.61–1.14) and 1.07 
(95% CI 0.81–1.43) for palbociclib versus ribociclib, pal-
bociclib versus abemaciclib and ribociclib versus abemaci-
clib comparisons. (The treatment inconsistency was low: P 
for heterogeneity 0.29, I2 = 19%). Similarly, ORR was not 

significantly different among the three comparisons:  RRind 
1.21 (95% CI 0.66–2.22), 1.04 (95% CI 0.57–1.91), and 1.26 
(95% CI 0.8–1.98) (Supplementary Table 3b).

G3–4 toxicities with second‑line agents

Rate of events reported in second-line trials with CDK4–6 
inhibitors are reported in Supplementary Table 2. All G3–4 
toxicities (only for palbociclib and ribociclib comparison), 
G3–4 leukopenia, neutropenia, anemia, and diarrhea were 
analyzed. No differences among agents were found, except 
less G3–4 diarrhea with palbociclib and ribociclib compared 
with abemaciclib  (RRind 0 [95% CI 0–0.15], P = 0.002 and 

Fig. 4  Forest plots for all indirect comparisons among CDK4–6 inhibitors in first-line trials for advanced ER + BC patients: palbociclib versus 
abemaciclib

Fig. 5  Forest plots for all indirect comparisons among CDK4–6 inhibitors in first-line trials for advanced ER + BC patients: ribociclib versus 
abemaciclib
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0.02 [95% CI 0–0.36], P = 0.007) and less G3–4 anemia 
with ribociclib compared to abemaciclib  (RRind 0.18 [95% 
CI 0.03–1.04], P = 0.05) (Supplementary Table 3b).

Sensitivity analysis

A subgroup analysis was performed for PFS comparison in 
patients with bone-only or visceral metastases, respectively. 
All three agents were equally effective in both first-line and 
second-line setting in patients with advanced ER + BC and 
bone-only or visceral metastases (Supplementary Table 3a, 
b).

Discussion

First-line treatment of ER + advanced BC is now represented 
by the addition of one CDK4–6 inhibitor to an aromatase 
inhibitor or to fulvestrant, in the last case, after a previous 
treatment for advanced disease or relapse during adjuvant 
endocrine therapy. Three large phase 3 trials in first- and 
subsequent line settings have led to the approval of these 
combinations worldwide. Unfortunately, no direct com-
parison permits a comparison of the three agents with each 
other, and, in this case, the ideal approach is a meta-analysis 
with an indirect comparison evaluation [14]. Underlying all 
indirect comparisons are three basic assumptions. First, all 
the trials included must be comparable in terms of poten-
tial effect modifiers (e.g., trial or patient characteristics). 
Second, there must be no relevant heterogeneity between 
trial results in pairwise comparisons (assumption of homo-
geneity). Thirdly, there must be no relevant discrepancy or 
inconsistency between direct and indirect evidence (assump-
tion of consistency). In particular, the first-line studies were 
similar according to prior adjuvant therapy, delivered in 46, 
52 and 46% in the three trials. Similar rates of bone-only and 
visceral metastases were also reported (23, 20 and 21% and 
48, 59 and 52%, respectively, in palbociclib, ribociclib and 
abemaciclib arms). De novo metastatic disease was recorded 
in 37, 34 and 39% in these trials. Finally, in all studies, an 
identical comparator arm (aromatase inhibitor or fulves-
trant) and a similar magnitude of efficacy was recorded so 
these three assumptions are likely satisfied. A little concern 
was only raised by inclusion of more pretreated patients in 
second line PALOMA-3 study compared to MONARCH-2 
and MONALEESA-3, with a shorter follow-up in the first 
study. All trials together provide a significant reduction in 
the risk of progression compared with endocrine therapy 
arm by about 50% while increasing significantly the risk of 
G3–4 toxicities.

The results of this adjusted indirect comparison show 
that, in both first- and second-line settings, palboci-
clib, ribociclib, and abemaciclib plus endocrine agents 

(aromatase inhibitors or fulvestrant) are equally effective 
in terms of PFS delay, ORR and time to quality of life 
deterioration. No difference was found in terms of benefit 
in particular subgroups (bone-only and visceral metastases 
BC patients). Some differences are instead observed in 
terms of expected toxicities. We chose main G3–4 toxici-
ties with at least a 5% rate in each experimental arm. We 
also computed, in the analysis QTcF prolongation, a pecu-
liar adverse event reported with ribociclib, which should 
be taken into account when balancing the burden of toxic-
ity associated with these drugs. Palbociclib was associated 
with a significantly reduced risk of G3–4 diarrhea com-
pared to abemaciclib (1.4 vs. 9.5%) and with less QTcF 
prolongation beyond 480 ms compared to ribociclib (0 vs. 
3.3%) in first-line trials. In second-line studies, palbociclib 
and ribociclib were associated with less G3–4 diarrhea (0 
and 0.6 vs. 13.4%) and G3–4 anemia (3 and 3.1 vs. 7.2%) 
respect to abemaciclib.

Compliance with treatment is important for providing and 
maintaining the benefit of cure in real life other that in clini-
cal trials. Bone marrow toxicities and gastrointestinal toxici-
ties are of concern for maintaining an adequate dose inten-
sity and adherence to treatment, in particular aged patients 
as that of advanced luminal BC. Patients treated during a 
post-marketing period seem more heterogenous than those 
randomized in registrative trials; however, adverse events 
similarly appeared in US experiences [15, 16]. Analysis 
of PALOMA trials according to age showed that, despite 
myelosuppression being numerically higher in older patients 
(> 75 years), neutropenia G3–4 was similar and febrile neu-
tropenia was rare in this subgroup [17]. Diarrhea is also of 
concern during chronic treatments. In this case, in the abe-
maciclib arms, most patients (76.3 and 70.1%) who experi-
enced diarrhea did not undergo any treatment modifications, 
and discontinuation of the study drug as the result of diar-
rhea was 2.3 and 2.9% only in MONARCH-3 and 2 studies. 
Palbociclib and abemaciclib, despite similar mechanisms 
of action, retain slightly different biological and molecular 
effects on tissue, and this can be the reason for the spectrum 
of toxicities observed (in particular anemia and diarrhea) 
[18]. Cardiac toxicity is also of concern in elderly patients 
with BC. In the Hortobagiy et al. study, among patients suf-
fering from QTcF prolongation, most were able to continue 
treatment at the 600 mg dose of ribociclib without inter-
ruption. In these cases, QTcF monitoring with a proactive 
strategy and avoiding concomitant medications at risk of 
QTcF prolongation is the cornerstone of prevention of these 
events. In a subgroup analysis of elderly (> 65 years) versus 
non-elderly patients in first-line study, the incidence of QTcF 
prolongation was similar across subgroups. The similar inci-
dence of QTcF prolongation across age groups is due to the 
lack of an age-related effect on ribociclib exposure in phar-
macokinetic analysis [19]. Even early data deriving from 
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phase I–II studies in patients with cancer reassure clinicians 
about cardiac safety of palbociclib-approved dose [20].

Our study has several potential limitations. First, although 
we found little statistical heterogeneity and used a fixed-
effect model, only data of PFS were analyzed because OS 
outcomes were not mature. Second, this analysis applies 
only to postmenopausal patients because a formal analy-
sis of premenopausal women made post-menopausal with 
the addition of LHRH analogues was not available for all 
agents. Third, data on QTcF prolongation for palbociclib 
phase 3 study derive only from a sub-study group, includ-
ing 77 patients and not from the whole population of the 
PALOMA 2 trial. However, there are some strengths. This 
indirect comparison is based on the assumption of a similar 
activity of control arm in both first- and subsequent lines 
of therapy. This was true in particular for the former (about 
30% of ORR and 14 months of median PFS at the cutoff ana-
lyzed) trials with consistent activity of aromatase inhibitors 
in first-line treatment for advanced disease. In addition, this 
is the first indirect comparison of efficacy and toxicity of the 
three labeled CDK4–6 inhibitors, and it confirms a similar 
potency even with a different toxicity profile.

Choice of treatment in advanced BC depends on several 
factors, including patients’ preference, comorbidities, and 
disease burden. Despite the assumptions and limitations of 
this meta-analysis, our results do not define a clear superior-
ity of one CDK4–6 inhibitor through an indirect comparison. 
Still, there is uncertainty regarding which is the best drug 
algorithm (chemotherapy vs. upfront combination of endo-
crine therapy with a CDK-4/6 inhibitor), the best compan-
ion (aromatase inhibitor or fulvestrant) as first-line therapy 
or whether the patients can benefit from endocrine therapy 
alone. Sequence strategy (first-line anti-CDK4–6 plus aro-
matase inhibitors followed by fulvestrant versus endocrine 
therapy alone followed by fulvestrant plus anti-CDK4–6 
agents at progression) is still a dilemma and the aim of an 
ongoing study (SONIA trial, ClinicalTrials.gov Identifier: 
NCT03425838).

According to these data, based on similar effect on PFS 
and ORR and despite a different toxicity profile, there is 
still no clinical tool aiding decision-making for first-line and 
subsequent therapies for the treatment of advanced ER + BC. 
Ongoing biomarker studies will elucidate the best strategy 
in the whole ER + BC population and subgroups (luminal A 
vs. B disease) [21].

The choice should be dictated by physician judgment and 
based on current health authorities’ approval of the drugs, 
previous treatment, and toxicity profile that, in some cir-
cumstances (i.e., cardiovascular comorbidities/use of drug 
interfering with QTcF interval, gastrointestinal disorder or 
pre-existing anemia), may dictate the choice of one agent 
over the other.
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