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Purpose: Cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) plus endocrine therapy are 
recommended for first-line treatment of hormone receptor–positive/human epidermal growth 
factor receptor 2–negative (HR+/HER2−) advanced breast cancer (ABC). However, not all 
CDK4/6i trials have reported significant overall survival (OS) benefit, and there have been no 
head-to-head trials. Two trials have reported OS outcomes in first-line patients: 
MONALEESA-3 reported significant OS benefit with first- or second-line ribociclib plus 
fulvestrant (RIB+FUL) versus placebo plus fulvestrant (PBO+FUL), while PALOMA-1 
reported no significant OS benefit for palbociclib plus letrozole (PAL+LET) versus LET in 
first-line postmenopausal patients. Matched-adjusted indirect comparisons (MAICs) are an 
established method for comparing efficacy of treatments from different trials. We used an 
MAIC to compare first-line patients from MONALEESA-3 and PALOMA-1.
Patients and Methods: An unanchored MAIC of progression-free survival (PFS) and OS in 
first-line patients with HR+/HER2− ABC treated with RIB+FUL versus PAL+LET was con-
ducted using individual patient data from MONALEESA-3 and aggregated data from 
PALOMA-1. To match patients in PALOMA-1, patients in MONALEESA-3 were limited to 
those with no prior endocrine therapy for ABC and no (neo) adjuvant LET ≤12 months before 
enrollment. PFS and OS were compared using Kaplan–Meier estimators and Cox regression.
Results: A total of 329 and 178 patients from RIB+FUL and PBO+FUL arms, respectively, of 
MONALEESA-3 were matched to 84 and 81 patients from PAL+LET and LET arms of PALOMA- 
1. After weighting, OS was significantly longer for RIB+FUL versus PAL+LET (hazard ratio [HR], 
0.50; 95% CI, 0.32–0.77; p = 0.0020). PFS favored RIB+FUL versus PAL+LET, although the 
difference was not statistically significant (HR, 0.77; 95% CI, 0.54–1.10; p = 0.1553).
Conclusion: Using MAIC to adjust for trial differences, OS comparisons favored RIB+FUL 
over PAL+LET as first-line treatment in postmenopausal patients with HR+/HER2− ABC. 
These exploratory results suggest a significant increase in OS benefit with RIB treatment 
compared with PAL.
Keywords: MONALEESA-3, PALOMA-1, overall survival, CDK4/6 inhibitor

Introduction
Cyclin-dependent kinase (CDK) 4/6 inhibitors, including ribociclib, palbociclib, 
and abemaciclib, in combination with an aromatase inhibitor (AI) or fulvestrant are 
the standard of care for treatment of patients with hormone receptor–positive and 
human epidermal growth factor receptor 2–negative (HR+/HER2−) advanced breast 
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cancer (ABC) who have not received prior treatment for 
advanced disease. The use of CDK4/6 inhibitors in the 
first-line setting is based on the results of several phase 3, 
randomized, placebo-controlled trials in exclusively first- 
line patients or combined populations of patients receiving 
first and subsequent lines of therapy.1–7 However, no head- 
to-head trials have been conducted that compare CDK4/6 
inhibitors in this setting.

The phase 3 MONALEESA-3 trial, which compared 
ribociclib plus fulvestrant versus placebo plus fulvestrant 
in postmenopausal women who had received no more than 
one prior endocrine therapy (ET) for advanced disease, 
and the phase 3 MONALEESA-7 trial, which compared 
ribociclib plus an AI or tamoxifen versus placebo plus an 
AI or tamoxifen in pre-/perimenopausal women who had 
received no prior ET for advanced disease, have reported 
significant overall survival (OS) benefit with ribociclib 
treatment.6–10 OS data for phase 3 studies of other 
CDK4/6 inhibitors in combination ET in the first-line 
setting, including the phase 3 PALOMA-2 trial of palbo-
ciclib plus letrozole and the phase 3 MONARCH-3 trial of 
abemaciclib plus letrozole, have not yet been published.1,3 

However, the well-designed phase 2 PALOMA-1 trial of 
palbociclib plus letrozole versus letrozole in first-line post-
menopausal patients has reported data on both progres-
sion-free survival (PFS) and OS.11,12 A comparison of 
ribociclib plus fulvestrant versus palbociclib plus letrozole 
based on data from MONALEESA-3 and PALOMA-1 
may aid in understanding potential differences in survival 
outcomes for patients receiving different CDK4/6 inhibi-
tor/endocrine combinations in the first-line setting. The ET 
partners used in MONALEESA-3 (fulvestrant) and 
PALOMA-1 (letrozole) differ. However, the PARSIFAL 
study demonstrated a median PFS of 27.9 vs 32.8 months 
(HR, 1.13 [95% CI, 0.89–1.45]; P = 0.321) for palbociclib 
plus fulvestrant vs palbociclib plus letrozole. The 3-year 
OS rate was 79.4% vs 77.1% (HR, 1 [95% CI, 0.68–1.48]; 
P = 0.986). The relatively consistent PFS and OS out-
comes observed in PARSIFAL when first-line palbociclib 
was combined with letrozole or with fulvestrant suggested 
that these two ET partners could potentially be used in 
a comparison.13

Matching-adjusted indirect comparison (MAIC) is 
a methodology that has been used to compare two treat-
ments in the absence of randomized controlled trials com-
paring these treatments directly and is accepted by some 
health technology assessment agencies.14 With MAIC, 
individual patient data (IPD) from one trial are weighted 

such that the aggregate statistics for baseline characteris-
tics match those for patients in the other trial of interest as 
reported in the associated study publication. Weighting 
ensures that comparisons of efficacy across studies are 
not biased by differences in patient characteristics (though 
they may be biased by unobserved factors that are not 
matched by weighting).14 MAIC is similar to propensity 
score weighting, as with both approaches, patients in one 
study are weighted such that the aggregate baseline char-
acteristics of that trial match those of the other. However, 
whereas propensity score weighting requires individual 
patient data from both trials (in order to conduct logistic 
regression analysis to calculate propensity scores and asso-
ciated weights), MAIC requires individual patient data 
from only one of the two trials and uses the method of 
moments to calculate the weights.

The objective of this study was to conduct an MAIC of 
PFS and OS for ribociclib plus fulvestrant versus palboci-
clib plus letrozole as first-line treatment of HR+/HER2− 
ABC based on the results of the MONALEESA-3 
(NCT02422615) and PALOMA-1 (NCT00721409) trials.

Materials and Methods
Overview
This study entailed an MAIC of PFS and OS for ribociclib 
plus fulvestrant versus palbociclib plus letrozole as first- 
line treatment of HR+/HER2− ABC using IPD from the 
MONALEESA-3 trial, for which IPD was available, and 
summary data reported in the study publication of the 
PALOMA-1 trial.11 To match patients in PALOMA-1, 
patients in MONALEESA-3 were limited to those with 
no prior ET for advanced disease and no (neo) adjuvant 
letrozole in the 12 months prior to enrollment. Patients in 
each arm (active treatment and control) of MONALEESA- 
3 were then weighted so that summary statistics on base-
line characteristics for the selected patients matched those 
reported for patients in the corresponding arms of 
PALOMA-1. While the primary focus was on the compar-
ison of active arms of the two trials, the control arms 
(placebo plus fulvestrant in MONALEESA-3 and letrozole 
in PALOMA-1) were also compared to permit assessment 
of the adequacy of matching, given prior published infor-
mation regarding the relative efficacy of fulvestrant and 
letrozole in a first-line population. Data from 
MONALEESA-3 were from the same database closure, 
which was used for the final per protocol OS analysis 
(June 3, 2019, data cutoff). Data for PALOMA-1 were 
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from the final analysis reported by Finn et al in Lancet 
Oncology in 2015 (November 29, 2013, data cutoff).11

The MONALEESA-3 trial was conducted in accor-
dance with the Good Clinical Practice guidelines and 
Declaration of Helsinki. Written informed consent was 
provided by all the patients. The study protocol and any 
modifications were approved by an independent ethics 
committee or institutional review board at each site 
(Supplemental Table 1). A steering committee comprising 
participating international investigators and Novartis 
representatives oversaw the study conduct. An indepen-
dent data monitoring committee assessed the safety data.

MAIC Weighting
Patient baseline demographic and disease characteristics 
used in the matching procedure included all those charac-
teristics reported in the published reports of the PALOMA- 
1 trial that could be calculated for patients in 
MONALEESA-3 and included the following: age (<65 
years, ≥65 years); Eastern Cooperative Oncology Group 
performance status (ECOG PS; 0, 1); stage (II/III, IV); site 
of metastasis (visceral, bone only); prior chemotherapy 
(yes, no); prior ET (tamoxifen, anastrozole, letrozole, exe-
mestane); and time to disease recurrence (>12 months, ≤12 
months, de novo).

Calculation of MAIC weights was conducted using the 
method of moments with active treatment and control arms 
weighted separately.14 Distributions of inverse probability 
of treatment weights for patients in MONALEESA-3 were 
plotted as histograms. Effective sample sizes were 
calculated.

Analyses
PFS and OS were compared for ribociclib plus fulvestrant 
(from MONALEESA-3) versus palbociclib plus letrozole 
(from PALOMA-1) and for placebo plus fulvestrant (from 
MONALEESA-3) versus letrozole (from PALOMA-1) 
using Kaplan–Meier methods. Time-to-event data for 
PFS and OS for patients in PALOMA-1 were obtained 
by digitizing the reported Kaplan–Meier curves for PFS 
and OS in the trial publication. Reconstructed individual 
patient event-time data for PFS and OS for palbociclib 
plus letrozole and letrozole monotherapy were generated 
using an adaptation of a published algorithm.15

Kaplan–Meier curves were generated for PFS and OS 
for active and control arms alternately using the 
unweighted and weighted data from MONALEESA-3. 
Results based on weighted data are less likely to be 

confounded than those based on unweighted data; the 
latter are provided for transparency. Kaplan–Meier esti-
mates of median, 12-, and 24-month PFS and OS were 
calculated for ribociclib plus fulvestrant versus palbociclib 
plus letrozole and for placebo plus fulvestrant versus 
letrozole using the unweighted and weighted samples 
from MONALEESA-3. Inferential statistics (95% CIs 
and P values) for median, 12-, and 24-month PFS and 
OS were calculated using nonparametric bootstrapping. 
The bootstrapping procedure included the estimation of 
the MAIC weights.

Hazard ratios (HRs) for PFS and OS for ribociclib plus 
fulvestrant versus palbociclib plus letrozole and for pla-
cebo plus fulvestrant versus letrozole were calculated 
using Cox proportional hazards regression analysis using 
the unweighted and weighted samples from 
MONALEESA-3. Inferential statistics for HRs from Cox 
regression were based on robust sandwich estimators.14 

The validity of the proportional hazards assumptions for 
the comparison of PFS and OS for ribociclib plus fulves-
trant versus palbociclib plus letrozole and for the compar-
ison of placebo plus fulvestrant versus letrozole was 
assessed based on the test of the linearity of the 
Schoenfeld residuals.

Calculation of MAIC weights was conducted in R (R 
Core Team, Vienna, Austria: http://www.R-project.org/) 
using an adaptation of sample code from the NICE DSU 
Technical Support Document 18: Methods for Population- 
Adjusted Indirect Comparisons in Submission to NICE.16 

Kaplan–Meier curve estimation and Cox regression were 
conducted using SAS (SAS Institute, Cary, North 
Carolina, USA).

Results
Study Subjects
The identification of patients in MONALEESA-3 who met 
criteria for inclusion in PALOMA-1 is shown in 
(Figure 1). Of the 484 and 242 patients enrolled in 
MONALEESA-3 randomized to ribociclib plus fulvestrant 
and placebo plus fulvestrant, respectively, 110 (23%) and 
44 (18%) were excluded due to receipt of ET in the 
advanced setting. An additional 45 of 484 (9%) and 20 
of 242 (8%) were excluded for receipt of letrozole within 
12 months of enrollment. A total of 329 of 484 (68%) 
patients receiving ribociclib plus fulvestrant and 178 of 
242 (74%) patients receiving placebo plus fulvestrant were 
included in the analysis.
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Patient Characteristics
Baseline characteristics for selected patients from 
MONALEESA-3 and all patients from PALOMA-1 before 
MAIC weighting are reported in Table 1. Patients from 
MONALEESA-3 were similar to patients from PALOMA- 
1 (standardized mean difference <10%) in terms of age 
and disease stage. However, patients in MONALEESA-3 
were less likely to have ECOG PS = 1, more likely to have 
visceral or bone-only metastases (versus other nonvisc-
eral), and more likely to have received prior antihormonal 
therapy. MAIC weighting was able to match all character-
istics included in the matching algorithm.

MAIC Weights
Histograms of the distribution of MAIC weights for 
patients receiving ribociclib plus fulvestrant and placebo 
plus fulvestrant in MONALEESA-3 who met criteria for 
inclusion in PALOMA-1 are shown in Figure 2. The 
weights ranged from 0.00003 to 3.272 for ribociclib 
plus fulvestrant and from 0.044 to 3.788 for placebo 
plus fulvestrant. The 2.5th to 97.5th percentile range 
was 0.087 to 2.970 for ribociclib plus fulvestrant and 
0.080 to 2.558 for placebo plus fulvestrant. After weight-
ing, the effective sample size was estimated to be 221 for 
ribociclib plus fulvestrant and 117 for placebo plus ful-
vestrant; compared with the original sample for the 
selected patients, this represents a 33% reduction in sam-
ple size for the former and a 34% reduction in sample 
size for the latter.

PFS
Kaplan–Meier estimates of PFS for patients in PALOMA-1 
and selected patients in MONALEESA-3 are shown in 
Figure 3. The median PFS for ribociclib plus fulvestrant 
(weighted) was 27.8 months (95% CI, 23.8–35.8), while the 
median PFS for palbociclib plus letrozole (based on recon-
structed data) was 20.5 months (95% CI, 14.1–27.5). The 
estimated difference in median PFS was 7.4 months (95% 
CI, −0.7 to 17.3) and the estimated HR was 0.77 (95% CI, 
0.54–1.10; p = 0.1553) (Table 2). The median PFS for placebo 
plus fulvestrant (weighted) was 16.5 months (95% CI, 12.9– 
21.9) compared with a median PFS for letrozole alone (based 
on reconstructed data) of 10.0 months (95% CI, 5.8–13.0). The 
estimated difference in median PFS was 6.5 months (95% CI, 
1.7–14.4) and estimated HR was 0.58 (95% CI, 0.42–0.82; p = 
0.0019) (Table 3). Overall, analyses using unweighted data 
were generally consistent with that of the weighted data.

For patients in MONALEESA-3 meeting inclusion cri-
teria for PALOMA-1, the HR for PFS for ribociclib plus 
fulvestrant (weighted) versus placebo plus fulvestrant 
(weighted) was 0.58 (95% CI, 0.45–0.77; p = 0.0001). 
The HR for PFS for palbociclib plus letrozole versus 
letrozole based on the reconstructed event-time data was 
0.42 (95% CI, 0.28–0.63; p < 0.0001).

OS
Kaplan–Meier estimates of OS for patients in PALOMA-1 
and selected patients in MONALEESA-3 are shown in 
Figure 3. The median OS was not estimable for ribociclib 
plus fulvestrant (weighted) and the median OS was also 
not estimable for palbociclib plus letrozole (based on 
reconstructed data). The HR for ribociclib plus fulvestrant 
(weighted) versus palbociclib plus letrozole was 0.50 
(95% CI, 0.32–0.77; p = 0.0020). Median OS was 40.4 
months (95% CI, 39.6-not estimable [NE]) for placebo 
plus fulvestrant (weighted) compared with 33.2 months 
(95% CI, 27.2-NE) for letrozole (based on reconstructed 
data). The estimated difference in median OS for the 
control arms of the two trials was 7.2 months (95% CI, 
NE-NE). The HR for OS for placebo plus fulvestrant 
versus letrozole was 0.71 (95% CI, 0.45–1.13; p = 
0.1521). Overall, analyses using unweighted data were 
generally consistent with that of the weighted data.

For patients in MONALEESA-3 meeting criteria for 
inclusion of PALOMA-1, the HR for OS for ribociclib 
plus fulvestrant (weighted) versus placebo plus fulvestrant 
(weighted) was 0.58 (95% CI, 0.40–0.85; p = 0.0046). The 

Figure 1 MONALEESA-3 patient selection.
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HR for OS for palbociclib plus letrozole versus letrozole 
in PALOMA-1 based on the reconstructed event time data 
was 0.83 (95% CI, 0.51–1.37; p = 0.4721).

Discussion
The objective of this study was to compare PFS and OS 
for ribociclib plus fulvestrant versus palbociclib plus letro-
zole when used as first-line therapy for postmenopausal 
women with HR+/HER2− ABC based on the results of an 
MAIC of the MONALEESA-3 and PALOMA-1 trials. 
IPD for patients in the MONALEESA-3 trial were 
obtained from Novartis. Aggregate data from PALOMA- 
1 were obtained from the PALOMA-1 study publication. 
As patients in PALOMA-1 generally represented a subset 
of those enrolled in MONALEESA-3, it was possible to 
select a subgroup of patients from MONALEESA-3 who 

would meet the criteria for inclusion in PALOMA-1. 
While these selected patients differed in many reported 
baseline characteristics from those in PALOMA-1, MAIC 
weighting eliminated all differences between trials in 
observed baseline characteristics. After adjusting for dif-
ferences in patient populations in the MONALEESA-3 
and PALOMA-1 trials, a significant benefit for OS was 
observed as well as numerically longer PFS for ribociclib 
plus fulvestrant versus palbociclib plus letrozole. 
Comparison of the endocrine monotherapy arms of these 
two trials favored fulvestrant over letrozole, which is 
similar to what has been reported in prior clinical studies 
such as FIRST, which showed improved time to progres-
sion and OS for fulvestrant versus anastrozole and 
FALCON, which showed improved PFS.17,18 It should be 
noted that these two studies had inclusion criteria that may 

Table 1 Characteristics of Patients in PALOMA-1 and MONALEESA-3 Meeting Inclusion Criteria for PALOMA-1 Before Weighting

PALOMA-1 MONALEESA-3 Standardized 
Mean Difference

PAL+LET LET RIB+FUL PBO+FUL Active Control

N 84 81 329 178 – –

Age

<65 Years 56% 52% 57% 52% 1% 1%
≥65 Years 44% 48% 43% 48% −1% −1%

Baseline ECOG PS
0 55% 56% 62% 69% 10% 20%

1 45% 44% 38% 31% −10% −20%

Disease Stage

II & III 2% 1% 1% 1% −6% −1%

IV 98% 99% 99% 99% 6% 1%

Disease Site

Visceral 44% 53% 57% 61% 19% 11%
Bone only 20% 15% 23% 21% 5% 11%

Prior Chemotherapy 41% 46% 55% 55% 20% 13%

Prior Antihormonal Therapy

Tamoxifen 29% 30% 39% 43% 16% 20%
Anastrozole 10% 14% 20% 23% 21% 17%

Letrozole 2% 1% 15% 10% 33% 27%

Exemestane 5% 3% 6% 7% 3% 16%

Time From End of Adjuvant Treatment to Disease 

Recurrence
>12 Months 30% 37% 40% 46% 15% 12%

≤12 Months 18% 17% 28% 28% 17% 19%

De novo 52% 46% 33% 27% −29% −28%

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; FUL, fulvestrant; LET, letrozole; PAL, palbociclib; PBO, placebo; RIB, ribociclib.
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have resulted in differences in patient populations com-
pared with MONALEESA-3 and PALOMA-1. FIRST 
included patients with tumors that were HER2+, and 
FALCON included only patients with no prior ET (ET 
naïve). Additionally, the PFS benefit in FALCON was 
observed mainly in patients with bone-only disease and 
to a lesser extent in patients with visceral disease.19 The 
PARSIFAL trial, which was conducted in a first-line 

population, showed that the potential advantage of fulves-
trant over letrozole was lost when a CDK4/6 inhibitor was 
added. In PARSIFAL, the median PFS for first-line palbo-
ciclib plus fulvestrant was 27.9 months versus 32.8 months 
for palbociclib plus letrozole (HR, 1.13 [95% CI, 0.89 
−1.45]; P = 0.321). The primary endpoint analysis did 
not show statistical superiority or non-inferiority in PFS 
for palbociclib plus fulvestrant versus palbociclib plus 
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letrozole. The 3-year OS rate was 79.4% versus 77.1% 
(HR, 1 [0.68–1.48]; P = 0.986), the objective response rate 
was 46.5% versus 50.2% (P = 0.414), and the clinical 
benefit rate was 70.8% versus 69.1% (P = 0.692). These 
data suggest that the efficacy of fulvestrant versus letro-
zole when combined with a CDK4/6 inhibitor may be 
similar, and that the significantly favorable OS observed 
in the current MAIC analysis may not be due to the 
difference in ET partner and thus possibly a difference in 
the CDK4/6 inhibitor agent per se.13

While MAIC is a relatively novel methodology, it 
has been used with increasing frequency in recent years. 
A search of MEDLINE for articles including the words 
“matching-adjusted indirect treatment comparison” and 
“cancer” in the title identified 32 articles published from 
2017 to 2021, including one study of patients with 
breast cancer.20 This study used MAIC to compare 
PFS and OS and frequency of adverse events for 

ribociclib plus letrozole versus palbociclib plus letrozole 
using individual patient data from MONALEESA-2 and 
published results of PALOMA-2 (for PFS) and 
PALOMA-1 (for OS). The indirect treatment compari-
son of ribociclib plus letrozole versus palbociclib plus 
letrozole used MAIC-unadjusted and MAIC-adjusted 
data from MONALEESA-2, and was conducted using 
anchored indirect comparisons through the common 
comparator arm of letrozole using the Bucher 
method.21 The HR for PFS for ribociclib plus letrozole 
versus palbociclib plus letrozole based on the Bucher 
indirect treatment comparison was 0.959 (95% CI, 
0.681–1.350) before MAIC adjustment and 0.904 (95% 
CI, 0.644–1.268) after MAIC adjustment. The HR for 
OS for ribociclib plus letrozole versus palbociclib plus 
letrozole was 0.918 (95% CI, 0.492–1.710) before 
MAIC adjustment and 0.839 (95% CI, 0.440–1.598) 
after MAIC adjustment.20

Table 3 Cox Regression Analysis of PFS and OS: RIB+FUL versus PBO+FUL, PAL+LET versus LET or PBO+FUL versus LET

Outcome Weighting Arms Hazard Ratio

Estimate 95% CI P value

Intervention Comparator Lower Upper

PFS Unweighted RIB+FUL M3 PBO+FUL M3 0.55 0.44 0.69 0.0000
PAL+LET P1 LET P1 0.42 0.28 0.63 0.0000

PBO+FUL M3 LET P1 0.66 0.48 0.90 0.0094

Weighted RIB+FUL M3 PBO+FUL M3 0.58 0.45 0.77 0.0001
PBO+FUL M3 LET P1 0.58 0.42 0.82 0.0019

OS Unweighted RIB+FUL M3 PBO+FUL M3 0.59 0.44 0.79 0.0004
PAL+LET P1 LET P1 0.83 0.51 1.37 0.4721

PBO+FUL M3 LET P1 0.79 0.52 1.21 0.2797

Weighted RIB+FUL M3 PBO+FUL M3 0.58 0.40 0.85 0.0046
PBO+FUL M3 LET P1 0.71 0.45 1.13 0.1521

Abbreviations: FUL, fulvestrant; LET, letrozole; M3, MONALEESA-3; P1, PALOMA-1; PAL, palbociclib; OS, overall survival; PBO, placebo; PFS, progression-free survival; 
RIB, ribociclib.

Table 2 Cox Regression Analysis of PFS and OS: RIB+FUL versus PAL+LET

Outcome Weighting Arm Hazard Ratio

Estimate 95% CI P value

Intervention Comparator Lower Upper

PFS Unweighted RIB+FUL M3 PAL+LET P1 0.83 0.59 1.17 0.2838

Weighted RIB+FUL M3 PAL+LET P1 0.77 0.54 1.10 0.1553

OS Unweighted RIB+FUL M3 PAL+LET P1 0.57 0.38 0.86 0.0071
Weighted RIB+FUL M3 PAL+LET P1 0.50 0.32 0.77 0.0020

Abbreviations: FUL, fulvestrant; LET, letrozole; M3, MONALEESA-3; P1, PALOMA-1; PAL, palbociclib; OS, overall survival; PBO, placebo; PFS, progression-free survival; 
RIB, ribociclib.
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Limitations of this analysis should be noted. Our results 
are based on unanchored indirect comparison. While such 
comparisons are generally considered less robust than 
anchored comparisons, an anchored comparison of ribociclib 
plus fulvestrant versus palbociclib plus letrozole was not 
feasible, as it is not possible to construct a linked evidence 
network of trials in comparable populations connecting ful-
vestrant (the control arm of MONALEESA-3) with letrozole 
(the control arm of PALOMA-1) without some relatively 
strong assumptions regarding the impact of differences in 
patient characteristics across trials on treatment effects. 
Although trials comparing fulvestrant with the AI, anastro-
zole, (FIRST and FALCON) have been reported,18,22 the 
populations of these studies differ from that evaluated in 
PALOMA-1. In particular, FIRST allowed the inclusion of 
patients that were HER2+, and FALCON included only 
patients that had no prior ET. In contrast, MONALEESA-3 
and PALOMA-1 included only patients that were HR 
+/HER2−, and both allowed prior (neo) adjuvant ET. While 
it might be feasible to construct an evidence network linking 
fulvestrant and letrozole using trials of other treatments such 
as tamoxifen and exemestane, construct of such a network 
would require the relaxation of one or more of the inclusion 
criteria of PALOMA-1 to include these trials and also require 
additional links in the network, each associated with addi-
tional uncertainty and possibility of bias. Additional limita-
tions include differences in study design between the two 
trials. MONALEESA-3 was a double-blind phase 3 trial and 
PALOMA-1 was an open-label phase 2 trial; both were 
randomized, multicenter, international trials.

The limitations in anchored comparisons of ribociclib 
plus fulvestrant versus palbociclib plus letrozole above not-
withstanding, Giuliano and colleagues conducted a network 
meta-analysis (NMA) of ET versus chemotherapy in post-
menopausal women with HR+/HER2− MBC and reported 
numerically more favorable but statistically similar PFS for 
palbociclib plus letrozole versus anastrozole (HR = 0.42; 
95% CI, 0.25–0.70) and ribociclib plus fulvestrant versus 
anastrozole (HR = 0.48; 95% CI, 0.31–0.74).23 OS was not 
examined. In an anchored ITC of CDK4/6 inhibitors in 
combination with letrozole in HR+/HER2− ABC, Petrelli 
and colleagues reported similar PFS for palbociclib plus 
letrozole versus ribociclib plus letrozole (HR = 1.04; 95% 
CI, 0.73–1.48).24 This study did not evaluate efficacy of 
CDK4/6 inhibitors in combination with fulvestrant and also 
did not examine OS. The results of these studies with respect 
to PFS are therefore qualitatively consistent with those 

reported herein and provide no information with respect to 
the comparison of OS.

While there is no widely accepted “reasonable range” 
for MAIC weights, large outlier weights may indicate that 
a small proportion of patients in the weighted group are 
similar to those in the unweighted group and therefore the 
effective sample size may be small. The maximum weights 
in our study were 3.272 for ribociclib plus fulvestrant and 
3.788 for placebo plus fulvestrant. Thus, it is not likely 
that patients with large weights had an undue influence on 
results. While some patients had relatively small weights 
(the minimum weights were 0.00003 and 0.044 for ribo-
ciclib plus fulvestrant and placebo plus fulvestrant, respec-
tively), this is not a problem per se but rather suggests that 
some patients in MONALEESA-3 were relatively dissim-
ilar to those in PALOMA-1 and were therefore effectively 
excluded, which is appropriate.

The MAIC methodology can only control for the char-
acteristics reported in the study publication of the 
PALOMA-1 trial; results therefore may be confounded 
by other unreported factors. However, as noted previously, 
the finding of significantly improved PFS and numerically 
improved OS for the placebo plus fulvestrant arm of 
MONALEESA-3 versus the letrozole arm of PALOMA-1 
is consistent with published, randomized controlled trials 
of fulvestrant versus AIs, suggesting that unobserved con-
founding may be limited.17,18

PFS and OS for PALOMA-1 were based on recon-
structed IPD. Although the reconstructed Kaplan–Meier 
curves were similar to the reported curves, it was not 
feasible to exactly match the reported curves from 
PALOMA-1. The HR for PFS for palbociclib plus letro-
zole versus letrozole based on the reconstructed event-time 
data was 0.42 (95% CI, 0.28–0.63; p < 0.0001), which is 
more favorable than that reported in the trial publication 
for PALOMA-1 (HR, 0.488; 95% CI, 0.319–0.748; p = 
0.0004).11 On the other hand, the HR for OS for palboci-
clib plus letrozole versus letrozole based on the recon-
structed event-time data was 0.83 (95% CI, 0.51–1.37; 
p = 0.4721), which is less favorable than that reported in 
the trial publication for PALOMA-1 (HR, 0.813; 95% CI, 
0.492–1.345; p = 0.42).11 Given that the differences in the 
results based on the actual and reconstructed IPD are 
relatively small, they are not likely to substantially bias 
the findings reported here.

According to the study publication,11 PALOMA-1 
excluded patients who “had brain metastases” whereas 
MONALEESA-3 excluded “patients with central nervous 
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system (CNS) involvement unless they met ALL of the 
following criteria: a. At least 4 weeks from prior therapy 
completion (including radiation and/or surgery) to starting 
the study treatment. b. Clinically stable CNS tumor at the 
time of screening and not receiving steroids and/or enzyme 
inducing anti-epileptic medications for brain metastases.”

While patients with brain metastases were not excluded 
from the analysis, the number of patients with CNS metas-
tases within the subgroup of patients in MONALEESA-3 
who met inclusion criteria for PALOMA-1 was small. 
Given this small proportion of patients and that those 
with stable brain metastases are more likely to have a 
better prognosis than those with brain metastases overall, 
the inclusion of these patients in MONALEESA-3 is not 
likely to have materially impacted the comparison. 
Furthermore, because patients with brain metastases gen-
erally have a poorer prognosis than those without, any bias 
(likely small) would favor palbociclib plus letrozole.

Conclusion
CDK4/6 inhibitors in combination with an AI or fulvestrant 
are the standard of care for patients with HR+/HER2− ABC 
who have not received prior treatment for advanced disease. 
Although randomized controlled trials comparing the 
approved CDK4/6 inhibitor combinations are not available, 
it is important to understand if there are any differences in 
efficacy between the approved agents. Unadjusted cross-trial 
comparisons are difficult to interpret since patient character-
istics may differ between the trials of interest. However, 
matched indirect comparisons can be more informative 
because they account and control for differences in patient 
characteristics. Our analysis, using an MAIC methodology to 
compare PFS and OS for ribociclib plus fulvestrant versus 
palbociclib plus letrozole based on the MONALEESA-3 and 
PALOMA-1 trials, demonstrated a significantly longer OS 
and numerically longer PFS with ribociclib plus fulvestrant. 
These exploratory results suggest a significant increase in OS 
benefit with ribociclib treatment compared with palbociclib 
in this group of patients, which may be useful for patients, 
clinicians, and policy makers when considering the use of 
CDK4/6 inhibitors in this setting.
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