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Aim: Palbociclib (PAL), ribociclib (RIB) and abemaciclib (ABM), in combination with fulvestrant (FUL), are
approved for the treatment of hormone receptor-positive, HER2-negative advanced breast cancer. This
study aims to determine relative efficacy of PAL+FUL versus RIB+FUL and ABM+FUL using matching-
adjusted indirect treatment comparisons. Patients & methods: Anchored matching-adjusted indirect treat-
ment comparisons were conducted using individual patient data from PALOMA-3 and published summary-
level data from MONARCH 2 and MONALEESA-3. The primary outcome was overall survival (OS). Results:
OS was similar for PAL+FUL versus ABM+FUL (hazard ratio: 0.87; 95% CI: 0.54–1.40) and RIB+FUL (haz-
ard ratio: 0.89; 95% CI: 0.48–1.63). Conclusion: Adjusting for cross-trial differences suggests similar OS
between treatments, underscoring the importance of accounting for these differences when indirectly
comparing treatments.

Lay abstract: Palbociclib (PAL), ribociclib (RIB) and abemaciclib (ABM) are used with fulvestrant to treat
hormone receptor-positive, HER2-negative advanced breast cancer. This study aims to use data from clin-
ical trials to compare how long patients live after starting treatment with PAL versus RIB and ABM. Since
patients who enroll in different trials may have different characteristics, it is important to adjust for these
differences for a more accurate comparison. Adjusting for these differences showed that patients with
hormone receptor-positive, HER2-negative advanced breast cancer treated with PAL lived for a similar
length of time compared with those treated with RIB or ABM.

Tweetable abstract: Indirect treatment comparisons suggest similar overall survival for palbociclib, ribo-
ciclib, and abemaciclib in the treatment of HR+/HER2- advanced breast cancer even after accounting for
cross-trial differences #MAIC #breastcancer #MBC
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Breast cancer is among the most common type of cancer among women worldwide [1,2]. Subtypes of breast cancer
are classified according to hormone receptor expression and HER2 amplification or overexpression. Hormone
receptor-positive, HER2-negative (HR+/HER2-) breast cancer is the most common subtype [3]; a variety of drug
treatments targeting HR+ breast cancer are available, including selective estrogen receptor modulators, selective
estrogen receptor degraders and aromatase inhibitors (AIs) [4].
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Cell cycle checkpoints play an essential role in preventing genomic instability, which contributes to the devel-
opment of breast cancer [4]. The cell cycle is tightly regulated by cyclins and their associated cyclin-dependent
kinases (CDKs) [5,6]. Dysregulation of the association between D-type cyclins and two specific CDKs – CDK4 and
CDK6 – plays an important role in the development and progression of breast cancer [4]. Inhibition of CDK4/6
leads to cell cycle arrest, resulting in reduced proliferation of cancer cells [6]. Three selective CDK4/6 inhibitors
(CDK4/6is) are now being used in the treatment of HR+/HER2- advanced breast cancer (ABC) [6].

On 3 February 2015, palbociclib (PAL) became the first CDK4/6i approved by the US FDA, in combination
with letrozole (LET), for the treatment of women with HR+/HER2- ABC [7]. The indication was extended to
include PAL in combination with fulvestrant (FUL) (PAL+FUL) on 19 February 2016 [7] based on findings from a
Phase III clinical trial (PALOMA-3) that demonstrated improved progression-free survival (PFS) with PAL+FUL
compared with placebo (PBO) combined with FUL (PBO+FUL) [8].

Two additional CDK4/6is have since received FDA approval, in combination with AIs or FUL, for the treatment
of women with HR+/HER2- ABC based on findings of improved PFS compared with PBO+FUL in Phase III
trials. Ribociclib (RIB) was approved on 13 March 2017 in combination with an AI, and the indication was
extended to include RIB in combination with FUL (RIB+FUL) on 18 July 2018 [9] based on findings from
MONALEESA-3 (ML-3) [10]. On 28 September 2017, abemaciclib (ABM) was approved in combination with
FUL (ABM+FUL) [11] based on findings from MONARCH 2 (MN 2) [12].

There is a lack of trials comparing PAL+FUL, RIB+FUL and ABM+FUL directly. In the absence of head-
to-head trials comparing these therapies in the treatment of HR+/HER2- ABC, indirect treatment comparison
(ITC) methods may be used to compare treatment effects using data from the PALOMA-3, MN 2 and ML-3 trials.
PFS was the primary end point in each of these trials. Adjusted indirect comparisons found that PAL+FUL was
similar in terms of PFS when compared with both RIB+FUL (hazard ratio [HR]: 0.78; 95% CI: 0.57–1.07) and
ABM+FUL (HR: 0.84; 95% CI: 0.61–1.14) [13].

To our knowledge, ITC methods have not yet been used to compare overall survival (OS) for PAL+FUL with
RIB+FUL and ABM+FUL. Each of the three approved CDK4/6is has been evaluated in reference to PBO+FUL
in terms of OS in their respective randomized controlled trials. In PALOMA-3, median OS among patients treated
with PAL+FUL was 34.9 months, compared with 28.0 months among those who received PBO+FUL (HR:
0.81; 95% CI: 0.64–1.03) [14]. In MN 2, median OS among patients treated with ABM+FUL was 46.7 months,
compared with 37.3 months for PBO+FUL (HR: 0.76; 95% CI: 0.61–0.95) [15]. Median OS was not reached in
the RIB+FUL group in ML-3, and was reported as 40.0 months in the PBO+FUL group (HR: 0.72; 95% CI:
0.57–0.92) [16].

Although PALOMA-3, ML-3 and MN 2 each investigated a CDK4/6i in combination with FUL compared with
PBO+FUL, baseline characteristics differed between study populations. Notably, patients enrolled in PALOMA-3
were more heavily pretreated than those in MN 2 and ML-3. Both MN 2 and ML-3 excluded patients with
any prior chemotherapy, or more than one line of prior endocrine therapy (ET), in the metastatic setting [10,12].
In contrast, PALOMA-3 included patients with up to one line of prior chemotherapy, or any prior ET, in the
metastatic setting [8].

Traditional ITC methods based only on summary-level data may be biased due to such inherent differences in
patient populations. Matching-adjusted indirect comparisons (MAICs) are used to indirectly compare a treatment
effect across studies by leveraging individual patient data (IPD) from one study to reduce cross-trial differences.
This is achieved through matching and adjusting of the IPD to the summary-level data of the comparator trial’s
population. When a common comparator is present, anchored MAICs can be used to further adjust for cross-trial
differences. By anchoring through the control arm, differences in known and unknown prognostic factors across
trials are accounted for when determining the relative treatment effect.

The present study uses anchored MAICs, which are designed to reduce cross-trial differences that would otherwise
undermine the validity of traditional ITCs. By leveraging IPD from PALOMA-3 and summary-level data from MN
2 and ML-3, separate anchored MAICs were conducted to compare PAL+FUL to ABM+FUL and RIB+FUL in
terms of OS in patients with HR+/HER2- ABC.

Patients & methods
Methods for anchored MAIC analyses
IPD were available for the PALOMA-3 trial, which compared PAL+FUL to PBO+FUL. Summary-level data
were available for the MN 2 and ML-3 trials, which compared ABM+FUL to PBO+FUL and RIB+FUL to
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Matched

PALOMA-3 Comparator PALOMA-3 Comparator PALOMA-3 Comparator

n = 6 n = 6 n = 4 n = 6 ESS = 3 n = 6

Matched and adjusted

IPD Aggregate data IPD Aggregate data IPD Aggregate data

Published trials differ on eligibility criteria and
patient characteristics

Patients who would not have been eligible for
enrolment in the comparator trial are excluded 

(e.g., patients with prior chemotherapy for MBC, 
or had ≥2 prior lines of ET for MBC)

Patients in PALOMA-3 are weighted to match
the averages reported in the comparator trial;

ESS reflects practical sample
size after adjusting

Adjustment is based on treatment-effect modifiers
such as prior ET setting and number of lines of

therapy for MBC

Figure 1. Overview of matching & adjusting steps in a matching-adjusted indirect treatment comparison.
ESS: Effective sample size; ET: Endocrine therapy; IPD: Individual patient data; MBC: Metastatic breast cancer.

PBO+FUL, respectively. Given the presence of a common comparator (PBO+FUL), an anchored MAIC is an
appropriate method to compare the efficacy of PAL+FUL to ABM+FUL and RIB+FUL in the treatment of
HR+/HER2- ABC.

MAICs were conducted using methods outlined by the National Institute for Health and Care Excellence [17].
The population in PALOMA-3 was ‘matched’ to the population in the comparator trial by excluding patients
in the IPD who would not have met the eligibility criteria of the comparator trial. After matching, differences
in patient characteristics across trials remained. These imbalances were then ‘adjusted’ for by reweighting the
remaining patients in PALOMA-3 so that the means and variances of their characteristics matched those reported
in the summary-level data of the comparator trial. Weights were determined by a propensity score model, in which
patients in PALOMA-3 were weighted by the inverse odds of being in PALOMA-3 versus the comparator study
based on the values of their baseline characteristics. A visual presentation of the steps undertaken in the MAIC
method is shown in Figure 1.

Since the MAICs were anchored through a common comparator (PBO+FUL), differences in known and
unknown prognostic characteristics across trials are controlled for when comparing the relative treatment effects.
That is, between-trial differences in known or unknown prognostic factors (i.e., differences in control arms) do
not affect anchored ITCs due to within-trial randomization. Each active treatment is compared with PBO+FUL
within their own study, and the resulting treatment effects relative to PBO+FUL are then compared across studies.
Therefore, the MAICs only relied on balancing baseline characteristics that can alter the treatment effects between
studies (i.e., treatment-effect modifiers). The matched and adjusted PALOMA-3 IPDs were used to compare the
effect of treatment on OS across balanced trial populations. For each comparison, an HR, 95% CI and effective
sample size (ESS) were derived.

Inclusion criteria of comparator trials
Before comparing treatment effects across studies, the patient population from PALOMA-3 required adjustment
to align more closely with the eligibility criteria and baseline characteristics of each comparator trial. Unlike
PALOMA-3 [8], MN 2 and ML-3 excluded patients with ≥2 prior therapies, or any prior chemotherapy, in the
metastatic setting [10,12]. Additionally, ML-3 excluded pre/perimenopausal patients [10], while PALOMA-3 did not
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Table 1. Comparison of eligibility criteria.
PALOMA-3 MONARCH 2 MONALEESA-3 Ref.

[8,10,12,18]

Inclusion

– Menopausal status† Pre, peri or post Pre, peri or post Post

– Receptor status HR+/HER2- HR+/HER2- HR+/HER2-

– ECOG PS 0, 1 0, 1 0, 1

– Measurable disease Required‡, or bone-only disease Required, or bone-only disease Required‡, or ≥1 predominantly
lytic bone lesion

– Progressed on or after ET in the adjuvant
or metastatic setting

Required Required Not required

– Number of prior lines of ET for MBC Any§ ≤1 ≤1

Exclusion

– Visceral crisis Excluded Excluded Excluded

– CNS metastasis
(uncontrolled/symptomatic)

Excluded Excluded Excluded

– Prior chemotherapy for MBC �1 excluded Excluded Excluded

– QTc/QTcF interval¶ �480 msec NR �450 msec

†Pre/perimenopausal women enrolled in PALOMA-3 received the LHRH agonist goserelin for at least 4 weeks prior to and for the duration of the trial. Pre/perimenopausal women in
MONARCH 2 received a GnRH agonist such as goserelin.
‡Measurable disease defined by RECIST version 1.1.
§ In the palbociclib+fulvestrant arm, 62.2% of patients received ≤1 prior line of therapy for MBC, 25.9% received two prior lines, and 11.8% received ≥3 prior lines.
¶Based on the value of triplicate ECGs. In MONALEESA-3, a QTcF was used at screening.
ECOG PS: Eastern Cooperative Oncology Group performance status; ET: Endocrine therapy; GnRH: Gonadotropin-releasing hormone; HR+: Hormone receptor-positive; LHRH: Luteinizing
hormone-releasing hormone; MBC: Metastatic breast cancer; msec: Milliseconds; NR: Not reported; QTc: Corrected QT; QTcF: Corrected QT by Fredericia; RECIST: Response evaluation
criteria in solid tumors.

exclude patients based on menopausal status [8]. A comparison of the eligibility criteria across all three trials is
shown in Table 1.

Evidence-informed ranking of treatment-effect modifiers
Matching based on eligibility criteria ensures inclusion of similar patients across trials. However, it does not ensure
equal spread of baseline characteristics. For example, PALOMA-3 had fewer patients with no previous lines of
therapy for metastatic breast cancer (MBC; 22%) than MN 2 (61%), and PALOMA-3 had more patients with
prior ET in the advanced or metastatic setting (74%) than ML-3 (26%). Differences in baseline characteristics
between PALOMA-3 and each comparator trial are shown in Table 2. Since the MAIC method accounted for
differences in prognostic variables across trials by anchoring through PBO+FUL, only the means and variances of
treatment-effect modifiers required adjustment to those in the comparator trial.

Treatment-effect modifiers that have the greatest influence on MAIC results are those that have a large impact
on treatment effect and vary substantially across trials. Since differences in patient characteristics vary according
to the populations in the comparison, a rank-ordered list of treatment-effect modifiers was produced for each of
the comparisons prior to the analysis. Potential treatment-effect modifiers were first identified by reviewing the
literature and consulting clinicians. Additional treatment-effect modifiers were then identified using the PALOMA-
3 IPD, and all were rank ordered based on an evidence-informed process considering both extent of treatment
modification and differences between trials. The final rank-ordered list of treatment-effect modifiers is shown in
Supplementary Table 1. The MAIC included treatment-effect modifiers that were deemed important based on
assessment of the literature and clinical opinion, extent of treatment modifications, differences in characteristics
between trials, and impact on ESS.

Diagnostics assessing balance after adjustment for cross-trial differences
Each MAIC computed an ESS of the final PALOMA-3 population after matching and adjusting to the comparator
trial population. The ESS is the number of nonweighted patients that would produce a treatment effect estimate
with the same precision as the weighted sample estimate [17]. That is, the ESS is reduced if adjusting for larger
number of, or very influential, treatment-effect modifiers. The maximum ESS occurs when all patients have equal
weights, meaning that the trial populations are already similar and do not require any adjustments in baseline
characteristics.
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Table 2. Study baseline characteristics considered in the matching-adjusted indirect comparison.
Characteristic Category PALOMA-3§ (N = 521) n

(%)
MONARCH 2 (N = 669) n
(%) [12]

MONALEESA-3 (N = 726) n
(%) [10,16]

Age group† �65
≥65

392 (75)
129 (25)

424 (63)
245 (37)

387 (53)
339 (47)

Race† ,‡ White
Asian
Other

385 (74)
105 (20)
29 (6)

373 (59)
214 (34)
42 (7)

619 (88)
63 (9)
24 (3)

Region† ,‡ North America
Asia Pacific
Other
Europe
Asia

240 (46)
114 (22)
167 (32)
167 (32)
114 (22)

178 (27)
−
−
279 (42)
212 (31)

112 (15)
56 (8)
558 (77)
−
−

ECOG PS† 1
0

199 (38)
322 (62)

264 (40)
400 (60)

256 (35)
468 (65)

Metastatic site† ,‡ Visceral
Bone only
Other

304 (58)
124 (24)
93 (18)

373 (56)
180 (27)
113 (17)

439 (60)
154 (21)
133 (18)

Organs involved, number† ,‡ 1
2
3
≥3
4
≥5

171 (33)
146 (28)
106 (20)
201 (39)
66 (13)
29 (6)

263 (40)
200 (30)
−
203 (30)
−
−

224 (31)
232 (32)
162 (22)
−
72 (10)
33 (5)

Measurable disease† Yes
No

405 (78)
116 (22)

483 (73)
183 (27)

560 (77)
166 (23)

Prior AI† Yes
No

447 (86)
74 (14)

465 (70)
204 (30)

375 (52)
350 (48)

Prior chemotherapy† ,‡ Neoadjuvant or adjuvant
Metastatic
None

214 (41)
177 (34)
130 (25)

401 (60)
0 (0)
268 (40)

405 (56)
0 (0)
321 (44)

Previous lines of therapy for
MBC†

0
1
≥2

114 (22)
225 (43)
182 (35)

396 (61)
256 (39)
0 (0)

367 (52)
345 (48)
0 (0)

Menopausal status† Pre/perimenopausal
Postmenopausal

108 (21)
413 (79)

114 (17)
551 (83)

0 (0)
726 (100)

ER status‡ Negative
Positive

3 (1)
510 (99)

–
–

4 (1)
722 (99)

PR status Negative
Positive

142 (28)
361 (72)

–
–

206 (28)
520 (72)

Disease-free Interval‡ ≤12 months
�12 months
NA

13 (2)
341 (65)
167 (32)

–
–
–

31 (4)
555 (76)
140 (19)

Prior tamoxifen No
Yes

207 (40)
314 (60)

–
–

428 (59)
297 (41)

Prior ET setting‡ (Neo)adjuvant
Advanced/metastatic

134 (26)
387 (74)

–
–

431 (74)
150 (26)

Sensitivity to prior ET† Yes
No

410 (79)
111 (21)

489 (74)¶

169 (26)#
–
–

Percentages are out of the total number of patients with available data for the specified variable.
†Treatment-effect modifiers adjusted for in the MAIC with MONARCH 2.
‡Treatment-effect modifiers adjusted for in the MAIC with MONALEESA-3.
§Values for PALOMA-3 calculated using IPD.
¶Secondary ET resistance used to identify sensitivity to prior ET.
#Primary ET resistance used to identify no sensitivity to prior ET.
AI: Aromatase inhibitor; ECOG PS: Eastern Cooperative Oncology Group performance status; ER: Estrogen receptor; ET: Endocrine therapy; IPD: Individual patient data;
MAIC: Matching-adjusted indirect comparison; MBC: Metastatic breast cancer; NA: Not applicable; PR: Progesterone receptor.

The occurrence of a small ESS is indicative of differences in patient populations between PALOMA-3 and the
comparator trial. Therefore, the MAIC clearly highlights differences in patient populations, whereas other ITC
methods may not be as transparent.
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Scenario & sensitivity analyses
Adjusting for all predetermined treatment-effect modifiers can often lead to very low ESS of the matched and
adjusted population. Scenario analyses were conducted to assess the impact on the ESS and the treatment effect es-
timates when adjusting for varying numbers of treatment-effect modifiers. The primary MAIC for each comparison
(described as ‘scenario A’) adjusted for all selected treatment-effect modifiers with equal importance. Subsequent
scenario analyses (i.e., ‘scenario B’ and onwards) removed treatment-effect modifiers one-by-one from adjustment,
starting with the lowest rank-ordered factor.

Since matching the population in PALOMA-3 to the populations in MN 2 and ML-3 resulted in large sample
size reductions, two sensitivity analyses were conducted. The first sensitivity analysis did not match based on
eligibility criteria. Instead, eligibility factors (prior chemotherapy for MBC, previous lines of therapy for MBC and
menopausal status) were redefined when possible and added as potential treatment-effect modifiers for adjustment.
The second analysis matched on eligibility criteria and adjusted for the same treatment-effect modifiers as in the
primary MAIC analyses, except for ‘region’ which was shown to cause a large drop in ESS.

Results
Primary results
PAL+FUL versus ABM+FUL

In the MAIC comparing PAL+FUL to ABM+FUL, the initial population size with intention to treat for PALOMA-
3 was 521 patients. Removing patients with missing values in any baseline characteristics of interest resulted in an
analysis dataset of 516 patients. Matching to the eligibility criteria of MN 2 reduced the total sample size to 280; 174
patients with prior chemotherapy and 180 patients with ≥2 previous lines of therapy in the metastatic setting were
removed. Many patients (n = 118) were removed because they met both criteria. Of the remaining 280 patients,
183 were treated with PAL+FUL and 97 were treated with PBO+FUL. The remaining patients were reweighted
by adjusting for all 12 rank-ordered treatment-effect modifiers indicated in Table 2. Fully matching and adjusting
the population from PALOMA-3 to MN 2 reduced the ESS to 135. Summary statistics of baseline characteristics
before and after matching and adjusting to the population of MN 2 are shown in Supplementary Table 2.

Traditional ITC results based only on summary-level data (i.e., unmatched and unadjusted) yielded similar OS
for PAL+FUL compared with ABM+FUL (HR: 1.05; 95% CI: 0.76–1.44; Figure 2). Similar results were observed
after matching patients in PALOMA-3 to the eligibility criteria of MN 2 (HR: 1.02; 95% CI 0.69–1.52) and after
adjusting for remaining cross-trial imbalances (HR: 0.87; 95% CI: 0.54–1.40).

PAL+FUL versus RIB+FUL

In the MAIC comparing PAL+FUL to RIB+FUL, the analysis dataset was reduced from 521 to 492 after removing
patients with missing values in any baseline characteristics of interest. After matching to the eligibility criteria of
ML-3, 275 patients were removed because they received prior chemotherapy in the metastatic setting (n = 161), had
≥2 previous lines of therapy in the metastatic setting (n = 171) or had pre/perimenopausal status (n = 101). Many
patients (n = 158) met more than one criterion. Of the remaining 217 patients, 142 patients were treated with
PAL+FUL and 75 patients were treated with PBO+FUL. The remaining patients were reweighted by adjusting
for the treatment-effect modifiers indicated in Table 2. The MAIC could not adjust for several factors (measurable
disease, prior tamoxifen, age group, Eastern Cooperative Oncology Group performance status and progesterone
receptor status) while maintaining sufficiently large ESS. In addition, the MAIC could not adjust for previous
lines of therapy in the metastatic setting since it strongly correlated to prior ET setting after matching, or for
prior aromatase inhibitor due to extreme differences across trials. Matching and adjusting the population from
PALOMA-3 to ML-3 reduced the ESS to 64. Summary statistics of baseline characteristics before and after matching
and adjusting to the population of ML-3 are shown in Supplementary Table 3.

Traditional ITC results based on summary-level data yielded similar OS for PAL+FUL compared with RIB+FUL
(HR: 1.09; 95% CI: 0.78–1.53; Figure 2). Similar results were observed after matching patients in PALOMA-3
to the eligibility criteria of ML-3 (HR: 1.09; 95% CI: 0.70–1.69) and after adjusting for remaining cross-trial
imbalances (HR: 0.89; 95% CI: 0.48–1.63).

Scenario & sensitivity analyses results
Sequentially removing treatment-effect modifiers in the scenario analyses led to comparable OS between PAL+FUL
and ABM+FUL (Supplementary Figure 1), and between PAL+FUL and RIB+FUL (Supplementary Figure 2).
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PAL + FUL (PALOMA-3) vs ABM + FUL (MONARCH 2) PAL + FUL (PALOMA-3) vs RIB + FUL (MONALEESA-3)

ITC method

Unmatched & unadjusted

Matched & unadjusted

Matched & adjusted†

1.05

1.02

0.87

(0.76 to 1.44)

(0.69 to 1.52)

(0.54 to 1.40)

521

280

135

1.09

1.09

0.89

(0.78 to 1.53)

(0.70 to 1.69)

(0.48 to 1.63)

521

217

64

Sensitivity analyses:

†Unmatched & adjusted

‡Excluding region

0.85

0.88

(0.53 to 1.37)

(0.54 to 1.43)

141

147

0.90

0.98

(0.51 to 1.60)

(0.58 to 1.67)

98

115

0.50 1.0 2.01.5

Favors ABM + FULFavors PAL + FUL

0.50 1.0 2.01.5

Favors RIB + FULFavors PAL + FUL

HR (95% CI) ESS HR (95% CI) ESS

Figure 2. Executive summary of indirect treatment comparison results comparing palbociclib+fulvestrant to abemaciclib+fulvestrant &
palbociclib+fulvestrant to ribociclib+fulvestrant. Hazard ratio of <1 indicates higher OS for PAL+FUL.†The following treatment-effect
modifiers are adjusted for in the MAIC with ABM+FUL: race, previous lines of therapy for MBC, number of organs involved, region,
metastatic site, age group, prior chemotherapy, sensitivity to prior ET, measurable disease, ECOG PS, prior AI and menopausal status. The
following treatment-effect modifiers are adjusted for in the MAIC with RIB+FUL: prior ET setting, region, number of organs involved,
prior chemotherapy, ER status, race, disease-free interval and metastatic site.
‡The following treatment-effect modifiers are adjusted for in the comparison with ABM+FUL: age group, previous lines of therapy for
MBC, prior chemotherapy setting (yes), race, prior AI, region, sensitivity to prior ET, number of organs involved, menopausal status,
measurable disease, metastatic site, prior chemotherapy (neo)adjuvant setting and ECOG PS. The following treatment-effect modifiers
are adjusted for in the comparison with RIB+FUL: age group, menopausal status, prior ET setting, previous lines of therapy for MBC (yes),
prior tamoxifen, prior chemotherapy (yes) and organs involved.
ABM: Abemaciclib; AI: Aromatase inhibitor; ECOG PS: Eastern Cooperative Oncology Group performance status; ER: Estrogen receptor;
ESS: Effective sample size; ET: Endocrine therapy; FUL: Fulvestrant; HR: Hazard ratio; MAIC: Matching-adjusted indirect comparison; MBC:
Metastatic breast cancer; OS: Overall survival; PAL: Palbociclib; RIB: Ribociclib.

For each comparison, the first sensitivity analysis did not match based on eligibility criteria but considered
these factors (prior chemotherapy for MBC, previous lines of therapy for MBC and menopausal status) for
adjustment instead. Although this approach still resulted in substantially smaller sample sizes compared with
the full study population, the ESS increased slightly compared with the primary analysis for both ABM+FUL
(Figure 2 & Supplementary Figure 3) and RIB+FUL (Figure 2 & Supplementary Figure 4) comparisons. In both
cases, conclusions were consistent with the primary analysis.

In the primary analysis for each comparison, the variable ‘region’ was associated with a large reduction in ESS,
particularly in the comparison of PAL+FUL and RIB+FUL. Therefore, a second sensitivity analysis excluding
this variable was conducted. This approach resulted in increased sample sizes compared with the primary analyses
for both ABM+FUL (Figure 2 & Supplementary Figure 5) and RIB+FUL (Figure 2 & Supplementary Figure 6)
comparisons. In both cases, the results were consistent with the primary analysis.

Discussion
In the absence of direct evidence from head-to-head clinical trials, ITC methods can be used to determine relative
efficacy of treatments. In the present study, MAICs were conducted to compare PAL+FUL, ABM+FUL and
RIB+FUL for the treatment of HR+/HER2- ABC in terms of OS.

Separate randomized controlled trials showed higher OS relative to PBO+FUL for PAL+FUL in PALOMA-3
(HR: 0.81; 95% CI: 0.64–1.03) [14], ABM+FUL in MN 2 (HR: 0.76; 95% CI: 0.61–0.95) [15] and RIB+FUL
in ML-3 (HR: 0.72; 95% CI: 0.57–0.92) [16]. A naive comparison of these findings, without consideration of
differences in patient populations between studies, could suggest that PAL+FUL is less effective than its competitors
in terms of OS (Figures 3 & 4). However, after matching populations based on eligibility criteria, adjusting for
cross-trial differences in baseline characteristics, and accounting for differences in control arms across trials, the HR
was reduced from 1.05 (95% CI: 0.76–1.44) in the traditional ITC to 0.87 (95% CI: 0.54–1.40) in the MAIC
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Figure 3. Overall survival by treatment within each PALOMA-3 & MONARCH 2 population. The first section shows the OS for PAL+FUL
and PBO+FUL in the population from PALOMA-3 before and after reweighting patients to align with the population from MONARCH 2.
The second section shows the OS of ABM+FUL and PBO+FUL in the population from MONARCH 2 [15]. The third section describes the
modelled OS of PAL+FUL and ABM+FUL in the modelled population from MONARCH 2, after matching, adjusting and anchoring
through PBO+FUL.
ABM: Abemaciclib; FUL: Fulvestrant; HR: Hazard ratio; OS: Overall survival; PAL: Palbociclib; PBO: Placebo.

with ABM+FUL, and from 1.09 (95% CI: 0.78–1.53) in the traditional ITC to 0.89 (95% CI: 0.48–1.63) in the
MAIC with RIB+FUL. These results indicate that, in the absence of head-to-head clinical trials, PAL+FUL has
similar OS compared with more recently approved CDK4/6is in the treatment of HR+/HER2- ABC.

Although other studies have used ITC methods to compare therapies for ABC, to our knowledge, this is the
first analysis to leverage IPD from the PALOMA-3 trial to compare the relative impact of PAL to either ABM or
RIB in terms of OS in patients with HR+/HER2- ABC. Recently, Zhang and colleagues conducted a network
meta-analysis comparing targeted therapies, in combination with FUL, in the treatment of ABC. Summary-level
data from PALOMA-3, MN 2 and ML-3 were included to compare PAL, ABM and RIB in terms of PFS and
objective response rate. The findings showed PAL+FUL to be superior to other targeted agents [19]. Another recent
study conducted by Tremblay and colleagues used MAIC methods to compare RIB in combination with LET
(RIB+LET) and PAL in combination with LET. IPD from MONALEESA-2 and published summary-level data
from PALOMA-2 were used to evaluate the relative impact of these therapies on PFS, and grade 3/4 adverse events.
Results showed numerical, albeit not statistically significant, favorability for RIB+LET for all outcomes [20]. The
current study expands on the available literature as the first study to leverage IPD from PALOMA-3 to compare
OS for PAL+FUL with RIB+FUL and ABM+FUL through MAICs.

The main strength of the present MAIC analysis is the use of IPD from PALOMA-3 to reduce heterogeneity
in patient populations across trials by adjusting for treatment-effect modifiers and anchoring through PBO+FUL.
Comparing the therapies in a more equal setting and within a similar population, as opposed to across studies, shows
that PAL+FUL is comparable to its comparators in terms of OS (Figures 3 & 4), demonstrating the importance
of conducting an anchored MAIC. In addition, these pairwise comparisons were strengthened by adjustment
for a clinically relevant rank-ordered set of treatment-effect modifiers unique to each comparison, taking into
consideration expert opinion, extent of treatment modification and cross-trial differences. The accompanying
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Figure 4. Overall survival by treatment within each PALOMA-3 & MONALEESA-3 population. The first section shows the OS for PAL+FUL
and PBO+FUL in the population from PALOMA-3 before and after reweighting patients to align with the population from
MONALEESA-3. The second section shows the OS of RIB+FUL and PBO+FUL in the population from MONALEESA-3 [16]. The third section
describes the modelled OS of PAL+FUL and RIB+FUL in the modelled population from MONALEESA-3, after matching, adjusting and
anchoring through PBO+FUL.
FUL: Fulvestrant; OS: Overall survival; HR: Hazard ratio; PAL: Palbociclib; PBO: Placebo; RIB: Ribociclib.

scenario and sensitivity analyses exploring the impact of matching and adjusting on different variables allowed for a
deeper understanding of the comparisons. Therefore, these MAICs allowed for a robust comparison of PAL+FUL
with ABM+FUL and RIB+FUL.

Some limitations of this study should be noted. By matching and adjusting the patient population of PALOMA-3
to those of MN 2 and ML-3, ESS is reduced, which results in broader CIs than in traditional ITCs. Furthermore,
despite reducing cross-trial differences by matching on eligibility criteria and adjusting on available treatment-effect
modifiers, differences between trials remained. When the comparator trial included a broader population for a
given characteristic (e.g., ML-3 did not require progression on or after ET in the adjuvant or metastatic setting [10]),
IPD from PALOMA-3 could not be matched. Additionally, the MAIC method assumes that all treatment-effect
modifiers are balanced across trials; however, variables considered in the analysis were limited by those reported
in the comparator publications. Another limitation in the comparison of PAL+FUL with RIB+FUL was that
there were considerable differences between the PALOMA-3 and ML-3 study populations, which resulted in fewer
adjustments of treatment-effect modifiers to preserve the ESS.

Conclusion
The results of the MAIC analyses corroborate traditional ITC results and suggest that OS for PAL+FUL is similar
to ABM+FUL and RIB+FUL in patients with HR+/HER2- ABC after adjusting for cross-trial differences.
Furthermore, the differences in baseline characteristics between patient populations underline the importance of
conducting MAIC analyses when drawing comparisons between approved CDK4/6is.
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Executive summary

• Hormone receptor-positive, HER2-negative is the most common breast cancer subtype. Palbociclib
(PAL)+fulvestrant (FUL), ribociclib (RIB)+FUL and abemaciclib (ABM)+FUL are cyclin-dependent kinase 4/6
inhibitors recently approved in the treatment of hormone receptor-positive, HER2-negative advanced breast
cancer.

• To date, no head-to-head clinical trials have been conducted comparing the three available cyclin-dependent
kinase 4/6 inhibitors, and indirect treatment comparison methods have not yet been used to compare PAL+FUL
with ABM+FUL and RIB+FUL.

• Matching-adjusted indirect comparisons (MAICs) leverage individual patient data from one data source to better
adjust for cross-trial differences between studies.

• Individual patient data were available for PALOMA-3 and summary-level data were available for MONARCH 2
and MONALEESA-3.

• Anchored MAICs were conducted given the inclusion of a placebo+FUL as a common comparator across all three
trials.

• Primary MAIC results suggest similar overall survival (OS) when comparing PAL+FUL versus ABM+FUL (hazard
ratio: 0.87; 95% CI: 0.54–1.40) and RIB+FUL (hazard ratio: 0.89; 95% CI: 0.48–1.63).

• These MAICs allowed for the comparison of PAL+FUL versus ABM+FUL and RIB+FUL across more similar patient
populations than would be possible using summary-level data alone, but some cross-trial differences remained,
and matching and adjusting resulted in reduced effective sample size.

• These results corroborate traditional indirect treatment comparison results and suggest comparable efficacy in
terms of OS for PAL+FUL in comparison to ABM+FUL and RIB+FUL.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at:
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