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ABSTRACT

BACKGROUND

The cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) palbociclib, ribociclib and abemaciclib in
combination with endocrine therapy (ET) are the standard-of-care, first-line treatment for patients
with Hormone Receptor-positive, Human Epidermal growth factor Receptor 2-negative advanced
Breast Cancer (HR+/HER2- aBC). However, no large head-to-head comparisons of the three
CDKa4/6i have been conducted so far.

PATIENTS AND METHODS

We performed a multicenter, observational, population-based study to compare the effectiveness of
first-line palbociclib, ribociclib and abemaciclib in combination with ET in consecutive HR+/HER2-
aBC patients who initiated the treatment between January 2016 and September 2023 in 18 Italian
cancer centers. The primary study endpoint was real-world progression-free survival (rwPFS).
Multivariable Cox regression models were used to adjust the association between individual CDK4/6i
and rwPFS for clinically relevant variables.

RESULTS

Of 1982 patients enrolled in the PALMARES-2 study, 789, 736 and 457 patients received palbociclib,
ribociclib and abemaciclib, respectively. Median rwPFS was 34.1 months. In the whole study cohort,
abemaciclib and ribociclib were associated with better rwPFS when compared to palbociclib
(adjusted HR [aHR] 0.76, 95% CI 0.63-0.92; p=0.004 and aHR 0.83, 95% CI 0.73-0.95; p=0.007,
respectively). In patients with endocrine-sensitive disease, only abemaciclib was associated with
better rwPFS when compared to palbociclib. On the other hand, abemaciclib and ribociclib were more
effective than palbociclib in patients who were premenopausal or had endocrine-resistant or luminal
B-like disease, while abemaciclib was more effective than ribociclib and palbociclib in patients with
de novo metastatic disease, and more effective than palbociclib in patients with poorer ECOG PS.
The three CDK4/6i were similarly effective in patients who were older or had bone-only disease.

CONCLUSION



Palbociclib, ribociclib and abemaciclib have different real-world effectiveness in HR+/HER2- aBC
patients. Our findings can support clinicians in choosing the most appropriate CDK4/6i in specific

clinical contexts.

KEYWORDS: HR+/HER2- Advanced Breast Cancer; Real-World Evidence; Progression-free

survival; Palbociclib; Ribociclib; Abemaciclib.

HIGHLIGHTS:
e The three CDK4/6i have different pharmacology and safety, but no large effectiveness
comparisons have been conducted so far
e PALMARES-2 is a multicenter, observational study comparing the rwPFS of three CDK4/6i
plus ET in HR+/HER2- aBC patients
e Abemaciclib and ribociclib were associated with better rwPFS, TTNT-D, TTC-D and OS
when compared with palbociclib

e Different effectiveness of the three CDK4/6i was observed in clinically-relevant settings



INTRODUCTION

Breast cancer (BC) is the most common malignancy in women worldwide, with a critical impact on
public health due to its incidence, prevalence and global disease burden.' Despite impressive
improvements in BC treatment, advanced BC (aBC) remains an almost invariably deadly disease.®
Hormone receptor-positive (HR+), Human Epidermal growth factor Receptor 2-negative (HER2-)
aBC is the most common aBC subtype, and it is responsible for the majority of aBC-related deaths.®
In the last decade, the introduction of cyclin-dependent kinase 4/6 inhibitors (CDK4/6i), namely
palbociclib, ribociclib and abemaciclib, in combination with endocrine therapies (ETs) remarkably
improved patient progression-free survival (PFS)"® and, in some studies, also overall survival (OS)
when compared to ET alone.**" For these reasons, CDK4/6i plus ET represent the standard-of-care,
first-line treatment for the vast majority of HR+/HER2- aBC patients in both endocrine-sensitive and
endocrine-resistant settings.

However, the efficacy of palbociclib, ribociclib and abemaciclib has not been directly compared in
large clinical studies. Indeed, most published real-world studies evaluated the effectiveness of each
of the three CDKA4/6i, but no large effectiveness comparisons of palbociclib, ribociclib and
abemaciclib have been conducted so far.!3-23 Since these three drugs have different safety profiles,
costs, impact on quality of life and drug-drug interactions,?*? investigating which CDK4/6i may be
more effective in specific contexts is a highly clinically relevant issue.

Here, we performed a head-to-head effectiveness comparison of first-line palbociclib, ribociclib and
abemaciclib, each used in combination with ET, in the context of the real-world, observational study

PALMARES-2.

PATIENTS AND METHODS
Study design and patient population
PALMARES-2 is a retrospective/prospective, multicenter, observational Italian study that is

collecting data about the antitumor activity and effectiveness of first-line treatments and subsequent



lines of therapy in HR+/HER2- aBC patients. In the present study, we compared the real-world
effectiveness of first-line palbociclib, ribociclib and abemaciclib in combination with ET. The present
analysis was conducted at the first study data cut-off (Jan 31%, 2024), with 18 participating Italian
centers. Patients received ET plus CDK4/6i as first-line treatment for HR+/HER2- aBC. Detailed
enrollment criteria are described in the Supplementary Material.

Study objectives and endpoints

The main objective of this analysis was to compare the real-world effectiveness of palbociclib,
ribociclib and abemaciclib plus ET as first-line treatment in HR+/HER2- aBC patients. Due to the
observational nature of the study, the specific CDK4/6i drug, as well as the specific type of ET, were
prescribed according to the choice of the treating physician. Radiological tumor assessment was
performed every three to four months through Computed Tomography (CT) or fluorodeoxyglucose-
based Positron Emission Tomography (PET-FdG) according to local practice.

The primary endpoint of this analysis was real-world progression-free survival (rwPFS), as defined
as the time interval between the initiation of ET plus CDK4/6i and the detection of disease
progression, as evaluated according to radiological (CT/PET scans), clinical (clinical tumor
measurements and evolution of patient status) or biochemical criteria (CA15.3 measurements), or
patient death, whichever occurred first.?® We compared rwPFS in patients treated with palbociclib,
ribociclib or abemaciclib in the whole study cohort, as well as in patients with endocrine-sensitive or
endocrine-resistant disease. Patients without a rwPFS event were censored at the time of data cut-off
or last follow-up, if the latter occurred before data cut-off. Secondary objectives of this analysis were
to compare the rwPFS associated with the three CDKA4/6i in clinically relevant patient cohorts, such
as premenopausal patients, older patients (age >75 years at the time of CDK4/6i initiation), or patients
with liver metastases, bone-only disease, luminal B-like tumors (defined as progesterone receptor -
PgR - expression <1% and/or Ki67 >20%2"), de novo metastatic disease, poor Eastern Cooperative

Oncology Group Performance Status (ECOG PS) (>1).



As exploratory endpoints of the present analysis, we evaluated: a) time to next treatment or death
(TTNT-D), defined as the time interval between the initiation of ET plus CDK4/6i and the initiation
of the next line of systemic treatment or death, whichever occurred first; b) time to chemotherapy or
death (TTC-D), defined as the time between CDK4/6i start and the initiation of the first chemotherapy
or patient death, whichever occurred first; ¢) overall survival (OS), defined as the time interval
between treatment initiation and patient death from any reason.

Data collection

Patient- and tumor-related variables from consecutive patients were retrieved from Electronic Health
Records (EHRs) in each participating center, and they were annotated in a pre-defined database.
Patients from each center were assigned a progressive numeric code, and pseudo-anonymized data
were shared with the Sponsor (Fondazione IRCCS Istituto Nazionale dei Tumori, Milan) for the study
analyses. We collected 47 clinical features at baseline (i.e., before the initiation of ET plus CDK4/6i),
including demographic and tumor biology data, information on previous treatments for early-stage
disease, metastatic sites and blood parameters. A full list of baseline features collected within the
PALMARES-2 study is included in the Supplementary Material.

Statistical methods and analyses

The median and interquartile ranges (IQR) were reported for continuous variables. Categorical
variables were summarized as percentages of available data. To evaluate differences, in terms of
clinic-pathological characteristics, among different CDK4/6i groups, we used the Kruskal-Wallis
Rank Sum test for continuous variables, and the Chi-square and Fisher exact tests for categorical
variables. Survival curves were extrapolated using the Kaplan—Meier method. Measures of median
survival outcomes (in months) and relative 95% confidence intervals (CIs) were provided for the
whole study cohort. Follow-up time was estimated using the reverse Kaplan—Meier method.

rwPFES, TTNT-D, TTC-D and OS differences in patients treated with different CDK4/6i were tested
using Cox proportional-hazards regression models adjusting for acknowledged prognostic

variables.?®® For each covariate we provided adjusted Hazard ratios (aHRs) and relative 95% Cls.



Confounder-adjusted survival curves were estimated and plotted. We used the cluster function from
the survival package in R to account for the random effects related to the multicenter nature of the
study;*¢3" centers were clustered according to the number of enrolled patients (high- versus
intermediate- versus low-volume centers). To test if features selected on the basis of their clinical
relevance actually represent the most informative prognostic characteristics, for rwPFS analyses we
also performed a model-based feature selection through a backward stepwise approach using the
Akaike Information Criterion, and we fitted an additional Cox regression model with the variables
selected through the model-based feature selection.3®2° To confirm results of Cox regression analysis
we used inverse probability of treatment weighting (IPTW) adjustment to balance clinic-pathological
characteristics among the three CDKA4/6i patient cohorts. Propensity scores used for the IPTW
analysis were estimated through a generalized boosted model adopting the same variables used in the
original model. Estimated weights were incorporated into a weighted Cox regression model to
estimate rwPFS. 404

Patients with missing data about the date of their last follow up, disease progression and death were
excluded from the analysis. Covariates whose values were missing in less than 5% of patients were
imputed by using median or mode values (for numerical or categorical variables, respectively), while
covariates with missing values exceeding 5% were excluded from the present analysis.*? All statistical
tests were two-tailed, and a p value (P) <0.05 was considered as significant. Statistical analyses were
performed using R software and R Studio (version 4.1.2), with the following packages: readxl, dplyr,
tidyr, lubridate, stringr, data.table, gtsummary, survival, survminer, ggplot2, pec, adjustedCurves,

forestploter, twang.

RESULTS
Patient characteristics and CDK4/6i dose reduction, interruption or switch
At the data cutoff of 31% January 2024, after excluding three patients for whom the date of last follow-

up, disease progression or death was not available, we included 1982 patients who initiated first-line



ET plus CDKA4/6i treatment between January 1%, 2016, and September 30", 2023. Palbociclib was
the most commonly used CDK4/6i (N = 789, 39.8%), followed by ribociclib (N = 736, 37.1%) and
abemaciclib (N = 457, 23.1%). The study flow chart is shown in Supplementary Figure S1.

Median patient age was 63 years. Of 1982 patients included in this analysis, 33% had endocrine-
resistant tumors, 18% were premenopausal and 30% had de novo metastatic disease (Table 1). All
premenopausal patients underwent ovarian function suppression (OFS) in combination with ET plus
CDKA4/6i. Covariate distribution according to the specific CDK4/6i and to tumor ET
sensitivity/resistance is displayed in Table 2. Abemaciclib-treated patients were more likely to have
endocrine-resistant disease, liver metastases and lower PgR tumor expression, while patients
receiving ribociclib were younger and more likely to be premenopausal; finally, palbociclib was more
commonly prescribed to patients with poorer ECOG PS (Table 1, Table 2).

In the whole study cohort, CDK4/6i dose reduction or permanent CDK4/6i discontinuation occurred
in 977 (50.4%) and 957 (48.3%) patients respectively. Any dose reduction occurred with similar
frequency in patients receiving palbociclib (395, 50.9%), ribociclib (349, 48.7%) and abemaciclib
(233, 52.4%) cohorts, while permanent CDK4/6i discontinuation rates for any reason were 484
(61.5%), 290 (39.4%) and 183 (40.0%), respectively (Supplementary Table S1). While any drug dose
reduction occurred with similar frequency in patients receiving the three CDK4/6i drugs, toxicities
causing two dose reductions occurred more commonly in patients receiving palbociclib and
abemaciclib when compared to ribociclib (16.8% and 15.5% vs. 7.5%, respectively) (Supplementary
Table S1). Treatment discontinuation occurred because of disease progression (n=864; 43.6%),
hematological, gastrointestinal and/or liver toxicities (n=50; 2.5%) or other toxicities/reasons (n=43,;
2.2%); reasons for treatment discontinuation in each CDKA4/6i cohort are summarized in
Supplementary Table S1.

Significantly more patients in the ribociclib and abemaciclib groups underwent a switch in the type

of CDKA4/6i (n=62; 8.7% and n=33; 7.4%, respectively) when compared to patients treated with
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palbociclib (n=11; 1.4%) (Supplementary Table S1). The main reason for switching from a CDK4/6i

to another one was treatment-induced toxicity (85.9%).

rwPFS comparisons of palbociclib, ribociclib and abemaciclib

Median patient follow up was 31.3 months (interquartile range [IQR] 16.9 - 49.8) in the whole study
cohort, and it was lower in patients treated with abemaciclib (22.4 months; IQR 12.3-33.8) or
ribociclib (25.2 months; IQR 12.7-44.4) than in patients receiving palbociclib (45.7 months; IQR
28.0-59.6). With 864 rwPFS events and 464 death events, median rwPFES and OS in the whole study
cohort were 34.1 months (IQR 13.9-86.3) and 65.9 months (IQR 36.7-not reached), respectively
(Supplementary Table S2; Supplementary Figure S2).

In the multivariable Cox regression model fitted in the whole study cohort, abemaciclib and ribociclib
were associated with better rwPFS when compared to palbociclib (abemaciclib vs. palbociclib:
adjusted Hazard Ratio [aHR] 0.76, 95% CI 0.63-0.92; p=0.004; ribociclib vs. palbociclib: aHR 0.83,
95% CIl 0.73-0.95; p=0.007), whereas we found no significant rwPFS differences between
abemaciclib and ribociclib (abemaciclib vs. ribociclib: aHR 0.91, 95% CI 0.73-1.14; p=0.425)
(Supplementary Figures S3; Figure 1). These findings were confirmed by multivariable Cox
regression model adjusting for covariates that were identified through backward selection (see
Methods) (Supplementary Figure S4 and S5). Consistent with these results, IPTW-adjusted analyses
showed that both abemaciclib and ribociclib were associated with longer rwPFS when compared to
palbociclib (abemaciclib vs. palbociclib: HR 0.78, 95% CI 0.64-0.95, p = 0.015; ribociclib vs
palbociclib: HR 0.83, 95% CI 0.71-0.97, p = 0.02) (Supplementary Figure S6).

Due to the different year of registration of the three CDKA4/6i in Italy, the percentage of individual
CDKA4/6i prescribed during each year changed over the time, with a progressive increase of ribociclib
and abemaciclib prescriptions, paralleled by a decrease of palbociclib prescriptions (Supplementary
Figure S7). Since during 2021 the number of patients initiating first-line ET plus CDK4/6i was

numerically similar in the three cohorts (palbociclib: n=119, ribociclib: n=147, or abemaciclib:

11



n=125), we conducted a sensitivity analysis by fitting a multivariable Cox regression model that only
included patients who initiated CDK4/6i therapy during 2021. In this cohort, abemaciclib and
ribociclib were associated with significantly better rwPFS when compared to palbociclib
(Supplementary Figure S8 and S9).

Then, we compared the effectiveness of the three CDK4/6i in patients with endocrine-sensitive or
endocrine-resistant disease. In the endocrine-sensitive setting, abemaciclib was associated with better
rwPFS when compared to palbociclib (abemaciclib vs. palbociclib: aHR 0.75, 95% CI: 0.64-0.87,;
p<0.001), whereas ribociclib was not (ribociclib vs. palbociclib: aHR 0.88, 95% ClI: 0.63-1.22;
p=0.443) (Figure 2). In patients with endocrine-resistant disease, both abemaciclib and ribociclib
were associated with better rewPFS when compared to palbociclib (abemaciclib vs. palbociclib: aHR:
0.77,95% ClI: 0.63-0.93, p=0.008; ribociclib vs. palbociclib: aHR 0.75, 95% CI: 0.58-0.98, p=0.034)
(Figure 2). Abemaciclib and ribociclib were not associated with significantly different risk of disease
progression in both endocrine-sensitive (aHR 0.85, 95% CI: 0.59-1.24; p=0.401) and endocrine-
resistant settings (aHR 1.02, 95% ClI: 0.95-1.09; p=0.624). Adjusted Kaplan Meier rwPFS curves in

these settings are shown in Figure 3.

Impact of palbociclib, ribociclib and abemaciclib on TTNT-D, TTC-D or OS

To strengthen the results of rwPFS analyses, in the whole study cohort we fitted multivariable Cox
regression models to compare palbociclib, ribociclib and abemaciclib in terms of another two
clinically relevant endpoints, namely TTNT-D and TTC-D (Supplementary Table S1). When
compared to palbociclib, both abemaciclib and ribociclib were associated with better TTNT-D
(abemaciclib vs palbociclib: aHR 0.80, 95% CI 0.64-0.99; p = 0.049; ribociclib vs palbociclib: aHR
0.86, 95% CI1 0.74-0.99; p = 0.033) and TTC-D (abemaciclib vs palbociclib: HR 0.79, 95% CI 0.69-
0.90; p < 0.001; ribociclib vs palbociclib: HR 0.84, 95% CI1 0.73-0.97; p = 0.016; Supplementary

Figure S10).
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Although OS data are still immature (464 death events; 23.4%; Supplementary Table S1), we also
performed an exploratory OS comparison between the three CDK4/6i. Multivariable Cox regression
model including clinically relevant covariates showed that both abemaciclib and ribociclib were
associated with a lower risk of death when compared to palbociclib (abemaciclib vs palbociclib: HR
0.85, 95% C1 0.74-0.97; p = 0.014; ribociclib vs palbociclib: HR 0.83, 95% CI 0.81-0.84; p < 0.001;

Supplementary Figure S10).

rwPFS comparison of palbociclib, ribociclib and abemaciclib in clinically-relevant settings

We fitted eight Cox multivariable sub-models in patients who were older (> 75 years),
premenopausal, or in patients with endocrine-resistant disease, luminal B-like disease, worse ECOG
PS (> 1), bone-only disease, de novo metastatic disease, or liver metastases. Data were adjusted for
the same covariates adopted in the main rwPFS model (Supplementary Table S3), except for the
variable characterizing that specific model. The radar plot in Figure 4 illustrates aHRs of abemaciclib
vs palbociclib, ribociclib vs palbociclib, or abemaciclib vs ribociclib, in each of these patient sub-
cohorts. Abemaciclib was more effective than palbociclib in premenopausal women (aHR 0.59, 95%
Cl 0.39-0.89; p=0.013), as well as in patients with de novo metastatic disease (aHR 0.52, 95% ClI
0.37-0.73; p<0.001), luminal B-like tumors (aHR 0.76, 95% 0.65-0.90; p=0.002) or worse ECOG PS
(@aHR 0.74, 95% CI 0.55-0.99, p=0.048) (Figure 4; Supplementary Table S3). Ribociclib was more
effective than palbociclib in premenopausal women (aHR 0.57, 95% CI 0.46-0.70; p<0.001) and in
patients with de novo metastatic disease (aHR 0.76, 95% CI 0.61-0.94; p=0.010), liver metastases
(aHR 0.89, 95% CI 0.79-0.99; p=0.036) or luminal B-like disease (aHR 0.81, 95% CI 0.75-0.88;
p<0.001), but it was less effective than palbociclib in older patients (aHR 1.09, 95% CI 1.02-1.17,
p=0.008). Abemaciclib was more effective than ribociclib in patients with de novo metastatic disease
(aHR 0.69, 95% C1 0.60-0.79; p<0.001). Finally, the three CDK4/6i showed similar effectiveness in

patients with bone-only disease (Figure 4; Supplementary Table S3).
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DISCUSSION

In this multicenter, observational, real-world Italian study, abemaciclib showed higher effectiveness
when compared to palbociclib in patients with endocrine-sensitive HR+/HER2- aBC, whereas both
abemaciclib and ribociclib were associated with better rwPFS when compared to palbociclib in
patients with endocrine-resistant disease. The three CDK4/6i showed different effectiveness profiles
in clinically-relevant settings.

In patients with endocrine-sensitive disease, published phase 11l RCTs showed that all the three
CDK4/6i in combination with ET improve PFS when compared to ET alone.”#° Ribociclib also
improved patient OS in MONALEESA-2/3/7 trials,**® whereas abemaciclib resulted in clinically-
relevant, although not statistically significant OS prolongation in the MONARCH 3 trial.*® Finally,
palbociclib did not improve OS in the PALOMA-2 trial.”** Based on OS data of RCTs, ribociclib is
the only CDKA4/6i supported by category 1 recommendation for patients with endocrine-sensitive
disease according to the NCCN guidelines.* However, no large head-to-head rwPFS comparisons of
the three CDKA4/6i have been published in this setting, thus limiting the utility of data from RCTs in
choosing the most appropriate CDK4/6i. In this scenario, our real-world data showing statistically
significant rwPFS benefit of abemaciclib vs. palbociclib in patients with endocrine-sensitive disease
support the use of abemaciclib as a valid therapeutic option in this setting. Future OS follow-up of
this study will be crucial to confirm and strengthen the clinical relevance of our findings.

In patients with endocrine-resistant disease enrolled in MONALEESA-3 and MONARCH 2 trials,
both ribociclib and abemaciclib improved patient PFS and OS,*21316.17 whereas in the PALOMA-3
trial palbociclib improved patient PFS, but not OS.%¢ Our rwPFS data, which are consistent with OS
results from phase Il1 RCTs, support the use of ribociclib or abemaciclib as preferred CDK4/6i in
patients with endocrine-resistant HR+/HER2- aBC.

In this study we also performed subgroup analysis to compare the real-world effectiveness of the
three CDK4/6i in settings of special clinical interest, and in which it is not clear whether specific

CDK4/6i may be more effective than others on the basis of results of published phase 111 RCTs.
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In premenopausal women, the MONALEESA-7 trial demonstrated that ribociclib improves PFS and
OS in combination with ET.%* Similarly, abemaciclib prolonged PFS and OS in premenopausal
women enrolled in the MONARCH 2 trial.**'” On the other hand, palbociclib improved PFS but not
OS in premenopausal patients enrolled in the PALOMA-3 trial.*1¢ Here, we showed that abemaciclib
and ribociclib are associated with better rwPFS when compared to palbociclib; these data, which are
consistent with OS data from RCTSs, indicate that abemaciclib and ribociclib are preferable treatment
choices for premenopausal women with HR+/HER2- aBC.

Luminal B-like BC is a biologically distinct HR+/HER2- BC subtype that is associated with higher
clinical aggressiveness, poorer response to ET and worse clinical outcomes.*” Exploratory analyses
from RCTs showed that palbociclib and ribociclib improve PFS in patients with both luminal-A and
luminal-B disease,*®*° while ribociclib also provided OS benefit in patients with luminal-B disease.>
In sub-analyses of the MONARCH 2/3 trials, abemaciclib improved PFS in patients with tumors
lacking PgR expression, a feature that contributes to the definition of luminal B-like disease.!®*
Although in our study the definition of luminal B-like disease did not take into account gene
expression profiles, our findings indicate that patients with low intratumor PgR and/or high Ki-67
expression may achieve higher clinical benefit from abemaciclib or ribociclib than from palbociclib.
Patients with de novo metastatic HR+/HER2- aBC accounted for about 30% of our study cohort,
which is consistent with data from previously published clinical trials and real-world case
series.”?122%1 |n this setting, ribociclib and abemaciclib improved both PFS and OS in the
MONALEESA-2/7 and MONARCH 3 trials, respectively, whereas palbociclib improved PFS, but
not OS, in the PALOMA-2 trial.”2%1444 In our study, ribociclib was more effective than palbociclib
in patients with de novo metastatic disease, whereas abemaciclib was associated with better rwPFS
when compared to both ribociclib and palbociclib. Our findings, along with results of RCTs, point to
abemaciclib as a preferred treatment choice in patients with de novo metastatic disease.

Liver metastases are a bad prognostic factor in HR+/HER2- aBC patients.>® In our study, both

ribociclib and abemaciclib showed a trend towards higher effectiveness when compared to
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palbociclib in patients with liver metastases, but this difference reached statistical significance only
in patients treated with ribociclib. In the MONALEESA-2/3/7 trials, ribociclib improved both PFS
and OS in patients with liver metastases,” 121415 while abemaciclib resulted in PFS and OS
advantage in patients with visceral metastases enrolled in MONARCH 2/3 trials.}%131743 However,
the efficacy of palbociclib and abemaciclib in patients with liver metastases enrolled in the
PALOMA-2/3 and MONARCH 2/3 trials was not reported. Our findings are consistent with data
from RCTs,3° and they point to ribociclib as highly effective treatment in HR+/HER2- aBC patients
with liver metastases.

Balancing treatment effectiveness, tolerability and sustainability is crucial in the management of a
chronic, but still almost invariably deadly disease, such as HR+/HER2- aBC.>®> Among the three
available CDK4/6i, palbociclib has the best safety profile and the highest manageability.>*>¢ Our
observation that palbociclib is more effective than ribociclib, and not less effective than abemaciclib
in older patients, is of potential clinical relevance. Indeed, older patients more commonly present
concomitant comorbidities that could be worsened by the use of ribociclib, which is associated with
an increased risk of causing cardiac/liver toxicities and drug-drug interactions, or abemaciclib, which
frequently causes gastrointestinal adverse events. The non-inferiority of palbociclib in older patients,
as well as in patients with less clinically aggressive disease, such as patients with bone-only disease,
should be taken into account to guide the choice regarding the specific CDK4/6i to be used.

Results of our study are unique in the field. Indeed, published works comparing the three CDK4/6i
in the real world setting mostly consist of relatively small case series lacking sufficient power for
effectiveness comparisons, and many of them did not employ adequate methodology for covariate
adjustment to homogenize treatment cohorts.>’~®! To date, only four large real-world comparisons of
the three CDKA4/6i were conducted and presented at international congresses or published in peer
reviewed journals.®?®® The study by Pantano F. et al., which enrolled 1184 patients and employed
propensity score weighting for covariate adjustment, showed that both abemaciclib and ribociclib

were associated with better PFS when compared to palbociclib in the endocrine-sensitive setting,
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while abemaciclib was associated with better PFS when compared to both ribociclib and palbociclib
in patients with endocrine-resistant disease.®? When compared to our analysis, the study by Pantano
F. et al. enrolled a lower number of patients, and in particular an especially low number of patients
treated with abemaciclib (n=158); in addition, the study has not been published in full yet. Another
large study recently presented at ASCO 2024 annual meeting included 1511 HR+/HER2- aBC
patients treated with ET+CDKA4/6i as first- or second-line of treatment;® in this study fulvestrant plus
ribociclib was associated with better PFS and OS when compared to both fulvestrant plus palbociclib
and fulvestrant plus abemaciclib. However, the strength of these conclusions is limited by the facts
that a) survival data were not adjusted for clinically relevant covariates; b) patients were treated in
different lines of therapy for advanced disease; ¢) ~10% of patients received chemotherapy before
ET plus CDK4/6i; d) the study findings have not been published in full yet. A recent Danish
retrospective study included 2069 patients, of whom 1554 received first line ET plus CDK4/6i. In
this study, median PFS in the whole study cohort o was 35.1 months (95% CI: 32.6-38.6), which is
consistent with mrwPFS results from our study. Patients treated with ribociclib and abemaciclib had
better PFS when compared to patients treated with palbociclib (abemaciclib vs palbociclib: HR 0.74,
95% CI: 0.60-0.90, p=0.005; ribociclib vs palbociclib: HR 0.80, 95% CI: 0.68-0.96, p=0.01).
However, the limited number of covariates collected in this dataset only allowed the adjustment for
patient age, endocrine sensitivity, ET backbone and sites of metastases (visceral vs non-visceral vs
bone-only disease), thus potentially limiting the study conclusions given the large amount of
clinically significant variables that could be unbalanced in the different study cohorts, and which were
not evaluated as adjustment covariates in this study.®* More recently, a large real-world study
conducted in the US showed that the three CDK4/6i are associated with similar OS after SIPTW
covariate balancing and Cox regression model covariate adjustment.®® However, no rwPFS
comparisons of the three CDK4/61 were presented in this study; in addition, the palbociclib cohort
was much more numerous than the ribociclib and abemaciclib cohorts in terms of enrolled patients

and clinical events; finally, the lack of a fully annotated dataset did not allow a proper adjustment for
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prognostically relevant variables, such as endocrine resistance, the presence of liver metastases and
biological factors such as quantitative HRs and Ki67 expression.®

Our study has several limitations. Firstly, its retrospective and observational nature, which comes
with the consequence that patients were not randomly assigned to receive palbociclib, ribociclib or
abemaciclib, resulted in an unbalanced distribution of clinically-relevant patient- and tumor-related
covariates in the three treatment cohorts. As in other real-world studies, the prescription of one or
another CDK4/61 may have been influenced by several factors, including: a) the time of approval and
registration of individual molecules, since palbociclib was the first CDK4/6i to be registered and used
in Italy; b) the publication of long-term results of RCTs, in particular MONALEESA-2/3/7 and
MONARCH 2; c) preferences of individual physicians; d) patient characteristics, e.g. the common
use of ribociclib in premenopausal patients, since MONALEESA-7 was the only RCT that showed
PFS and OS advantage from adding ribociclib to ET in this population; €) patient comordities, e.g.
the less common prescrition of ribociclib in patients with hearth comorbidities, or abemaciclib in
patients with gastrointestinal diseases, such as inflammatory bowel diseases; f) concomitant
medications, which could differently interact with palbociclib, ribociclib or abemaciclib. To address
this non-random allocation of CDKA4/6i in the three treatment groups, we used different statistical
techniques, such as multivariable Cox regression models and IPTW analysis, to adjust the association
between individual CDK4/6i and clinical outcomes for covariates that were unbalanced in the three
patient groups. However, due to the lack of a formal statistical plan for conducting rwPFS
comparisons, our findings results should be interpreted with caution. Secondly, tumor progression
reported by clinicians was not assigned according to established radiological criteria (e.g.,
RECISTL1.1), thus potentially resulting in heterogeneous PFS assessment across participating centers
and investigators. To minimize the impact of this limitation on the study findings, we evaluated
several real-world endpoints that were previously shown to be trustworthy surrogates of clinical
endpoints commonly used in clinical trials, namely rwPFS, TTNT-D and TTC-D,*% and we

consistently found that the abemaciclib and ribociclib are associated with higher effectiveness when
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compared to palbociclib in the shole study cohort. We also used the cluster function in multivariable
models to account for the participation of heterogeneous Italian Institutions in terms of number of
patients enrolled (high, medium, low). Thirdly, median follow-up was lower in patients treated with
abemaciclib or ribociclib than in patients treated with palbociclib. This reflects the fact that
palbociclib was the first CDKA4/6i to be approved and registered in Italy, in line with results of other
recently published real-world studies comparing the effectiveness of the three CDK4/6i.% Fourthly,
TTC-D and OS results must be interpreted with caution due to the low maturity of patient follow-up;
however, preliminary TTC-D and OS findings were in line with the ones observed with rwPFS and
other intermediate real-world endpoints. Fifthly, even though the PALMARES-2 dataset collected
baseline genomic data from tumor tissue or blood samples, this information was only available from
a minority of patients (4.3% of the whole study cohort), consistent with the fact that tumor genomic
characterization of HR+/HER2- aBC patients who are candidate to receive first-line ET+CDKA4/6i is
not routinely performed in Italy. Future PALMARES-2 study follow-up, with the inclusion of more
patients with available genomic data may potentially provide more reliable information about the
prognostic role of specific genomic alterations in the whole study cohort, as well as in patients treated
with palbociclib, ribociclib or abemaicclib. Finally, only four patients (<1%) included in the current
analysis had received CDKA4/6i in the adjuvant setting; therefore, in this study we were unable to
investigate the effectiveness of any CDK4/6i, or to compare the effectiveness of palbociclib,
ribociclib or abemaciclib, in patients previously exposed to adjuvant abemaciclib or ribociclib. Future
follow-up of the PALMARES-2 study will be crucial to confirm and reinforce the clinical findings
or our study, as well as to provide evidence about the effectiveness of CDK4/6i in the metastatic
setting after the use of adjuvant CDK4/6i.

In conclusion, the three CDKA4/6i are associated with different real-world effectiveness. In the
perspective of individualizing first-line treatment for HR+/HER2- aBC patients on the basis of

specific patient- and tumor-related characteristics, and in particular of balancing the efficacy, safety
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profile and costs of individual drugs, we provided the first, large-scale, real-world evidence to support

clinicians in the selection of specific CDK4/6i in their daily practice.

20



DECLARATIONS

Ethics approval and consent to participate:

The study was conducted in accordance with the Declaration of Helsinki, and it was approved by the
Institutional Review Board and Ethics Committee of the “Fondazione IRCCS Istituto Nazionale dei
Tumori” of Milan (INT 101/23). Patients alive at the time of data collection and/or analysis signed a
specific informed consent form for the use of their personal data for research purposes. The Ethics
Committee authorized the collection and analysis of data from patients who were not alive when the
study was conducted and who already authorized the use of data collected as per clinical practice for
research purposes.

Consent for publication:

Not applicable.

Authors' contributions

Conceptualization: CV

Provision of study material or patients: All the authors

Collection and assembly of data: All the authors

Data analysis: LP, CV, LM

Writing: LP, CV

Final approval of the manuscript: All the authors

Aknowledgments

We thank the “Associazione Italiana per la Ricerca sul Cancro” (AIRC), the Giuliani Foundation -
Fondazione Gianmaria e Sabrina Giuliani, the Scientific Directorate of Fondazione IRCCS lIstituto
Nazionale dei Tumori, the European Union Framework Program Horizon 2020, the European
Research Council (ERC) and the Italian Health Ministry for supporting our research. We thank all
collaborators from the Italian study centers taking part to this study. We especially thank all patients
who took part in this clinical trial and their families.

Funding

21



This research was in part supported by the Scientific Directorate of Fondazione IRCCS Istituto
Nazionale dei Tumori and by Italian Health Ministry (funds of Ricerca Corrente, grant number:
D/22/01D).

Disclosures

M.V.D.: personal fees for consultancy/advisory role from: Eli Lilly, Pfizer, Novartis, Seagen,
Gilead, MSD, Exact Sciences, AstraZeneca, Daiichi Sankyo, Roche

G.C.: consulting fees from Roche, Novartis, Lilly, Pfizer, Astra Zeneca, Daichii Sankyo, Ellipsis,
Veracyte, Exact Science, Celcuity, Merck, BMS, Gilead, Sanofi, Menarini; Payment or honoraria
for lectures, presentations, speakers bureaus, manuscript writing or educational events by Lilly,
Pfizer, Relay, Gilead, Novartis and support for attending meetings and/or travel from Daichii
Sankyo.

M.G.: consulting/advisory role for Roche, AstraZeneca, Lilly, Daichii Sankyo, Novartis, Pfizer,
Seagen, MSD, Eisai; honoraria from Novartis, Pfizer, Lilly, AstraZeneca, Daichii Sankyo; travel,
accommodation, expenses from Lilly, Pfizer, AstraZeneca.

M.L.: reported having an advisory role for Roche, Lilly, Novartis, AstraZeneca, Pfizer, Seagen,
Gilead, MSD, Pierre Fabre, Menarini and Exact Sciences; receiving speaker honoraria from Roche,
Lilly, Novartis, Pfizer, Sandoz, Libbs, Daiichi Sankyo, Takeda, Knight, Ipsen, Menarini and
AstraZeneca; receiving travel grants from Gilead, Roche, and Daiichi Sankyo; receiving research
funding (to his institution) from Gilead; and having nonfinancial interests as the chair of the
European Society for Medical Oncology (ESMO) Young Oncologists Committee (YOC) and as a

member of the national council of the Italian Association of Medical Oncology.

N.L.V.: grant from Eisai; speaker bureau from GSK; travel expenses for conference from Gentili,
Celgene, and Pfizer; advisory role from Novartis and Celgene; advisory role, travel expenses for
conference from Pfizer; advisory board from MSD, Roche, Novartis, Astrazeneca, and Daiichi

Sanyo.

22



A.G.: Research grants from Pharmanutra, AAA,; advisory boards, activities as a speaker, travel
grants, consultancy from Roche, Novartis, Pfizer, Eli Lilly, Daiichi Sankyo, AstraZeneca, MSD,
Seagen, Gilead, Pierre Fabre, Eisai, Exact Sciences, Stemline.

A.Z.: honoraria for advisory board and consultancy for Roche, Novartis, Lilly, Pfizer, Seagen,
Daiichi Sankyo, Astra Zeneca, Gilead, Merck, Exact Sciences, Gentili, Menarini Stemline

A.T.: advisory role for Lilly, Novartis, AstraZeneca, Pfizer, Seagen, Gilead, and MSD; speaker
honoraria from Lilly, Novartis, Pfizer; Travel Grants from Gilead, Daiichi Sankyo and Novartis.
M.P.: travel support from Pfizer and Novartis.

B.T.: speaker honoraria from Novartis, Daiichi Sankyo, Eli Lilly, Pfizer, Seagen. Travel grants from
Novartis, Roche, Pfizer, Daiichi Sankyo.

D.G.: consulting/Advisor for Roche, Lilly, Novartis, Pfizer, Menarini, Stellantis; honoraria from
Novartis, Pfizer, Lilly, AstraZeneca, Roche, Istituto Gentili; travel/accommodation from Novartis,
Lilly, Pfizer, Roche.

V.G.: honoraria from Eli Lilly, Daiichi Sankyo, GSK, Gilead, Novartis, Exact sciences, Roche,
Astra Zeneca, Menarini StemL.ine, Zentiva; advisory role for Eli Lilly, Daiichi Sankyo, Menarini
Stemline, Exact Sciences, Gilead, Astra Zeneca, MSD, Novartis, Olema Oncology, Pierre Fabre,
Pfizer-Seagen, Roche; payment for expert testimony from Eli Lilly; patents for HER2DX
(Institution); travel support from Gilead, Astra Zeneca;

G.G.: invited speaker for Novartis, Eli Lilly, MSD; advisory role for Gilead, Seagen, Menarini.
C.C.: personal fees for consulting, advisory role, and speakers’ bureau from Lilly, Roche, Novartis,
MSD, Seagen, Daiichi Sankyo, AstraZeneca, Gilead and Pfizer.

C.D.A.: advisory role for Roche, Lilly, Novartis, Astrazeneca, Pfizer, Seagen, Daicii-Sankyo,
Gilead, and GSK and speaker honoraria from Roche, Lilly, Novartis, Pfizer, Seagen, GSK,
GILEAD, and Daiichi-Sankyo. Travel Grants from Gilead and research support (to the Institution)
from Novartis, Gilead, and Daiichi-Sankyo outside the submitted work.

G.A.: honoraria from Roche, Pfizer, AstraZeneca, Novartis, Celgene, Eli Lilly, Amgen, and Eisai.

23



G.P.: personal fees from Foundation One, Illumina and Lilly.

S.S.: speaker fees from Novartis, Pfizer, Roche, Lilly, BMS, and MSD.

S.P.: Speaker for. Novartis, Eli Lilly, Pfizer, Roche, Gilead, Gentili, Sophos. Advisory Board for:
Seagen, Daichii-Astra Zeneca.

C.V.: role in advisory boards for Pfizer, Novartis, Eli Lilly, Daiichi Sankyo, Astra Zeneca, Menarini
Stemline; consultancy activity for Eli Lilly and Novartis; honoraria as a speaker from Novartis, Eli
Lilly, Pfizerr, Astra Zeneca, Menarini Stemline, MSD, Istituto Gentili, Accademia Nazionale di
Medicina; research grants from Roche (to the Institution).

All remaining authors have declared no conflicts of interest.

Availability of data and materials

The datasets generated and/or analyzed during the current study are available from the corresponding

author upon a reasonable request.

24



REFERENCES

1. Bray F, Laversanne M, Sung H, et al. Global cancer statistics 2022: GLOBOCAN estimates
ofincidence and mortality worldwide for 36 cancers in 185countries. CA Cancer J Clin. 2024;74:229-
263.

2. Xu'Y, Gong M, Wang Y, et al. Global trends and forecasts of breast cancer incidence and
deaths. Sci Data. 2023;10:334.

3. AIRTUM. I numeri del cancro in Italia 2023.

4. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J Clin.
2023;73(1):17-48.

5. Caswell-Jin JL, Sun LP, Munoz D, et al. Analysis of Breast Cancer Mortality in the US - 1975
to 2019. JAMA. 2024;331(3):233-241.

6. Maajani K, Jalali A, Alipour S, Khodadost M, Tohidinik HR, Yazdani K. The Global and
Regional Survival Rate of Women With Breast Cancer: A Systematic Review and Meta-analysis.
Clin Breast Cancer. 2019;19(3):165-177.

7. Rugo HS, Finn RS, Diéras V, et al. Palbociclib plus letrozole as first-line therapy in estrogen
receptor-positive/human epidermal growth factor receptor 2-negative advanced breast cancer with
extended follow-up. Breast Cancer Res Treat. 2019;174(3):719-729

8. Hortobagyi GN, Stemmer SM, Burris HA, et al. Updated results from MONALEESA-2, a
phase 111 trial of first-line ribociclib plus letrozole versus placebo plus letrozole in hormone receptor-
positive, HER2-negative advanced breast cancer. Ann Oncol. 2018;29(7):1541-1547.

9. Tripathy D, Im SA, Colleoni M, et al. Ribociclib plus endocrine therapy for premenopausal
women with hormone-receptor-positive, advanced breast cancer (MONALEESA-7): a randomised
phase 3 trial. Lancet Oncol. 2018;19(7):904-915.

10.  Johnston S, Martin M, Di Leo A, et al. MONARCH 3 final PFS: a randomized study of

abemaciclib as initial therapy for advanced breast cancer. NPJ Breast Cancer. 2019;5(1).

25



11.  Turner NC, Slamon DJ, Ro J, et al. Overall Survival with Palbociclib and Fulvestrant in
Advanced Breast Cancer. N Engl J Med. 2018;15;379(20):1926-1936.

12. Slamon DJ, Neven P, Chia S, et al. Phase 11l Randomized Study of Ribociclib and Fulvestrant
in Hormone Receptor-Positive, Human Epidermal Growth Factor Receptor 2-Negative Advanced
Breast Cancer: MONALEESA-3. J Clin Oncol. 2018;36:2465-2472.

13.  Sledge GW, Toi M, Neven P, et al. MONARCH 2: Abemaciclib in Combination With
Fulvestrant in Women With HR+/HER2— Advanced Breast Cancer Who Had Progressed While
Receiving Endocrine Therapy. J Clin Oncol. 2017;35:2875-2884.

14. Hortobagyi GN, Stemmer SM, Burris HA, et al. Overall Survival with Ribociclib plus
Letrozole in Advanced Breast Cancer. New England Journal of Medicine. 2022;386(10):942-950.
15. Im SA, Lu YS, Bardia A, et al. Overall Survival with Ribociclib plus Endocrine Therapy in
Breast Cancer. New England Journal of Medicine. 2019;381(4):307-316.

16.  Slamon DJ, Neven P, Chia S, et al. Overall Survival with Ribociclib plus Fulvestrant in
Advanced Breast Cancer. New England Journal of Medicine. 2020;382(6):514-524.

17.  Sledge GW, Toi M, Neven P, et al. The Effect of Abemaciclib Plus Fulvestrant on Overall
Survival in Hormone Receptor-Positive, ERBB2-Negative Breast Cancer That Progressed on
Endocrine Therapy - MONARCH 2: A Randomized Clinical Trial. JAMA Oncol. 2020;6(1):116-
124.

18. Rugo HS, Brufsky A, Liu X, et al. Real-world study of overall survival with palbociclib plus
aromatase inhibitor in HR+/HER2— metastatic breast cancer. NPJ Breast Cancer. 2022;8(1).

19. Fasching PA, Decker T, Hartkopf A, et al. Efficacy, safety, and prognosis prediction in
patients treated with ribociclib in combination with letrozole: Final results of phase 3b RIBECCA
study in hormone receptor positive, human epidermal growth factor receptor-2 negative, locally

advanced or metastatic breast cancer. Eur J Cancer. 2024;198.

26



20.  Cuyun Carter G, Sheffield KM, Gossai A, et al. Real-world treatment patterns and outcomes
of abemaciclib for the treatment of HR+, HER2— metastatic breast cancer. Curr Med Res Opin.
2021;37(7):1179-1187.

21.  Palmieri C, Musson A, Harper-Wynne C, et al. A real-world study of the first use of
palbociclib for the treatment of advanced breast cancer within the UK National Health Service as part
of the novel Ibrance® Patient Program. Br J Cancer. 2023;129(5):852-860.

22.  Suzuki DA, Morelle AM, de Brito ML, et al. Real-World Evidence of Ribociclib Plus
Aromatase Inhibitors as First-Line Treatment in Advanced Breast Cancer: The BrasiLEEira Study.
JCO Glob Oncol. 2024;(10).

23.  Jiang H, Zhong J, Wang J, et al. Abemaciclib plus endocrine therapy versus chemotherapy
after progression on prior palbociclib in HR+/HER2- metastatic breast cancer: A single center real-
world study in China. Cancer Med. 2024;13(10).

24.  Zeng N, Han J, Liu Z, He J, Tian K, Chen N. CDK4/6 Inhibitors in the First-Line Treatment
of Postmenopausal Women with HR+/HER2— Advanced or Metastatic Breast Cancer: An Updated
Network Meta-Analysis and Cost-Effectiveness Analysis. Cancers (Basel). 2023;15(13).

25. Becherini C, Visani L, Caini S, et al. Safety profile of cyclin-dependent kinase (CDK) 4/6
inhibitors with concurrent radiation therapy: A systematic review and meta-analysis. Cancer Treat
Rev. 2023;119.

26.  Castelo-Branco L, Pellat A, Martins-Branco D, et al. ESMO Guidance for Reporting
Oncology real-World evidence (GROW). Ann Oncol. 2023;34(12):1097-1112.

27. Harbeck N, Thomssen C, Gnant M. St. Gallen 2013: Brief preliminary summary of the
consensus discussion. Breast Care. 2013;8(2):102-109.

28. Dieci MV, Griguolo G, Bottosso M, et al. Impact of estrogen receptor levels on outcome in
non-metastatic triple negative breast cancer patients treated with neoadjuvant/adjuvant

chemotherapy. NPJ Breast Cancer. 2021;7(1).

27



29.  Purdie CA, Quinlan P, Jordan LB, et al. Progesterone receptor expression is an independent
prognostic variable in early breast cancer: A population-based study. Br J Cancer. 2014;110(3):565-
572.

30.  Zattarin E, Presti D, Mariani L, et al. Prognostic significance of HER2-low status in HR-
positive/HER2-negative advanced breast cancer treated with CDK4/6 inhibitors. NPJ Breast Cancer.
2023;9(1).

31.  Lobbezoo DJA, Van Kampen RIJW, Voogd AC, et al. Prognosis of metastatic breast cancer:
Are there differences between patients with de novo and recurrent metastatic breast cancer? Br J
Cancer. 2015;112(9):1445-1451.

32. Mouabbi JA, Raghavendra AS, Bassett RL, Hassan A, Tripathy D, Layman RM. Histology-
based survival outcomes in hormone receptor-positive metastatic breast cancer treated with targeted
therapies. NPJ Breast Cancer. 2022;8(1).

33. Nimbalkar VP, Rajarajan S, Snijesh VP, et al. A comparative analysis of clinicopathological
features and survival between pre and postmenopausal breast cancer from an Indian cohort. Sci Rep.
2023;13(1).

34.  Wang R, Zhu Y, Liu X, Liao X, He J, Niu L. The Clinicopathological features and survival
outcomes of patients with different metastatic sites in stage IV breast cancer. BMC Cancer.
2019;19(1).

35.  Chang E, Mougalian SS, Adelson KB, Young MR, Yu JB. Association between prolonged
metastatic free interval and recurrent metastatic breast cancer survival: findings from the SEER
database. Breast Cancer Res Treat. 2019;173(1):209-216.

36.  Austin PC. A tutorial on multilevel survival analysis: Methods, models and applications.
International Statistical Review. 2017;85(2):185-203.

37. Balan TA, Putter H. A tutorial on frailty models. Stat Methods Med Res. 2020;29(11):3424-

3454,

28



38. Mogensen UB, Gerds TA. Evaluating Random Forests for Survival Analysis Using Prediction
Error Curves. http://CRAN.

39.  Portet S. A primer on model selection using the Akaike Information Criterion. Infect Dis
Model. 2020;5:111-128.

40. Burgette L, Griffin B, Mccaffrey D. Propensity scores for repeated treatments: A tutorial for
the iptw function in the twang package. 2011;43. http://CRAN.

41.  Rugo H, Liu X, Li B, et al. Real-world treatment patterns for palbociclib plusan aromatase
inhibitor, or an aromatase inhibitoralone, for patients with metastatic breast cancerin the Flatiron
Database. Int J Cancer. 2024;154:701-711.

42. Kang H. The prevention and handling of the missing data. Korean J Anesthesiol.
2013;64(5):402-406.

43.  Goetz M, Toi M, Huober J. Abemaciclib plus a nonsteroidal aromatase inhibitor as initial
therapy for HR+, HER2- advanced breast cancer: Final overall survival results of MONARCH 3. Ann
Oncol. 2024;S0923-7534(24).

44.  Slamon DJ, Diéras V, Rugo HS, et al. Overall Survival With Palbociclib Plus Letrozole in
Advanced Breast Cancer. Journal of Clinical Oncology. 2024;42(9):994-1000.

45, National Comprehensive Cancer Network. Breast Cancer (Version 2.2024).

46.  Cristofanilli M, Rugo HS, Im SA, et al. Overall Survival with Palbociclib and Fulvestrant in
Women with HR+/HER2- ABC: Updated Exploratory Analyses of PALOMA-3, a Double-blind,
Phase Il Randomized Study. Clinical Cancer Research. 2022;28(16):3433-3442.

47. Lindman H, Wiklund F, Andersen KK. Long-term treatment patterns and survival in
metastatic breast cancer by intrinsic subtypes — an observational cohort study in Sweden. BMC
Cancer. 2022;22(1).

48. Finn RS, Cristofanilli M, Ettl J, et al. Treatment effect of palbociclib plus endocrine therapy

by prognostic and intrinsic subtype and biomarker analysis in patients with bone-only disease: a joint

29


http://cran/

analysis of PALOMA-2 and PALOMA-3 clinical trials. Breast Cancer Res Treat. 2020;184(1):23-
35.

49. Prat A, Chaudhury A, Solovieff N, et al. Correlative Biomarker Analysis of Intrinsic Subtypes
and Efficacy Across the MONALEESA Phase 111 Studies. J Clin Oncol. 2021;39:1458-1467.

50. Prat A, Solovieff N, André F, et al. Intrinsic Subtype and Overall Survival of Patients with
Advanced HR+/HER2_ Breast Cancer Treated with Ribociclib and ET: Correlative Analysis of
MONALEESA-2, -3, -7. Clinical Cancer Research. 2024;30(4):793-802.

51.  Sledge GW, Toi M, Neven P, et al. MONARCH 2: Abemaciclib in Combination With
Fulvestrant in Women With HR+/HER2— Advanced Breast Cancer Who Had Progressed While
Receiving Endocrine Therapy. J Clin Oncol. 2017;35:2875-2884.

52.  Jiang H, Zhong J, Wang J, et al. Abemaciclib plus endocrine therapy versus chemotherapy
after progression on prior palbociclib in HR+/HER2- metastatic breast cancer: A single center real-
world study in China. Cancer Med. 2024;13(10).

53. Wang X, Zhao S, Xin Q, Zhang Y, Wang K, Li M. Recent progress of CDK4/6 inhibitors’
current practice in breast cancer. Cancer Gene Ther. Published online 2024.

54.  Stanciu IM, Parosanu Al, Nitipir C. An Overview of the Safety Profile and Clinical Impact of
CDKA4/6 Inhibitors in Breast Cancer—A Systematic Review of Randomized Phase Il and 111 Clinical
Trials. Biomolecules. 2023;13(9).

55. Desnoyers A, Nadler MB, Kumar V, Saleh R, Amir E. Comparison of treatment-related
adverse events of different Cyclin-dependent kinase 4/6 inhibitors in metastatic breast cancer: A
network meta-analysis. Cancer Treat Rev. 2020;90.

56.  Onesti CE, Jerusalem G. CDKA4/6 inhibitors in breast cancer: differences in toxicity profiles
and impact on agent choice. A systematic review and meta-analysis. Expert Rev Anticancer Ther.

2021:21(3):283-298.

30



57.  Cejuela, M. et al. Abemaciclib, Palbociclib, and Ribociclib in Real-World Data: A Direct
Comparison of First-Line Treatment for Endocrine-Receptor-Positive Metastatic Breast Cancer. Int
J Mol Sci. 2023;24.

58.  Coutinho-Almeida J, Silva AS, Redondo P, Rodrigues PP, Ferreira A. CDK4/6 inhibitors and
endocrine therapy in the treatment of metastatic breast cancer: A real-world and propensity score-
adjusted comparison. Cancer Treat Res Commun. 2024;40.

59.  Miron Al, Anghel AV, Barnonschi AA, et al. Real-World Outcomes of CDK4/6 Inhibitors
Treatment in Metastatic Breast Cancer in Romania. Diagnostics. 2023;13(11).

60.  Queiroz MM, Sacardo KP, Ribeiro MF, et al. Real-world treatment outcomes in HR+ HER2-
metastatic breast cancer patients treated with CDK4/6 inhibitors: Results from a reference center in
Brazil. Cancer Treat Res Commun. 2023;35.

61.  Al-Ziftawi NH, Elazzazy S, Alam MF, et al. The effectiveness and safety of palbociclib and
ribociclib in stage 1V HR+/HER-2 negative breast cancer: a nationwide real world comparative
retrospective cohort study. Front Oncol. 2023;13.

62.  Pantano, F, et al. CDK4/6 inhibitors in metastatic breast cancer: An Italian real-world
experience. Ann Oncol. 2023;34(52s).

63. Duchnowska R, et al. Real-world treatment outcomes in patients with HR+HER2- advanced
breast cancer treated with CDK4/6 inhibitors and endocrine therapy. J Clin Onc. 2024;42(16s).

64.  Gehrchen ML, Berg T, Garly R, et al. Real-world effectiveness of CDK 4/6 inhibitors in
estrogen-positive metastatic breast cancer. BJC Rep. 2024 Jun 20;2(1):44.

65. Rugo HS, Layman RM, Lynce F, et al. Comparative overall survival of CDK4/6 inhibitors
plus an aromatase inhibitor in HR+/HER2- metastatic breast cancer in the US real-world setting.
ESMO Open. 2025;10(1):104103.

66. Kostos L, Hong W, Lee B, et al. Cancer clinical trial vs real-world outcomes for standard of

care first-line treatment in the advanced disease setting. Int J Cancer. 2021;149(2):409-419.

31



67.  Cramer-van der Welle CM, Verschueren M V., Tonn M, et al. Real-world outcomes versus
clinical trial results of immunotherapy in stage IV non-small cell lung cancer (NSCLC) in the
Netherlands. Sci Rep. 2021;11(1).

68.  Labaki C, Bakouny Z, Sanglier T, et al. Real-world progression-free survival (rwPFS) and tie
to next line of therapy (TTNT) as intermediate endpoints for survival in metastatic breast cancer: A
real-world experience. 2022;40(16s).

69.  Walker B, Boyd M, Aguilar Kat, et al. Comparisons of Real-World Time-to-Event End Points

in Oncology Research. JCO Clin Cancer Inform. 2021;5:45-46.

32



Characteristic Total, Palbociclib, Ribociclib,  Abemaciclib,  p value
N = 19821 N = 789* N = 7361 N = 457!
Age (years) 63 (53, 72) 66 (56, 74) 59 (50, 69) 64 (56, 71) <0.001
Menopausal status <0.001
Postmenopausal 1628 (82%) 689 (87%) 538 (73%) 401 (88%)
Premenopausal 354 (18%) 100 (13%) 198 (27%) 56 (12%)
NA 2 1 1 0
ECOG PS <0.001
0 1504 (76%) 561 (71%) 595 (81%) 348 (76%)
1 413 (21%) 197 (25%) 122 (17%) 94 (21%)
>2 65 (3%) 31 (3.9%) 19 (2.6%) 15 (3.3%)
NA 35 12 16 7
Histology 0.001
NST 1481 (75%) 580 (74%) 579 (79%) 322 (70%)
ILC 367 (19%) 143 (18%) 115 (16%) 109 (24%)
Other 134 (6%) 66 (8.4%) 42 (5.7%) 26 (5.7%)
NA 56 19 24 13
ER expression (%) 90 (90, 95) 95 (90, 95) 90 (90, 95) 90 (80, 98) 0.3
NA 28 16 6 6
PgR expression (%) 40 (4, 80) 40 (5, 80) 50 (7, 85) 20 (0, 75) <0.001
NA 85 21 8 6
Ki67 expression (%) 20 (15, 30) 20 (14, 30) 20 (15, 30) 20 (15, 30) 0.2
NA 79 39 25 15
HER?2 expression 0.6
0 855 (43%) 330 (42%) 328 (45%) 197 (43%)
Low 1127 (57%) 459 (58%) 408 (55%) 260 (57%)
NA 59 27 19 13
De novo metastatic (Yes) 581 (29%) 208 (26%) 264 (36%) 109 (24%) <0.001
Endocrine Resistance (Yes) 649 (33%) 310 (39%) 169 (23%) 170 (37%) <0.001
ET partner <0.001
Al 1347 (68%) 503 (64%) 584 (79%) 260 (57%)
Fulvestrant 633 32%) 285 (36%) 152 (21%) 196 (43%)
Tamoxifen 2 (<1%) 1 (<1%) 0 1 (<1%)
Liver Metastases (Yes) 413 (21%) 170 (22%) 120 (16%) 123 (27%) <0.001
Bone Metastases (Yes) 1378 (70%) 535 (68%) 532 (72%) 311 (68%) 0.12
Lung Metastases (Yes) 535 (27%) 208 (26%) 197 (27%) 130 (28%) 0.7

Table 1. Patient characteristics in overall study population and in the three CDK4/6i cohorts, after
missing values imputation. NA refers to the absolute number of patients for whom specific variables were
missing before imputation. ECOG PS: Eastern Cooperative Oncology Group Performance Status; ER:
Estrogen receptor; ET: endocrine therapy; HER2: human epidermal growth factor receptor 2; ILC: Invasive
lobular carcinoma; NA: not available; NST: no special type; PgR: Progesterone receptor.







Characteristic Palbociclib, Ribociclib, Abemaciclib, p value Palbociclib, Ribociclib, Abemaciclib, p value
N =479 N =567 N = 287 N =310 N =169 N =170
Endocrine Sensitive Endocrine Resistant
Age (years) 68 (57, 75) 59 (50, 70) 64 (57, 71) <0.001 63 (55, 71) 58 (49, 66) 62 (53, 71) <0.001
Menopausal status <0.001 <0.001
Postmenopausal 420 (88%) 417 (74%) 261 (91%) 268 (86%) 121 (72%) 140 (82%)
Premenopausal 59 (12%) 150 (26%) 26 (9%) 42 (14%) 48 (28%) 30 (18%)
ECOG PS 0.004 0.029
0 337 (70%) 455 (80%) 207 (72%) 224 (72%) 140 (83%) 141 (83%)
1 120 (25%) 96 (17%) 69 (24%) 77 (25%) 26 (15%) 25 (15%)
>2 22 (5%) 16 (3%) 11 (4%) 9 (3%) 3 (2%) 4 (2%)
Histology 0.004 0.032
NST 348 (73%) 456 (80%) 202 (70%) 232 (75%) 123 (73%) 120 (71%)
ILC 93 (19%) 78 (14%) 66 (23%) 50 (16%) 37 (22%) 43 (25%)
Other 38 (8%) 33 (6%) 19 (7%) 28 (9%) 9 (5%) 7 (4%)
ER expression (%) 95 (90, 95) 90 (90, 95) 90 (90, 98) 0.5 90 (86, 95) 90 (80, 95) 90 (80, 95) 0.3
PgR expression (%) 50 (10, 85) 50 (10, 85) 40 (1, 80) 0.004 20 (0, 70) 30 (0, 80) 5 (0, 60) 0.011
Ki67 expression (%0) 20 (14, 30) 20 (15, 30) 20 (15, 30) 0.2 20 (13, 30) 23 (15, 35) 25 (15, 35) 0.3
HER?2 expression 0.9 0.6
0 204 (43%) 251 (44%) 126 (44%) 126 (41%) 77 (46%) 71 (42%)
Low 275 (57%) 316 (56%) 161 (56%) 184 (59%) 92 (54%) 99 (58%)
De novo disease (Yes) 206 (43%) 264 (47%) 109 (38%) 0.056 NA NA NA NE
ET partner 0.044 <0.001
Al 430 (90%) 525 (93%) 247 (86%) 73 (23%) 59 (35%) 13 (8%)
Fulvestrant 48 (10%) 42 (7%) 39 (14%) 237 (77%) 110 (65%) 157 (92%)
Tamoxifen 1 (<1%) 0 1 (<1%) 0 0 0
Liver Metastasis (Yes) 88 (18%) 82 (14%) 67 (23%) 0.005 82 (26%) 38 (22%) 56 (33%) 0.09
Bone Metastasis (Yes) 340 (71%) 413 (73%) 200 (70%) 0.6 195 (63%) 119 (70%) 111 (65%) 0.3

Table 2. Clinical characteristics according to CDK4/6i and endocrine sensitivity. ECOG PS: Eastern Cooperative Oncology Group Performance Status; ER:

Estrogen receptor; HER2: human epidermal growth factor receptor 2; ILC: Invasive lobular carcinoma; NST: no special type; PgR: Progesterone receptor.
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Figure 1. Adjusted rwPFS curves in the whole study cohort. Multivariable Cox model-adjusted rwPFS
curves of palbociclib (dark green), ribociclib (maroon) and abemaciclib (olive green); rwPFS: real-world

progression-free survival.



Characteristics aHR (95% CI)  p value aHR (95% CI) p value
Endocrine Sensitive Endocrine Resistant

CDKA4/6i

Palbociclib - - - -

Ribociclib . 0.88 (0.63-1.22) 0.443 - 0.75(0.58-0.98) 0.034

Abemaciclib - 0.75 (0.64-0.87) <0.001 - 0.77 (0.63-0.93) 0.008
Age (per 5 year increase) u 0.95 (0.89-1.01) 0.076 u 0.94 (0.91-0.98) 0.002
ECOG PS

0 - - - -

1 - 1.34 (1.21-1.55) <0.001 T 1.20 (0.94-1.55) 0.146

2 — 2.10 (1.44-3.05) <0.001 —— 2.36 (1.98-2.81) <0.001
Histology

NST - - - -

ILC -— 1.15(0.96-1.38) 0.127 —.— 1.30(0.98-1.74) 0.073

Other —- 0.93 (0.63-1.37) 0.704 —-— 0.89 (0.63-1.25) 0.492
ER expression (per 10% increase) = 0.91 (0.87-0.95) <0.001 L 0.93 (0.89-0.98) 0.006
PgR expression (per 10% increase) = 0.92 (0.91-0.94) <0.001 u 0.99 (0.97-1.00) 0.161
Ki-67 expression (per 10% increase) Ll 1.12 (1.07-1.18) <0.001 = 1.08 (1.06-1.09) <0.001
HER2 expression

0 - - - -

Low - 0.94 (0.77-1.14) 0.509 —— 0.96 (0.74-1.24) 0.748
De novo metastatic disease

No - - -

Yes - 1.06 (0.88-1.28) 0.543 NE
Menopausal status

Postmenopausal - - - -

Premenopausal - 0.74 (0.56-0.98) 0.034 - 0.64 (0.55-0.74) <0.001
Liver Metastasis

No - - - -

Yes - 1.89 (1.76-2.02) <0.001 —— 1.91 (1.58-2.36) <0.001
Bone Metastasis

No - - - -

Yes - 1.39 (0.96-2.02) 0.082 — 1.20 (0.80-1.81) 0.370
Lung Metastasis

No - - - -

Yes ol 1.12 (0.94-1.34) 0.199 - 0.97 (0.76-1.24) 0.815

Figure 2. Forest plots of rwPFS multivariable model in endocrine-sensitive and endocrine-resistant
cohorts. Forest plots illustrating the results of multivariable Cox regression models (aHR, 95% ClI, p value) in
patients with endocrine-sensitive (left part) or endocrine-resistant (right part) disease. aHR: adjusted hazard
ratio; CDK4/6i: cyclin-dependent kinase 4/6 inhibitors; CIl: confidence interval; ECOG PS: Eastern
Cooperative Oncology Group Performance Status; ER: estrogen receptor; HER2: human epidermal growth
factor receptor 2; ILC: invasive lobular carcinoma; NE: not evaluable; NST: no special type; PgR: progesterone
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Figure 3. Adjusted rwPFS curves in patients with endocrine sensitive (A) or endocrine-resistant (B)
disease. Cox regression model-based adjusted Kaplan Meier rwPFS curves in patients treated with palbociclib
(dark green), ribociclib (maroon) or abemaciclib (olive green) according to tumor endocrine sensitivity (A) or
endocrine resistance (B). rwPFS: real-world Progression-Free Survival.



Endocrine Resistant™ *

Abemaciclib
) _',v-""'-. "-~.,.____“- ) . — )i N li
Liver Metastases™ ~~__Luminal B-like* * Ribociclld
Palbociclib
* % *
Premenopausal 7 Worse ECOG PS

+ Abemaciclib vs palbociclib
" Bone Only

- * ;N*“'““N--
- %  Ribociclib vs palbociclib

*  Abemaciclib vs ribociclib
Older*

Figure 4. Radar plot summarizing aHR of rwPFS comparisons of the three CDK4/6i in clinically-
relevant subgroups. Radar plot representing the aHR for rwPFS of ribociclib (maroon) vs. palbociclib (dark
green), abemaciclib (olive green) vs. palbociclib, or abemaciclib vs. ribociclib in the subsets of patients with:
endocrine-resistant disease; luminal B-like disease; poor ECOG PS; bone-only disease; older patients; de novo
metastatic disease; premenopausal women; patients with liver metastases. The inner line of the radar plot
corresponds to an aHR of 0.50, whereas the outer line corresponds to an aHR of 1.50. Palbociclib line was
retained as reference (aHR=1.00). Maroon and olive-green asterisks indicate the ribociclib vs. palbociclib or
abemaciclib vs. palbociclib comparisons when they reached statistical significance; the dark green asterisk
marks the subgroup in which abemaciclib and ribociclib were associated with significantly different rwPFS.
The direction of each comparison is indicated by the position of points corresponding to each CDK4/6i on
individual radial lines. aHR: adjusted hazard ratio; ECOG PS: Eastern Cooperative Oncology Group
Performance Status.



