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Abstract

Background Limited real-world data exist regarding the efficacy of palbociclib in combination with endocrine therapy in
pre/perimenopausal women with metastatic breast cancer.

Objective We aimed to compare real-world tumor responses among pre/perimenopausal women who initiated palbociclib
plus an aromatase inhibitor (AI) or Al monotherapy as first-line treatment for hormone receptor-positive/human epidermal
growth factor receptor 2-negative metastatic breast cancer.

Methods This retrospective observational cohort study (NCT05012644) used electronic health record data from The US
Oncology Network. Tumor responses were determined based on treating clinicians’ assessments of radiologic evidence for
changes in disease burden. Normalized inverse probability treatment weighting was used to balance baseline characteristics
between treatment cohorts.

Results Of 196 pre/perimenopausal women, 116 and 80 were in the palbociclib plus Al cohort and Al cohort, respectively.
Real-world response rates (complete or partial response) were 52.1% and 46.2%, respectively (odds ratio, 1.27 [95% con-
fidence interval 0.72—2.24]). Among patients with one or more tumor assessments on treatment, real-world response rates
were 60.0% in the palbociclib plus Al cohort (n = 103) and 49.9% in the Al cohort (n = 71; odds ratio, 1.51 [95% confidence
interval 0.82—2.77]).
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Conclusions This real-world analysis suggests that pre/perimenopausal patients with hormone receptor-positive/human epi-
dermal growth factor receptor 2-negative metastatic breast cancer appear more likely to respond to palbociclib plus Al versus
Al alone as first-line therapy, which may support the combination as a standard-of-care treatment for this patient population.
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This real-world analysis evaluated the effect of
L palbociclib + Al versus on tumor responses

in pre/perimenopausal women with HR+/HER2- MBC

STUDY DESIGN

This retrospective, observational cohort study used
EHR data from The US Oncology Network
(total cohort, N=196; PAL + Al, n=116; Al alone, n=80)

Real-world tumor response was determined based
on treating clinicians’ assessments of radiologic
»/ evidence for change in disease burden
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" nIPTW was the primary statistical approach used
to balance baseline demographic and clinical

characteristics, and adjust for differences in observed
potential confounders between treatment cohorts

KEY RESULTS: rwRRs After nIPTW
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higher than those associated with

KEY TAKEAWAYS

These results suggest that pre/perimenopausal women
with HR+/HER2- MBC appear more likely to respond
to 1L palbociclib + Al than , and supplement
existing data suggesting a therapeutic benefit of
palbociclib + Al in this population

1L, first-line; Al, aromatase inhibitor; Cl, confidence interval; EHR, electronic health record;
HER2-, human epidermal growth factor receptor 2-negative; HR+, hormone receptor-positive;
MBC, metastatic breast cancer; nIPTW, normalized inverse probability treatment weighting;
OR, odds ratio; PAL, palbociclib; rwRR, real-world response rate.
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Plain Language Summary

Palbociclib (Ibrance®) is a medicine for patients with metastatic breast cancer (MBC). Metastatic means that the cancer
has spread to other places in the body. Patients take palbociclib with hormone therapy, such as an aromatase inhibitor (AI).
Palbociclib plus an Al is a treatment for a type of MBC called HR+/HER2— MBC. HR+/HER2— stands for hormone receptor
positive, human epidermal growth factor receptor 2 negative. Researchers wanted to observe responses to treatment in routine
clinical practice among women with HR+/HER2— MBC who had not reached menopause. A response is if a tumor shrinks
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or disappears after treatment. This study used healthcare information reported in electronic medical records of patients seen
by doctors in The US Oncology Network. This study included 196 women with HR+/HER2— MBC who had not reached
menopause and had not received prior treatment for MBC. A total of 116 women received palbociclib plus an Al, and 80
women received an Al alone. Researchers used standard statistical approaches to balance baseline characteristics between
the two treatment groups. These adjustments made the groups more similar so that researchers could compare treatment
responses. Sixty percent of patients who took palbociclib plus an Al responded, compared with 50% of patients who took
an Al alone. These results suggest that palbociclib plus an Al may benefit women with HR+/HER2— MBC who have not

reached menopause.

This real-world retrospective analysis evaluated the
effect of first-line palbociclib plus an aromatase inhibitor
(AI) versus Al alone on tumor responses in pre/perimen-
opausal women with hormone receptor-positive/human
epidermal growth factor receptor 2-negative metastatic
breast cancer.

The real-world response rates associated with palbociclib
plus an Al were numerically higher than those associated
with an Al alone.

These results suggest that pre/perimenopausal women
with hormone receptor-positive/human epidermal growth
factor receptor 2-negative metastatic breast cancer
appear more likely to respond to palbociclib plus an Al
than an Al alone in the first-line setting.

1 Introduction

Female breast cancer is the most prevalent cancer world-
wide, comprising 2.26 million new cases (11.7% of all can-
cers) and accounting for nearly 700,000 deaths in 2020 [1].
Breast cancer will affect approximately 13% of US women
in their lifetimes, with 287,850 estimated cases and 43,250
estimated deaths having occurred among US women in 2022
[2, 3]. Of approximately 4.1 million women with a history of
breast cancer living in the USA in 2022, approximately 4%
were living with metastatic disease, which has a 5-year sur-
vival rate of 29% [3]. Women < 50 years of age account for
17% of US breast cancer cases [3], with younger age being
a recognized risk factor for more aggressive disease [4].
Most US breast cancer cases are hormone receptor positive
(HR+)/human epidermal growth factor receptor 2 negative
(HER2-) [3]. The incidence of HR+ cancers increased at
an annual rate of 1.3%—5.7% among US women < 50 years
of age between 2000 and 2015 [5].

Palbociclib is an orally administered CDK4/6 inhibitor
that is approved by the US Food and Drug Administration

(FDA) in combination with an Al as a first-line therapy for
HR+/HER2—- advanced breast cancer (ABC) or metastatic
breast cancer (MBC) [6]. Of particular relevance to the
findings presented herein, the FDA recently expanded the
approved indication for palbociclib plus an Al to include
pre/perimenopausal women in December 2022. The initial
accelerated approval of palbociclib plus an Al was based on
results from the phase I/Il PALOMA-1 study [7] in which
median progression-free survival (PFS) was significantly
longer for the palbociclib plus letrozole arm compared
with the letrozole-alone arm (20.2 vs 10.2 months; haz-
ard ratio, 0.49 [95% confidence interval (CI) 0.32-0.75];
P < 0.001) in postmenopausal women with estrogen recep-
tor-positive/HER2— ABC who did not receive systemic
therapy for advanced disease (N = 165) [8]. These findings
were subsequently supported by results from the confirma-
tory phase III PALOMA-2 study that demonstrated a sta-
tistically significant improvement in the primary endpoint
of PFS for the palbociclib plus letrozole arm compared
with the placebo plus letrozole arm (extended follow-up
analysis: median PFS of 27.6 vs 14.5 months; hazard ratio,
0.56 [95% CI 0.46-0.69]; P < 0.0001) in a similar popula-
tion (N = 666) [9-11]. Additionally, palbociclib in combina-
tion with fulvestrant is approved in the USA for patients with
HR+/HER2— ABC or MBC that has progressed following
endocrine therapy [6]. This is based on findings from the
PALOMA-3 trial, which demonstrated a statistically signifi-
cant improvement in median PFS for the palbociclib plus
fulvestrant arm compared with the placebo plus fulvestrant arm
(9.5 vs 4.6 months; hazard ratio, 0.46 [95% CI 0.36-0.59];
P < 0.0001) in this population (N = 521) [12-14]. A sub-
group analysis of pre/perimenopausal patients (n = 108)
in PALOMA-3 also demonstrated a clinical benefit, with
longer median PES (9.5 vs 5.6 months; hazard ratio, 0.50
[95% CI 0.29-0.87]) and a higher objective response rate
(25.0% vs 11.1%; odds ratio (OR), 3.06 [95% CI 0.82-13.38])
for palbociclib plus fulvestrant (plus goserelin as a luteinizing
hormone-releasing hormone [LHRH] agonist) compared with
placebo plus fulvestrant (plus goserelin) [15].

Although pre/perimenopausal patients were excluded
from the PALOMA-2 trial [9], there is evidence to suggest
that palbociclib plus an Al is effective in that population.
A subgroup analysis of PALOMA-2 supported improved
PFS associated with palbociclib plus letrozole versus

A\ Adis



546

A. DeMichele et al.

placebo plus letrozole in patients with a prior oophorectomy
(n = 105; hazard ratio, 0.49 [95% CI 0.28-0.86]; Pfizer,
data on file). Additionally, the phase II Young-PEARL
study conducted in South Korea found that premenopausal
women with HR+/HER2— ABC that progressed follow-
ing tamoxifen treatment, and who could have had one or
more previous lines of treatment for advanced disease (n
= 178), had a median PFS of 20.1 months when treated
with palbociclib plus exemestane plus leuprolide versus 14.4
months when treated with capecitabine (hazard ratio, 0.66
[95% C1 0.44-0.99]; P = 0.02) [16].

A recent real-world study in patients with HR+/
HER2—- MBC from the US Flatiron Health Analytic Data-
base found that adjusted real-world PFS and overall sur-
vival (OS) were significantly longer in patients who received
palbociclib plus letrozole (n = 839) compared with patients
who received letrozole monotherapy (n = 698) [17]. In the
small subgroup of patients aged 18-50 years (n = 104), used
as a surrogate for pre/perimenopausal status, the real-world
PFS in patients who received palbociclib plus letrozole was
also longer compared with those who received letrozole
monotherapy (hazard ratio, 0.82 [95% CI 0.48-1.39]). How-
ever, to date, the limited real-world data available for the
pre/perimenopausal patient population have relied on age
as a surrogate for menopausal status or have been from non-
comparative single-arm studies. To supplement available
clinical trial and limited existing comparative real-world
data in a confirmed pre/perimenopausal patient population,
this study aimed to compare real-world tumor responses
among pre/perimenopausal women who initiated palbociclib
plus Al or AI monotherapy as a first-line therapy for HR+/
HER2- MBC. In this real-world study, tumor response was
chosen as an endpoint versus real-world PFS to allow for a
more objective comparison of treatment effectiveness given
the small sample size and differences in treatment follow-up
time periods.

2 Methods
2.1 Study Design and Data

This was a retrospective observational cohort study
(NCT05012644) of patients with HR+/HER2— MBC who
received care within The US Oncology Network (The Net-
work). The Network includes > 1380 affiliated physicians
operating in > 480 US sites of care that collectively treat
> 1.2 million patients annually [18].

Study data were captured from the electronic health
record (EHR) from structured fields and a chart review of
unstructured data of The Network, iKnowMed (iKM), with
the Limited Access Death Master File used for supplemen-
tal mortality status. Previous studies have demonstrated the
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utility of the iKM EHR database for the evaluation of patient
profiles, treatment patterns, and outcomes among patients
with MBC [19, 20]. Structured EHR data were extracted
using programmatic methods, and a systematic manual chart
abstraction was used to capture additional information from
unstructured fields. All study data were merged into a single
data set and underwent a series of quality checks, which
varied by the type and importance of variable.

First, 80 individual data elements identified by the team
as having clinical and methodological relevance to the study
were selected to undergo source data verification for 25%
(n = 49) of eligible charts. These data elements included
tumor assessments, treatment history, and vital status,
among other select variables. During these checks, data
quality specialists reviewed the source chart to confirm that
the abstraction was comprehensive and accurate. Across all
data elements checked, the overall success rate was 98.1%.

Analytic methods were also performed, consisting of over
90 separate programmatic checks of data elements the study
team identified as being critical to the study and/or suscepti-
ble to systemic errors, including baseline, treatment, tumor
assessment, and vital status data points. For these checks,
values that were outlying, clinically or logically improbable,
inconsistent with other data captured for the patient, or unex-
pectedly missing were flagged for resolution. When a poten-
tial data issue was identified through these analytic checks,
source data verification was used to confirm what was docu-
mented in the underlying EHR data. If the data point was
correctly captured in the study data set, it was documented;
otherwise, it was corrected in the study data set. Following
analytic checks of the data and source data verification if
needed, data for key study variables were aggregated, and a
board-certified oncologist reviewed the distribution of values
to confirm clinical appropriateness of the data.

Additional checks were conducted for tumor assessment
data, the primary endpoint of the study. Tumor assessment
data were abstracted by certified tumor registrars and/or
oncology care nurses with specialized chart review training
specific to oncological abstraction methods. Then, all tumor
assessment data underwent 100% source data verification
by a data quality specialist, in addition to the quality checks
described above.

2.2 Patients

Eligible patients were women who had a documented history
of MBC and confirmed HR+/HER2— status, were >18 years
of age and pre- or perimenopausal at initial MBC diagnosis,
received palbociclib plus Al or Al monotherapy during 1 Jan-
uary, 2010-30 June, 2020 as a first-line treatment for MBC
at a Network site(s) with full iKM EHR capabilities, and had
EHR data available for research purposes. The 5-year period
before the 2015 palbociclib approval was included to enable
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identification of additional patients in the Al monotherapy
control cohort, considering the expected limited sample size
owing to the epidemiology of the pre/perimenopausal patient
population and increased use of CDK4/6 inhibitors in this
patient population after FDA approval. If not explicitly docu-
mented by a physician, premenopausal status was determined
based on a sequence of criteria, which, in addition to being
< 60 years of age, included one or both of the following:
(1) having menses (not amenorrheic) and/or (2) having no
documented history of a prior bilateral oophorectomy and
receiving an LHRH analog. Exclusion criteria were prior
treatment with CDK4/6 inhibitors in the early breast cancer
or MBC setting, documented history of another primary can-
cer within The Network, a first clinical visit > 120 days after
the MBC diagnostic date (with chart review confirming no
initial treatment outside The Network), or enrollment in any
interventional clinical trial or receipt of treatment for another
primary cancer during the study observation period (i.e., after
initiation of palbociclib plus Al or Al monotherapy through
the study data cut-off date of 31 December, 2020).

2.3 Outcomes

Real-world tumor responses were determined based on the
treating clinician’s assessment of radiologic evidence for a
change in the burden of disease over the course of treat-
ment derived from a chart review [21]. Response assess-
ments were captured as documented by treating clinicians
in patients’ charts, and an independent review of radiology
reports was not performed. As with real-world studies,
assessments were not performed on a predefined schedule,
and responses were not necessarily confirmed by a subse-
quent assessment. Each real-world response assessment was
classified as a complete response (defined as the resolution
of all evidence of disease), a partial response (defined as a
partial reduction in the size of visible disease in some or all
areas without increase in any area [any reduction described
was included and did not need to meet any specific criteria,
such as the Response Evaluation Criteria in Solid Tumors
criteria]), stable disease (defined as disease that is stable
[no progression or improvement] or as a mixed response
[combination of improved and worsened disease]), progres-
sive disease (defined as worsening of disease), or not evalu-
able (defined as no documentation of status of disease). A
real-world best response was derived based on clinician-
documented responses at different response assessment time
points from treatment initiation until the first documentation
of progressive disease during first-line therapy.

2.4 Statistical Analyses

The primary endpoint was a real-world response rate
(rwRR), calculated by treatment cohort as the proportion

of patients with a real-world best response of complete
response or partial response during first-line therapy that
occurred at least 30 days after treatment initiation without
progressive disease at any prior assessment. Given the antic-
ipated small sample size of this patient population, no formal
hypothesis testing was planned; therefore, comparisons of
rwRRs between treatment cohorts were descriptive only.

The normalized inverse probability treatment weighting
(nIPTW) method (primary analysis) was used to balance
baseline demographic and clinical characteristics and adjust
for differences in observed potential confounders between
the two treatment cohorts [22]. Inverse probability treat-
ment weighting was normalized to stabilize weights and
preserve the sample size of the original population. Propen-
sity score matching (PSM) was performed as a sensitivity
analysis using a 1:1 nearest neighbor matching with a caliper
of 0.1 without replacement. A multivariate logistic regres-
sion model was used to generate a propensity score (PS) for
each patient based on the prespecified baseline variables that
were deemed associated with treatment assignment and/or
the tumor response outcome (Tables 1 and 2) [23]. Missing
information on the categorical variables of baseline charac-
teristics was assigned to a new category of “unknown’ and
was always included in the model estimating the PS. Sta-
tistical analyses using PS methodology to balance baseline
characteristics between treatment cohorts were conducted
independently and blinded to tumor response outcome data,
maintaining data integrity.

The primary analysis of an rwRR using the nI[PTW
method was performed in: (1) all patients (overall analysis
set), where patients without tumor assessments on treatment
were considered non-responders in the estimation of an
rwRR, and (2) patients with at least one documented tumor
assessment during first-line therapy. The rwRR adjusted
by nIPTW was estimated for each treatment cohort with a
corresponding two-sided 95% CI using the Wilson score
method. The ORs and 95% Cls for the adjusted rwRR were
estimated using the Cochran-Mantel-Haenszel method. All
analyses were performed using SAS® version 9.4 (SAS
Institute, Cary, NC, USA).

3 Results
3.1 Patients

A total of 196 pre/perimenopausal women were included
in the study, with 116 patients receiving palbociclib plus
an Al and 80 patients receiving Al monotherapy as a first-
line therapy. In total, 103 patients in the palbociclib plus
Al cohort and 71 patients in the AI monotherapy cohort
had one or more tumor assessments on treatment during
first-line therapy. Of the total study population, 81.9% and
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Table 1 Demographic and clinical characteristics of patients with >1 tumor assessments before and after n[PTW

Characteristic™”

Before nIPTW

After nIPTW

Palbociclib + Al

Al monotherapy

Standardized

Palbociclib + Al

Al monotherapy

(n=103)° (n="71)° mean difference’  (n = 103) n=171) difference?
Age, years
<30 0 0 0 0
30-44 41 (39.8) 29 (40.8) 0.0212 44 (42.7) 29 (40.8) —0.0496
>45 62 (60.2) 42 (59.2) —0.0212 59 (57.3) 42 (59.2) 0.0496
Mean (SD) 45.8 (6.4) 46.1 (7.2) 0.0428 45.9 (6.6) 45.8 (6.8) —0.0038
Median (min, max) 46.0 (31.0,58.0)  46.0 (30.0, 60.0) 46.0 (31.0, 58.0) 46.0 (30.0, 60.0)
Race
Black 12 (11.7) 9 (12.7) 0.0314 12 (11.7) 9 (12.7) 0.0527
White 68 (66.0) 48 (67.6) 0.0337 68 (66.0) 46 (64.8) —0.0044
Not reported/ 23 (22.3) 14 (19.7) — 0.0641 23 (22.3) 15 (21.1) —0.0370
unknown
Weight, kg
n 96 61 96 61
Mean (SD) 75.9 (17.7) 74.6 (18.3) —0.0704 76.0 (17.3) 74.0 (19.1) —0.1106
Median (min, max) 72.8 (47.8,129.3) 72.6 (44.7,131.1) 72.8 (47.8,129.3) 72.6 (44.7,131.1)
BMI, kg/m?
n 96 61 96 61
Mean (SD) 28.2 (6.3) 28.0 (6.5) — 0.0326 28.1(6.3) 27.7 (6.8) — 0.0611
Median (min, max) 27.3 (16.1,46.0)  26.2 (16.0,51.2) 27.3(16.1,46.0) 26.2 (16.0,51.2)
BMI > 25 kg/m?
Yes 68 (66.0) 37 (52.1) — 0.2857 64 (62.1) 40 (56.3) —0.1106
No 28 (27.2) 24 (33.8) 0.1441 30 (29.1) 24 (33.8) 0.0912
Unknown 7 (6.8) 10 (14.1) 0.2401 9(8.7) 7(9.9) 0.0409
Tobacco use
No history of 69 (67.0) 36 (50.7) — 0.3356 71 (68.9) 37 (52.1) — 0.3350
tobacco use
Current tobacco use 7 (6.8) 10 (14.1) 0.2401 7(6.8) 9(12.7) 0.2103
Prior tobacco use 24 (23.3) 11 (15.5) — 0.1984 23 (22.3) 11 (15.5) — 0.1819
Unknown 329 14 (19.7) 0.5502 2(1.9) 14 (19.7) 0.5673
Family history of
cancer
Yes 69 (67.0) 49 (69.0) 0.0434 66 (64.1) 49 (69.0) 0.1071
No 34 (33.0) 22 (31.0) — 0.0434 37 (35.9) 22 (31.0) — 0.1071
Hormone receptor
status
ER+ only 16 (15.5) 12 (16.9) 0.0371 17 (16.5) 13 (18.3) 0.0365
PR+ only 1(1.0) 0 — 0.1400 1(1.0) 0 — 0.1358
ER+ and PR+ 86 (83.5) 59 (83.1) — 0.0106 85 (82.5) 58 (81.7) - 0.0122
Stage at diagnosis
Stage 0 or I 21 (20.4) 9 (12.7) — 0.2087 18 (17.5) 12 (16.9) —0.0223
Stage 11 36 (35.0) 25 (35.2) 0.0054 35 (34.0) 26 (36.6) 0.0381
Stage 111 17 (16.5) 16 (22.5) 0.1526 22 (21.4) 14 (19.7) —0.0317
Stage IV 26 (25.2) 18 (25.4) 0.0025 24 (23.3) 17 (23.9) 0.0014
Unknown 329 34.2) 0.0708 329 2(2.8) 0.0137
Disease histology
Ductal 71 (68.9) 55 (77.5) 0.1935 72 (69.9) 58 (81.7) 0.2605
Lobular 12 (11.7) 6 (8.5) — 0.1066 13 (12.6) 5(7.0) — 0.1686
Mixed 5(4.9) 5(7.0) 0.0926 4 (3.9) 4(5.6) 0.0945
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Table 1 (continued)

Before nIPTW After nIPTW
Characteristic*® Palbociclib + AI Al monotherapy  Standardized Palbociclib + AI Al monotherapy ~ Standardized mean
(n=103)¢ (n=171)° mean difference! (7 = 103) (n=171) difference?

Metaplastic 0 0 0 0

Mucinous 1(1.0) 0 — 0.1400 1(1.0) 0 — 0.1150

Other 1(1.0) 0 — 0.1400 1(1.0) 0 — 0.1361

Unknown 13 (12.6) 5(7.0) — 0.1882 12 (11.7) 4(5.6) — 0.2283
Prior neo/adjuvant

chemotherapy

Yes 43 (41.7) 32 (45.1) 0.0671 46 (44.7) 29 (40.8) — 0.0657

No 60 (58.3) 39 (54.9) —0.0671 57 (55.3) 42 (59.2) 0.0657
Prior neo/adjuvant

endocrine therapy

Yes 51 (49.5) 43 (60.6) 0.2235 50 (48.5) 41 (57.7) 0.1870

No 52 (50.5) 28 (39.4) — 0.2235 53 (51.5) 30 (42.3) — 0.1870
ECOG PS score

0 33 (32.0) 24 (33.8) 0.0375 33 (32.0) 23 (32.4) 0.0021

1 36 (35.0) 22 (31.0) — 0.0844 33 (32.0) 22 (31.0) —0.0225

>2 7 (6.8) 7(9.9) 0.1110 10 9.7) 7(9.9) 0.0320
Unknown 27 (26.2) 18 25.4) —0.0197 27 (26.2) 18 (25.4) 0.0000
CClI score

0 84 (81.6) 62 (87.3) 0.1597 85 (82.5) 63 (88.7) 0.1997

1 12 (11.7) 34.2) - 0.2773 12 (11.7) 2(2.8) — 0.3393

2 4(3.9) 4(5.6) 0.0823 3(2.9) 4(5.6) 0.1377

3 3(2.9) 0 — 0.2449 329 0 — 0.2424

4 0 1(1.4) 0.1690 0 1(1.4) 0.1479

6 0 1(1.4) 0.1690 0 1(1.4) 0.1269
Metastatic disease

site

Visceral® 33 (32.0) 23 (32.4) 0.0076 32 (31.1) 23 (32.4) 0.0127

Non-visceral 40 (38.8) 17 (23.9) —0.3251 32 (31.1) 21 (29.6) —0.0308

Bone only' 30 (29.1) 31 (43.7) 0.3056 38 (36.9) 27 (38.0) 0.0172
Number of meta-

static sites

1 28 (27.2) 28 (39.4) 0.2622 35 (34.0) 26 (36.6) 0.0513

2 39 (37.9) 18 (25.4) —0.2716 32 (31.1) 21 (29.6) —0.0238

>3 36 (35.0) 25(35.2) 0.0054 36 (35.0) 24 (33.8) —0.0283
Disease-free interval

< 12 months 48 (46.6) 29 (40.8) —0.1163 44 (42.7) 30 (42.3) —0.0124

> 12 months 13 (12.6) 16 (22.5) 0.2627 20 (19.4) 13 (18.3) —0.0511

De novo metastatic 30 (29.1) 19 (26.8) —0.0527 27 (26.2) 18 (25.4) — 0.0066

Unknown 12 (11.7) 7(9.9) —0.0578 11 (10.7) 10 (14.1) 0.0879

AI aromatase inhibitor, BMI body mass index, CCI Charlson Comorbidity Index, ECOG PS Eastern Cooperative Oncology Group performance
status, ER estrogen receptor, max maximum, min minimum, n/PTW normalized inverse probability treatment weighting, PR progesterone recep-
tor, SD standard deviation

2All data are listed as n (%) unless otherwise indicated

bCharacteristics in bold were used for propensity scoring and subsequent n[PTW

“n values apply to each characteristic unless a different n value is provided
dStandardized mean differences < 0.1 were considered indicative of acceptable balance
®Visceral includes liver, lung, and pleura

fBone only includes bone, bone marrow, pelvis, ribs, skull, and spine
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Table 2 Demographic and clinical characteristics of the overall analysis set before and after nIPTW

Before nIPTW After nIPTW
Characteristic*® Palbociclib + AI Al monotherapy Standard- Palbociclib + AI Al monotherapy Standard-
(n=116)° (n = 80)° ized mean (n=116) (n=280) ized mean
difference? difference?
Age, years
<30 2(1.7) 0 -0.1873 6(5.2) 0 -0.3195
30-44 45 (38.8) 29 (36.3) —-0.0525 46 (39.7) 30 (37.5) -0.0399
>45 69 (59.5) 51 (63.8) 0.0878 64 (55.2) 50 (62.5) 0.1385
Mean (SD) 45.5 (7.0) 46.8 (7.2) 0.1876 45.0 (7.9) 46.3 (6.8) 0.1714
Median (min, max)  46.0 (26.0, 58.0)  47.5 (30.0, 60.0) 46.0 (26.0,58.0)  46.0 (30.0, 60.0)
Race
Black 14 (12.1) 9(11.3) — 0.0255 13 (11.2) 10 (12.5) 0.0561
White 76 (65.5) 55 (68.8) 0.0689 74 (63.8) 51 (63.8) 0.0009
Not reported/ 26 (22.4) 16 (20.0) —0.0591 29 (25.0) 18 (22.5) —0.0443
unknown
Weight, kg
n 108 67 108 67
Mean (SD) 75.5 (18.3) 74.3 (18.2) —0.0651 75.6 (17.7) 73.5(19.3) —-0.1163
Median (min, max)  72.4 (44.8,129.3) 72.2 (44.7,131.1) 72.7 (44.8,129.3) 72.2(44.7,131.1)
BMI, kg/m?
n 108 67 108 67
Mean (SD) 28.1 (6.5) 27.9 (6.4) -0.0215 28.0 (6.3) 27.6 (6.8) —0.0595
Median (min, max)  27.2 (16.1,46.0)  26.2 (16.0,51.2) 27.1 (16.1,46.0)  26.2 (16.0,51.2)
BMI > 25 kg/m?
Yes 75 (64.7) 41 (51.3) —0.2741 69 (59.5) 44 (55.0) — 0.0880
No 33 (28.4) 26 (32.5) 0.0881 34 (29.3) 27 (33.8) 0.1026
Unknown 8 (6.9) 13 (16.3) 0.2956 14 (12.1) 9 (11.3) —0.0125
Tobacco use
No history of tobacco 76 (65.5) 39 (48.8) —0.3438 79 (68.1) 41 (51.3) —0.3487
Current tobaccouse 8 (6.9) 11 (13.8) 0.2267 7 (6.0) 10 (12.5) 0.2032
Prior tobacco use 28 (24.1) 14 (17.5) —-0.1640 26 (22.4) 14 (17.5) -0.1413
Unknown 434 16 (20.0) 0.5324 3(2.6) 15 (18.8) 0.5487
Family history of
cancer
Yes 80 (69.0) 54 (67.5) -0.0315 78 (67.2) 54 (67.5) -0.0103
No 36 (31.0) 26 (32.5) 0.0315 38 (32.8) 26 (32.5) 0.0103
Hormone receptor
status
ER+ only 19 (16.4) 12 (15.0) -0.0379 20 (17.2) 13 (16.3) -0.0176
PR+ only 1(0.9) 0 -0.1319 1(0.9) 0 -0.1231
ER+ and PR+ 96 (82.8) 68 (85.0) 0.0610 95 (81.9) 67 (83.8) 0.0375
Stage at diagnosis
Stage 1 22 (19.0) 9 (11.3) —0.2167 18 (15.5) 11 (13.8) —0.0376
Stage I1 38 (32.8) 26 (32.5) — 0.0055 38 (32.8) 28 (35.0) 0.0635
Stage III 21 (18.1) 21 (26.3) 0.1970 29 (25.0) 18 (22.5) — 0.0447
Stage IV 30 (25.9) 20 (25.0) —0.0198 27 (23.3) 19 (23.8) 0.0013
Unknown 5(4.3) 4 (5.0) 0.0327 5(4.3) 3@3.8) 0.0096
Disease histology
Ductal 79 (68.1) 62 (71.5) 0.2124 82 (70.7) 65 (81.3) 0.2640
Lobular 14 (12.1) 8 (10.0) —-0.0661 15 (12.9) 6(7.5) -0.1579
Mixed 54.3) 5(6.3) 0.0868 434 4(5.0) 0.0850
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Table 2 (continued)

Before nIPTW After nIPTW
Characteristic*® Palbociclib + AI Al monotherapy Standard- Palbociclib + AI Al monotherapy Standard-
(n=116)° (n=80)° ized mean (n=116) (n=80) ized mean
difference? difference?

Metaplastic 1(0.9) 0 -0.1319 1(0.9) 0 —-0.1380

Mucinous 1(0.9) 0 -0.1319 1(0.9) 0 —-0.1087

Other 1(0.9) 0 -0.1319 1(0.9) 0 -0.1271

Unknown 15 (12.9) 5(6.3) -0.2284 13 (11.2) 4 (5.0) —-0.2081
Prior neo/adjuvant

chemotherapy

Yes 50 (43.1) 36 (45.0) 0.0382 53 (45.7) 33 (41.3) —0.0909

No 66 (56.9) 44 (55.0) —0.0382 63 (54.3) 47 (58.8) 0.0909
Prior neo/adjuvant

endocrine therapy

Yes 5547.4) 47 (58.8) 0.2286 52 (44.8) 45 (56.3) 0.2342

No 61 (52.6) 33 (41.3) —0.2286 64 (55.2) 35 (43.8) -0.2342
ECOG PS

0 34 (29.3) 27 (33.8) 0.0957 35(30.2) 25 (31.3) 0.0106

1 42 (36.2) 24 (30.0) —0.1322 38 (32.8) 25 (31.3) —0.0207

>2 8 (6.9) 9 (11.3) 0.1520 10 (8.6) 8 (10.0) 0.0562

Unknown 32 (27.6) 20 (25.0) —0.0588 33 (28.4) 22 (27.5) —0.0264
CClI score

0 97 (83.6) 67 (83.8) 0.0035 98 (84.5) 69 (86.3) 0.0484

1 12 (10.3) 4(5.0) -0.2018 12 (10.3) 3(3.8) -0.2519

2 4334 7 (8.8) 0.2229 3(2.6) 7(8.8) 0.2519

3 3(2.6) 0 -0.2304 3(2.6) 0 —0.2345

4 0 1(1.3) 0.1591 0 1(1.3) 0.1386

6 0 1(1.3) 0.1591 0 1(1.3) 0.1199
Metastatic disease

site

Visceral® 43 (37.1) 29 (36.3) —0.0170 43 (37.1) 28 (35.0) —0.0332

Non-visceral 42 (36.2) 17 (21.3) —0.3352 33 (28.4) 23 (28.8) —0.0093

Bone only' 31 (26.7) 34 (42.5) 0.3363 39 (33.6) 29 (36.3) 0.0424
Number of metastatic

sites

1 31 (26.7) 30 (37.5) 0.2323 36 (31.0) 27 (33.8) 0.0668

2 42 (36.2) 20 (25.0) —0.2450 34 (29.3) 24 (30.0) —0.0007

>3 43 (37.1) 30 (37.5) 0.0089 46 (39.7) 29 (36.3) —0.0639
Disease-free interval

< 12 months 54 (46.6) 32 (40.0) —0.1325 48 (41.4) 33 (41.3) —0.0028

> 12 months 14 (12.1) 18 (22.5) 0.2785 24 (20.7) 14 (17.5) —0.0818

De novo metastatic 35 (30.2) 22 (27.5) —0.0590 31 (26.7) 21 (26.3) 0.0003

Unknown 13 (11.2) 8 (10.0) —0.0392 13 (11.2) 11 (13.8) 0.1012

Al aromatase inhibitor, BMI body mass index, CCI Charlson Comorbidity Index, ECOG PS Eastern Cooperative Oncology Group performance
status, ER estrogen receptor, max maximum, min minimum, n/PTW normalized inverse probability treatment weighting, PR progesterone recep-
tor, SD standard deviation

2All data are listed as n (%) unless otherwise indicated

®Characteristics in bold were used for propensity scoring and subsequent nIPTW

‘n values apply to each characteristic unless a different n value is provided
dStandardized mean differences <0.1 were considered indicative of acceptable balance
“Visceral includes liver, lung, and pleura

Bone only includes bone, bone marrow, pelvis, ribs, skull, and spine
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63.8% of the patients in the palbociclib plus Al cohort and
Al monotherapy cohort, respectively, had documentation
of receiving an LHRH agonist in their medical record dur-
ing first-line treatment (documentation for LHRH agonists
initiated outside The Network was not accessible). Demo-
graphic and clinical characteristics for both cohorts are
provided in Tables 1 and 2. In the unadjusted population,
median (range) ages among patients with one or more tumor
assessments were similar in both groups (46.0 [31.0-58.0]
and 46.0 [30.0-60.0] years in the palbociclib plus Al and
Al monotherapy cohorts, respectively); approximately two-
thirds of participants in both groups were White. In terms
of clinical characteristics, approximately one-quarter had
stage IV disease at diagnosis (25.2% and 25.4%, respec-
tively), and approximately two-thirds had Eastern Coopera-
tive Oncology Group performance status scores of 0 or 1
(67.0% and 64.8%). In the palbociclib plus Al and Al mono-
therapy cohorts, respectively, 41.7% and 45.1% of patients
received prior neo/adjuvant chemotherapy and 49.5% and
60.6% received prior neo/adjuvant endocrine therapy. Demo-
graphic and clinical characteristics were generally similar in
the overall analysis set.

In the overall analysis set, letrozole was the most com-
mon Al taken by patients receiving palbociclib plus an Al
(93/116; 80.2%). Of patients receiving AI monotherapy,
similar percentages received letrozole (37/80; 46.3%) or
anastrozole (38/80; 47.5%). Median (range) treatment dura-
tion was 12.1 (0.3-65.8) and 11.0 (0.5-115.7) months in the
palbociclib plus Al and Al monotherapy cohorts, respectively.

As of the data cut-off date (31 December, 2020), 64
patients (55.2%) in the palbociclib plus Al cohort and 67

a b
Unadjusted Analysis
100%
80%1
2 60%- 8
[= f=
[« o
Q Qo
(7] [7]
(] (]
X 40% x
20%
0% L—1:0 4.
Palbociclib + Al Al

Fig. 1 Real-world tumor responses among patients with one or more
tumor assessments. Percentage of patients with a tumor response in
the unadjusted analysis (a) and the analysis adjusted by nIPTW (b).
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patients (83.8%) in the Al monotherapy cohort discontinued
first-line treatment; 40.5% and 65.0% discontinued because
of disease progression, respectively, and 8.6% and 5.0%
because of toxicity; 44.0% and 16.3% were ongoing with
the first-line treatment.

Normalized inverse probability treatment weighting was
able to effectively balance the eight measured confound-
ers, with the exception of a body mass index > 25 kg/m?
in patients with one or more tumor assessments and a body
mass index < 25 kg/m* and unknown disease-free interval
in the overall analysis cohort having standardized mean dif-
ferences slightly higher than the 0.1 cut-off value, which
was considered indicative of acceptable balance (Tables 1
and 2). In the sensitivity analysis, after PSM, there were
51 patients with one or more tumor assessments in each
treatment cohort and 62 patients in each cohort in the over-
all analysis set (Electronic Supplementary Material, Online
Resources 1 and 2). Although the eight measured confound-
ers were generally balanced between the matched cohorts,
applicability of this strategy was limited owing to the overall
small sample size and the larger proportion of patients in the
palbociclib plus Al cohort.

3.2 Real-World Tumor Responses

In patients with one or more tumor assessments on treat-
ment, the unadjusted rwRRs were 58.3% for palbociclib plus
an Al (n = 103) and 47.9% for Al monotherapy (n = 71;
Fig. 1 and Table 3) with an associated OR of 1.52 (95%
CI 0.79-2.92). The rwRRs adjusted by nIPTW were 60.0%
and 49.9%, respectively (OR, 1.51 [95% CI 0.82-2.77]). In

0%

nIPTW-Adjusted
. Complete response
. Partial response
[ stable disease
40.8
. Progressive disease
Not evaluable
29.0
Palbociclib + Al Al

Al aromatase inhibitor, n/PTW normalized inverse probability treat-
ment weighting
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Table 3 Real-world unadjusted and nIPTW-adjusted response rates

Patients with > 1 tumor assessments Overall analysis set
Palbociclib + Al Al monotherapy Palbociclib + Al Al monotherapy
Tumor response unadjusted
n 103 71 116 80
rwRR, CR + PR, n (%) 60 (58.3) 34 (47.9) 60 (51.7) 34 (42.5)
95% CI* 48.6, 67.3 36.7,59.3 42.7, 60.6 323,534
Comparison vs Al monotherapy
Odds ratio® 1.518 - 1.449 -
95% CI 0.790, 2.918 - 0.785, 2.681 -
Two-sided P-value® 0.2327 - 0.2605 -
Tumor response adjusted by nIPTW
n 103 71 116 80
rwRR, CR + PR, n (%) 62 (60.0) 35(49.9) 60 (52.1) 37 (46.2)
95% CI* 50.4, 69.0 38.6,61.2 43.0, 60.9 35.7,57.0
Comparison vs Al monotherapy
Odds ratio® 1.508 - 1.266 -
95% CI¢ 0.819,2.774 - 0.715,2.241 -
Two-sided P-value® 0.1874 - 0.4186 -

Al aromatase inhibitor, CI confidence interval, CMH Cochran-Mantel-Haenszel, CR complete response, n/PTW normalized inverse probability
treatment weighting, PR partial response, rwRR real-world response rate

“Based on the Wilson score method
®Based on the CMH method
“Based on the CMH method using weighted rwRR

the sensitivity analysis of the matched patients receiving
palbociclib plus Al (n = 51) and Al monotherapy (n = 51),
rwRRs were 56.9% and 45.1%, respectively (OR, 1.61 [95%
CI 0.68-3.78]; Electronic Supplementary Material, Online
Resources 3 and 4).

a
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12.1 13.8
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Palbociclib + Al Al

Response

Among all patients, the unadjusted rwRRs were 51.7%
for palbociclib plus Al (n = 116) and 42.5% for Al mono-
therapy (n = 80; Fig. 2 and Table 3); the associated OR
comparing palbociclib plus Al to AI monotherapy was 1.45
(95% CI 0.79-2.68). The rwRRs adjusted by nIPTW

nIPTW-Adjusted
100% . Complete response
. Partial response
o/ -
80% [ stable disease
46.1 374
[l Progressive disease
60%1
Not evaluable
40%
20% 187 2is
136 9.9
0%
Palbociclib + Al Al

Fig.2 Real-world tumor responses among all patients. Percentage of patients with a tumor response in the unadjusted analysis (a) and the analy-
sis adjusted by nIPTW (b). Al aromatase inhibitor, n/PTW normalized inverse probability treatment weighting
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were 52.1% and 46.2%, respectively (OR, 1.27 [95% CI
0.72-2.24]). A sensitivity analysis using PSM yielded the
rwRRs of 48.4% for patients in the palbociclib plus Al
cohort (n = 62) and 43.5% for those in the Al monotherapy
cohort (n = 62; OR 1.22 [95% CI 0.56-2.62]; Electronic
Supplementary Material, Online Resources 3 and 4).

An additional sensitivity analysis was conducted to
assess the robustness of the primary analysis, removing
eight patients from the AI monotherapy cohort who were
found to be postmenopausal at treatment initiation after
“unblinding” to the outcome data. Exclusion of these
patients did not change the study outcomes (patients with
one or more tumor assessments, nIPTW-adjusted OR of 1.62
[95% CI 0.86-3.03]; overall analysis set, nIPTW-adjusted
OR of 1.35 [95% CI1 0.75-2.43]).

4 Discussion

Evaluation of tumor responses is an important indicator of
treatment effectiveness and may allow for objective treat-
ment comparisons in real-world settings without the con-
founders that may affect time-related endpoints [24]. In
real-world studies, such evaluations may provide evidence
regarding the effectiveness of a given therapy to supple-
ment clinical trial findings [25]. Electronic health record
data from The Network, a large community-based database,
were used to provide a descriptive comparison of real-world
tumor responses among pre/perimenopausal patients who
received palbociclib plus Al or AI monotherapy as a first-
line treatment for HR+/HER2— MBC. Results indicated
that the percentage of patients receiving palbociclib plus
an Al with complete or partial responses was higher than
that for patients receiving Al monotherapy, with nI[PTW-
adjusted rwRRs among patients with one or more tumor
assessments of 60.0% and 49.9%, respectively (OR, 1.51
[95% CI1 0.82-2.77]).

Real-world data are important for generating evidence
regarding drug safety and efficacy under conditions of actual
clinical practice and in patients who do not meet inclusion/
exclusion criteria for clinical trials [25]. In recognition of
the value provided by real-world evidence, the FDA has
issued guidance establishing expectations for the quality
of real-world data and a priori finalization of statistical
analyses before conducting the final outcomes analyses for
regulatory purposes, which can provide guidance for all real-
world studies being conducted [26, 27]. Analysis of data
for patients with MBC has shown that clinically meaning-
ful information can be derived from the assessment of real-
world PFS and real-world tumor responses based on EHR
data abstraction when proper quality controls and analytic
methods are incorporated based on a concordance shown
between randomized clinical trials and real-world data. The
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concordance of real-world and clinical trial tumor responses
in the MBC setting is supported by a study observing simi-
lar response rates between patients in the placebo plus
letrozole arm of the PALOMA-2 study and patients from the
US Flatiron Health Analytic Database who received first-
line letrozole [21]. The study closely followed new FDA
guidance surrounding real-world evidence, including seek-
ing study design feedback, extensive quality control meas-
ures, clear documentation of data handling, and maintenance
of data integrity [28]. Tumor response outcome data were
not transferred to investigators for analysis until the statisti-
cal analysis plan using PS methodology to balance baseline
characteristics was finalized. Estimation of a PS, genera-
tion of nIPTW, and feasibility assessment of the balancing
process were therefore not influenced by the outcome data.
Good practice and guidelines have underscored the impor-
tance of using real-world data subject to rigorous standards
to maintain credibility [29, 30].

The current findings support clinical trial evidence
regarding treatment with a CDK4/6 inhibitor in combina-
tion with an Al for pre/perimenopausal women with HR+/
HER2—- MBC. Notably, the FDA recently (13 December,
2022) expanded the palbociclib label to include pre/peri-
menopausal women in the indication of palbociclib plus an
Al as an initial endocrine-based therapy for patients with
HR+/HER2—- ABC or MBC [6]. In PALOMA-2, which was
limited to postmenopausal women (including those consid-
ered postmenopausal because of a prior bilateral oopho-
rectomy), the confirmed objective response rate among
patients receiving palbociclib plus letrozole was 42.1%
compared with 34.7% in the placebo plus letrozole group;
when limited to patients with measurable disease accord-
ing to Response Evaluation Criteria in Solid Tumors, rates
were 55.3% and 44.4%, respectively [9]. Subgroup analy-
ses from PALOMA-2 compared outcomes between the
palbociclib plus letrozole cohort and the placebo plus letro-
zole cohort in the intent-to-treat population (n = 444 vs
n = 222, respectively), patients without a prior oopho-
rectomy (n = 379 vs n = 182), and patients with a prior
oophorectomy (n = 65 vs n = 40; Pfizer, data on file). In
this analysis, median PFS was consistently prolonged in the
palbociclib plus letrozole cohort versus the placebo plus
letrozole cohort in the intent-to-treat population (24.8
vs 14.5 months, respectively; hazard ratio, 0.58 [95% CI
0.46-0.72]), patients without a prior oophorectomy (24.9
vs 15.9 months; hazard ratio, 0.60 [95% CI 0.47-0.77)),
and patients with a prior oophorectomy (23.9 vs 13.8
months; hazard ratio, 0.49 [95% CI 0.28-0.86]). The objec-
tive response rate (including confirmed and unconfirmed
responses) was higher in the palbociclib plus letrozole
cohort compared with the placebo plus letrozole cohort in
the intent-to-treat population (46.4% vs 38.3%, respectively)
and in patients without a prior oophorectomy (42.7% vs
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33.5%), whereas patients with a prior oophorectomy dem-
onstrated similar response rates between the palbociclib
and letrozole cohort (38.5%) and the placebo and letro-
zole cohort (40.0%). The subgroup of patients with a prior
oophorectomy was small in this analysis, limiting interpreta-
tion. Similar CDK4/6 inhibitor class effects were observed
in the large, multicenter, MONALEESA-7 phase III trial,
which evaluated ribociclib or placebo in combination with
goserelin and endocrine therapy (Al or tamoxifen) in pre/
perimenopausal women with HR+/HER2— ABC or MBC
[31, 32]. The ribociclib group (n = 335) compared with the
placebo group (n = 337) had a significantly greater over-
all tumor response rate (41% versus 30%; P < 0.001), and
median PFS (23.8 vs 13.0 months; hazard ratio, 0.55 [95%
CI 0.44-0.69]; P < 0.0001) [31]. In the protocol-specified
final OS analysis, median OS was not estimable in the ribo-
ciclib group and 40.9 months in the placebo group (hazard
ratio, 0.71 [95% CI 0.54-0.95]; P = 0.00973) [32]. Premeno-
pausal women evaluated in the Young-PEARL study showed
a significantly longer median PFS in the palbociclib arm
than in the capecitabine arm (20.1 vs 14.4 months; hazard
ratio, 0.66 [95% CI 0.44-0.99]; P = 0.02); however, tumor
response rates among the two arms were similar (37% vs
34%) in this population, in which approximately 50% of
patients had received prior therapy for MBC [16]. The FDA
pooled analysis of four phase III trials of patients with HR+/
HER2—- ABC or MBC receiving an Al in combination with
a CDK4/6 inhibitor (mostly in the first line) or placebo dem-
onstrated that median PFS associated with a CDK4/6 inhibi-
tor plus an Al was significantly longer compared with an
Al plus placebo in female patients < 40 years of age (n =
193; 19.8 months vs 11.2 months; hazard ratio, 0.50 [95%
CI 0.34-0.74]) [33], with age used as a surrogate for pre/
perimenopausal status. Taken together, this evidence across
clinical trials is supportive of a clinical benefit of a CDK4/6
inhibitor plus an AI in pre/perimenopausal women with
HR+/HER2—- MBC who have achieved ovarian suppression
via surgical or chemical means, such as an oophorectomy or
the use of an LHRH agonist.

Additional real-world studies support improved survival
and/or response rates for patients with HR+/HER2— MBC
treated with palbociclib plus AI versus Al monother-
apy. A study of pre/perimenopausal women with HR+/
HER2— MBC retrospectively analyzed data abstracted from
medical records by US oncologists from a nationwide phy-
sician network [34]. Patients receiving a CDK4/6 inhibitor
regimen (CDK4/6 inhibitor monotherapy, n = 3; CDK4/6
inhibitor plus endocrine therapy plus chemotherapy, n = 11;
and CDK4/6 inhibitor plus endocrine therapy, n = 169) had
unadjusted complete response, partial response, and stable
disease rates of 24.0%, 66.7%, and 7.7%, respectively. The
recent study using the US Flatiron Health Analytic Data-
base found that the adjusted real-world PFS was 20.0 months

among patients with HR+/HER2— MBC, regardless of
menopausal status, who received palbociclib plus letrozole
(n = 839) compared with 11.9 months for letrozole mono-
therapy (n = 698; hazard ratio, 0.58 [95% CI 0.49-0.69];
P < 0.0001); adjusted OS was also significantly longer
among patients who received palbociclib plus letrozole
(not reached vs 43.1 months; hazard ratio, 0.66 [95% CI
0.53-0.82]; P < 0.001) [17]. In the small subgroup of patients
aged 18-50 years (n = 104; age used as a surrogate for
pre/perimenopausal status), patients who received pal-
bociclib plus letrozole also had longer real-world PFS
(hazard ratio, 0.82 [95% CI 0.48-1.39]), as well as longer
OS (hazard ratio, 0.71 [95% CI 0.27-1.89]) than those
who received letrozole monotherapy. Another analy-
sis from the US Flatiron Health Analytic Database sup-
ported these findings and demonstrated a superior,
adjusted, real-world best tumor response (i.e., complete
response or partial response) among women (aged > 18
years) who received palbociclib plus letrozole versus
letrozole monotherapy (58.6% vs 39.1%; P < 0.0001;
n = 215 per group) [35]. Although not comparative, an
analysis conducted in the large non-interventional, prospec-
tive, multicenter, real-world POLARIS study found that pre/
perimenopausal women with HR+/HER2— ABC or MBC
treated with first-line palbociclib plus Al/fulvestrant/other
(n = 110) had a rwRR of 31.8% and a median PFS of 20.3
months (Pfizer, data on file).

The efficacy of palbociclib plus fulvestrant is well estab-
lished in patients with HR+/HER2— MBC whose disease
had progressed following endocrine therapy, including in
premenopausal women receiving goserelin to suppress estro-
gen activity [6, 15, 36]. In PALOMA-3, a study in which
patients had to have progressed on at least one line of endo-
crine therapy either in the adjuvant or advanced setting, the
objective response rate observed in premenopausal women
was 25.0% for patients treated with palbociclib plus fulves-
trant plus goserelin versus 11.1% for patients treated with
placebo plus fulvestrant plus goserelin, and the median PFS
was 9.5 versus 5.6 months, respectively (hazard ratio, 0.50
[95% CI 0.29-0.87]) [36]. A later data cut found that median
PFS in this subpopulation of premenopausal women was
11.3 and 5.6 months, respectively [15]. Considering that
palbociclib acts downstream of the estrogen receptor,
which is effectively inhibited by both fulvestrant and Al,
the efficacy of palbociclib plus fulvestrant in premenopau-
sal women can be extrapolated to further support the use of
palbociclib plus Al in premenopausal women [37], in addi-
tion to the clinical and real-world evidence discussed above.

In this study, pre/perimenopausal women were identified
who initiated palbociclib plus an Al as first-line treatment
for HR+/HER2— MBC, with evidence of rwRR consist-
ent with randomized clinical trials and other real-world
evidence. In the USA, National Comprehensive Cancer
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Network Guidelines® recommend use of a CDK4/6 inhibi-
tor (palbociclib, ribociclib, or abemaciclib) in combination
with an AI or fulvestrant as a first-line therapy for women
with recurrent unresectable or stage IV HR+/HER2— dis-
ease who are postmenopausal or premenopausal undergo-
ing ovarian ablation or suppression [38]. While ribociclib in
combination with an Al has a category 1 recommendation
as a first-line therapy in this patient population, no head-to-
head studies comparing agents are available and there are
some differences between the phase III study patient popula-
tions and palbociclib remains a preferred first-line treatment.
In the European Union, palbociclib plus an Al is approved
for treatment of HR+/HER2— ABC or MBC in pre/peri-
menopausal women in combination with an LHRH agonist
based on extrapolation of efficacy data from PALOMA-2
and PALOMA-3, as well as a pharmacologic justification for
use of palbociclib as an add-on to Al plus an LHRH agonist
based on the downstream activity of palbociclib relative to
that of the estrogen receptor, which is effectively inhibited
by Al or fulvestrant (plus an LHRH agonist) [37, 39]. Find-
ings from this study support the use of palbociclib combi-
nation therapy in pre/perimenopausal women with HR+4/
HER2- MBC.

Study strengths include the approach taken to ensure data
quality and integrity, including the use of a standardized EHR,
a chart review process to verify key data elements, 100% data
source verification of tumor assessment given it was the pri-
mary endpoint, implementation of an analytic quality control
process, and the approach of performing a PS-based balanc-
ing analysis before accessing tumor response outcome data.
Because of the non-randomized nature of the study, statistical
approaches were used to balance observed potential confound-
ers and were able to create more homogeneous and compa-
rable treatment cohorts, mimicking a randomized study. The
Network also reflects a diverse and broad set of patients across
the USA in a community network setting.

Limitations include the reliance of tumor response assess-
ments on the treating clinician’s assessment in routine prac-
tice (rather than a standardized objective method such as
Response Evaluation Criteria in Solid Tumors on a prespeci-
fied tumor assessment schedule), the lack of a blinded inde-
pendent radiology review in routine clinical practice and the
vulnerability of the iKM database to potential measurement
errors, misclassifications, and missing or unavailable data,
which is a challenge for real-world datasets. For example,
documentation of the use of LHRH agonists in premenopau-
sal women was lacking in this study. Only 81.9% of women
in the palbociclib plus Al cohort and 63.8% in the Al cohort
had a documented history of receiving LHRH agonists, even
though its use in pre/perimenopausal women is essential
when receiving an Al This discrepancy is likely due to poor
documentation in the EHR and women receiving LHRH
agonists in other health networks. Nevertheless, women were
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designated as premenopausal based on other explicit EHR
documentation and not only on their use of LHRH agonists.
Quality control assessments and checks were performed to
minimize this risk. However, as demonstrated by a retro-
spective identification of eight postmenopausal patients after
the final data transfer, this strategy was not completely fail-
safe. The varying time periods in which cohorts had initi-
ated treatment are a limitation; palbociclib initiation started
in 2015 when it was approved, whereas the monotherapy
cohort could date back to 2010. Given the limited number
of control patients available in the contemporaneous time
period, obtaining historical control patients was warranted.
Given the difference that would arise in a follow-up, a tumor
response endpoint allowed for a more objective comparison
of treatment effectiveness as a marker of treatment activity
and avoided confounders that may affect a time-to-event end-
point [24], such as PFS or OS. Interestingly, obtaining his-
torical control patients may have led to the similar duration
of treatment observed between the two treatment arms, as
patients treated with Al monotherapy would have had an ear-
lier index date starting from 2010 than patients who would
have started treatment with palbociclib only after its FDA
approval in 2015. The non-randomized nature of the study
may have enabled selection biases influencing the choice
of treatment for individual patients that may not be fully
addressed by the PS-based methodology. However, the use
of nIPTW was demonstrably successful in balancing select
baseline demographic and clinical factors while retaining all
patients in the original unweighted population, although this
does not eliminate the risk of unmeasured confounders. In
addition, the PSM sensitivity analysis was limited given the
small sample size after matching, and the larger proportion
of patients in the palbociclib plus Al cohort. Finally, the
generalizability of study findings may be limited to other
US community oncology practices; however, the iKM EHR
database covers more than 500 sites of care across the USA.

5 Conclusions

This retrospective observational study of pre/perimeno-
pausal women with HR+/HER2— MBC demonstrated that
rwRRs associated with palbociclib plus an Al used as a
first-line therapy were numerically higher than those asso-
ciated with Al monotherapy. A limited sample size could
have impacted the ability to detect a significant difference;
however, no formal hypothesis testing was performed. These
real-world findings may supplement existing data suggest-
ing a therapeutic benefit of palbociclib plus an Al in this
population.
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