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Abstract

Purpose Palbociclib has become the standard of care for estrogen receptor-positive (ER+), human epidermal growth factor
receptor 2 negative (HER2-) metastatic breast cancer, but real-world evidence in older women remains scarce. Therefore, we
investigated tolerability of palbociclib in older women with metastatic breast cancer.

Methods Consecutive women aged > 70 with ER+/HER2- metastatic breast cancer, treated with palbociclib in any treat-
ment line in six hospitals, were included. Primary endpoint was grade > 3 palbociclib-related toxicity. Predictors of toxicity
were identified using logistic regression models. Progression-free survival (PFS) and overall survival (OS) were estimated
using Kaplan Meier.

Results We included 144 women with a median age of 74 years. Grade 3—4 toxicity occurred in 54% of patients, of which
neutropenia (37%) was most common. No neutropenic fever or grade 5 toxicity occurred. Dose reduction during treatment
occurred in 50% of patients, 8% discontinued treatment due to toxicity and 3% were hospitalized due to toxicity. Polyphar-
macy (odds ratio (OR) 2.50; 95% confidence interval (CI) 1.12-5.58) and pretreatment low leukocytes (OR 4.81; 95% CI
1.27-18.21) were associated with grade 3—4 toxicity, while comorbidities were not. In first-line systemic therapy, median
PFS was 12 months and median OS 32 months. In second-line, median PFS was 12 months and median OS 31 months.
Conclusion Although grade 3—4 toxicity and dose reductions occurred frequently, most were expected and managed by dose
reductions, showing that palbociclib is generally well tolerated and thus represents a valuable treatment option in the older
population.
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Introduction

Breast cancer is a common disease among older women,
with over 30% of new cases diagnosed in patients aged > 70
years [1]. Yet, they are still underrepresented in pivotal tri-
als investigating novel therapies [2]. Furthermore, previous
studies demonstrated that older patients included in breast
cancer trials do not represent the general older population,
as they have less comorbidities, a better socioeconomic sta-
tus and less aggressive disease [3, 4]. This results in limited
data about the tolerability and benefit of anticancer treat-
ment for most older women seen in daily practice.

Of all older women diagnosed with breast cancer, 80%
have estrogen receptor-positive (ER+)/ human epidermal
growth factor receptor 2-negative (HER2-) breast cancer
[5]. In the metastatic setting, sequential endocrine therapy
has been the standard treatment for this tumor type for
decades, but many patients will develop acquired resistance
to endocrine therapy at some point and are then candidates
for chemotherapy. The introduction of cyclin-dependent
kinases 4 and 6 (CDK4/6) inhibitors such as palbociclib
has transformed the treatment landscape of metastatic ER+/
HER?2- breast cancer [6]. Clinical trials have demonstrated
a benefit in progression-free survival (PFS) of 7-10 months
[7-9] and, in some trials, a prolongation in overall survival
(OS) [10] for the combination of palbociclib and endocrine
therapy compared to endocrine therapy alone. This benefit
led to rapid approval and recommendation of its use as first-
or second-line treatment option by international guidelines
[11].

With palbociclib being commonly used in older women
living with frailty and multimorbidity, real-world data are
needed to understand its safety in clinical practice [12]. Yet,
data derived from real-life settings remain scarce. There-
fore, this study assessed the treatment tolerability of pal-
bociclib in older women with ER+/HER- metastatic breast
cancer using real world data.

Methods

This retrospective, multicenter cohort study was con-
ducted in six Dutch hospitals and received approval from
all institutional review boards of the participating hospitals.
No formal dedicated informed consent was required, but
all patients had approved use of their data by the opt-out
procedure.

We included all consecutive women aged > 70 years with
ER+/HER2- metastatic breast cancer, treated with palboci-
clib between January 2016 and July 2022. Palbociclib could
be administered in combination with anti-estrogen ther-
apy or aromatase inhibitors, during any line of endocrine
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therapy. Only patients with a minimal follow-up time of 6
months or death before that date were included.

Data were collected from digital patient files. Patient
characteristics included comorbidity, polypharmacy
(using>5 medications), WHO performance status, Body
Mass Index (BMI), living situation and baseline leukocytes.
Comorbidity was measured using the Charlson Comorbid-
ity Index (CCI) [13]. Leukocytes were categorized with a
cut-off <5 10°/L [14]. Tumor- and treatment characteris-
tics included the number and location of metastatic sites,
upfront dose reduction, type and line of endocrine therapy
and prior chemotherapy use.

Primary endpoint was grade >3 palbociclib-related tox-
icity, defined by the Common Terminology Criteria for
Adverse Event v5.0 [15]. Secondary endpoints included
dose reduction or dose delay during treatment, treatment dis-
continuation and unplanned hospital admissions. PFS (time
from start palbociclib to date of radiologic or biochemical
progression or date of death as a result of any cause, which-
ever occurred first) and OS (time from start of palbociclib to
date of death) were also calculated.

Statistical analyses

Descriptive statistics were calculated using median and
interquartile ranges for continuous data and frequencies
and percentages for categorical data. Median follow-up
time was calculated using the reverse Kaplan-Meier method
[16]. To identify predictors of grade >3 toxicity, uni- and
multivariable regression models were calculated using odds
ratios (OR) and their 95% confidence intervals (CI). Clini-
cally relevant predictors (bone only disease, line of therapy,
upfront dose reduction, WHO status and comorbidities) and
those with a p <0.1 were added to the multivariable model.

Median PFS and OS with their 95% CI were estimated
using the Kaplan-Meier method. To take into account
time-related bias when studying patients treated in differ-
ent treatment lines, survival analyses were stratified by line
of systemic therapy. To investigate whether the survival
of women who received upfront dose reduction or a dose
reduction within the first three months was worse compared
to those treated with full-dose, we performed a sensitivity
analysis in which we stratified survival by dose reduction
during or before treatment initiation versus no dose reduc-
tion. To reduce the bias that patients with a longer PFS time
have had a higher probability of receiving a dose reduction,
we only considered dose reduction within the first three
months after treatment initiation.

Analyses were performed in SPSS v29 and figures were
created using GraphPad Prism 9.3.1. P-values were 2-sided
and a p-value < 0.05 was considered statistically significant.
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Table 1 Baseline characteristics (N=144) 100+
Variable N (%)
Age (years) Median (IQR) 74 (72-78) 80=
70-74 75 (52.1) "
_ c - 0,
Presentation Newly diagnosed disease 39 (27.1) 5
Recurrent or progressive disease 105 (72.9) X
Metastases Bone involvement 114 (79.2)
Lung involvement 55(38.2) 8%
Liver involvement 50 (34.7) 3%
Bone only 27 (18.8) | p m—
Endocrine therapy ~ Aromatase inhibitor 42 (29.2) S T T T N ST S P
Anti-estrogen 102 (70.8) e 6&6 @@be \OQ\(’@ C}o@o Ry ® & @\\0
Line of endocrine 1 47 (32.6) @ &rz‘y\o Qfé\ %0@ @ & é?cg
therapy 2 53 (36.8) &° &P QFR°
>3 44 (30.6) <
S:]ill: ;rcliﬁgse 133 Eﬁ (standard dose) ;3(2_(39)3.1) Fig.. 1 Tr.eatment outcomes after palchi.clib+0f all 144 pat.ients. No
75 mg 1(0.7) patients in our cohort' had gr.a('ie 5 t0x101;y. Of the 78 patients with
grade 3—5 hematological toxicity, 73 (94%) only had grade 3—4 neu-
Prior chemotherapy ~ Yes 16 (11.1) tropenia or leukopenia and 5 (6%) had neutropenia combined with
Concurrent Yes 20 (13.9) thrombocytopenia or anemia. *Early treatment discontinuation and
radiotherapy unplanned hospitalizations due to palbociclib-related toxicity
Baseline leukocytes Mean (SD) 7.58 (3.15)
Normal (>5 10°/L) 113 (78.5) 18-47). The median age of the participants was 74 years
Low (<5 10°/L) 20(13.9) (IQR 72-78) (Table 1). Approximately 73% had recurrent
Unknown 11(7.6) or progressive disease and 19% had bone metastases only.
Z?;Iig performance (1) gg ggig Polypharmacy was seen in 57% and a CCI of >1 in 39%.
2 19(13.2) Of all women, 47 (33%) received palbociclib in first-line,
3 2(1.4) 53 (37%) in second-line and 44 (31%) in third-, fourth- or
Not recorded 57(39.6) fifth-line. Upfront dose reduction was performed in 10 (7%)
BMI Mean (SD) 26.7 (4.9) patients. Median treatment duration of palbociclib was 9
<20kgm’ 7(49) months (IQR 5-19) (first-line; 10 months (IQR 5-18), sec-
igiéiﬁ? :‘1‘ 832; ond-line; 9 months (IQR 4-18), third-, fourth- or fifth-line;
> 30 ke/m? 21 (14.6) 10 months (IQR 4-20)).
Not recorded 31(21.5) .
Charlson comorbid- 0 89 (61.4) Tolerability
ity index 1 28 (19.3)
2 19 (13.1) Of all women, 78 (54%) developed grade 3—4 palbociclib-
3 8 (5.5) related toxicity, of which 63 (44%) had hematological and
N of medications 04 62 (43.1) 18 (13%) non-hematological toxicities (Fig. 1). Neutropenia
>5 82 (56.9) (55 women, 38%) and leukopenia (10 women, 7%) were
Living situation With others 66 (45.8) the most common hematological toxicities and fatigue (9
Alone 55(382) women, 6%) the most common non-hematological toxicity
Institutionalized* 32D (Table S1, Online Resource). Grade > 3 febrile neutropenia
Unknown 20 (13.9)

Abbreviations 1QR; interquartile range, N: number, SD; standard

deviation. *Living in a nursing home or a rehabilitation center

Results

We included 144 older women treated with palbociclib
between January 2016 and July 2022. The median follow-
up time from palbociclib initiation was 32 months (IQR

or treatment-related death was not reported. Ofthe 78 women
who experienced a grade 3—4 toxicity, the toxicity led to a
dose reduction in 28%, to dose delay in 18%, to reduction
and dose delay in 26%, and to treatment discontinuation in
9%. In 18% of the women with grade 3—4 toxicity, toxicity
did not have any treatment consequences. Dose reduction
due to any reason (grade 3—4 toxicity or other reasons) was
seen in 72 (50%) patients, of which 76% were performed
within the first three months. Treatment discontinuation due
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to toxicity was seen in 11 (8%) patients: discontinuation
due to personal preference or disease-related symptoms in
7 (5%) patients. Unplanned hospitalization during treatment
occurred in 19 (13%) patients, of which 4 (3%) were related
to toxicity, 6 (4%) to disease progression and 9 (6%) due
to other reasons. Of the 10 women who received a starting
dose of 100 mg or 75 mg, 6 received another dose reduction,
whereas dose was escalated to 125 mg in two participants.

Associations between baseline characteristics and
grade 3-4 toxicity

In univariable logistic regression, pretreatment low leuko-
cytes were associated with the development of grade 3—4
toxicity (OR 6.19; 95% CI 1.72-22.31, p=0.005) (Table
S2, Online Resource). After adjusting for bone only disease,
line of therapy and WHO status in a multivariable regres-
sion model, low leukocytes (OR 4.81; 95% CI 1.27-18.21,
p=0.021) and polypharmacy (OR 2.50; 95% CI 1.12-5.58,
p=0.026) were associated with grade 3—4 toxicity, whereas
a CCI of 1 (OR 0.56; 95% CI 0.21-1.51, p=0.249), a CCI
of >2 (OR 0.79; 95% CI1 0.30-2.12, p=10.643) and upfront
dose reduction of palbociclib (OR 0.35, 95% CI 0.07-1.69,
p=0.191) were not associated with toxicity (Fig. 2).

Fig. 2 Forest plot of the multi-

N of patients

Effectiveness

Baseline characteristics of women treated in the first- or sec-
ond-line were comparable (Table S4). In women treated in
the first-line systemic therapy, median PFS was 11.5 months
(95% CI 5.8-17.2) and median OS 32.4 months (95% CI
21.8-43.1) (Fig. 3). For women treated in the second-line,
median PFS was 12.2 (95% CI 4.1-20.4) and median OS
30.7 months (95% CI 17.1-44.3) (Fig. 4). In the third line
or beyond, median PFS was 15.3 months (95% CI 8.3-22.4)
and median OS 38.2 months (95% CI 22.8-53.7) (Figure
S1, Online Resource).

Sensitivity analysis

To investigate whether survival of women receiving upfront
dose reduction or a dose reduction within the first three
months was worse compared to those treated with the stan-
dard dose, we stratified survival analyses by dose reduction
versus no dose reduction. Women in the dose-reduced group
more often had recurrent or progressive disease and more
often received prior chemotherapy, had a worse WHO sta-
tus and more polypharmacy (Table S4, Online Resource).
The median PFS of women who received a dose reduction

OR (95% Cl)

variable logistic regression model
to assess the association between
baseline parameters and grade
3—4 palbociclib-related toxicity.
Odds ratios (OR) and 95% confi-

Age
70-74 years 75
75-79 years 51
280 years 18

Line of therapy

dence intervals (CI) are depicted. 1 47
X-axis is displayed as log scale. 2 53
Abbreviations: CCI; Charlson 3 44

Metastatic disease
No bone only 117
Bone only 27
Upfront dose reduction

Comorbidity Index, CI: confi-
dence interval, OR: odds ratio

No 134
Yes 10
[VHO status
0 27
1 39
2 21
Polypharmacy
No 62
Yes 82
ccl
0 g7
1 28
2+ 29

Baseline leukocytes
Normal (>5 10*9/L) 113
Low (<5 10*9/L) 20
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n 1

——— 1.76 (0.77-4.04)
— 1.33 (0.42-4.21)

" 1
—— 0.95 (0.40-2.28)
— 0.93 (0.37-2.38)

:
— 0.53 (0.20-1.42)

- 1
= — 0.35 (0.07-1.69)

" 1
—_— 1.39 (0.46-4.17)
— = ' 2.22 (0.60-8.26)

" 1
- 2.50 (1.12-5.58)

] 1
— 0.56 (0.21-1.51)
— 0.79 (0.30-2.12)

] 1

P 4.81(1.27-18.21)
[ I 1
0.1 1 10

Adjusted odds ratio (95% CI) on log scale
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Lower toxicity risk Higher toxicity risk
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Fig. 3 Kaplan-Meier survival plots of progression-free survival (PFS) and overall survival (OS) of those treated in the first-line setting. Median
PFS was 11.5 months (95% CI 5.8-17.2) and median OS was 32.4 months (95% CI 21.8-43.1)
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Fig.4 Kaplan-Meier survival plots of progression- free survival (PFS) and overall survival (OS) of those treated in the second-line setting. Median
PFS was 12.2 (95% CI 4.1-20.4) and median OS 30.7 months (95% CI 17.1-44.3)

was 15.9 months (95% CI 9.7-22.2), whereas women who
did not receive a dose reduction had a median PFS of 11.1
months (95% CI 7.3-14.9) (log rank p=0.71) (Figure S2,
Online Resource). Median OS of those receiving dose-
reduced treatment was 25.7 months (95% CI 19.2-33.2)
and women receiving standard dose treatment had a median
OS of 34.3 months (95% CI 29.4-39.1) (log rank p=0.33)
(Figure S2, Online Resource).

Discussion

This real-world study showed that, despite the high occur-
rence of grade 3—4 neutropenia and dose reductions, only
13% of the older women treated with palbociclib developed
severe nonhematological toxicity, 8% discontinued due to

toxicity and 3% were hospitalized due to toxicity. Polyphar-
macy and low baseline leukocytes were associated with
grade 3—4 toxicity, while comorbidities were not. Median
PFS was 12 months and median OS 32 months in first-line,
whereas median PFS was 12 months and median OS 31
months in second-line.

Interestingly, rates of grade 3—4 toxicities and neutro-
penia were slightly lower than reported in previous trials
[17, 18] (Table 2). Reason for this discrepancy may be the
relative higher percentage of our participants receiving an
upfront dose reduction. Rates of nonhematological toxicity,
dose reduction and dose delay were similar to previous stud-
ies [18-22]. Most toxicities could be adequately managed
with dose adjustments and the low occurrence of hospital-
ization and toxicity-related discontinuation further reflects
good tolerability in the older population. Previous studies

@ Springer



342

Breast Cancer Research and Treatment (2024) 206:337-346

with older women receiving CDK4/6 inhibitors showed that
quality of life was maintained during treatment [18, 23],
which is an important goal in treating metastatic breast can-
cer. Another argument in favor of CDK4/6 inhibitors is that
it delays the use of chemotherapy [24], generally leading
to more toxicity and decreased quality of life, especially in
older patients [25]. Due to its favorable toxicity profile, pal-
bociclib represent a valuable option in treating (frail) older
women with metastatic breast cancer.

In our study, the effectiveness in first-line was substan-
tially lower compared to the PALOMA-2 trial (median PFS
of 25 months, median OS of 54 months) [9, 18, 19], which
aligns with findings from other real-world studies [20, 26—
28] (Table 2). This survival gap may partly be attributed to
the strict protocol-specified definition of eligible patients
for the PALOMA-2 trial, excluding individuals with poor

performance status or extensive visceral disease. Further-
more, despite frail older adults making up a substantial pro-
portion of the population receiving anticancer treatment [29,
30], their.

recruitment in trials remains challenging, even in studies
with broad inclusion criteria [3, 37]. Irrespective of their eli-
gibility status, patients with cancer who have comorbidities
and those with an older age (frailty-related factors) are less
frequently offered trial participation [38—40]. As a result,
the selected trial population may have been diverse from
the heterogenous and frail patient population treated in rou-
tine practice. This so-called efficacy-effectiveness gap is a
commonly observed problem in oncology trials [41]. Lower
treatment compliance, reduced tolerability and increased
comorbidities of those treated in daily practice may dimin-
ish the magnitude of efficacy found in clinical trials. The

Table 2 Overview of previous studies investigating CDK4/6 inhibitors combined with endocrine therapy specifically in older women

Study type N of older Grade Neu-  Redu-ction Delay Disconti-nuation ~ Median PFS Median
patients 3+ trope- oS
nia gr
3+
Clinical trials
Rugo [18] Pooled analysis 65-74y: 221 65- 65- 6% 1 L: 28 months,
trial >75y: 83 T4y:  T4y: 2 L:14-16 months
78%  63%
754+ 75+
83%  74%
Howie [17]  Pooled analysis 65-74y: 162 88% 23%
trial >75y: 56
Malorni [31] Phase II trial 115 (median 72% 23% 35% 9% 2—4 L: 11 months
age 67y)
Real world data
Clifton [19]  Monocenter cohort 92 48% 57% AL: 19 months
Olazagasti Monocentercohort 73 38% N/A N/A N/A
[22]
Gouton [20] Monocenter cohort 52 67%  64% 40% 10% AL: 9 months NR
El Badri [21] Multicenter cohort > 75y: 276 46% 51% 59% 13% 1L,2year:65% 1L,2
year:
74%
Ismail [32]  DICA database 189 (median 39% TTNT: 17 months 21
64y) months
Patt [27] Flatiron database 813 (median 35% 11% 1 L: 20 months 1 L:NR
65y)
DeMichele  Flatiron database 772 (mean 20 months NR
[33] age 67y)
Herrscher Monocenter cohort 77 (median 63% 31% 13% 2 L: 11 months NR
[34] 66y) 3—4 L: 9 months
Rugo [35] Flatiron database >65y: 450 1 L: 22 months 1L:NR
Caillet [36]  Cohort 807 43%  32% 23% N/A N/A
Fountzilas Multicenter cohort > 75y: 43 19% 19% 21% 17% 1 L: 11 months, 1L:24
[28] 2 L: 8 months months,
2L:NR
Our study Multicenter cohort 144 54%  37% 50% 50% 8% 1 L: 12 months 1L:32
2 L: 12 months months
2L:31
months

Abbreviations 1 L; first line, 2 L: second line, AL: any line of therapy, N/A: not applicable, NR: not reached, TTNT: time-to-next treatment
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fact that median OS in both arms of the PALOMA-2 trial
was over 50 months [42], whereas real-world data in Dutch
women with ER+/HER2- metastatic breast cancer treated
with systemic therapy found a median OS of 33 months
[43], suggests that the PALOMA-2 population had better
patient- and tumor characteristics than those seen in daily
practice.

Another reason for the different survival between tri-
als and observational data might be that, in daily practice,
women with the most aggressive tumor types and in highest
need of rapid response were the first to be treated with this
novel therapy of palbociclib in first-line. The Dutch Society
of Medical Oncology has recommended second-line use of
CDK4/6 inhibitors in patients with low-aggressive breast
cancer, while awaiting the results of the Dutch SONIA trial
on the preferred position of CDK4/6 inhibitor use [24, 44].
In this phase-3 randomized trial, the investigators evaluated
the efficacy and safety of CDK4/6 inhibitors added to either
first- or second-line endocrine therapy in patients with
HR+/HER2 metastatic breast cancer [45]. Results from the
SONIA study showed that first-line addition of CDK4/6
inhibitors did not provide a PFS benefit (time between ran-
domization to second objective disease progression when
CDK4/6 inhibitors were added in first-line was 31 months
and added in second-line 28 months). However, first-line
addition of CDK4/6 inhibitors did increase toxicity, sug-
gesting that second-line use may indeed be the preferred
option for most patients [46]: a potentially beneficial out-
come for older patients.

Thirdly, during the COVID-19 pandemic, clinicians may
have chosen only to add palbociclib in first-line in patients
with the highest treatment urgency to avoid unnecessary
hospital visits, and women with endocrine-sensitive tumor
types and long-term response on first-line endocrine mono-
therapy may have received palbociclib in the second-line.
More patients in the first-line setting received palliative
radiotherapy and had >4 metastatic sites, which may indeed
indicate that these patients more often had symptomatic or
aggressive tumors.

Although women receiving dose reductions had a worse
performance status and more polypharmacy, PFS was simi-
lar to those receiving the standard dose, which is in line with
other studies in older women treated with palbociclib [32,
47]. Overall survival was slightly lower in women receiving
a dose reduction, but this difference is more likely a result
of patient selection rather than reduced response to palbo-
ciclib. Although these results are likely to be confounded
by selection bias, they seem to be reassuring to clinicians
and patients that de-escalation of treatment can be safely
prescribed. Even though most grade 3—4 toxicities were
manageable, they might lead to more frequent hospital visits
and blood tests. Individuals at increased risk of developing

toxicity, such patients with low leukocytes or polyphar-
macy, may therefore benefit from upfront dose reduction.

Although frailty status was not assessed in the current
study, pretreatment frailty screening could aid physicians in
further individualizing treatment with palbociclib in older
women, as frailty is associated with an increased risk of
poor treatment outcomes, functional decline and mortality
[25, 29]. An evidence-based approach to diagnose frailty is
by performing a geriatric assessment (GA) [48]. Although
the role of a GA in palbociclib use is yet to be fully defined
[49], geriatric characterization of older patients with met-
astatic breast cancer could help identify unmet needs and
improve patient management, decision making and help
maintaining quality of life [50]. Two ongoing prospective
studies are currently investigating the association between
geriatric questionnaires and treatment outcomes in older
women treated with palbociclib [36, 51], which will help
define the usefulness of a GA in clinical practice.

To our knowledge, this is the first real-world multicenter
cohort that included women aged>70 years treated with
palbociclib in any treatment line in both academic and
community hospitals. Since all consecutive patients were
included, we gathered a cohort of older women represent-
able for daily practice. The high prevalence of multimorbid-
ity and polypharmacy among our study population reflects
the generalizability to patients seen in daily practice. Due to
the relatively long follow-up period, this study was among
the first to calculate median OS in older women.

Study limitations include the lack of a control group
with women treated only with endocrine therapy to com-
pare effectiveness, limited data about geriatric charac-
teristics and quality of life and a modest sample size,
especially in the subgroups stratified by line of therapy.
Data extraction is dependent on the registration by cli-
nicians in electronic health records, which may lead to
incomplete data on patient characteristics, such as WHO
performance status, or toxicity. Last, treatment outcomes
might be influenced by interhospital variations in the per-
formance of dose reductions.

Conclusion

Although grade 3—4 toxicity and dose reductions occurred
frequently, most were expected and managed by dose
reductions, showing that palbociclib is generally well
tolerated and thus represents a valuable treatment option
in the older population.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s10549-
024-07312-y.
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