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Abstract
Background: Outpatients treated with oral anti-cancer drugs, including selective cyclin-dependent kinase 4/6 inhibitors

(CDK4/6i), may benefit from a pharmacy practice setting adapted to support proper oral anti-cancer drug monitoring.

This real-world study aimed to characterize patient-centered pharmacy practice aligned with American Society of

Clinical Oncology (ASCO)/National Community Oncology Dispensing Association (NCODA) standards and to describe

its impact on CDK4/6i treatment use.

Methods: This retrospective study included women with confirmed hormone receptor-positive/human epidermal

growth factor 2 negative locally advanced or metastatic breast cancer treated with either palbociclib, abemaciclib or ribo-

ciclib combined with letrozole or fulvestrant. Pharmacists collected patient characteristics, clinical activities, and treat-

ment patterns using data from the pharmacy chart. CDK4/6i treatment adherence rates were estimated based on

medication claims data. Time-to-treatment discontinuation, a proxy for time-to-event, was assessed using the Kaplan-

Meier estimate.

Results: Of the 195 patients assessed for eligibility, 65 were included in this study. The median observation duration was

13.6 months. An average of seven pharmaceutical care activities (range 2.8–21.7) per patient was documented for each

treatment cycle. The mean proportion of days covered was 89.6%. The median time-to-treatment discontinuation was

estimated at 44.2 months in patients treated with CDK4/6i+ letrozole and 17.0 months in patients treated with

CDK4/6i+ fulvestrant. The average relative dose intensity was 85%, and the benefits of treatment were maintained

regardless of the relative dose intensity levels.

Conclusion: A structured patient-centered pharmacy practice model integrating the ASCO/NCODA patient-centered

standards and ongoing communication with patients and healthcare providers ensure timely refills, close monitoring, and

allows patients to achieve high adherence and persistence rates comparable to those reported in clinical trials.
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Introduction
Breast cancer is the most common cancer and the second
leading cause of cancer-related death in Canadian women,
accounting for 25% of newly diagnosed cancers. While
5–10% of breast cancers are already metastatic at diagnosis,
20–30% of women with early stage breast cancer will even-
tually develop metastatic breast cancer (MBC).1,2 The
majority of breast cancers (65–70%) are hormone receptor-
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positive (HR+ ) and human epidermal growth factor recep-
tor 2-negative (HER2−). Endocrine therapy, with or
without a CDK4/6 inhibitor (CDK4/6i), is the mainstay
for HR+ /HER2− locally advanced inoperable or MBC,
collectively referred to as advanced breast cancer (ABC).
The addition of CDK4/6i to endocrine therapy has led to
substantial progression-free survival (PFS) and overall sur-
vival (OS) in the first- and second-line ABC settings,
making CDK4/6i therapy (palbociclib, ribociclib, or abe-
maciclib) plus standard endocrine therapy the treatment of
choice in these contexts.3–8

The pharmacy delivery of oral anticancer drugs (OACDs),
such as CDK4/6i, to outpatients represents a more convenient
approach compared to intravenous chemotherapy, with only
periodic visits to cancer care centers being necessary.
However, patients must assume greater responsibility for
their own care, which may lead to numerous challenges for
clinicians including medication adherence, drug reimburse-
ment, toxicity recognition and management, and suboptimal
treatment outcomes.9,10

An independent pharmacy located in Montreal, Canada
(Lariviere & Massicotte Pharmacy (thereafter referred to as
LMP)), dedicated to the dispensing of specialty medicines
for over 14 years, adapted its practice model to circumvent
many of these challenges. The LMP structured and standar-
dized its workflow to offer continuing support to patients
and to ensure ongoing communication and collaboration
with hospital teams as well as with community pharmacists
that dispense patients’ general medication. These are in line
with recent guidelines related to the dispensing and follow-up
of patients treated with OACDs published collaboratively by
the American Society of Clinical Oncology (ASCO) and the
US National Community Oncology Dispensing Association
(NCODA) (see Supplemental Table 1).11,12 In these patient-
centered models, the practice aims to improve patient out-
comes by minimizing administrative delays in patient treat-
ment, promoting treatment adherence, preventing and
managing adverse events, and empowering patients to
become a partner in their own care. One can hypothesize
that if the intensity of OACD follow-up in real-world practice
relies on high practice standards, the resulting treatment out-
comes should replicate those observed in clinical trials.13

The objectives of this project were to characterize the
practice processes at LMP for patients dispensed with
CDK4/6i for the treatment of ABC, namely by measuring
the frequency of pharmacists’ clinical activities based on
ASCO/NCODA standards and analyzing the impact on
patients’ use of CDK4/6i.

Methods

Study design and population
This is a retrospective pharmacy electronic chart review of
patients with ABC who received an oral CDK4/6i, either in

monotherapy or in combination with an aromatase inhibitor
(e.g. letrozole or fulvestrant), at LMP between 16th March
2016 (approval of palbociclib in Canada), and 11
November 2020. At the time of protocol development,
HR+ /HER2− ABC was the only approved indication
which reflected the clinical use of CDK4/6i. Women
treated for HR+ /HER2− ABC who initiated treatment
with a CDK4/6i inhibitor with the first prescription filled
at the LMP were eligible to participate in this study if
they were 18 years or older and had not previously received
a CDK4/6i. Patients had to have received at least three
28-day cycles of CDK4/6i and had not been dispensed
with a CDK4/6i refill in another pharmacy during the
study period. As suggested by a central IRB and the
College of Pharmacy, the patients must have provided
verbal consent for inclusion in the study.

Enrollment process
Potentially eligible patients were identified from the phar-
macy database and divided into four equivalent subgroups,
each of which was contacted by a different pharmacist by
phone. A description of the research project was provided
and consent was requested to use the information from
the patient pharmacy records for research purposes.
Consent was obtained between 11 November 2020 and
31 January 2021.

End points
The main objective was to describe the type and frequency
of pharmacists’ clinical activities performed in our practice
setting using the ASCO/NCODA pharmacy practice stan-
dards for benchmarking. Secondary objectives were to
describe patients clinical outcomes such as treatment adher-
ence rate as measured by the modified medication posses-
sion ratio (MPRm) and the proportion of days covered
(PDC), the relative dose intensity (RDI) and the duration
of treatment/time-to-treatment discontinuation (TTD).
Finally, we also described time-to-treatment initiation
(TTI). The underlying hypothesis that cannot be tested
with this study design is that best practices in pharmacy
will contribute to maximize treatment adherence, limit
early discontinuation and ultimately improve treatment
outcomes.13

Data source and extraction
Once consent was provided, all study data were collected
retrospectively from the available patient pharmacy records,
including prescriptions, medical oncologist notes, and hos-
pital pharmacy transfer plans to community pharmacies and
pharmacy administrative files. Patient demographics, clinical
and CDK4/6i information, and prescription dispensing histor-
ies were extracted and collected by 31 April 2021. The
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treatment pattern variables included dose modifications, dose
interruptions, and the date of CDK4/6i discontinuation. All
data were extracted by three experienced pharmacists who
were trained on variable definitions and how to complete
the electronic case report form (eCRF). The eCRF data
were compiled and anonymized by the principal investigator
prior to analysis.

Variable definitions and data analyses
LMP’s structured approach was developed to allow fast,
safe, and successful access to medication, as well as
optimal patient outcomes. To appreciate the level of effort
necessary to implement such processes, we evaluated the
number of clinical activities required for dispensing
CDK4/6i, including the number of laboratory test results
verification, and the number of communications with
patients, community pharmacists, other healthcare profes-
sionals and payer. Clinical activities and communications
were only carried out by pharmacists. Administrative activ-
ities (e.g. follow-up with insurances to obtain prior author-
ization) could be done by either pharmacist or technicians.
OACD, including CDK4/6i, require coordination between
pharmacists, hospital medical teams, payers, and patient
support groups offering financial assistance groups, which
may delay patient receipt of the drug. TTI, defined as the
time elapsed from prescription date to the treatment’s start
date, was used to reflect delays needed before patients
could start their treatment. Time-to-treatment reimburse-
ment by payer and time from reimbursement to treatment
initiation was also measured to better understand how TTI
was distributed. These analyses were mostly descriptive
and no formal statistical hypotheses were tested.

Adherence measures were calculated and reported over
the entire treatment period, ranging from treatment initi-
ation to treatment discontinuation or data extraction, if the
treatment was still ongoing. Prescription refill history was
obtained using an electronic claims database system.
Patients were considered to have continuous insurance eli-
gibility. The PDC was calculated to account for early refills,
which could lead to an overestimation of adherence using
the MPRm method. These variables are defined as follows:

MPRm = Total days supplied in period
Elapsed days (inclusive of last prescription)

× 100

PDC = Number of days in period covered
Number of days in period

× 100

To evaluate the potential impact of dose modifications on
outcomes, we calculated the RDI, which considers both
drug interruptions and dose reduction over time. For the
RDI calculation, the standard dose was set according to
approved labels: palbociclib in combination with letrozole
or fulvestrant (125 mg once daily for 21 days out of 28),

abemaciclib in combination with either letrozole or fulves-
trant (150 mg twice daily), and abemaciclib monotherapy
(200 mg twice daily).

RDI = Delivered total dose over the study period
Standard total dose over the study period

× 100

Statistical analyses were performed based on the estimated
frequency distribution of data. The normality of the data
was evaluated using the Kolmogorov–Smirnov test and
QQ plot for visual evaluation of normal distribution for
proper selection of the statistical test. The difference
between the number of clinical activities during the first
three cycles and the following did not follow a normal dis-
tribution. Therefore, a non-parametric paired Wilcoxon test
was used to assess differences. The TTI and time-to-
reimbursement variables were normally distributed.
Student’s t-tests were performed for these analyses. Duration
of treatment/TTD measures, defined as the time elapsed
from the medication’s starting date to the treatment’s discon-
tinuation date, or death, were calculated using Kaplan-Meier
estimates. Thus, TTD is a proxy for time to disease progres-
sion, death from any cause, or adverse events leading to
CDK4/6i discontinuation. Patients who were still receiving
CDK4/6i at the time of data collection were right-censored.
Finally, TTD was stratified according to RDI levels (<85%
and ≥85%) to obtain a better understanding of the link
between treatment modifications and treatment persistence.
Statistical and descriptive analyses were performed using
GraphPad Prism version 5.0, with a significance level of 0.05.

Results

Patient baseline characteristics
A total of 195 adult patients had a prescription for CDK4/
6i during the study period and were assessed for eligibil-
ity. Most patients were excluded because they passed
away (n= 56), did not start treatment (n= 21), received
only part of their treatment at the pharmacy (n= 19), had
prior use of CDK4/6i (n= 8), or took <3 cycles of treat-
ment (n= 4). As such, 87 patients were contacted, and
65 patients provided consent for data collection and
were included in the study. Of these, 51 patients (78%)
were treated with palbociclib, 14 (22%) with abemaciclib,
and none received ribociclib.

The demographic and patient characteristics are
described in Table 1. The median (range) age was 66
(39–94) years. Most patients were postmenopausal (94%)
at the time of CDK4/6i initiation and had MBC (90%).
CDK4/6i were generally combined with either letrozole
(68%) or fulvestrant (29%), whereas two patients received
abemaciclib as monotherapy. No CDK4/6i were combined
with other AIs (exemestane or anastrozole) or tamoxifen in
our practice setting. Most patients received CDK4/6i in the
first-line setting (57%), and 20 patients (31%) received
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CDK4/6i as second-line treatment or beyond. The line of
treatment was not available for eight patients (12%).

At the time of data extraction, CDK4/6i treatment was
still ongoing in 43 patients (66%), including 30 patients
in the CDK4/6i+ letrozole group, 11 patients in the
CDK4/6i+ fulvestrant group, and two patients on CDK4/6i
monotherapy.

Clinical and administrative activities
Regarding the primary objective, the number of clinical
interventions and activities required to dispense CDK4/6i
during the observation period were evaluated and are pre-
sented in Table 2. There was an average of seven activities
(range 2.8–21.7) per 28-day cycle. Communication with
patients and laboratory result verification accounted for
70% of these activities, with an average of 3.1 (range
1.4–8) and 1.9 (range 0.8–4.2) activities per cycle, respect-
ively. These activities were more frequent in the first three
cycles, with an average of 11 per cycle (range 4.7–26.7),
with a statistically significant difference (p< 0.0001) com-
pared to cycles 4 and beyond.

Time-to-treatment initiation
The TTI and time-to-reimbursement were evaluated and are
presented in Table 3. A mean TTI of 18.5 days (range 1–73)
was observed in patients treated with CDK4/6i. A statistic-
ally significant difference is noted in the delays before ini-
tiating treatment advantaging public insurance compared to
private insurance (12.2 vs 29.3 days; p= 0.0061).

Treatment adherence and clinical outcomes
Throughout the study period, patients received an average
of 17 cycles of CDK4/6i (ranging from 3–52 cycles). The
average MPRm and PDC values were 93.9% and 89.6%,
respectively (Figure 1(a) and (b)). Notably, adherence mea-
sures were similar for palbociclib- and abemaciclib-treated
patients.

The treatment interruptions and dose reductions are
shown in Table 4. After a mean (range) follow-up duration
of 17.3 months (range 3.2–50.8), 41 patients (63%) had at
least one treatment interruption, and the majority of them
were in the first three cycles of treatment. The treatment
interruption rates were similar for palbociclib (63%) and
abemaciclib (64%). In the first three cycles of treatment,
16% of patients treated with palbociclib had at least one
dose reduction compared to 43% of patients treated with
abemaciclib. During the study period, 33% and 71% of
patients had a dose reduction with palbociclib and abemaci-
clib, respectively.

At the time of data collection, CDK4/6i treatment was
discontinued in 22 patients (34%): 14 patients in the
CDK4/6i+ letrozole group and 8 patients in the CDK4/6i
+ fulvestrant group. In the CDK4/6i+ letrozole subgroup,
the 6-month, 12-month, and 24-month persistence rates
were 92.9%, 82.5%, and 72.1%, respectively. Patients
receiving CDK4/6i+ fulvestrant had 6-month, 12-month,
and 24-month persistence rates of 79.4%, 60.5%, and
32.1%, respectively (Figure 1(c)). The median TTD was
estimated at 44.2 months among patients treated with
CDK4/6i+ letrozole and 17 months among patients
treated with CDK4/6i+ fulvestrant (Figure 1(d)).

The mean RDI was 89.3% for patients treated with pal-
bociclib and 69.7% for patients treated with abemaciclib,
with an average RDI of 85.1% for both CDK4/6i combined
(Figure 1(e)). The TTD was described in relation to the RDI
level in patients treated with CDK4/6i+ letrozole
(Figure 1(f)). No statistically significant differences in
TTD were observed between patients with RDI <85% and
those with RDI ≥85% (Figure 1(f)). This analysis was not
performed for the CDK4/6i+ fulvestrant subgroup
because the sample size was insufficient.

Discussion
In this study, we analyzed the impact of a patient-centered
practice model with a proactive and systematic follow-up

Table 1. Patient and disease baseline characteristics at the time of

CDK4/6 inhibitor treatment initiation.

Characteristic

Patients

(n= 65)

Age

Median: year (range) 66 (39–94)

<65 years: no. (%) 30 (46)

≥65 years: no. (%) 35 (54)

Menopausal statusa: no. (%)

Pre- or perimenopause 4 (6)

Post-menopause 61 (94)

CDK4/6 inhibitor used: no. (%)

Palbociclib 51(78)

Abemaciclib 14 (22)

Ribociclib 0 (0)

Concurrent hormonal therapy: no. (%)

Letrozole 44 (68)

Fulvestrant 19 (29)

None 2 (3)

Line of treatment in ABC, MBC settinga: no. (%)

First 37 (57)

Second or more 20 (31)

Unknown 8 (12)

Tumor involvementa: no. (%)

Metastatic 59 (90)

Locally advanced 3 (5)

Unknown 3 (5)

Abbreviations: ABC: advanced breast cancer; MBC: metastatic breast

cancer; CDK4/6: cyclin-dependent kinase 4 and 6.
aMenopausal status, line of treatment, and tumor involvement were either

indicated on prescription, on patient support program enrollment form,

self-reported, or inferred from pharmacologic profile.
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structure aligned with ASCO/NCODA standards in a
CDK4/6i population treated for ABC in a community phar-
macy dedicated to specialized treatment, including
OACDs.11 This model translated into an average of seven
clinical and administrative activities for each 28-day
CDK4/6i treatment cycle. While the first three cycles
required more intensive and statistically different involve-
ment from our team, the following cycles still required an
important effort (11.0 vs 5.2; p < 0.0001). Direct communi-
cation with patients and verification of laboratory test
results were the most common activities performed
(70%). Direct patient communications include systematic
initial teaching, 7-day follow-up call after the treatment ini-
tiation, and monthly adherence call are done systematically
for every patient. Other communications included follow-
ups related to adherence, adverse events, adjustment of

antiemetic medication, planning of next refill and/or labora-
tory test recommendations (Supplemental Figure 1). The
number of communications reflects the high needs of
patients treated with CDK4/6i as they have numerous ques-
tions, preoccupations, side effects, and reimbursement
issues that need attention to allow safe and effective treat-
ment continuity. To our knowledge, this is the first study
to comprehensively show the clinical and administrative
activity requirements for implementing ASCO/NCODA
standards.

Delaying the initiation of treatment for ABC can nega-
tively impact the treatment outcomes and is a major
source of anxiety and distress for patients.14–18 Apart
from patients that started their CDK4/6i through a compas-
sionate use program, our study shows that a mean TTI of
18.5 days (or median of 14 days) was needed. In a

Table 3. Time-to-treatment initiation and reimbursement for CDK4/6 inhibitors.

Total Public payer Private payer Public vs Private

Characteristic (n= 41)a (n= 26) (n= 15) P value

Time-to-treatment initiationb, days

Median (IQR) 14.0 (8–20) 13.5 (8–16.25) 21.0 (9–55) 0.0061

Mean (range) 18.5 (1–73) 12.2 (1–23) 29.3 (3–73)

Time-to-reimbursementc, days

Median (IQR) 10.0 (4–15) 9.0 (3.8–13) 16.0 (4–51) 0.0016

Mean (range) 14.5 (0–70) 8.3 (0–21) 25.1 (1–70)

Time from reimbursement to initiation, days

Median (IQR) 3.0 (2–5) 3.0 (2–6) 4.0 (2–5) 0.9493

Mean (range) 4.0 (0–12) 3.9 (0–11) 4.1 (1–12)

Abbreviations: IQR: interquartile range.
a24 patients initiated their treatment through a compassionate use program and were thus excluded for these analyses.
bTime-to-treatment initiation was defined as the period between the date of the prescription and the start of the treatment.
cTime-to-reimbursement was calculated from the date of the prescription until the drug was approved for reimbursement.

Table 2. Clinical and administrative activities related to patients treated with CDK4/6 inhibitors.

Activity Total Cycles 1–3 Cycles ≥ 4

Cycles 1–3 vs

Cycles ≥ 4

Mean/cycle (range) Mean/cycle (range) Mean/cycle (range) P value
Total activities 7.1 (2.8–21.7) 11 (4.7–26.7) 5.2 (1.5–17) <0.0001

Communications with patientsa 3.1 (1.4–8) 4.5 (2–10) 2.4 (1–9) <0.0001

Verification of laboratory test resultsb 1.9 (0.8–4.2) 2.4 (1–5.7) 1.6 (0.5–4.5) <0.0001

Communications with community pharmacistsc 0.3 (0–1.3) 0.7 (0–3.3) 0.2 (0–1) <0.0001

Communications with other healthcare

professionalsc,d
0.6 (0–3.7) 1.1 (0–5.3) 0.3 (0–2) <0.0001

Follow-up with payerse 1.2 (0–8) 2.2 (0.3–13) 0.7 (0–2.5) <0.0001

aActivities with patients included any kind of communication for the corresponding period, including medication counselling, follow-ups with patients to

assess or manage efficacy, toxicities, adherence to treatment, and calls from patients.
bLaboratory test results verification refers to the number of times a pharmacist checked and documented laboratory test results for the corresponding

period.
cCommunications with a healthcare professional included any form of direct or indirect communication (e.g. fax, email, phone call).
dOther healthcare professional refers to any healthcare professional other than community pharmacist (e.g. medical oncologist, nurse, hospital

pharmacist).
eFollow-ups with insurance included any communication done in order to verify whether a CDK4/6 inhibitor was covered or not, and any communication

with patient support programs to verify and coordinate financial assistance, if applicable.

1148 Journal of Oncology Pharmacy Practice 29(5)

https://journals.sagepub.com/doi/suppl/10.1177/10781552221102884


Figure 1. Adherence and duration of treatment. (a) Mean modified medication possession ratio (MPRm) and (b) mean proportion of

days covered (PDC) are shown in patients treated with either CDK4/6i, palbociclib, and abemaciclib combined with letrozole or

fulvestrant. (c) Landmark persistence rates are shown in patients treated with either CDK4/6i combined with letrozole or fulvestrant.

Rates were estimated using Kaplan-Meier analyses. (d) Persistence rates as assessed by the investigators; the median time-to-treatment

discontinuation was 44.16 months among 44 patients in the CDK4/6i+ letrozole group and 17.02 months among 19 patients in the

CDK4/6+ fulvestrant group. (e) Relative dose intensity is shown for patients treated with either CDK4/6i, palbociclib, and abemaciclib

*p= 0.023. (f) Persistence rates of patients stratified according to their RDI level. Patients achieving and RDI of 85% or higher had

similar time-to-treatment discontinuation than patients have an RDI below 85% (HR: 1.3 [95% CI :0.4–4.4]).
Abbreviations: MPRm: modified medication possession ratio; PDC: proportion of days covered; CDK4/6i: cyclin-dependent kinase 4

and 6 inhibitors; L: letrozole; F: fulvestrant; RDI: relative dose intensity; HR: hazard ratio; CI: confidence interval.

Marineau et al. 1149



Canadian study, the median time to start first-line treatment
with a CDK4/6i after the metastatic diagnosis was 1.4
months.19 In a more general setting, other studies showed
that the median number of days from OACD prescription
to patient receipt of the drug was 7–12 days, showing that
obtaining OACD, such as CDK4/6i, is complex and
prone to unwanted delays.20–24 In our study, this delay
was mostly accounted for by the time for payers to
approve reimbursements (mean 14.5 days, median 10
days). Comparatively to regular medications which are
usually covered from the start without an expiry date and
for which a single call to payers would be unexpected,
CDK4/6i require prior authorizations and follow-ups with
insurance to validate that drug coverage is granted. To min-
imize delays before starting treatment and to limit undue
drug interruptions throughout the treatment, communica-
tions and follow-ups with payers were frequent in our prac-
tice setting, particularly in the first few cycles. Without such
efforts, a longer TTI and a lower drug adherence could be
expected. Payers handle prescriptions differently, which
could account for variability for time to insurance approval,
ranging from 1 to 70 days. Even if we could not verify
whether the prior authorization form was sent to public/
private payers at the same time the prescription was
written, this delay appears to be longer than expected as
other studies have showed that PA for an OACD could be
obtained as quickly as 1 day.24,25 Processing time appears
to be treatment- and localization-dependent. Still, earlier
intervention and new health policies are needed to reduce
processing time by payers to allow rapid CDK4/6i cover-
age. Nonetheless, once reimbursement was granted,
patients were able to initiate treatment within four calendar
days on average.

These clinical activities demonstrate that patients taking
OACDs, especially CDK4/6i, have high healthcare needs,
including patient education, drug interaction and side
effect management, drug coverage, and follow-ups. These
activities are allowing proper quality of care and safe

administration of OACDs in the outpatient setting and
follow the ASCO/NCODA standards.11 To implement
such standards and accompany patients throughout their
treatment, the community pharmacies need to adapt their
ratio of pharmacists to patients. Structured and systematic
clinical approaches could translate into better adherence
rates and clinical outcomes, including higher adherence
rates (e.g. MPRm, PDC, RDI) and persistence rates (e.g.
TTD).

A significant number of patients struggle to adhere to
OACDs treatment as prescribed.26 Poor adherence to
OACDs can impede treatment efficacy and decrease
response rates.23,26 A study showed that patients filling
their oncolytic prescriptions at a specialized pharmacy in
the USA had a 15% higher adherence rate and a lower pre-
scription abandonment rate compared to traditional pharma-
cies.27 In the present study, we showed that patients
followed at a pharmacy dedicated to OACDs reached a
high level of adherence with an average PDC and MPR
of over 90% throughout the study period, which is higher
than a previously published study reporting a 6-month
PDC of 81% in patients on CDK4/6i in combination with
hormonal therapy dispensed in a specialized pharmacy.28

Most dose modifications have been implemented to
manage toxicities. During the study period, an average of
63% of patients required at least one dose interruption,
which is in the range of 52–83% previously reported in
CDK4/6i clinical trials.3,4,29 The percentage of dose reduc-
tion of 33% that we observed among patients treated with
palbociclib was similar to the dose reduction rates reported
in PALOMA-2 (36%) and PALOMA-3 (34%).3,4 This fre-
quency also appears to be somewhat comparable to other
real-world evidence (RWE) studies of patients treated
with palbociclib that reported dose reduction ranging
between 14.3% and 57%.30,31 On the other hand, the per-
centage of patients on abemaciclib that required at least
one dose reduction was higher in this study (71%) than
what was previously reported in MONARCH-3 and -2

Table 4. Treatment modifications of CDK4/6 inhibitors.

Treatment modification CDK4/6i (n= 65) Palbociclib (n= 51) Abemaciclib (n= 14)

Interruptionsa: no. (%)

Cycles 1–3 32 (49) 24 (47) 8 (57)

Total 41 (63) 32 (63) 9 (64)

Reductions: no. (%)

Cycles 1–3 14 (22) 8 (16) 6 (43)

Total 27 (42) 17 (33) 10 (71)

Duration of follow-upb

median (IQR), months 13.6 (7.0–26.6) 13.9 (6.4–29.0) 12.4 (7.3–16.5)

mean (range), months 17.3 (3.2–50.8) 18.5 (3.2–50.8) 13.2 (3.8–40.3)

Abbreviations : IQR: interquartile range.
aInterruptions were defined as delays >24 h of the planned start date of a new treatment cycle.
bDuration of follow-up was defined as the time between the treatment initiation date and the treatment discontinuation date or date of last contact,

whichever came first.
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clinical trials (43–47%).5,6 This could be attributable to the
small population of patients taking this molecule in our
study.

The overall impact of dose modifications was evaluated
using RDI, which considers both drug interruptions and
dose reductions over time. Its relation with TTD was also
assessed. The overall RDI of patients treated with CDK4/
6i was 85%, which is similar to those reported in the corre-
sponding highly structured clinical trials, which ranged
between 85% and 87%.29,32 As expected, the higher dose
reduction rate in abemaciclib-treated patients led to a
lower RDI than that in palbociclib-treated patients (68.7%
vs 89.3%; p= 0.023). Assuming that patients continuing
therapy benefit from it and those who discontinue have an
unfavorable benefit-risk ratio, TTD is another interesting
treatment outcome to evaluate. The median TTD of patients
included in this study, either on palbociclib or abemaciclib
plus letrozole as first-line treatment, was 44.2 months.
These results supplant the reported duration of treatment
in PALOMA-2 and MONARCH-3, which were of 19.8
and 15.3 months, respectively.3,32,33 For patients with a
more advanced disease, the studies PALOMA-3 and
MONARCH-2 showed a median PFS of 9.5 months and
16.2 months, respectively, for treatment with palbociclib
or abemaciclib with fulvestrant.4,6 In PALOMA-3, the
reported duration of treatment was 10.8 months. In the
present study, the median TTD of women receiving either
palbociclib or abemaciclib and fulvestrant as a second-line
treatment was 17.02 months. The durations of treatment
reported are also higher than those previously reported in
clinical trials or other RWE studies.34

Various factors could potentially explain, at least partly,
these differences. Since the ethics required the consent of
patients, a selection bias could have been introduced, as
only alive patients could give their consent to participate
in this study. The retrospective nature of the study, based
on pharmacy electronic health records, might have intro-
duced some missing data or under-reported characteristics.
Finally, all study patients were receiving treatment at the
LMP, and these patients may not be representative of the
overall ABC population. Despite these limitations, our
results suggest that successfully adapting our activities as
per ASCO/NCODA standards to better meet specific
OACD-related patient needs may translate into improved
treatment outcomes.

Finally, patients treated with either CDK4/6i combined
with letrozole and having an RDI <85% had a similar
TTD compared to patients with an RDI ≥ 85%, thus sup-
porting dose modifications as a proper means of managing
toxicities without affecting treatment outcomes. This corro-
borates a previous study showing similar results with ribo-
ciclib, where RDI level was not associated with treatment
efficacy.35 To our knowledge, this is the first study
showing how RDI level for patients treated with palbociclib
or abemaclib and letrozole is related to TTD. Similar results

could be expected in combination with fulvestrant in
second-line settings, however this analysis could not be per-
formed for the CDK4/6i+ fulvestrant subgroup because the
sample size was insufficient. Notably, studies have reported
that the PFS benefit of abemaciclib and palbociclib in com-
bination with either letrozole or fulvestrant was not affected
by dose reductions.36–38

Conclusion
This RWE study used CDK4/6i as an archetype of the ever-
growing OACD class to describe how patient adherence
and clinical outcomes can be optimized through an
evolved pharmacy workflow integrating ASCO/NCODA
standards of practice. We recognize that implementing
such a structured approach integrating clinical pharmacy
practice standards and adapting workflow may represent a
considerable level of effort, but it could contribute posi-
tively to patient adherence and persistence. Similar pharma-
ceutical care evaluations should be performed regularly, as
they drive continuous improvement. Further studies are
needed to demonstrate prospectively the impact of ASCO/
NCODA standards of practice on patient outcomes.
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