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Abstract
Purpose  Using patient-reported outcomes (PROs) and more objective measures, we evaluated adherence to adjuvant pal-
bociclib and ET in the PALLAS trial, and the impact of palbociclib on ET adherence.
Methods  The open-label, global, phase 3 PALLAS trial randomized patients with hormone receptor-positive (HR+), HER2-
negative stage II–III breast cancer (1:1) to either 26 cycles of palbociclib (125 mg/day for 21 days and then 7 days off) plus 
adjuvant ET, versus ET alone. After 23.7 months median follow-up, palbociclib was stopped due to futility of the intervention 
and patients were moved to follow-up. For each cycle, daily adherence to ET was measured with study diaries; for palboci-
clib, study diaries and pill counts. At cycles 2, 3, 6, 12, 18 and 24, patients completed the Morisky Medication Adherence 
Scale-4 plus an additional item and the McHorney Adherence Questionnaire. Mean persistence was defined in months from 
treatment initiation to cessation.
Results  Four thousand six hundred eighty-eight of 5796 total PALLAS participants were included. Across all cycles, mean 
daily ET adherence values measured by study diary were > 98.0% and did not differ between treatment arms. Mean persistence 
to ET was similar between arms (19.2 months for palbociclib + ET vs. 19.6 months for ET alone). However, patient-reported 
maximal ET adherence was higher across time for palbociclib + ET compared to ET alone (p ≤ 0.0001, modified MMAS-4; 
p = 0.05, McHorney).
Conclusion  In the PALLAS trial, addition of palbociclib did not decrease adherence to adjuvant ET. Though numbers 
declined over time, daily adherence for palbociclib and ET remained relatively high at each cycle.
Trial Registration: The trial is registered with ClinicalTrials.gov (NCT02513394; 07-31-2015) and EudraCT 
(2014-005181-30).
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Introduction

Key discoveries in cancer biology, correlative biomark-
ers and clinical trials have led to approvals of many new 
oral anti-cancer therapies, with more treatments in devel-
opment. As oral anti-cancer therapies are combined with 
ongoing standard medication regimens, it is unknown how 
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the introduction of new agents, each with its own toxicity 
profile and pill burden, will affect patient adherence with 
other medications. A recent retrospective analysis of claims 
data for 2450 cancer patients with comorbid hypertension 
and hyperlipidemia found that adherence to antihypertensive 
and statin medications significantly declined after initiating 
an oral anti-cancer therapy [1]. This was among the first 
studies reporting the negative impact of combining novel 
oral cancer therapies with ongoing medication.

Many emerging oral anticancer agents rely on long-term 
chronic self-administration to be effective. [1, 2] Nonadher-
ence to oral cancer therapies is associated with decreased 
treatment efficacy [3], decreased survival [4], and increased 
healthcare utilization. [2] Real world population-based 
studies estimate that between 30 and 50% of early-stage 
hormone receptor-positive/HER2-negative (HR+/HER2−) 
breast cancer patients discontinue endocrine treatment (ET) 
before reaching 5 years [5, 6]. Unfortunately, this problem 
has proven relatively intractable to low-cost/ low-touch inter-
ventions thus far [7–9].

Palbociclib is an oral cyclin-dependent kinase (CDK) 4/6 
inhibitor approved for the treatment of advanced hormone 
receptor-positive/HER2-negative (HR+/HER2−) breast 
cancer in combination with ET in first-line and pretreated 
settings [10–13]. The phase 3 global randomized PALLAS 
trial (AFT-05, NCT02513394) investigated whether add-
ing 2 years of palbociclib to adjuvant ET improved invasive 
disease-free survival (iDFS) over adjuvant endocrine therapy 
alone in stage II-III early invasive HR+/HER2− breast can-
cer. Interim analysis for the primary endpoint of iDFS did 
not show a benefit to the 2 year course of palbociclib + ET 
versus ET-alone [14], however future analyses are planned. 
Despite a palbociclib early discontinuation rate of over 40% 
in the trial, post-hoc analyses showed that neither duration 
of palbociclib treatment nor exposure intensity (number of 
actual intake days divided by the number of expected intake 
days for the planned 26 cycles) ≥ the observed median of 
70% was significantly related to iDFS at landmark time 
points of 6, 12, 18, and 24 months [15]. The lack of benefit 
could not be attributed to ET discontinuation, as those rates 
were similar between arms (6.9% for palbociclib + ET vs. 
6.3% for ET alone) [15].

However, discontinuation is a relatively crude measure 
of adherence to drug therapy and multimodal measurement 
methods are recommended to gain a more accurate and 
detailed sense of treatment adherence [16]. While general 
rates of adherence to adjuvant CDK4/6 inhibitors + ET vs. 
ET alone have been published [17], a more comprehen-
sive understanding of patient-level adherence to the CDK 
4/6 inhibitor palbociclib and to standard adjuvant ET is 
desired for patients with early-stage HR+/HER2− breast 
cancer. Additionally, a deeper exploration of patient adher-
ence to combination therapy versus monotherapy, and any 

modulation on the ability to maintain adherence to ET, is 
necessary. Thus, the primary aim of this analysis was to 
evaluate adherence to palbociclib in combination with adju-
vant ET during the PALLAS trial two-year treatment period 
using study diaries, pill counts and patient-reported meas-
ures. A secondary objective was to explore the relationship 
between iDFS and daily adherence to study drug within each 
study cycle.

Methods

Design and eligibility

Details of the parent PALLAS trial are described elsewhere 
[14]. Each participant signed an IRB-approved, protocol-
specific informed consent document in accordance with 
federal and institutional guidelines [14, 15].

Assessing palbociclib, ET adherence

The investigational product palbociclib was distributed to 
patients by trial staff, whereas adjuvant ET (tamoxifen or 
aromatase inhibitor with or without luteinizing hormone-
releasing hormone [LHRH] agonist) was selected by the 
treatment provider, could have been initiated before study 
entry, and was obtained commercially. During each study 
cycle, all PALLAS trial participants completed study adher-
ence diaries for ET, and those in the palbociclib + ET arm 
completed separate adherence diaries for palbociclib. Par-
ticipants randomized to the palbociclib + ET group also 
underwent palbociclib pill counts; ET pill counts were not 
performed as it was supplied outside of the trial. Drug diary 
and pill count data were then used to calculate daily adher-
ence and persistence. Regarding patient-reported adherence 
outcomes (PROs), a subset intention-to-collect (ITC) popu-
lation was determined by availability of validated language 
versions for the PROs of interest. Validated translations of 
the Morisky medication adherence scale-4item (MMAS-4) 
were available in English, Spanish, and German; therefore, 
the ITC population included English-speaking participants 
in Australia, Ireland, the United Kingdom and the United 
States (US), Spanish-speaking participants in Mexico and 
Spain, and German-speaking participants in Austria and 
Germany. Having been validated only in the US, the McHor-
ney Brief Adherence Estimator was administered to a subset 
of English-speaking patients in the US.

Timing of adherence measurements

The schedule of assessments was divided into 28 cycles of 
28 days each. At each study visit, all participants were asked 
to return their completed study diaries for ET adherence, 
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and if randomized to receive palbociclib, a separate study 
diary for palbociclib. At each visit, diaries were reviewed for 
accuracy with the patient. Participants randomized to receive 
palbociclib were also asked to return previously dispensed 
palbociclib bottles, including unused drug and/or empty bot-
tles, so that study staff could record pill counts. Patients in 
the ITC PRO population were asked to complete modified 
MMAS-4 and McHorney adherence paper questionnaires at 
study visits for cycles 2, 3, 6, 12, 18 and 24.

Scoring of adherence measurements

When measured via study diary, daily adherence was calcu-
lated as a percentage for each 28 day cycle (i.e., the num-
ber of days that the pills were taken divided by the number 
of days that the medication should have been taken, thus 
accounting for treatment interruptions when directed by the 
provider team). For daily adherence via pill count (palbo-
ciclib only), the number of pills taken was always divided 
by 21, because the number of days due to treatment inter-
ruptions as directed by the provider team was not known; 
thus, prescribed treatment interruptions were counted as 
nonadherence. Within each randomized arm, adherence 
was calculated separately for ET using study diary data and, 
for palbociclib, using study diary and pill count data with 
any discrepancies resolved with pill count. When measur-
ing treatment adherence to either palbociclib or ET for a 
particular cycle, only those patients who had initiated that 
cycle were included. We report mean daily adherence to pal-
bociclib and/or ET, calculated as the average proportion of 
prescribed pills taken, across all patients who had initiated 
that cycle. Additionally, the number (N) that initiated each 
cycle was plotted over time and by arm. Mean and median 
persistence to treatment within each group was defined as 
the act of continuing therapy for the prescribed duration; 
withdrawal from treatment due to protocol-mandated toxic-
ity and iDFS events were not counted. Patients who did not 
complete the 2 year treatment phase of the protocol for non-
iDFS event reasons were moved to long-term follow-up and 
were allowed to continue their ongoing ET.

Patient-reported adherence to palbociclib and to ET was 
measured with the 4 item Morisky Medication Adherence 
scale (MMAS-4) and the 3-item, 6-point Likert response 
McHorney Brief Estimator. The former assessed inten-
tional and unintentional medication-taking behaviors using 
a dichotomous yes/no response format and included an addi-
tional dichotomized item, “All things considered, did you 
actually take your (Palbociclib/ Anti-hormone pill) exactly 
as directed by your doctor?” Scores from the five items 
were summed to create a total Morisky composite score, 
ranging from 0 to 5, with a maximal score of 5 considered 
“most adherent.” The McHorney questionnaire measured 
three proximal beliefs related to intentional medication 

nonadherence: perceived need for the medication, perceived 
cost–benefit, and perceived affordability [18]. Scores range 
from 0 to 36, with zero indicating lowest risk for intentional 
nonadherence.

Statistical analysis

Generalized estimating equations tested for the average 
difference of maximal adherence scores on the modified 
short-form Morisky (score = 5 vs. score < 5) and McHorney 
(score = 0 vs. score > 0) across the six time points, adjusted 
for baseline age, geographic region, first adjuvant ET, race, 
ethnicity, and clinical factors (TN stage, histology, proges-
terone receptor, chemotherapy status and baseline Eastern 
Cooperative Oncology Group (ECOG) score). An interac-
tion analysis was also conducted to test whether the pattern 
of change in maximally adherent scores differed by arm.

Exploratory conditional landmark and Cox hazards 
analyses evaluated the relationship between daily adher-
ence to palbociclib and iDFS at 6 and 12 month landmark 
time points, triggered after awareness of the pre-specified 
469 iDFS cases for final analysis in November 2020. Sepa-
rate analyses were conducted for pill count and drug diary 
data. Adherence groupings were classified into either < 90% 
adherence versus ≥ 90% based on adherence up to and 
including that landmark time. Each landmark population 
included patients who were alive, free of an iDFS event, in 
follow-up, and had not discontinued palbociclib for either 
non-protocol- or protocol-related reasons. Adherence group-
ings were based on non-missing pill counts/drug diaries up 
to and including each landmark time. Sensitivity analyses 
were conducted treating missing pill counts/drug diaries at 
a cycle as 0% adherence (worst-case) when calculating the 
adherence groupings. Data quality was ensured, and statisti-
cal analyses were conducted by the Alliance Statistics and 
Data Center.

Results

Eighty-one percent (N = 4688) of the 5796 PALLAS par-
ticipants were included in the ITC subpopulation for PROs, 
including adherence, and were clinically representative 
of the remaining 1073 patients participating in the trial 
(Table 1). Overall, 92% of the 4688 patients completed 
study diaries, pill counts and self-reported adherence scales 
at baseline and again on at least one subsequent occasion. 
The median age of the ITC sample was 52 years (IQR ranged 
from 45.0 to 61.0), 88.5% were white, 5.4% reported being 
of Hispanic ethnicity and 82.9% had prior chemotherapy 
exposure.

For patients randomized to the palbociclib + ET arm, 
the mean proportion of patients who adhered to their daily 
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Table 1   Participant baseline characteristics, by adherence intention-to-collect population

Intention-to-collect population 
(N = 4688)

Not in intention-to-collect popula-
tion (N = 1073)

Total (N = 5761)

Age (years)
 Median 52.0 52.0 52.0
 Range (22.0–90.0) (24.0–82.0) (22.0–90.0)
 IQR (45.0, 61.0) (45.0, 62.0) (45.0, 61.0)

Age Group
 <  = 50 years 2122 (45.3%) 492 (45.9%) 2614 (45.4%)
 > 50 years 2566 (54.7%) 580 (54.1%) 3146 (54.6%)
 Unknown 0 1 (0.1%) 1 (0.0%)

Menopausal status
 Postmenopausal 2525 (53.9%) 571 (53.2%) 3096 (53.7%)
 Premenopausal (including perimenopausal) 2132 (45.5%) 494 (46.0%) 2626 (45.6%)
 Not applicable (male patient) 29 (0.6%) 7 (0.7%) 36 (0.6%)
 Unknown 2 (0.0%) 1 (0.1%) 3 (0.1%)

ECOG status at randomized combined
 0 3872 (82.6%) 935 (87.1%) 4807 (83.4%)
 1/unknown 816 (17.4%) 138 (12.9%) 954 (16.6%)

Race
 Asian 151 (3.2%) 128 (11.9%) 279 (4.8%)
 Black or African American/African Heritage 144 (3.1%) 5 (0.5%) 149 (2.6%)
 White 4150 (88.5%) 869 (81.0%) 5019 (87.1%)
 Native Hawaiian or other Pacific Islander 11 (0.2%) 1 (0.1%) 12 (0.2%)
 American Indian or Alaska Native 34 (0.7%) 2 (0.2%) 36 (0.6%)
 Other 72 (1.5%) 1 (0.1%) 73 (1.3%)
 Unknown 126 (2.7%) 67 (6.2%) 193 (3.4%)

Ethnicity
 Hispanic or Latino 253 (5.4%) 12 (1.1%) 265 (4.6%)
 Not Hispanic or Latino 4129 (88.1%) 907 (84.5%) 5036 (87.4%)
 Unknown 306 (6.5%) 154 (14.4%) 460 (8.0%)

Gender (at birth)
 Female 4659 (99.4%) 1066 (99.3%) 5725 (99.4%)
 Male 29 (0.6%) 7 (0.7%) 36 (0.6%)

Geographic region
 Europe 1842 (39.3%) 749 (69.8%) 2591 (45.0%)
 North America 2382 (50.8%) 173 (16.1%) 2555 (44.3%)
 Other 464 (9.9%) 151 (14.1%) 615 (10.7%)

Anatomic Stage
 I 16 (0.3%) 2 (0.2%) 18 (0.3%)
 IIA 871 (18.6%) 143 (13.3%) 1014 (17.6%)
 IIB 1523 (32.5%) 392 (36.5%) 1915 (33.2%)
 III 2278 (48.6%) 535 (49.9%) 2813 (48.8%)
 Unknown 0 1 (0.1%) 1 (0.0%)

T-Stage
 T0/T1/Tis/TX 901 (19.2%) 158 (14.7%) 1059 (18.4%)
 T2 2593 (55.3%) 646 (60.2%) 3239 (56.2%)
 T3/T4 1194 (25.5%) 268 (25.0%) 1462 (25.4%)
 Unknown 0 1 (0.1%) 1 (0.0%)

N-Stage
 N0 623 (13.3%) 127 (11.8%) 750 (13.0%)
 N1 2313 (49.3%) 529 (49.3%) 2842 (49.3%)
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Table 1   (continued)

Intention-to-collect population 
(N = 4688)

Not in intention-to-collect popula-
tion (N = 1073)

Total (N = 5761)

 N2 1148 (24.5%) 261 (24.3%) 1409 (24.5%)
 N3 603 (12.9%) 155 (14.4%) 758 (13.2%)
 NX 1 (0.0%) 0 1 (0.0%)
 Unknown 0 1 (0.1%) 1 (0.0%)

Histologic grade
 G1 508 (10.8%) 107 (10.0%) 615 (10.7%)
 G2 2650 (56.5%) 632 (58.9%) 3282 (57.0%)
 G3 1342 (28.6%) 263 (24.5%) 1605 (27.9%)
 GX 185 (3.9%) 70 (6.5%) 255 (4.4%)
 Unknown 3 (0.1%) 1 (0.1%) 4 (0.1%)

Estrogen receptor
 Positive 4670 (99.6%) 1070 (99.7%) 5740 (99.6%)
 Negative 16 (0.3%) 2 (0.2%) 18 (0.3%)
 Unknown 2 (0.0%) 1 (0.1%) 3 (0.1%)

Progesterone receptor
 Positive 4123 (87.9%) 955 (89.0%) 5078 (88.1%)
 Negative 497 (10.6%) 117 (10.9%) 614 (10.7%)
 Unknown 68 (1.5%) 1 (0.1%) 69 (1.2%)

Neoadjuvant endocrine therapy
 Yes 93 (2.0%) 19 (1.8%) 112 (1.9%)
 No 4595 (98.0%) 1053 (98.1%) 5648 (98.0%)
 Unknown 0 1 (0.1%) 1 (0.0%)

Type of neoadjuvant endocrine therapy
 Aromatase inhibitor 81 (1.7%) 12 (1.1%) 93 (1.6%)
 Tamoxifen 9 (0.2%) 8 (0.7%) 17 (0.3%)
 Other 3 (0.1%) 0 3 (0.1%)

First class of non-IP during adjuvant phase
 Aromatase inhibitor 3173 (67.7%) 699 (65.1%) 3872 (67.2%)
 Tamoxifen 1499 (32.0%) 373 (34.8%) 1872 (32.5%)
 Unknown 16 (0.3%) 1 (0.1%) 17 (0.3%)

Luteinizing hormone-releasing hormone intake during 
adjuvant phase

 No 3749 (80.0%) 769 (71.7%) 4518 (78.4%)
 Yes 939 (20.0%) 304 (28.3%) 1243 (21.6%)

Type of surgery
 Breast conservation 1787 (38.1%) 392 (36.5%) 2179 (37.8%)
 Mastectomy 2890 (61.6%) 679 (63.3%) 3569 (62.0%)
 Mastectomy + contralateral conservation 11 (0.2%) 1 (0.1%) 12 (0.2%)
 Unknown 0 1 (0.1%) 1 (0.0%)

Prior chemotherapy
 Yes 3888 (82.9%) 866 (80.7%) 4754 (82.5%)
 No 800 (17.1%) 206 (19.2%) 1006 (17.5%)
 Unknown 0 1 (0.1%) 1 (0.0%)

Neoadjuvant chemotherapy 1613 (34.4%) 326 (30.4%) 1939 (33.7%)
Adjuvant chemotherapy 2328 (49.7%) 547 (51.0%) 2875 (49.9%)
Type of chemotherapy
 Anthracycline-based 3387 (72.2%) 800 (74.6%) 4187 (72.7%)
 Non-anthracycline 729 (15.6%) 225 (21.0%) 954 (16.6%)
 Other 27 (0.6%) 4 (0.4%) 31 (0.5%)
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palbociclib, as measured by study diaries, was high through-
out all cycles, ranging from 93.4% at cycle 1 to 97.9% at 
cycle 26, peaking at cycle 12 (Table 2). When measured 

by pill count, the mean adherence for each 28 day cycle 
was lower, 89.8% at cycle 1, but remained high throughout 
all cycles (96.5% at cycle 26; data not shown). However, 

Table 1   (continued)

Intention-to-collect population 
(N = 4688)

Not in intention-to-collect popula-
tion (N = 1073)

Total (N = 5761)

Radiation prior to the 2-year active treatment phase of 
the PALLAS trial

 Yes 4170 (89.0%) 958 (89.3%) 5128 (89.0%)
 No 518 (11.0%) 113 (10.5%) 631 (11.0%)
 Unknown 0 2 (0.2%) 2 (0.0%)

Table 2   Adherence and persistence to palbociclib and endocrine therapy (ET) via drug diary, by treatment arm

a Standard deviation
b Number of patients with drug diary data available

Cycle Palbociclib + ET arm ET alone arm

Palbociclib ET ET

Mean adherence 
(SDa)

Diary data Nb 
(percent)

Mean adherence 
(SD)

Diary data Nb 
(percent)

Mean adherence 
(SD)

Diary data Nb 
(percent)

1 93.4 (13.8) 2153 (94.0%) 98.7 (6.1) 2006 (86.9%) 99.0 (5.2) 1975 (84.3%)
2 94.7 (13.3) 2054 (94.2%) 98.8 (6.4) 1966 (89.2%) 98.4 (7.1) 1966 (89.1%)
3 97.4 (10.1) 1953 (92.5%) 98.7 (7.3) 1906 (89.0%) 98.8 (6.3) 1909 (88.1%)
4 97.6 (10.2) 1898 (93.3%) 98.6 (7.8) 1871 (88.7%) 99.0 (5.7) 1904 (88.4%)
5 97.6 (11.1) 1838 (93.1%) 98.3 (7.9) 1842 (88.0%) 98.1 (8.3) 1897 (88.3%)
6 98.1 (8.7) 1759 (92.6%) 98.7 (6.6) 1826 (89.6%) 98.5 (8.2) 1841 (87.0%)
7 98.1 (9.3) 1731 (93.3%) 99.0 (6.3) 1813 (90.1%) 98.6 (7.3) 1844 (87.7%)
8 98.0 (9.1) 1686 (93.1%) 98.2 (8.2) 1791 (89.7%) 98.1 (8.2) 1821 (87.0%)
9 98.4 (7.4) 1605 (92.6%) 99.0 (6.4) 1767 (90.1%) 98.8 (6.8) 1787 (87.1%)
10 98.3 (8.6) 1583 (92.4%) 99.2 (4.9) 1755 (90.2%) 99.0 (5.5) 1787 (87.7%)
11 98.3 (8.0) 1568 (92.7%) 98.5 (7.3) 1748 (90.2%) 98.2 (8.2) 1767 (87.0%)
12 98.7 (6.2) 1494 (92.7%) 99.1 (5.3) 1721 (90.1%) 98.7 (7.5) 1724 (86.8%)
13 98.5 (7.7) 1488 (93.2%) 98.9 (6.4) 1719 (90.8%) 98.8 (7.1) 1726 (87.7%)
14 97.9 (9.3) 1472 (93.4%) 98.4 (7.3) 1693 (90.0%) 98.0 (9.1) 1711 (87.3%)
15 98.5 (6.9) 1394 (92.1%) 99.2 (4.6) 1668 (90.0%) 99.0 (6.0) 1678 (87.0%)
16 98.2 (8.7) 1372 (92.3%) 99.1 (4.6) 1657 (90.3%) 99.1 (5.7) 1674 (87.5%)
17 98.1 (9.8) 1360 (92.0%) 98.3 (7.8) 1633 (89.4%) 98.5 (6.4) 1662 (87.3%)
18 98.7 (6.8) 1276 (90.1%) 99.3 (4.1) 1574 (89.0%) 99.2 (5.3) 1602 (86.1%)
19 98.7 (7.3) 1270 (90.2%) 99.3 (3.8) 1563 (89.0%) 99.4 (3.1) 1605 (86.9%)
20 98.4 (8.9) 1260 (90.2%) 98.9 (5.3) 1546 (88.7%) 98.7 (5.8) 1590 (86.5%)
21 98.5 (7.5) 1145 (88.0%) 99.0 (6.1) 1458 (87.0%) 98.8 (7.1) 1516 (85.0%)
22 97.8 (9.7) 1106 (88.8%) 98.8 (6.2) 1431 (86.9%) 99.2 (5.7) 1498 (84.7%)
23 98.1 (8.8) 1056 (89.5%) 98.2 (8.5) 1377 (85.1%) 98.4 (8.0) 1460 (83.2%)
24 98.8 (7.2) 913 (84.1%) 99.0 (6.3) 1207 (82.2%) 98.9 (7.1) 1255 (77.5%)
25 98.8 (6.7) 851 (85.4%) 99.2 (5.2) 1157 (80.8%) 98.8 (7.1) 1222 (76.9%)
26 97.9 (11.2) 728 (86.2%) 99.1 (5.7) 1051 (74.6%) 98.6 (8.8) 1176 (74.5%)
PERSISTENCE
Mean Mos, SD 16.5 (8.4) 19.2 (7.5) 19.6 (6.9)
Median Mos, 20.4 23.6 23.7
N 2194 2169 2135
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the number of patients who initiated each cycle declined 
over time from cycles 1 (N = 2290) to 26 (N = 845; data not 
shown), reflecting early discontinuation of palbociclib for 
protocol-defined toxicity and iDFS events. Within the same 
study arm, the mean proportion of patients who adhered to 
their daily ET ranged from 98.7 to 99.1% from cycle 1 to 26, 
with a similar decline in the number of patients who initiated 
each cycle seen over time.

Within the ET alone arm, the mean proportion of patients 
who adhered to their daily ET ranged from 99.0% at cycle 1 
to 98.6% at cycle 26. The number of patients who initiated 
each cycle declined over time from N = 2343 at cycle 1 to 
N = 1578 at cycle 26 (data not shown). The drug diaries at 
cycles 1 through 26 were completed by ≥ 84% of the patients 
who initiated the corresponding cycle (Table 2).

Based on drug diaries (N = 2194), the median time from 
initiation of palbociclib to cessation of palbociclib (irrespec-
tive of breaks in therapy) was 20.4 months, and the mean 
persistence was 16.5 months, with a standard deviation of 
8.4 (Table 2). Results were similar based on the clinically 
captured pill counts (N = 2289; median = 21.3  months, 
mean = 16.9; SD = 8.4; data not shown). Before being moved 
to long-term follow-up, the median persistence of endocrine 
therapy in the palbociclib + ET group was 23.6 months, and 
the mean was 19.2 months (SD = 7.5), with nearly identical 
numbers seen in the ET alone group (Table 2).

When the modified Morisky scale was used to measure 
patient-reported adherence to palbociclib, the proportion 
of patients who scored 5 out of a possible maximum score 
of 5 (i.e., most adherent) ranged from 79.6 to 75.5% from 
cycles 2 to 24. After adjusting for demographic and clinical 
covariates, the estimated marginal probability of achieving 
the most adherent score was 80% at cycle 2 and 75% at cycle 
24 (Table 3). When the McHorney scale was used, the pro-
portion of patients who scored 0 out of a possible score of 

36 (most adherent) ranged from 64.0% at cycle 2 to 73.4% 
at cycle 24. After adjustment for clinical-demographic fac-
tors, the estimated marginal probabilities ranged from 64 to 
72% (Table 3).

When comparing the proportion of patients who were 
maximally adherent to ET between arms across all time-
points, the marginal probability of maximal adherence was 
significantly higher in the palbociclib + ET group, com-
pared to ET alone, whether using the modified Morisky 
(p < 0.0001; Fig. 1) or the McHorney (p = 0.05; Fig. 2). 
However, the interaction term for group by cycle was not 
significant, regardless of self-report measure used (p = 0.42 
Morisky; p = 0.14 McHorney), indicating that the pattern 
of change for those reporting being most adherent was not 
significantly different between groups.

Lastly, when using either study diary or pill count data to 
measure palbociclib daily adherence, no statistically signifi-
cant iDFS hazard reduction was observed after the 6 month 
landmark when comparing patients who were < 90% ver-
sus ≥ 90% adherent (Fig. 3). Daily adherence to palbociclib 
refers to adherence within each study cycle and is not to be 
confused with persistence to palbociclib, whose impact on 
iDFS was reported previously [15]. Rather than the tradi-
tional 80% cutoff, we used a 90% cutoff since there were 
very few patients who reported < 80% adherence after the 
6-month landmark for either study diary or pill count. The 
6 month landmark was chosen since > 80% of the patient 
population was still providing palbociclib diary data and 
since few events occurred after the 12 month landmark.

Adherence calculated from palbociclib pill counts from 
clinical database. All available adherence information up 
to the 6 month landmark time point was used to create the 
adherence groupings (cycles with missing pill counts prior 
to the landmark time point were ignored). Total palboci-
clib adherence over the first 6 cycles for the landmark time 

Table 3   Percentage and predicted probability of maximal adherence to palbociclib, via Morisky composite and McHorney

Morisky Composite scores range from 0 to 5 with a score of 0 indicating “least adherent” and a score of 5 indicating “most adherent.” McHor-
ney scores range from 0 to 36 with zero indicating lowest risk for intentional nonadherence
a Composite Morisky = MMAS-4 + whether the doctor’s instructions for palbociclib/ET were followed exactly
b 95% Confidence Interval after adjusting for age category, first adjuvant ET, race, ethnicity, N-stage, T-stage, PgR, prior chemotherapy, baseline 
ECOG

Morisky composite scalea McHorney brief adherence estimator

Cycle Percent “most adher-
ent” (score = 5) (%)

Probability [95% CI]b (adjusted 
for key baseline factors)

N Percent “most adher-
ent” (score = 0) (%)

Probability [95% CI]b (adjusted 
for key baseline factors)

N

2 79.6 0.80 [0.78, 0.81] 1773 64.0 0.64 [0.61, 0.67] 873
3 78.6 0.79 [0.77, 0.81] 1781 67.2 0.67 [0.64, 0.70] 877
6 72.0 0.72 [0.70, 0.74] 1744 66.9 0.66 [0.63, 0.69] 838
12 71.9 0.71 [0.69, 0.74] 1511 67.2 0.66 [0.63, 0.70] 729
18 74.9 0.74 [0.72, 0.76] 1280 67.2 0.66 [0.62, 0.69] 610
24 75.5 0.75 [0.72, 0.77] 942 73.4 0.72 [0.68, 0.76] 444
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Fig.1   Predicted probability of most adherent to endocrine therapy (ET) via Morisky composite, by arm

Fig. 2   Predicted probability of being most adherent to endocrine therapy (ET) via McHorney, by arm
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point 6 months was used to determine the groups. Includes 
patients who are event-free and still receiving palbociclib at 
the landmark time point.

Discussion

The addition of the oral CDK 4/6 inhibitor palbociclib to 
ongoing daily adjuvant ET did not appear to negatively 
impact PALLAS participants’ adherence to ET. When 
measured with study diary, patients randomized to palboci-
clib + ET had virtually identical levels of daily ET adherence 
as the ET alone group. When measured across all time points 
with patient-reported adherence measures, patients rand-
omized to palbociclib + ET were significantly more likely 
to report a pattern of maximal adherence scores compared 
to patients in the ET alone group. The findings in this analy-
sis counter a longstanding concern that managing multiple 
medication regimens and toxicity profiles will reduce patient 
adherence, which may be reassuring to clinicians consider-
ing the use of targeted therapies in combination with ET [1].

Given the potential threat to external validity, robust 
measurement of participant adherence to long-term self-
administration of investigational drugs is critical. However, 
adherence to oral study drug is reported in only 20–46% 
of randomized clinical trials [19–21]. (8) This lack of con-
textual information hinders research interpretation for cli-
nicians prescribing long-term oral anticancer therapies in 
real-world settings [22], especially since racial, ethnic, and 

income disparities in adherence to adjuvant ET have been 
well-documented [23–26].

Levels of maximal adherence to ET and to palbociclib 
were consistently lower when measured with the self-report 
Morisky and McHorney questionnaires compared to levels 
measured by study diary and pill count. It is possible that 
meeting study staff in person to submit study diaries and 
pill bottles engendered more social desirability bias com-
pared to completing a brief, neutrally worded questionnaire 
[27, 28]. Closer examination of the McHorney scale ques-
tions, which assess patient beliefs about the drug’s necessity, 
cost–benefit ratio, and affordability, suggest that the scale 
was measuring different aspects of adherence beyond pill-
taking behavior itself. Considering the disparate adherence 
values obtained via PRO measures versus pill count/diary, 
it is recommended that validated patient-reported adherence 
measures be included whenever possible [29].

An earlier analysis of the PALLAS data found no statisti-
cally significant impact of early discontinuation of palboci-
clib during the 2 year treatment period and 3 year iDFS [15]. 
We used all available adherence information up to 10 land-
mark times (1, 2, 3, 6, 9, 12, 15, 18, 21, 24 months) to create 
the adherence groupings. The exploratory landmark analyses 
largely confirmed that patient nonadherence to palbociclib 
was not a major contributor to the lack of iDFS benefit seen 
in the overall PALLAS trial. In contrast, the phase 3 study 
MonarchE demonstrated improved survival outcomes for the 
addition of 2 years of the CDK4/6 inhibitor abemaciclib to 
ongoing adjuvant ET compared with ET alone. (14) In this 
trial, 25.8% of patients discontinued abemaciclib early [30]. 

Fig. 3   Daily palbociclib adherence as measured by pill count and time to invasive disease-free survival (iDFS) from 6-month landmark
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Similarly, a first presentation from the phase 3 NATALEE 
study (NCT03701334) [31], a trial of similar design using 
a 3 year course of lower dose ribociclib, has reported iDFS 
benefits; further follow-up is necessary to determine whether 
using a lower dose improves rates of early discontinuation.

Limitations

It is possible that adherence was measured more crudely 
for ET than palbociclib, as measures for ET were limited 
to diary alone since ET was obtained commercially and not 
distributed by the study. However, it is unlikely that a large 
difference in adherence to ET was missed by not having pill 
count data available. Additionally, daily adherence measures 
for ET were limited to those patients with completed dia-
ries for each cycle. Therefore, these values may be mislead-
ingly high. For example, in the palbociclib + ET group, the 
number of patients who initiated each cycle declined from 
N = 2290 at cycle 1 to N = 1086 at cycle 24. Therefore, while 
the adherence data gathered for each cycle was representa-
tive and missing data were kept to a minimum, it did not 
include patients who had stopped taking their medication, 
although it should be emphasized that the majority of early 
discontinuation was protocol-defined for toxicity or iDFS 
events. Similarly, the decline in patient numbers impacted 
the reliability of the landmark analysis, given that those who 
were event-free and remained on study drug decreased from 
N = 2135 at month 1 to N = 1517 at month 12 and N = 724 at 
month 24 (data not shown). Finally, the landmark analyses 
results should be interpreted with caution as the comparison 
was made between patients who had very high adherence 
(≥ 90%) vs those with lower adherence (< 90%) still receiv-
ing study drug treatment.

Conclusion

The addition of the CDK 4/6 inhibitor palbociclib did not 
appear to negatively impact patient adherence to ongoing 
adjuvant ET in the Pallas trial. For patients who remained 
on study treatment, within-cycle daily adherence rates for 
palbociclib + ET and ET alone were consistently high across 
all cycles. Mean persistence was also strikingly high with 
ET, and to a slightly lesser degree with palbociclib. PRO 
measures detected sizably lower levels of optimal adherence 
for palbociclib + ET or ET alone. These results illustrate the 
importance of carefully measuring and monitoring adher-
ence in studies that entail patient administration of oral study 
agents.
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