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Background: In monarchE, abemaciclib plus endocrine therapy (ET) as adjuvant treatment of hormone receptor-
positive, human epidermal growth factor 2-negative, high-risk, early breast cancer (EBC) demonstrated a clinically
meaningful improvement in invasive disease-free survival versus ET alone. Detailed safety analyses conducted at a
median follow-up of 27 months and key patient-reported outcomes (PROs) are presented.
Patients and methods: The safety population included all patients who received at least one dose of study treatment
(n ¼ 5591). Safety analyses included incidence, management, and outcomes of common and clinically relevant adverse
events (AEs). Patient-reported health-related quality of life, ET symptoms, fatigue, and side-effect burden were
assessed.
Results: The addition of abemaciclib to ET resulted in higher incidence of grade �3 AEs (49.7% versus 16.3% with ET
alone), predominantly laboratory cytopenias [e.g. neutropenia (19.6%)] without clinical complications. Abemaciclib-
treated patients experienced more serious AEs (15.2% versus 8.8%). Discontinuation of abemaciclib and/or ET due
to AEs occurred in 18.5% of patients, mainly due to grade 1/2 AEs (66.8%). AEs were managed with comedications
(e.g. antidiarrheals), abemaciclib dose holds (61.7%), and/or dose reductions (43.4%). Diarrhea was generally low
grade (grade 1/2: 76%); grade 2/3 events were highest in the first month (20.5%), most were short-lived (�7 days)
and did not recur. Venous thromboembolic events (VTEs) were higher with abemaciclib þ ET (2.5%) versus ET
(0.6%); in the abemaciclib arm, increased VTE risk was observed with tamoxifen versus aromatase inhibitors (4.3%
versus 1.8%). PROs were similar between arms, including being ‘bothered by side-effects of treatment’, except for
diarrhea. At �3 months, most patients reporting diarrhea reported ‘a little bit’ or ‘somewhat’.
Conclusions: In patients with high-risk EBC, adjuvant abemaciclib þ ET has an acceptable safety profile and tolerability
is supported by PRO findings. Most AEs were reversible and manageable with comedications and/or dose modifications,
consistent with the known abemaciclib toxicity profile.
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INTRODUCTION

After the monarchE study demonstrated a clinically mean-
ingful and significant improvement in invasive disease-free
survival, abemaciclib became the first cyclin-dependent ki-
nase 4 and 6 (CDK4 and 6) inhibitor to be approved by the
Food and Drug Administration (FDA) for use in the adjuvant
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setting for treatment of patients with hormone receptor-
positive (HRþ), human epidermal growth factor 2-
negative (HER2�), node-positive, early breast cancer (EBC)
at high risk of recurrence and a Ki67 index �20%.1-3 Efficacy
and safety data supporting this approval were previously
published.1 Herein, we report monarchE safety analyses and
key patient-reported outcomes (PROs), representing the
first detailed safety report and PRO data from a CDK4 and 6
adjuvant trial.
PATIENTS AND METHODS

Study design and participants

The monarchE study (NCT03155997) is an open-label,
global, randomized, phase III trial which investigated the
addition of abemaciclib to standard-of-care (SOC) ET in
patients with HRþ, HER2�, node-positive, high-risk EBC.2

The study protocol and all amendments were approved
by ethical/institutional review boards before implementa-
tion and all patients gave written informed consent. The
study was carried out in compliance with the Declaration of
Helsinki.

The detailed study design was previously published2 and
enrolled patients with HRþ, HER2�, high-risk EBC, defined
as having �4 positive pathologic axillary lymph nodes
(ALNs) or 1-3 positive ALNs and one of the following: tumor
size �5 cm, histologic grade 3 disease, or centrally assessed
Ki-67 �20%. Randomized patients received SOC adjuvant ET
of physician’s choice for a total of 5-10 years �abemaciclib
for the first 2 years (treatment period) or until meeting
criteria for discontinuation. Switching ET agents was
permissible as per physician’s choice at any time during the
study and patients who discontinued abemaciclib were
encouraged to remain on ET.
Safety measures

In monarchE, the type, severity, seriousness, timing, and
duration of adverse events (AEs), as well as their potential
relationship to study treatment, were reported by in-
vestigators. Regardless of causality, investigator-reported
terms were mapped to MedDRA (medical dictionary)
terms and AEs were graded according to Common Termi-
nology Criteria for Adverse Events (CTCAE) version 4.0.
Clinic visits, including central laboratory assessments, were
conducted before randomization, on day 1, every 2 weeks
during the first 2 months on treatment, monthly to month
6, then 3-monthly through the treatment period, and 30
days after discontinuation. Serious adverse events (SAEs)
included AEs with an outcome of death, initial/prolonged
hospitalization, or life-threatening events. By protocol
design, all SAEs in both arms, regardless of causality, will be
collected from randomization through year 5.

Venous thromboembolic events (VTEs), hepatic events
(increased transaminases), and interstitial lung disease
(ILD) were analyzed as composite terms (Table 1 foot-
note). Those composite terms resulted from a compre-
hensive search of all investigator-reported AEs under
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the appropriate MedDRA queries to fully characterize
those AEs in the EBC population. For any patient
experiencing a VTE, additional details about symptoms,
diagnosis, and prior risks factors were collected in the
study database.

The study protocol included mandated abemaciclib dose
modification (holds and reductions) instructions to manage
AEs, with amaximum of 2 dose reductions. Patients requiring
>2 dose reductions were required to discontinue abemaci-
clib. Management guidelines for diarrhea and neutropenia
have been previously described4 (Supplementary Figure S1,
available at https://doi.org/10.1016/j.annonc.2022.03.006).
Patients with a history of VTE were excluded from the study.
Guidance for confirmed VTE management included holding
abemaciclib for 1-2 weeks, starting anticoagulation therapy
as per standard clinical practice, and recommending patients
treated with tamoxifen switch ET. Anticoagulation treatment
was to be continued for the duration of abemaciclib treat-
ment. At randomization, patients were required to have had
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) �3� upper limit of normal (ULN). Patients with
grade 3 increased transaminases required an abemaciclib
dose hold until toxicity resolved to grade 1; patients with
grade 4 increased transaminases were required to discon-
tinue abemaciclib. Patients with serious preexisting ILD
were excluded. Grade �2 ILD required abemaciclib dose
modifications.

Patient-reported outcome data

The PRO assessments focused on capturing the implications
of treatment on patient-reported health-related quality of
life (HRQoL) (FACT-B) and treatment-related symptoms/AEs:
ET symptoms (FACT-ES; two cognitive/three bladder FACIT
items), fatigue (FACIT-Fatigue), and side-effect burden
(FACT-B GP5). Within the FACT-B, scores are presented over
time for item GP5 ‘I am bothered by side-effects of treat-
ment’ and for FACT-ES item C5 ‘I have diarrhea’. PROs were
administered manually and assessed at baseline (randomi-
zation), 3, 6, 12, 18, and 24 months on treatment and
during follow-up (1, 6, and 12 months after discontinua-
tion). All PRO items used a five-point scale. Summary scores
were calculated as per the FACIT guidance.5 A positive
change in summary scale scores represented an improve-
ment in HRQoL and vice versa.

Statistical analyses

The safety population included patients who received �1
dose of study treatment. AEs were summarized by
maximum toxicity regardless of causality. Clinically synony-
mous terms were grouped together under a consolidated
preferred term. Descriptive statistics were used to sum-
marize safety information including incidence, dose modi-
fications, comedications, and outcomes of common and
clinically relevant AEs.

Analysis of PROs was conducted using a mixed-effects
repeated-measures (MMRM) model to compare mean sum-
mary scores and item scores, and change from baseline by
https://doi.org/10.1016/j.annonc.2022.03.006 617
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Table 1. Clinically relevant adverse events observed in the abemaciclib D ET arm regardless of causality

Abemaciclib D ET (N [ 2791) ET alone (N [ 2800)

Any grade G1 G2 G � 3 Any grade G1 G2 G � 3

�10% in the abemaciclib þ ET arm
Patients with �1 AE,a n (%) 2745 (98.4) 165 (5.9) 1192 (42.7) 1388 (49.7) 2486 (88.8) 634 (22.6) 1396 (49.9) 456 (16.3)
Diarrhea 2331 (83.5) 1255 (45.0) 857 (30.7) 219 (7.8)b 242 (8.6) 184 (6.6) 52 (1.9) 6 (0.2)
Infectionsc 1429 (51.2) 245 (8.8) 1029 (36.9) 155 (5.6) 1102 (39.4) 229 (8.2) 790 (28.2) 83 (3.0)d

Neutropenia 1278 (45.8) 178 (6.4) 554 (19.8) 546 (19.6) 157 (5.6) 66 (2.4) 68 (2.4) 23 (0.8)
Fatigue 1133 (40.6) 632 (22.6) 421 (15.1) 80 (2.9) 499 (17.8) 378 (13.5) 117 (4.2) 4 (0.1)
Nausea 824 (29.5) 623 (22.3) 187 (6.7) 14 (0.5) 252 (9.0) 198 (7.1) 52 (1.9) 2 (0.1)
Anemia 681 (24.4) 383 (13.7) 241 (8.6) 57 (2.0) 104 (3.7) 75 (2.7) 19 (0.7) 10 (0.4)
Headache 546 (19.6) 415 (14.9) 123 (4.4) 8 (0.3) 421 (15.0) 321 (11.5) 95 (3.4) 5 (0.2)
Vomiting 491 (17.6) 375 (13.4) 101 (3.6) 15 (0.5) 130 (4.6) 98 (3.5) 29 (1.0) 3 (0.1)
Stomatitise 385 (13.8) 309 (11.1) 72 (2.6) 4 (0.1) 151 (5.4) 133 (4.8) 18 (0.6) 0 (0.0)
Thrombocytopenia 373 (13.4) 276 (9.9) 61 (2.2) 36 (1.3) 52 (1.9) 40 (1.4) 8 (0.3) 4 (0.1)
Decreased appetite 329 (11.8) 243 (8.7) 70 (2.5) 16 (0.6) 68 (2.4) 53 (1.9) 13 (0.5) 2 (0.1)
Alopecia 313 (11.2) 283 (10.1) 30 (1.1) N/A 75 (2.7) 68 (2.4) 7 (0.3) 0 (0.0)
Alanine aminotransferase increase (ALT) 343 (12.3) 184 (6.6) 82 (2.9) 77 (2.8) 157 (5.6) 113 (4.0) 25 (0.9) 19 (0.7)
Aspartate aminotransferase increase (AST) 330 (11.8) 220 (7.9) 58 (2.1) 52 (1.9) 137 (4.9) 103 (3.7) 19 (0.7) 15 (0.5)
Rash 312 (11.2) 239 (8.6) 61 (2.2) 11 (0.4) 127 (4.5) 104 (3.7) 23 (0.8) 0 (0.0)

Other AEs of interestdcomposite terms
VTEf 71 (2.5) 2 (0.1) 31 (1.1) 38 (1.4)h 17 (0.6) 0 (0.0) 9 (0.3) 8 (0.3)
PEg 28 (1.0) N/A N/A 28 (1.0)i 4 (0.1) N/A N/A 4 (0.1)

ILDj 89 (3.2) 44 (1.6) 34 (1.2) 11 (0.4) 37 (1.3) 26 (0.9) 10 (0.4) 1 (0.0)
Pneumonitis 49 (1.8) 21 (0.8) 21 (0.8) 7 (0.3) 10 (0.4) 7 (0.3) 3 (0.1) 0 (0.0)
Radiation pneumonitis 25 (0.9) 13 (0.5) 10 (0.4) 2 (0.1) 15 (0.5) 9 (0.3) 5 (0.2) 1 (0.0)

Increased transaminasesk 433 (15.5) 241 (8.6) 94 (3.4) 98 (3.5) 209 (7.5) 143 (5.1) 38 (1.4) 28 (1.0)

AE, adverse event; ET, endocrine therapy; G, grade; ILD, interstitial lung disease; N, number of patients in the safety population; n, number of patients within category; N/A, not
applicable; PE, pulmonary embolism; VTE, venous thromboembolic events.
Max grade 2 event (according to CTCAE v.4).
aThe severity of AEs was recorded by investigators and graded by the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) v4.
bNo G4 events, one G5 event.
cInfection is a composite term that includes all reported preferred terms that are part of the infections and infestations system organ class.
dFour G5 events.
eStomatitis is a consolidated term that includes mouth ulceration, mucosal inflammation, oropharyngeal pain, and stomatitis.
fVTE is a composite term including the following preferred terms: abemaciclib arm (any gradedn)dcatheter site thrombosis (1), cerebral vein thrombosis (2), cerebral venous
thrombosis (0), deep vein thrombosis (36), device-related thrombosis (3), embolism (1), hepatic vein thrombosis (0), jugular vein occlusion (0), jugular vein thrombosis (3), ovarian
vein thrombosis (0), portal vein thrombosis (1), pulmonary embolism (27), subclavian vein thrombosis (2), and venous thrombosis limb (1); ET arm (any gradedn)dcatheter site
thrombosis (0), cerebral vein thrombosis (1), cerebral venous thrombosis (0), deep vein thrombosis (7), device-related thrombosis (1), embolism (0), hepatic vein thrombosis (1),
jugular vein occlusion (1), jugular vein thrombosis (0), ovarian vein thrombosis (1), portal vein thrombosis (0), pulmonary embolism (4), subclavian vein thrombosis (0), and venous
thrombosis limb (0).
gPE is a composite term: embolism (n ¼ 1 in the abemaciclib arm not confirmed by imaging) and pulmonary embolism (n ¼ 27); minimum severity grade as per CTCAE for PE is
gG3 for uncomplicated events.
hSix (0.2%) grade 3 VTEs occurred in the abemaciclib arm.
iThree PE (%) grade 4 occurred in the abemaciclib arm.
jILD is a composite term including the following preferred terms: abemaciclib arm (any gradedn)dinterstitial lung disease (6), lung opacity (3), pneumonitis (49), pulmonary
fibrosis (4), radiation fibrosisdlung (2), radiation pneumonitis (25), sarcoidosis (0), organizing pneumonia (2), pulmonary granuloma (0); and ET arm (any gradedn):
pneumonitis (10), radiation pneumonitis (15), interstitial lung disease (1), pulmonary fibrosis (3), lung opacity (2), radiation fibrosisdlung (2), organizing pneumonia (3),
pulmonary granuloma (1), and sarcoidosis (1). There was one fatality due to ILD (pneumonitis) in the abemaciclib arm and none in the control arm.
kIncreased transaminases is a composite term including the following preferred terms: abemaciclib arm (n)dALT increased (343), AST increased (330), transaminases increased
(16), hepatic function abnormal (10), hepatic enzyme abnormal (0), hepatic enzyme increased (2), drug-induced injury (3), liver function test increased (5), hepatotoxicity (1),
hypertransaminasemia (2), and liver function test abnormal (4); ET arm (n)dALT increased (157), AST increased (137), transaminases increased (7), hepatic function
abnormal (9), hepatic enzyme increased (5), drug-induced injury (1), liver function test increased (1), hepatotoxicity (2), hypertransaminasemia (1), liver function test
abnormal (0), and hepatic enzyme abnormal (2).
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treatment arm, excluding 24-month or follow-up data, as
<25% of randomized patients were assessed. Frequency of
scores over time for FACT-ES C5 ‘I have diarrhea’ and FACT-B
GP5 ‘I am bothered by side-effects of treatment’ were sum-
marized graphically. Exploratory analyses were conducted on
patient-reported items reflecting common AEs such as diar-
rhea, fatigue, arthralgia (compound pain items), and hot
flushes. Given the large trial size, comparisons of PRO data are
overpowered and numerical differences are likely to reach
statistical significance at the 5% level regardless of clinical
significance. Therefore, for the summary scores, an effect size
of ½ standard deviation (SD) at baselinewas used to represent
aminimally important difference (MID).6 For the item scores, a
618 https://doi.org/10.1016/j.annonc.2022.03.006
changeof 1 (i.e.moving fromone level of response to thenext)
was deemed meaningful.

PRO data were analyzed at the prespecified primary
outcome analysis (cut-off date: 8 July 2020, median follow-
up 19 months). Safety data are reported utilizing the
additional follow-up 1 analysis (cut-off date: 1 April 2021,
median follow-up 27 months).

RESULTS

Patients

A total of 5637 patients were randomized 1 : 1 to receive
abemaciclib þ ET (n ¼ 2808) or ET alone (n ¼ 2829)
Volume 33 - Issue 6 - 2022
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(Supplementary Figure S2, available at https://doi.org/10.
1016/j.annonc.2022.03.006); 5591 received at least one
dose of ET � abemaciclib and comprise the safety popu-
lation. Baseline characteristics were balanced as previously
reported.2 At the most recent data cut-off date, 89.6% of
patients were off the study treatment period, including
72.2% who completed the 2-year treatment period and
17.4% discontinued prematurely (Supplementary Figure S2,
available at https://doi.org/10.1016/j.annonc.2022.03.006).

Exposure, median duration, and compliance

The median duration of abemaciclib treatment was 24
months. Exposure to ET was balanced across arms with a
median duration of 24 months in both arms. The median
compliance with abemaciclib treatment, calculated by
counting the dispensed and returned tablets, was 98.4%.

Overview of adverse events and serious adverse events

Safety was assessed in 2791 patients in the abemaciclib þ
ET arm and 2800 in the ET-alone arm (Supplementary
Figure S2, available at https://doi.org/10.1016/j.annonc.
2022.03.006). Most patients reported �1 AE (98.4%
abemaciclib þ ET; 88.8% ET; Table 1). Grade �3 AEs
occurred more frequently in the abemaciclib þ ET arm
(49.7% versus 16.3%); these were predominantly laboratory
cytopenias (Table 1), including neutropenia (19.6% versus
0.8%) and leukopenia (11.3% versus 0.4%). A higher inci-
dence of SAEs was observed in abemaciclib-treated patients
(15.2% versus 8.8%) (Supplementary Table S1, available at
https://doi.org/10.1016/j.annonc.2022.03.006). The most
frequently reported SAEs in both arms were infections
(5.2% versus 2.9%) and gastrointestinal disorders (2.1%
versus 0.6%; Supplementary Table S1, available at https://
doi.org/10.1016/j.annonc.2022.03.006). There were 15
(0.5%) and 10 (0.4%) deaths due to AEs on study treatment
or �30 days from discontinuation in the abemaciclib arm
and control arm, respectively (Supplementary Table S2,
available at https://doi.org/10.1016/j.annonc.2022.03.006).

Discontinuations of abemaciclib

Overall, 25.8% of patients discontinued abemaciclib for
reasons other than recurrence, including 18.5% due to AEs
(Figure 1A); most patients continued receiving background
ET after stopping abemaciclib, either as part of the treat-
ment period or in the follow-up period (Supplementary
Figure S3, available at https://doi.org/10.1016/j.annonc.
2022.03.006). The most common AEs leading to discontin-
uation were diarrhea (5.3%), fatigue (2.0%), and neu-
tropenia (0.9%) (Figure 1B). In total, 181 patients (6.5%)
discontinued both abemaciclib and ET due to AEs; for
comparison, 30 patients (1.1%) in the control arm dis-
continued ET due to AEs (Supplementary Figure S2, avail-
able at https://doi.org/10.1016/j.annonc.2022.03.006).

Abemaciclib discontinuations were highest in the first
month, including 76 patients (2.7%) stopping treatment due
to AEs (Figure 1B); the higher rate of discontinuations
during the first few months stabilized beyond 6 months
Volume 33 - Issue 6 - 2022
(Figure 1A). In total, 66.8% of abemaciclib discontinuations
due to AEs were due to grade 1/2 events and were not
protocol mandated.

Dose modifications due to adverse events

Abemaciclib dose holds and reductions due to AEs occurred
in 61.7% and 43.4% of patients, respectively, generally
related to diarrhea, neutropenia, or fatigue (Figure 2). Most
patients continued on abemaciclib and only a small pro-
portion of patients with dose reductions discontinued
abemaciclib due to AEs [8.9% (n ¼ 249)]. In contrast, over
half of the patients (52%) who discontinued abemaciclib did
not have a prior dose reduction, particularly those who
discontinued during the first month of therapy (88%;
Figure 1 footnote).

Most abemaciclib dose modifications occurred �6
months of therapy initiation and diminished over time
(Figure 2). Less than half of dose modifications were carried
out due to grade �3 events.

Clinically relevant adverse events observed in patients
receiving abemaciclib

Table1 summarizes clinically relevant AEs occurring in
�10% of the abemaciclib arm and other important AEs. The
most clinically relevant AEs are further characterized
(Table 2).

Diarrhea. Most patients treated with abemaciclib (83.5%)
reported diarrhea, typically low grade; 7.8% of patients
experienced grade �3 events (Table 1). Diarrhea occurred
early on treatment (median 8 days to onset) and incidence
decreased over time (Table 2, Figure 3). Grade 2/3 events
primarily occurred in the first 3 months (first: 20.5%; sec-
ond: 12.1%; third: 7.3%), and most were short-lived (me-
dian duration �7 days) and did not recur (Table 2). Diarrhea
was mainly managed with antidiarrheal medication (79%)
and <25% of patients required dose modifications.
Although w30% of patients reported grade 1 diarrhea in
the second year of treatment, abemaciclib dose modifica-
tions were rare (�0.6%) (Figure 3). Abemaciclib discontin-
uations due to diarrhea occurred in 5.3% of patients, with
the vast majority (84%) due to grade 1/2 events. Discon-
tinuations occurred mainly in the first 3 months, and mostly
(74%) without a prior dose reduction.

VTE.Within the abemaciclib arm, 71 (2.5%) reported a VTE
compared to 17 (0.6%) receiving ET alone; most were grade
�3 and primarily pulmonary embolism (PE) events (1.0%;
Table 1). Only 0.7% of patients who experienced PEs
required hospitalizations; the remaining cases were un-
complicated PEs (Supplementary Table S1, available at
https://doi.org/10.1016/j.annonc.2022.03.006). There were
no fatal VTEs in patients treated with abemaciclib
(Supplementary Table S2, available at https://doi.org/10.
1016/j.annonc.2022.03.006). Approximately half of VTEs
(33 out of 71) occurred within the first 180 days. Most VTEs
(96%) did not recur (Table 2), with only one recurrence after
resuming abemaciclib treatment. VTEs were mainly
https://doi.org/10.1016/j.annonc.2022.03.006 619
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Figure 1. Discontinuations in the abemaciclib arm. (A) Due to reasons other than recurrences. (B) Due to AEs.
ET, endocrine therapy; ILD, interstitial lung disease; N, number of patients in the safety population; n, number of patients within category; VTE, venous thromboembolic
events.
aThree hundred and forty-four of the 515 (66.8%) abemaciclib discontinuations were due to grade1/2 AEs, and 266 out of the 515 (52%) discontinued without a prior
dose reduction.
bSix of 14 patients who discontinued abemaciclib also discontinued ET.
cSixty-seven out of 76 (88%) discontinued treatment during the first month without a prior dose reduction.
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Figure 2. Abemaciclib dose modifications.
AE, adverse events; ET, endocrine therapy; N, number of patients in the safety population; n, number of patients within category.
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managed with anticoagulation (93%), and 56% led to dose
holds. Abemaciclib discontinuations due to VTEs were low
(0.5%; Figure 1).

Further analyses were done to characterize the risks
factors of VTEs, including those associated to the ET partner
(Supplementary Table S3A and B, available at https://doi.
org/10.1016/j.annonc.2022.03.006). Tamoxifen adminis-
tered as initial ET was associated with numerically higher
VTEs compared to aromatase inhibitors (4.3% versus 1.8%
in abemaciclib þ ET; 0.7% versus 0.6% in ET alone). Risk
factors for VTE (Khorana risk score) were generally well
balanced across arms. The most frequent risk factors
observed in patients experiencing VTEs were recent flights
or periods of immobility [22/88 (25%)] and having had an
indwelling port catheter [24/88 (27%); Supplementary
Table S3B, available at https://doi.org/10.1016/j.annonc.
2022.03.006]. Additional analyses in abemaciclib-treated
patients showed that patients with high body mass index
(BMI) had a higher risk of developing a severe (grade �3)
VTE (BMI �25 kg/m2, 1.9%; BMI <25 kg/m2, 0.7%). There
was no association observed between the incidence of VTE
and age.

ILD. A total of 89 (3.2%) patients treated with abemaciclib
reported ILD, compared to 37 (1.3%) in the ET-alone arm
(Table 1). Half of ILD events in the abemaciclib-treated
patients were asymptomatic (grade 1) and grade 3
events occurred in 0.4%, with one fatal event. Most pa-
tients (98%) experiencing an ILD event did not have
recurrent ILD events (Table 2). Grade �2 (symptomatic)
events occurred mainly during the first year (80%) and
Volume 33 - Issue 6 - 2022
were treated with steroids and/or antibiotics, with rare
dose modifications. Abemaciclib discontinuation due to
ILD was uncommon (0.7%; Figure 1). In both arms, 95% of
patients had prior adjuvant radiotherapy, a known risk
factor for ILD. In the abemaciclib arm, the incidence of any
grade ILD was higher in the Asian population (5.4%);
however, the overall incidence of grade �3 or SAE was
<1.0% and similar across region subgroups.

Neutropenia. Neutropenia was the most frequently re-
ported grade �3 AE (19.6%; Table 1), with a median time
to onset of 1 month (Table 2). Febrile neutropenia was
rare (n ¼ 8; 0.3%). Importantly, grade �3 neutropenia was
not associated with severe infections (no cases of neu-
tropenic sepsis) and was managed with dose modifica-
tions, mainly occurring within the first 6 months. This
allowed most patients who experienced neutropenia
to remain on abemaciclib (discontinuation rate: 0.9%;
Figure 1).

Increased transaminases. Of patients treated with abema-
ciclib, 15.5% had increased transaminases (ET alone: 7.5%;
Table 1). The incidence of grade �3 increased trans-
aminases was 3.5% with a median time to onset of w3
months (Table 2). Grade �3 increased transaminases were
managed with a dose hold/reduction and most events
(86%) did not recur. Discontinuation of abemaciclib � ET
due to any grade increased transaminases was low (0.9%;
Figure 1).

ALT increases, as an indicator of liver function effects,
were further characterized. All laboratory grade �3 ALT
https://doi.org/10.1016/j.annonc.2022.03.006 621
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Table 2. Characterization and management of clinically relevant adverse
events in monarchE

n (%) Abemaciclib D ET ET alone

Adverse events
Diarrhea, n 2331 242
Patients with single
occurrencea

889 (38.1) 179 (74.0)

Time to onset, median
(range), days

8.0 (1.0e711.0) 133.5 (1.0e754.0)

Dose reduction 479 (20.5) N/A
Dose holdb 541 (23.2) N/A
Antidiarrheal medicationc 1829 (78.5) 75 (31.0)

VTE, nd 71 17
Patients with single
occurrencee

68 (96%) 14 (82.4)

Time to onset, median
(range), days

204.0 (8.0e714.0) 202.0 (9.0e716.0)

Dose reduction 4 (5.6) N/A
Dose hold 40 (56.3) N/A
Anticoagulation treatment 66 (93.0) 15 (88.2)

ILD, nd 89 37
Patients with single
occurrence

87 (97.8) 36 (97.3)

Time to onset, median
(range), days

211.0 (23.0e736.0) 176.0 (29.0e655.0)

Dose reduction 5 (5.6) N/A
Dose hold 13 (14.6) N/A
Antibiotic and/or
corticosteroid treatment

47 (52.8) 12 (32.4)

Neutropenia grade ‡3, n 546 23
Patients with single
occurrence

372 (68.1) 20 (87.0)

Time to onset, median
(range), days

30.0 (1.0e694.0) 58.0 (14.0e755.0)

Dose reduction 203 (37.2) N/A
Dose hold 406 (74.4) N/A

Increased transaminases
grade ‡3, nd

98 28

Patients with single
occurrencef

84 (85.7) 22 (78.6)

Time to onset, median
(range), days

117.5 (1.0e764.0) 153.0 (16.0e719.0)

Dose reduction 45 (45.9) N/A
Dose hold 61 (62.2) N/A

Laboratory abnormalities
ALT/AST �3� ULN and TBILI
�2� ULN, n

11 2

ET, endocrine therapy; G, grade; ILD, interstitial lung disease; n, number of patients
within category; N/A, not applicable; PE, pulmonary embolism; VTE, venous
thromboembolic events.
aIn the abemaciclib arm, of patients experiencing grade 2 diarrhea, 687 out of 1076
(63.8%) patients experienced single occurrences and of patients experiencing grade
�3 190 out of 219 (86.7%) patients experienced single occurrences.
bThree hundred and eight out of 857 (36%) patients had a dose hold for grade 2
diarrhea and 136 out of 218 (62%) for grade 3 diarrhea.
cEight hundred and ninety-eight out of 1255 (71.5%) patients received antidiarrheal
medication for grade 1 diarrhea; 737 out of 857 (86.0%) patients received
antidiarrheal medication for grade 2; and 193 out of 218 (88.5%) patients for
grade 3 diarrhea.
dComposite terms, see Table 1dfootnote for definitions.
eIncluding six patients in abemaciclib þ ET and one patient in ET alone who reported
simultaneous PE/deep vein thrombosis (DVT).
fRecurrent event defined as a new grade �3 event after resolution of the initial
occurrence.
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were reversible with dose modifications or abemaciclib
discontinuation. The study sponsor conducted an in-depth
analysis in 11 patients with laboratory abnormalities of
AST/ALT >3� ULN with total bilirubin >2� ULN, and in 3
additional patients with reported AEs which could indicate
622 https://doi.org/10.1016/j.annonc.2022.03.006
potential liver injury (Table 2). This analysis showed that no
patients developed drug-induced liver injury and identified
other reasons to explain the abnormal laboratory findings
(i.e. metastatic disease, preexisting or acute liver disease,
other comedication).
Adverse events by age

An analysis to characterize AEs in the older population was
conducted (840 patients aged �65 years, 15% of the safety
population) (Supplementary Table S4, available at https://
doi.org/10.1016/j.annonc.2022.03.006). The incidence of
any grade AEs was similar in both arms across age sub-
groups. However, older patients (�65 years) had w5%
higher incidence of grade �3 AEs compared to younger
patients (<65 years); in the abemaciclib arm, clinically
relevant AEs driving this difference were diarrhea (11.9%
versus 7.1%) and fatigue (5.6% versus 2.4%). Other events
reported more frequently in older patients included nausea,
anemia, thrombocytopenia, and decreased appetite and
were mainly low grade.
Patient-reported outcome data

The overall patient compliance was >90% of the expected
patients at each study visit across the PRO instruments. The
MMRM mean summary scores for HRQoL, ET symptoms,
and fatigue were numerically similar between treatment
arms (<0.5 baseline SD MID) (Supplementary Figures S4-S6,
available at https://doi.org/10.1016/j.annonc.2022.03.006).
The MMRM mean scores for items reflecting symptoms of
arthralgia, fatigue, and hot flushes were also numerically
similar (<1 MID) between arms in the post-randomization
assessments (Supplementary Table S5, available at
https://doi.org/10.1016/j.annonc.2022.03.006).

There were observed differences between arms in the
MMRM analysis for the item ‘I have diarrhea’ (FACT-ES C5).
In the abemaciclib arm, changes from baseline in the
MMRM item score at 3 months [mean ¼ 1.19; standard
error (SE) ¼ 0.02] and 6 months (mean ¼ 1.03; SE ¼ 0.02)
were greater than the MID; from �12 months, the change
from baseline was <1 MID (Supplementary Table S5,
available at https://doi.org/10.1016/j.annonc.2022.03.006).
From �3 months, most patients who experienced diarrhea
in the abemaciclib arm reported having diarrhea ‘a little bit’
or ‘somewhat’ (Figure 4A); diarrhea was more frequently
reported in the earlier PRO assessments (months 3 and 6).
The frequency of patient-reported diarrhea reduced after
treatment discontinuation (first follow-up visit).

The MMRM mean scores for the FACT-B GP5 item ‘I am
bothered by side-effects of treatment’ were, however,
numerically similar, reflected in similar changes from base-
line between treatment arms (<1 MID) (Supplementary
Table S5, available at https://doi.org/10.1016/j.annonc.
2022.03.006). Most patients in both arms reported being
bothered ‘a little’ or ‘not at all’ by treatment side-effects
(Figure 4B).
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Figure 3. Diarrhea management over time.
G, grade.
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DISCUSSION

The safety profile of abemaciclibþ ET is well established and
clinically manageable in ABC.4 The safety profile of adjuvant
abemaciclib has now also been established and is considered
predictable, manageable, and acceptable in a high-risk EBC
population based on a comprehensive assessment of safety
in 2791 patients treated with abemaciclibþ ET in monarchE.
With 90% of patients off the study treatment period and a
follow-up duration in excess of 2 years, the safety data are
considered mature.

Although grade �3 AEs were higher in the abemaciclib
arm, they were predominantly laboratory events without
clinical symptoms, such as neutropenia, which were effec-
tively managed with dose adjustments as per protocol and
rarely caused serious complications, like febrile neutropenia
or infections. Similarly, grade �3 increased transaminases
were more frequent in the abemaciclib arm, were easily
managed with dose adjustments, and did not result in drug-
related liver injury.7 There was a 6% higher incidence of SAE
in the abemaciclib arm compared to the ET-alone arm;
however, discontinuation rates due to SAEs were similar
(abemaciclib þ ET: 0.9%; ET: 0.6%), with the most common
SAEs in both arms being non-neutropenic infections. In the
follow-up period, the incidence of SAEs was similar in both
arms, and no serious safety concerns were identified.

Medical review of individual fatal AEs during treatment
or �30 days from discontinuation did not reveal any
Volume 33 - Issue 6 - 2022
common pathophysiological cause for deaths, or a common
mechanistic reason attributed to a drug effect in either
treatment arm. Except for a death due to pneumonia
(suspected coronavirus disease-19), all deaths in the abe-
maciclib arm were in patients with predisposing risk factors,
including clinically important comorbidities. Half of the fatal
events in the control arm were infections with no common
pathogen.

The most frequently reported AEs, including the clinically
important AEs, occurred early during treatment. Events
were mainly low grade, reversible, and manageable, and
most patients continued abemaciclib treatment. Of note,
ET-associated AEs were lower in abemaciclib-treated pa-
tients (arthralgia, 26.6% versus 37.9%; hot flush, 15.3%
versus 23.0%) (see Supplementary Table S4, available at
https://doi.org/10.1016/j.annonc.2022.03.006 in Harbeck
et al.1). Overall, PRO data showed that the addition of
abemaciclib to ET did not result in a clinically meaningful
difference in patients being bothered by treatment side-
effects after the first 3 months of treatment.

Abemaciclib dose modifications occurred early during
treatment and were used to effectively manage both high-
and low-grade AEs, thus helping to improve tolerability and
retain patients on treatment, as demonstrated by the small
proportion of patients discontinuing abemaciclib after a
dose reduction. Two-thirds of the abemaciclib discontinua-
tions due to AEs were triggered by low-grade events, mainly
occurring early on treatment. Notably, in over half of total
https://doi.org/10.1016/j.annonc.2022.03.006 623
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abemaciclib arm and the control arm. The observed differences between the trial arms in patient-reported diarrhea were not, however, reflected in patients’ responses
to ‘I am bothered by side-effects of treatment’ (FACT-B GP5).
ET, endocrine therapy; n, number of patients having answered the questionnaires at each study visit.
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discontinuations, there was no prior dose reduction, high-
lighting the importance of patient counseling for symptom
management before starting therapy and management of
symptomatic patients with early use of concomitant medi-
cations and/or dose modifications to achieve tolerable
individualized dosing. Several factors may have contributed
to early discontinuations without dose modifications,
including early appearance of nuisance AEs like diarrhea,
‘treatment fatigue’ due to prolonged symptom-inducing
adjuvant therapy (w95% of patients had prior chemo/
radiotherapy), potential lack of knowledge about manage-
ment of toxicities, and the unknown benefit of the novel
combination during study participation.

Most patients treated with abemaciclib experienced mild
or moderate diarrhea, and most patients experiencing >4
stools over baseline (grade �2) reported only one episode,
with events concentrated in the first months of treatment.
Patients should be counseled regarding the early onset of
diarrhea and begin antidiarrheal medication at the first sign
of loose stools (Supplementary Figure S1, available at
https://doi.org/10.1016/j.annonc.2022.03.006). In clinical
practice, a personalized approach to diarrhea management
should be considered, including dietary changes or institu-
tion of prophylaxis with antidiarrheal medication for
recurrent events, balanced against the risk of constipation.
If symptoms do not resolve after initiation of antidiarrheal
medication, dose adjustments can improve tolerability by
decreasing the severity and duration of the episodes. In
monarchE, most patients managed their diarrhea with over-
the-counter medication, some (<25%) required a dose
modification, and few patients discontinued due to diarrhea
(5%). Education is needed to optimize diarrhea manage-
ment in patients with EBC to further reduce early discon-
tinuations associated with low-grade diarrhea; w1/3 of
patients experiencing <4 stools over baseline (grade 1) did
not take antidiarrheal medication (footnote, Table 2), and
over 60% of patients with grade 2 diarrhea did not hold the
abemaciclib dose, most discontinuations occurring in pa-
tients with no dose reductions. After the first 6 months,
diarrhea was generally grade 1 and most likely intermittent
since it rarely required dose modifications, consistent with
most of the patients reporting diarrhea were ‘a little bit’ or
‘somewhat’ bothered by symptoms at 3 months onward.
Altogether, these data demonstrate that early, proactive
management of diarrhea is an effective strategy.

VTEs and ILDs have been reported with other CDK4 and 6
inhibitors in combination with ET,8 and confirmed as a class
effect by the United States FDA.9 Oncologists are familiar
with recognizing and treating those events in clinical prac-
tice. Although VTEs and ILDs were higher in the abemaciclib
arm, serious VTE and ILD events were uncommon.8 PE was
reported in 1% of abemaciclib-treated patients; however,
one-third were uncomplicated grade 3 events (which
is a minimum CTCAE grading for PE) not requiring
hospitalization.

Most patients experiencing VTE continued abemaciclib
after starting anticoagulation, and only one event recurred
after resuming treatment. Half of the events occurred
Volume 33 - Issue 6 - 2022
within the first 6 months; no cumulative effect or increased
risk with longer treatment duration of abemaciclib was
observed. Risk factors for VTEs were further investigated. In
particular, tamoxifen is known to increase the risk of VTE10

and was associated with a numerically higher proportion of
VTE versus aromatase inhibitors in the abemaciclib arm.
Although the low incidence of VTEs precludes definitive
conclusions, all risks associated with VTE [including prior
history of VTE (exclusion criterion in monarchE study), high
BMI, central venous catheter, or immobility] must be
considered when deciding the appropriate ET for each pa-
tient. Patients should receive counseling on lifestyle modi-
fications to prevent VTE, as well as symptoms concerning
for VTE to allow early detection and management.

To fully characterize the risk of ILD in the adjuvant pop-
ulation, a comprehensive analysis was conducted, including
broad terms such as ‘radiation pneumonitis’. Half of the ILD
events were asymptomatic. Most patients with symptom-
atic ILDs (grade �2) could continue abemaciclib after being
treated with steroids and/or antibiotics, as per standard
practice. The higher rate of ILD in Asia was attributed to
reporting asymptomatic findings.

Fatigue was higher in the abemaciclib arm and was mainly
low grade, but the difference in AE incidence between the
two armswas not reflected in PRO data, suggesting an overall
minimal impact on patients. Adequatemonitoring and timely
management with dose adjustments are recommended to
reduce discontinuations due to fatigue.

The safety profile of abemaciclib was generally consistent
across age subgroups, as previously described in ABC.11 The
higher rates of certain AEs,mainly lowgrade, reported in older
patients, are expected in this generally more fragile subgroup.

As treatment in the adjuvant setting is with curative
intent, it does not provide the opportunity seen in the
metastatic palliative care setting to improve disease-related
symptoms and HRQoL. The PRO findings in monarchE sup-
port the tolerability of abemaciclib þ ET in EBC, with similar
patient-reported HRQoL and patients reporting being
‘bothered by side-effects of treatment’ compared to ET
alone. Safety and PRO data collection continue to further
evaluate long-term safety and tolerability. Some limitations
should be considered; the frequency of PRO assessments
was insufficient to capture patient-reported side-effects and
HRQoL within the first 3 months. Moreover, the MMRM
analysis reports mean values and does not provide granu-
larity into the effects of abemaciclib for patients experi-
encing AEs. The PRO data were administered manually
within the monarchE trial as, at the time of the imple-
mentation, broad access to electronic systems and devices
or internet was not uniform across all 37 countries. In
routine clinical practice, more frequent monitoring of
patient-reported symptoms captured electronically, plus
offering alternative modes of administration to assure
vulnerable patients report their symptoms, may improve
side-effect management and patient outcomes.12,13

In conclusion, the overall safety profile of abemaciclib in
monarchE is consistent with the well-established safety
profile of abemaciclib. The combination of abemaciclib þ ET
https://doi.org/10.1016/j.annonc.2022.03.006 625
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has a manageable and acceptable safety profile as adjuvant
therapy and supports a positive benefiterisk balance for
patients with HRþ, HER2�, node-positive, high-risk EBC.
Given the risk of VTE, which may be impacted by the choice
of endocrine partner, and the time course of diarrhea, ed-
ucation of health care providers and patients as well as
early intervention and risk monitoring are important to
improve tolerability.
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