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ABSTRACT

Background. Abemaciclib demonstrated efficacy in hor-
mone receptor-positive, human epidermal growth factor
receptor 2-negative advanced breast cancer. Here we pro-
vide a comprehensive summary of the most common
adverse events (AEs), their management, and whether AEs
or dose reductions influenced progression-free survival
(PFS), in the MONARCH 2 and 3 trials.
Materials and Methods. Incidence of the most clinically rel-
evant AEs, management, and outcomes were summarized.
Time-dependent covariate analyses examined the impact of
dose reductions on PFS. PFS was estimated for patients
with and without early onset of diarrhea or neutropenia.
Results. The most frequently reported AE was diarrhea,
with clinically significant diarrhea (grade ≥2) reported for
42.8% of patients taking abemaciclib. Median time to onset
was 1 week, and duration ranged from 6 to 12 days,
depending on grade and study. Diarrhea was adequately

managed by antidiarrheal medication (72.8%), dose omis-
sions (17.3%), and reductions (16.7%). The highest rates of
grade ≥2 diarrhea were observed in the first cycles and
decreased in subsequent cycles. Neutropenia (grade ≥3)
occurred in 25.4% of abemaciclib-treated patients. Neutro-
penia resolved with dose omissions (16.8%) and/or dose
reductions (11.2%). Incidence of febrile neutropenia (0.7%)
or other relevant grade ≥3 hematological events (<9%) was
low. Venous thromboembolic events (5.3%) were primarily
treated with anticoagulants. Interstitial lung disease/pneu-
monitis (3.4%) was treated with corticosteroids and/or anti-
biotics. PFS benefit of abemaciclib was not impacted by
dose reductions or early onset of toxicities.
Conclusion. Abemaciclib was generally well tolerated. The
most common AEs were effectively managed by supportive
medications, and/or dose adjustments, with no detriment
to PFS. The Oncologist 2021;26:e53–e65

Implications for Practice: Treatment with abemaciclib plus fulvestrant or nonsteroidal aromatase inhibitors is generally well tol-
erated in patients with hormone receptor-positive, human epidermal growth factor receptor 2-negative advanced breast cancer.
In MONARCH 2 and MONARCH 3, any-grade diarrhea and grade ≥3 neutropenia were effectively managed with supportive medi-
cation and/or dose adjustment. Venous thromboembolic events were treated with anticoagulants and did not often require
treatment discontinuation. Interstitial lung disease/pneumonitis was infrequent and treated with corticosteroids and/or antibi-
otics. Clinicians should be aware of and implement management strategies, including dose adjustments according to local labels,
for commonly occurring and serious adverse events to ensure continued treatment and optimize clinical benefit/risk ratio.
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INTRODUCTION

Hormone receptor-positive (HR+), human epidermal growth
factor receptor 2-negative (HER2−) advanced breast cancer
(ABC) is routinely treated with sequential endocrine thera-
pies (ETs) [1, 2]; however, nearly all of these tumors have
intrinsically or acquired ET resistance [3]. Recent efforts
have focused on identifying new therapeutic strategies to
overcome ET resistance. With the advent of highly specific
cyclin-dependent kinase 4 and 6 (CDK4 and CDK6) inhibi-
tors, new treatment options are available [4].

Abemaciclib is an orally available CDK4 and CDK6 inhibitor,
approved for continuous dosing [5]. In the first-line setting
(MONARCH 3) [6, 7], there was significantly longer
progression-free survival (PFS) in the abemaciclib arm

compared with the placebo arm [7]. In the second-line setting
(MONARCH 2), there was statistically significant improvement
in the primary outcomes of investigator-assessed median PFS
[5] and median overall survival (OS) [8].

The safety profile of abemaciclib was consistent across
MONARCH 2 and 3 [5–8]. The most common adverse event
(AE) across both trials was early-onset diarrhea, most com-
monly grades 1 and 2 [5, 6]. The most common grade ≥3 AE
was neutropenia, typically occurring in the first two cycles
[5, 6, 9]. Although detailed MONARCH 2 and 3 safety ana-
lyses were published [5–8], additional information may be
useful for clinical management. Here, we present the
results of a comprehensive safety analysis of abemaciclib-

Figure 1. (Continued on next page).
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associated AEs and outcomes of the most frequently
occurring AEs. Moreover, we determined if AEs and dose
adjustments affected PFS. Finally, management of less fre-
quent but potentially serious AEs was examined, including
increased aminotransferases, venous thromboembolic events
(VTEs), and interstitial lung disease (ILD)/pneumonitis [5, 6].

MATERIALS AND METHODS

Study Design and Treatment
MONARCH 2 (NCT02107703) and MONARCH 3 (NCT02246621)
were randomized, double blind, phase III trials in women
with HR+, HER2− ABC [5, 6]. The eligibility criteria, study
design, and primary outcomes for both studies have been
previously described [5–8]. In brief, MONARCH 2 enrolled
women of any menopausal status, with disease progression
on ET, who were chemotherapy naïve in the metastatic set-
ting [5]. Patients were randomly assigned 2:1 to receive
abemaciclib plus fulvestrant or placebo plus fulvestrant per
label [5]. Abemaciclib or placebo were administered on a

continuous schedule, initially at 200 mg (n = 121). After a
blinded review of safety data and dose reduction rates,
which revealed a high number of dose adjustments for abe-
maciclib or placebo principally due to diarrhea occurrence
in the first treatment cycle, the protocol was amended; the
abemaciclib starting dose was reduced to 150 mg b.i.d. for
subsequent patients (n = 320), and all patients receiving
200 mg underwent a mandatory dose reduction to 150 mg.
MONARCH 3 enrolled postmenopausal women with no
prior therapy in the advanced setting [6]. Patients were ran-
domly assigned 2:1 to abemaciclib (150 mg b.i.d.) plus a
nonsteroidal aromatase inhibitor (NSAI; 1 mg anastrozole or
2.5 mg letrozole, daily, per physician’s choice), or placebo
plus NSAI [6].

Dose Adjustments
Protocol guidelines permitted abemaciclib dose omission,
and/or dose reduction by up to two dose levels
(i.e., 150 mg to 100 mg to 50 mg, all b.i.d.), as needed,
and based on the nature of toxicity (hematologic or non-
hematologic), severity, persistence, and recurrence

Figure 1. Recommendation for management of adverse events. (A), hematological toxicities (B), nonhematologic toxicities except
diarrhea, increased ALT, and ILD/pneumonitis (C), increased ALT (D), and interstitial lung disease/pneumonitis (E) management. A
dose reduction corresponds to a reduction of 50 mg of abemaciclib at a time. Discontinue abemaciclib for patients unable to toler-
ate 50 mg twice daily. For neutropenia evaluation, blood counts should be performed before starting abemaciclib treatment, every
2 weeks for the first 2 months, monthly for the next 2 months, and as clinically indicated. If blood cell growth factors are adminis-
tered, abemaciclib treatment must be suspended for at least 48 hours after the last administration of cell growth factors and until
toxicity resolves to grade ≤2. Reduce the abemaciclib dose, unless already performed, for the toxicity that led to the use of growth
factor. aGrade 2 toxicity that does not resolve with maximal supportive measures within 7 days to grade ≤1. bFor grade 4 increased
aminotransferases, discontinue abemaciclib.
Abbreviations: AE, adverse event; ALT, alanine aminotransferase; ILD, interstitial lung disease; ULN, upper limit of normal.
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(supplemental online Table 1; Fig. 1). The need for dose
reduction beyond 50 mg b.i.d. required abemaciclib dis-
continuation. Fulvestrant dose modifications were permit-
ted according to label. NSAI dose modifications were not
permitted. Appropriate supportive care was allowed per
investigator’s discretion, including but not limited to over-
the-counter antidiarrheal medication, such as loperamide,
anticoagulants, antibiotics, and/or corticosteroids. In
MONARCH 2 and 3 protocols, abemaciclib could be
suspended and/or reduced per investigators’ discretion for
persistent or recurrent grade 2 abnormal liver tests not
resolving within 7 days (supplemental online Table 1). For

grade ≥3 abnormal liver tests, per local labels and proto-
col, dose suspension was required until resolution of liver
tests to baseline or grade 1; if abemaciclib was resumed,
dose reduction was required (supplemental online
Table 1).

Safety Measures
Type, severity, incidence, seriousness, timing, and related-
ness to study drug of AEs were all assessed. AE severity was
graded using the National Cancer Institute Common Termi-
nology Criteria, version 4.0. Central laboratory assessments
were conducted at baseline, the first day of each cycle, and

Table 1. Safety summary: pooled data for MONARCH 2 and MONARCH 3 showing any-grade, grade 3, and grade 4 adverse
events occurring in ≥10% of patients in the abemaciclib or placebo arms

Preferred term

Abemaciclib plus fulvestrant or
NSAI (n = 768)

Placebo plus fulvestrant or
NSAI (n = 384)

Any grade Grade 3 Grade 4 Any grade Grade 3 Grade 4

Diarrhea 650 (84.6) 90 (11.7) 0 (0) 107 (27.9) 3 (0.8) 0 (0)

Neutropenia 346 (45.1) 176 (22.9) 19 (2.5) 12 (3.1) 4 (1.0) 2 (0.5)

Nauseaa 334 (43.5) 16 (2.1) — 84 (21.9) 4 (1.0) —

Fatiguea 311 (40.5) 18 (2.3) — 114 (29.7) 1 (0.3) —

Abdominal paina 258 (33.6) 17 (2.2) — 56 (14.6) 4 (1.0) —

Anemia 231 (30.1) 54 (7.0) 1 (0.1) 21 (5.5) 4 (1.0) 0 (0)

Vomiting 213 (27.7) 9 (1.2) 0 (0) 44 (11.5) 8 (2.1) 0 (0)

Decreased appetite 203 (26.4) 10 (1.3) 0 (0) 44 (11.5) 2 (0.5) 0 (0)

Leukopenia 197 (25.7) 65 (8.5) 2 (0.3) 8 (2.1) 0 (0) 1 (0.3)

Alopeciab 159 (20.7) — — 22 (5.7) — —

Headache 154 (20.1) 6 (0.8) — 60 (15.6) 1 (0.3) —

Blood creatinine increased 119 (15.5) 10 (1.3) 1 (0.1) 8 (2.1) 0 (0) 0 (0)

Constipation 117 (15.2) 5 (0.7) 0 (0) 53 (13.8) 1 (0.3) 0 (0)

Alanine aminotransferase increased 116 (15.1) 37 (4.8) 2 (0.3) 24 (6.3) 7 (1.8) 0 (0)

Dysgeusiab 110 (14.3) — — 11 (2.9) — —

Thrombocytopenia 110 (14.3) 17 (2.2) 8 (1.0) 11 (2.9) 1 (0.3) 1 (0.3)

Aspartate aminotransferase increased 109 (14.2) 22 (2.9) 0 (0) 27 (7.0) 8 (2.1) 0 (0)

Arthralgiaa 108 (14.1) 1 (0.1) — 65 (16.9) 1 (0.3) —

Stomatitis 108 (14.1) 2 (0.3) 0 (0) 40 (10.4) 0 (0) 0 (0)

Cougha 107 (13.9) 0 (0) — 45 (11.7) 0 (0) —

Pruritusa 104 (13.5) 0 (0) — 28 (7.3) 0 (0) —

Dizzinessa 99 (12.9) 4 (0.5) — 31 (8.1) 0 (0) —

Rash 99 (12.9) 8 (1.0) 0 (0) 18 (4.7) 0 (0) 0 (0)

Back paina 94 (12.2) 6 (0.8) — 54 (14.1) 3 (0.8) —

Dyspnea 88 (11.5) 13 (1.7) 2 (0.3) 36 (9.4) 4 (1.0) 0 (0)

Edema peripherala 84 (10.9) 0 (0) — 25 (6.5) 0 (0) —

Pyrexia 82 (10.7) 3 (0.4) 1 (0.1) 30 (7.8) 1 (0.3) 0 (0)

Upper respiratory tract infection 82 (10.7) 0 (0) 0 (0) 26 (6.8) 2 (0.5) 0 (0)

Weight decreaseda 82 (10.7) 4 (0.5) — 10 (2.6) 2 (0.5) —

Hot flusha 79 (10.3) 0 (0) — 50 (13.0) 0 (0) —

Data are presented as n (%).
Additional adverse events of clinical importance but with incidence <10% are described here: (a) Interstitial lung disease/pneumonitis [abe-
maciclib arm: any grade, 26 (3.4); grade ≥3, 7 (0.9%); placebo arm: any grade, 2 (0.5%); grade ≥3, 0 (0%)] and (b) venous thromboembolic
events: [abemaciclib arm: any grade, 41 (5.3%); grade ≥3, 19 (2.5%); placebo arm: any grade, 3 (0.8%); grade ≥3, 2 (0.5%)].
aMaximum grade 3, so grade 4 is not applicable.
bMaximum grade 2, so grades 3 or 4 are not applicable.
Abbreviations: —, no data; NSAI, nonsteroidal aromatase inhibitor.
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approximately 30 days after discontinuation of study ther-
apy. MONARCH 2 had an additional laboratory assessment
on day 15 of cycle 1.

Statistical Analyses
Safety was assessed in all patients who received ≥1 dose of
the study drug at the time of the final PFS analysis (cutoff
dates: MONARCH 2, February 14, 2017; MONARCH
3, November 3, 2017). AEs were summarized by maximum
toxicity regardless of causality. Clinically synonymous terms
were grouped together under a consolidated preferred
term. For the most common AE overall (diarrhea) and the
most common grade ≥3 AE (neutropenia), the incidence of
clinically relevant events was derived relative to total drug
exposure for each cycle. Time-dependent covariate analysis
of dose level versus PFS examined the impact of dose levels
over time on PFS.

To investigate any potential association of early toxicities,
defined as within time of median onset, and outcome, PFS
was estimated for patients with and without any-grade diar-
rhea within 7 days of abemaciclib initiation, corresponding to
the median time to onset of diarrhea. A similar analysis com-
pared PFS for patients with and without grade ≥2 neutrope-
nia within 56 days of abemaciclib initiation, corresponding to
the median time to onset of grade ≥3 neutropenia.

RESULTS

Overall Safety Profile
Baseline patient and disease characteristics were previously
described [5–8]. The MONARCH 2 safety population included
441 patients in the abemaciclib arm and 223 in the placebo

arm. The MONARCH 3 safety population included 327 and
161 patients in the abemaciclib and placebo arms, respectively.

In MONARCH 2 and 3, 99% of all patients experienced
any-grade AE; 58% (MONARCH 3) and 62% (MONARCH 2)
experienced a grade ≥3 AE. In MONARCH 2 and MONARCH
3, 44.4% and 47.4%, respectively, of patients experienced a
grade ≥3 abemaciclib-related AE. Table 1 summarizes the
most common AEs, pooled across trials and occurring in
≥20% of either study arm.

Clinically important AEs included increased alanine ami-
notransferase (ALT; 13%–17%), increased aspartate amino-
transferase (AST; 12%–17%), any-grade VTEs, (5%–6%), and
ILD/pneumonitis (2%–5%; Table 1).

Diarrhea Management and Occurrence
The first step in diarrhea management was antidiarrheal
medication. At study onset, patients were prescribed and
counseled to take antidiarrheal medication at the first sign
of loose stools (Fig. 1). If diarrhea did not resolve to
grade ≤1 within 24 hours of antidiarrheal therapy, dose
adjustments were made, per study protocol. Specific recom-
mendations included suspending abemaciclib at the first
occurrence of grade ≥2 diarrhea. Abemaciclib could be
resumed when diarrhea resolved to grade ≤1, with a dose
reduction for persistent or recurrent grade 2, or grade ≥3
diarrhea (Fig. 1A).

The most frequently reported AE was diarrhea, occurring in
85% of patients across MONARCH 2 and 3 (Table 1). Diarrhea
was typically low-grade; 10%–13% of MONARCH 2 and
3 patients taking abemaciclib reported grade 3, and no patients
reported grade ≥4 diarrhea (Table 2). In MONARCH 2, incidence
of any-grade, grade 2, and grade 3 diarrhea was higher for
patients starting at abemaciclib 200 mg b.i.d. than for patients

Table 2. Diarrheaa characteristics in MONARCH 2 and MONARCH 3

MONARCH 2 MONARCH 3

Characteristics
Abemaciclib +
fulvestrant (n = 441)

Placebo +
fulvestrant (n = 223)

Abemaciclib +
NSAI (n = 327)

Placebo +
NSAI (n = 161)

Diarrheaa 381 (86.4) 55 (24.7) 269 (82.3) 52 (32.3)

Grade 1 182 (41.3) 43 (19.3) 139 (42.5) 36 (22.4)

Grade 2 140 (31.7) 11 (4.9) 99 (30.3) 14 (8.7)

Grade 3 59 (13.4) 1 (0.4) 31 (9.5) 2 (1.2)

Diarrhea SAEs 7 (1.6) 0 (0) 5 (1.5) 0 (0)

Time to onset, median,
days

6.0 57.0 8.0 59.5

Duration of grade 2,
median, days

9.0 2.5 12.0 6.0

Duration of grade 3,
median, days

6.0 7.0 8.0 2.0

Dose reduction 83 (18.8) 1 (0.4) 45 (13.8) 3 (1.9)

Dose omission 83 (18.8) 0 (0) 50 (15.3) 3 (1.9)

Treatment
discontinuation

13 (2.9)b 0 (0) 6 (1.8) 0 (0)

Antidiarrheal medication 333 (75.5) 40 (17.9) 226 (69.1) 15 (31.3)

Data are presented as n (%) unless otherwise specified.
aNo grade ≥4 events were reported.
bEight out of 13 patients who discontinued treatment because of diarrhea initiated treatment at 200 mg.
Abbreviations: NSAI, nonsteroidal aromatase inhibitor; SAEs, serious adverse events.
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starting at 150 mg b.i.d. (any grade: 94.2% vs. 83.4%; grade 2:
43.8% vs. 27.2%; grade 3: 19.0% vs. 11.3%).

Clinically significant diarrhea (defined as grade 2 or 3)
occurred early in abemaciclib treatment, with median time
to onset for any-grade diarrhea of 6 days in MONARCH
2 and 8 days in MONARCH 3 (Table 2). The median duration
of diarrhea was 9 to 12 days for grade 2 events and ranged
from 6 to 8 days for grade 3 events (Table 2). The highest
rates of clinically significant diarrhea (32% in MONARCH

2 and 20.8% in MONARCH 3) were observed in the first
cycles of MONARCH 2 and 3, with decreasing incidence in
all subsequent cycles (Fig. 2).

Antidiarrheal medication, most commonly loperamide,
was taken by 69%–76% of patients receiving abemaciclib in
both trials (Table 2). Abemaciclib dose reduction due to
diarrhea occurred in 13%–19% of patients across both stud-
ies (Table 2). Abemaciclib dose omission due to diarrhea
occurred in 15%–19% of patients, with a median duration

Figure 2. Percentage of patients with clinically significant diarrhea or neutropenia, relative to exposure by cycle for MONARCH 1
and MONARCH 2. aAbemaciclib at 150 mg after amendment twice a day, plus fulvestrant. bAbemaciclib at 150 mg twice a day plus
nonsteroidal aromatase inhibitor. Each light blue bar corresponds to the number of patients who received a cycle of treatment, rep-
resenting total exposure by cycle. Each dark blue bar represents those with grade ≥2 diarrhea or grade ≥3 neutropenia. The number
displayed above each dark blue bar is the percentage of patients with clinically significant diarrhea or neutropenia within each
cycle. No grade ≥4 diarrhea was observed.

© 2020 The Authors.
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of 1.7 days and 3.1 days in MONARCH 2 and 3, respectively
(Table 2). Abemaciclib discontinuation due to diarrhea
occurred in 2.3%–2.9% of patients (Table 2).

Neutropenia Management and Occurrence
Neutropenia was primarily managed with dose adjustment.
Recommendations included abemaciclib suspension for
grade ≥3 neutropenia until resolution to grade ≤2. Abe-
maciclib could be resumed with a dose reduction required
for recurrent grade 3 or grade 4 neutropenia (Fig. 1B).
Granulocyte colony-stimulating factor (GCSF) use was per-
mitted per protocol and consistent with American Society
of Clinical Oncology guidelines [10].

In the abemaciclib arms, the most frequently reported
grade ≥3 AE was neutropenia, occurring in 25% of patients
across both trials (Table 3) [5, 6]. Median time to onset for
clinically significant (defined as grade ≥3) neutropenia
ranged from 29 to 36.5 days, and median time to resolution
from onset ranged from 11.5 to 15 days in MONARCH
2 and 3 (Table 3). In MONARCH 2, the highest rates of clini-
cally significant neutropenia occurred during the first two
cycles (11.6% and 15.8%, respectively), with <10% in all sub-
sequent cycles (Fig. 2). In MONARCH 3, the trend was simi-
lar, with clinically significant neutropenia in 6.4% and 11.0%
in cycles 1 and 2, and ≤10% in all subsequent cycles (Fig. 2).
Owing to neutropenia, dose reduction occurred in 10%–
13% of all abemaciclib patients, omission in 16%–17%, and
discontinuation in 1%–3% of patients (Table 3).

Infection that was temporally related to grade ≥3 neu-
tropenia (concurrent or within 1 week) ranged from 1.5%
to 4.0% in both trials. Febrile neutropenia occurred in <1%
of patients and was not associated with severe infection
(grade ≥3) [5, 6]. GCSF use was low in MONARCH 2 (7.0%)

and 3 (4.6%). Incidence of other hematological grade ≥3
toxicities was <10% in both trials and included leukopenia
(9%), anemia (7%), thrombocytopenia, and lymphopenia
(3% each).

Other Relevant Toxicities
In the abemaciclib arms, any-grade increased ALT occurred
in 13%–17%; any-grade increased AST occurred in 12%–17%
of patients (Table 4). Rates of grade ≥3 increased ALT and
AST and of increased ALT and AST ≥3 times the upper limit
of normal (ULN) with total bilirubin ≥2 times the ULN were
low in both studies (Table 4). The median time to onset for
grade ≥3 increased ALT in the abemaciclib arms was approx-
imately 60 days in both studies. The median times to onset
for grade ≥3 increased AST, in the abemaciclib arms of
MONARCH 2 and 3, were 185 days and 71 days, respec-
tively. Effects were reversible in both studies, as dem-
onstrated by short duration of grade ≥3 increased ALT
and AST, with a median time to resolution (for all
patients regardless of dose adjustments) from onset of
approximately 2 weeks. Dose reduction or discontinua-
tion due to increased ALT or AST was infrequent (<1%;
Table 4).

VTEs are a known AE of special interest for abemaciclib.
Any-grade VTEs, including pulmonary embolism or deep vein
thrombosis, occurred in 4.8% and 6.1% of abemaciclib-
treated patients in MONARCH 2 and 3 (Table 4). The inci-
dence of VTE was statistically significantly higher in the abe-
maciclib arm compared with the placebo arm. VTEs were
managed with anticoagulant treatment (Table 4), most com-
monly low-molecular-weight heparin, with continued antico-
agulant treatment for the duration of the study. VTEs
infrequently resulted in abemaciclib dose reduction or

Table 3. Neutropenia characteristics (any grade) in MONARCH 2 and MONARCH 3

MONARCH 2 MONARCH 3

Characteristics
Abemaciclib +
fulvestrant (n = 441)

Placebo +
fulvestrant (n = 223)

Abemaciclib +
NSAI (n = 327)

Placebo +
NSAI (n = 161)

Neutropenia 203 (46.0) 9 (4.0) 143 (43.7) 3 (1.9)

Grade 1 23 (5.2) 4 (1.8) 12 (3.7) 0 (0)

Grade 2 63 (14.3) 1 (0.4) 53 (16.2) 1 (0.6)

Grade 3a 104 (23.6) 3 (1.3) 72 (22.0) 1 (0.6)

Grade 4a 13 (2.9) 1 (0.4) 6 (1.8) 1 (0.6)

Neutropenia SAEs 1 (0.2) 1 (0.4) 2 (0.6) 2 (1.2)

Time to onset (grade ≥3),
median, days

29.0 223.0 36.5 176.5

Durationb (grade ≥3),
median, days

15.0 8.0 11.5 7.5

Dose reduction 44 (10.0) 0 (0) 42 (12.8) 1 (0.6)

Dose omission 72 (16.3) 0 (0) 57 (17.4) 1 (0.6)

Treatment discontinuation 7 (1.6) 0 (0) 9 (2.8) 0 (0)

GCSF/GM-CSF 31 (7.0) 2 (0.9) 15 (4.6) 2 (1.2)

Data are presented as n (%) unless otherwise specified.
aGrade ≥3 toxicities reported as treatment-emergent adverse events are consistent with central laboratory abnormalities.
bDuration is calculated based on duration for total number of cases for each respective subgroup.
Abbreviations: GCSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; NSAI, nonsteroidal aro-
matase inhibitor; SAEs, serious adverse events.
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Table 4. Hepatic events, venous thromboembolic events, interstitial lung disease, and change in creatinine in MONARCH 2
and MONARCH 3

MONARCH 2 MONARCH 3

Characteristics
Abemaciclib +
fulvestrant (n = 441)

Placebo +
fulvestrant (n = 223)

Abemaciclib +
NSAI (n = 327)

Placebo +
NSAI (n = 161)

Hepatic events

ALT increased, any
grade

59 (13.4) 12 (5.4) 57 (17.4) 12 (7.5)

Grade ≥3 18 (4.1) 4 (1.8) 21 (6.4) 3 (1.9)

≥3×ULN and TBILI
≥2×ULN

1 (0.2) 1 (0.5) 1 (0.3) 0 (0)

Dose reduction 7 (1.6) 0 (0) 8 (2.4) 1 (0.6)

Discontinuation 3 (0.7) 1 (0.4) 7 (2.1) 0 (0)

AST increased, any
grade

54 (12.2) 15 (6.7) 55 (16.8) 12 (7.5)

Grade ≥3 10 (2.3) 6 (2.7) 12 (3.7) 2 (1.2)

≥3×ULN and TBILI
≥2×ULN

2 (0.5) 2 (0.9) 0 (0) 0 (0)

Dose reduction 2 (0.5) 0 (0) 0 (0) 0 (0)

Discontinuation 2 (0.5) 1 (0.4) 2 (0.6) 0 (0)

Venous thromboembolic events

Any grade 21 (4.8) 2 (0.9) 20 (6.1) 1 (0.6)

Grade ≥3 9 (2.0) 1 (0.4) 10 (3.1) 1 (0.6)

Type of VTE

PE 11 (2.5) 0 (0) 11 (3.4)a 1 (0.6)

DVT 10 (2.3) 2 (0.9) 9 (2.8) 0 (0)

Death 0 (0) 0 (0) 3 (0.9) 0 (0)

SAE 8 (1.8) 1 (0.4) 9 (2.8) 1 (0.6)

PE 4 (0.9) 0 (0) 7 (2.1)b 1 (0.6)

DVT 4 (0.9) 1 (0.4) 4 (1.2)b 0 (0)

Dose reduction 2 (0.5) 0 (0) 0 (0) 1 (0.6)

Discontinuation 2 (0.5) 0 (0) 4 (1.2)c 0 (0)

Anticoagulant
treatment

19 (4.3) 0 (0) 17 (5.3) 0 (0)

VTE risk factors

History of blood
clots

1 (0.2) 0 (0) 4 (1.2) 0 (0)

Recent surgery 3 (0.7) 0 (0) 2 (0.6) 0 (0)

Lung metastases 2 (0.5) 1 (0.4) 7 (2.1) 0 (0)

Body mass index
>30

3 (0.7) 1 (0.4) 3 (0.9) 1 (0.6)

Age >65 10 (2.3) 2 (0.9) 12 (3.7) 0 (0)

Interstitial lung disease/pneumonitis events

Any grade 9 (2.0) 1 (0.4) 17 (5.2) 1 (0.6)

Grade ≥3 3 (0.7) 0 (0) 4 (1.2) 0 (0)

Preferred term

Pneumonitis 8 (1.8) 1 (0.4) 9 (2.8) 1 (0.6)

ILD 0 (0) 0 (0) 4 (1.2) 0 (0)

Pulmonary fibrosis 0 (0) 0 (0) 4 (1.2) 0 (0)

Organizing
pneumonia

1 (0.2) 0 (0) 0 (0) 0 (0)

Death 2 (0.5) 0 (0) 1 (0.3) 0 (0)

SAE 4 (0.9) 0 (0) 6 (1.8) 0 (0)

(continued)
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discontinuation (≤1%; Table 4). Most patients (≥95%) who
experienced VTEs had pre-existing risk factors for VTE in
addition to ABC, which were balanced between study arms
(Table 4).

ILD/pneumonitis was reported for 9 (2.0%) and
17 (5.2%) abemaciclib-treated patients in MONARCH 2 and

3, respectively, with ≤1% of cases grade ≥3 (Table 4).
Patients experiencing ILD/pneumonitis had lung metastases
(n = 8) and prior radiotherapy (n = 6) in MONARCH 2 and
lung metastases (n = 6) and prior radiotherapy (n = 9) in
MONARCH 3. Breakdown by how ILD/pneumonitis was
reported (preferred term) is in Table 4; treatment (per

Table 4. (continued)

MONARCH 2 MONARCH 3

Characteristics
Abemaciclib +
fulvestrant (n = 441)

Placebo +
fulvestrant (n = 223)

Abemaciclib +
NSAI (n = 327)

Placebo +
NSAI (n = 161)

Dose reduction 0 (0) 0 (0) 2 (0.6) 0 (0)

Discontinuation 2 (0.4) 0 (0) 4 (1.2) 0 (0)

Antibiotic treatmentd 6 (1.4) 0 (0) 4 (1.2) 0 (0)

Corticosteroid
treatmentd

2 (0.5) 0 (0) 7 (2.1) 0 (0)

Creatinine increased, by laboratory assessmente

Any grade 427 (98.4) 161 (73.5) 308 (98.1) 131 (84.0)

Grade 1 231 (53.2) 154 (70.3) 135 (43.0) 124 (79.5)

Grade 2 191 (44.0) 7 (3.2) 166 (52.9) 7 (4.5)

Grade 3 5 (1.2) 0 (0) 7 (2.2) 0 (0)

Grade 4 0 (0) 0 (0) 0 (0) 0 (0)

Dose reduction 2 (0.5) 0 (0) 8 (2.4) 0 (0)

Dose omission 6 (1.4) 0 (0) 6 (1.6) 0 (0)

Discontinuation 0 (0) 0 (0) 4 (1.2) 0 (0)

Data are presented as n (%).
aThree patients experienced both PE and DVT.
bTwo patients with an SAE experienced both a PE and a DVT.
cIncludes three patients who died.
dIn MONARCH 2, two patients had both antibiotics and corticosteroids; in MONARCH 3, one patient had antibiotics and corticosteroids.
ePercentages here are calculated based on denominator of number of patients who had creatinine laboratory assessments completed: 434
patients in the MONARCH 2 abemaciclib arm; 219 patients in the MONARCH 2 placebo arm; 314 patients in the MONARCH 3 abemaciclib arm;
and 156 patients in the MONARCH 3 placebo arm.
Abbreviations: DVT, deep vein thrombosis; NSAI, nonsteroidal aromatase inhibitor; PE, pulmonary embolism; SAE, serious adverse event; TBILI,
total bilirubin; ULN, upper limit of normal; VTE, venous thromboembolic event.

Figure 3. Time-dependent covariate analysis of progression-free survival among patients with reduced dose compared with those
without.
Abbreviations: CI, confidence interval; HR, hazard ratio; NSAI, nonsteroidal romatase inhibitor.
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physician discretion) included steroids (2 of 9 patients in
MONARCH 2 and 4 of 17 in MONARCH 3) and/or antibiotics
(6 of 9 patients in MONARCH 2 and 7 of 17 in MONARCH 3;
Table 4). Dose reductions (0.0% in MONARCH 2 and 0.6% in
MONARCH 3) and/or discontinuation (0.4% in MONARCH
2 and 1.2% in MONARCH 3) were infrequent (Table 4).

Creatinine Increased
Laboratory-based abnormalities of increased creatinine were
observed in 98.3% of abemaciclib-treated patients in MON-
ARCH 2 and 3. Creatinine elevation is known to occur with
abemaciclib owing to inhibition of renal tubular transporters,
organic cation transporter 2, and multidrug and toxin extru-
sion (MATE) 1 and MATE2-K transporters in vitro and is not
associated with reduced renal function [11]. In MONARCH
2, most cases of creatinine elevations were grade 1 (53.2%)
or grade 2 (44.0%); similar incidence was reported in MON-
ARCH 3 (grade 1, 43.0%; grade 2, 52.9%; Table 4). In both
studies, ≤2.5% of patients required dose reduction, omission,
or discontinuation because of creatinine elevations (Table 4).
Of note, a majority of patients with laboratory-based abnor-
malities of creatinine elevation, regardless of grade, had pos-
tbaseline creatinine values less than or equal to the ULN
(abemaciclib: 61%–68%). Overall, creatinine rises typically
occurred after the first cycle, remained elevated but stable
for treatment duration, and were reversible upon abe-
maciclib treatment discontinuation.

Impact of Adverse Events on Progression-Free
Survival
In the abemaciclib arms of MONARCH 2 and 3, 189 (42.9%)
and 142 (43.4%) patients had dose reductions owing to
AEs. The most frequent AEs accounting for ≥10% of dose
reductions were grade 2 or 3 diarrhea (14%–19%) and
grade ≥3 neutropenia (10%–13%). In both studies, there
was no difference in PFS when the dose was reduced to
100 mg, or to 50 mg at any point in the treatment, com-
pared with being treated at the 150-mg dose (Fig. 3).

Clinical efficacy, as measured by median PFS, favored the
abemaciclib arm, regardless of experiencing diarrhea within
the first 7 days of abemaciclib initiation (supplemental online
Fig. 1). In MONARCH 2, relative to the placebo arm, PFS was
improved in abemaciclib-treated patients who experienced
any-grade diarrhea within the first 7 days (hazard ratio [HR],
0.50; 95% confidence interval [CI], 0.39–0.64) and in
abemaciclib-treated patients who did not experience any-
grade diarrhea within the first 7 days (HR, 0.61; 95% CI,
0.48–0.77). For patients who received abemaciclib in combi-
nation with fulvestrant, the median PFS was 17.5 months
among patients with an early onset of diarrhea (n = 215) and
14.8 months among patients without an early onset of diar-
rhea (n = 212). Similarly, in MONARCH 3, relative to the pla-
cebo arm, PFS was improved in abemaciclib-treated patients
who experienced any-grade diarrhea within the first 7 days
(HR, 0.49; 95% CI, 0.35–0.67) and in abemaciclib-treated
patients who did not experience diarrhea within the first
7 days (HR, 0.58; 95% CI, 0.43–0.78). For patients who
received abemaciclib in combination with an NSAI, the
median PFS was 28.2 months among patients with an early
onset of diarrhea (n = 134) and 29.1 months among patients

without an early onset of diarrhea (n = 183; supplemental
online Fig. 1).

Clinical efficacy, as measured by PFS, favored the abe-
maciclib arm, regardless of experiencing grade ≥3 neutrope-
nia within the first 56 days of abemaciclib initiation,
corresponding to the median time of onset of grade ≥3 neu-
tropenia (supplemental online Fig. 2). In MONARCH 2, rela-
tive to the placebo arm, PFS was improved in abemaciclib-
treated patients who experienced grade ≥3 neutropenia
within the first 56 days of abemaciclib initiation (HR, 0.58;
95% CI, 0.45–0.74) and in abemaciclib-treated patients who
did not experience grade ≥3 neutropenia within the first
56 days (HR, 0.56; 95% CI, 0.43–0.73). For patients who
received abemaciclib in combination with fulvestrant,
median PFS was 16.6 months among those with (n = 226)
and 17.6 months among those without (n = 186) grade ≥3
neutropenia (supplemental online Fig. 2). Similarly, in MON-
ARCH 3, relative to the placebo arm, PFS was improved in
abemaciclib-treated patients who experienced grade ≥3
neutropenia within the first 56 days (HR, 0.54; 95% CI,
0.39–0.75) and who did not experience grade ≥3 neutrope-
nia within the first 56 days (HR, 0.52; 95% CI, 0.38–0.70).
For patients who received abemaciclib in combination with
an NSAI, the median PFS was 28.2 and 31.1 months among
those with (n = 122) and without (n = 178) grade ≥3 neutro-
penia, respectively (supplemental online Fig. 2).

DISCUSSION

In MONARCH 2 and 3, abemaciclib in combination with ET
demonstrated a significant and clinically meaningful PFS
benefit, OS advantage (MONARCH 2), and a generally toler-
able safety profile [5–8]. This report expands on existing
knowledge by providing a more in-depth investigation of
AEs associated with abemaciclib treatment.

The abemaciclib safety profile differs from other CDK4
and CDK6 inhibitors and is characterized by an increased
rate of diarrhea [5, 6, 12–14]. Diarrhea, the most commonly
occurring AE, typically occurred within the first 7 days of
abemaciclib therapy and resolved within 2 weeks with anti-
diarrheal medication and/or dose-adjustments. Importantly,
no patients experienced grade 4 diarrhea. Decreasing inci-
dence of clinically relevant diarrhea in subsequent cycles
indicated low recurrence. In both MONARCH 2 and 3, the
PFS benefit achieved with the addition of abemaciclib was
observed regardless of early onset of diarrhea. Patients
should be counseled regarding the early onset of diarrhea
and to begin antidiarrheal medication at the first sign of
loose stools. Dose adjustments should be considered after
initiation of antidiarrheal medication if symptoms do not
resolve within 24 hours of antidiarrheal therapy. It should
be noted that patients may vary in the acceptance or toler-
ance of different grades of diarrhea, and there may be
regional or ethnic differences. Although the exact mecha-
nism for the lower rate of diarrhea with abemaciclib com-
pared with other CDK4 and CDK6 inhibitors is unknown,
these results demonstrate that early and proactive manage-
ment of diarrhea with antidiarrheal medications, in combi-
nation with early dose adjustments, provides an effective
strategy to manage this side effect.
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The most common grade ≥3 AE in MONARCH 2 and 3 was
neutropenia, typically occurring within the first two cycles of
treatment and resolving with dose adjustments. The decreas-
ing incidence in subsequent cycles following abemaciclib dose
adjustment indicated low recurrence. Post hoc exploratory ana-
lyses indicated that patients taking abemaciclib received PFS
benefit regardless of whether they experienced grade ≥3 neu-
tropenia during the first 2 months of treatment. Dose reduc-
tions due to neutropenia occurred in approximately 43% of
patients across both studies; these dose reductions did not
affect the PFS benefit observed. Infection temporally related to
grade ≥3 neutropenia was not common (1.5%–4%), nor was
febrile neutropenia (<1%). Per label recommendations, neutro-
penia monitoring includes blood counts assessed at baseline,
every 2 weeks for the first 2 months, monthly for the subse-
quent 2 months, and as clinically indicated [15].

In contrast to other CDK4 and CDK6 inhibitors, which
require intermittent dosing, neutropenia observed with
abemaciclib was not dose limiting in a phase I study and did
not limit the ability of continuous abemaciclib dosing [16].
Lower rates of grade ≥3 neutropenia were seen with abe-
maciclib compared with other CDK4 and CDK6 inhibitors,
which ranged from 59% to 66% in phase III trials of other
CDK4 and CDK6 inhibitors [12, 13, 17]. Abemaciclib is a
more potent inhibitor of cyclin D1/CDK4 than cyclin
D3/CDK6 [7, 18] and exhibits greater selectivity for CDK4
compared with CDK6 [16]. CDK6 has a relatively larger role
in hematopoietic stem cell differentiation compared with
CDK4 [19], which may explain the lower frequency of neu-
tropenia with abemaciclib compared with other drugs in
this class. Of note, the effects of neutropenia caused by
CDK4 and CDK6 inhibitors versus chemotherapy are thought
to differ; neutropenia caused by CDK4 and CDK6 inhibitors,
purely cytostatic drugs, is reversible upon discontinuation,
but neutropenia due to chemotherapy can result in pro-
longed bone marrow suppression and the possibility for
cumulative bone marrow aplasia [20].

Abnormal liver tests, including increased ALT and AST,
occurred at low rates, with short median times from onset
to resolution. No cases met the Food and Drug Administra-
tion’s (FDA) definition of Hy’s Law, characterized by eleva-
tion of ALT or AST ≥3 × ULN; elevation of total bilirubin
≥2 × ULN, without initial findings of cholestasis; and with
no other reason to explain the combination of increased
ALT/AST and bilirubin (i.e., viral hepatitis, pre-existing or
acute liver disease, or another drug) [21]. Following analysis
of MONARCH 2 and 3 data, increased ALT and AST were
identified as adverse drug reactions for abemaciclib in com-
bination with ET. Thus, there is now a more conservative
recommendation that ALT and AST should be monitored
prior to the start of abemaciclib therapy, every 2 weeks for
the first 2 months, monthly for the next 2 months, and as
clinically indicated. Increased ALT should be managed with
dose modifications, omissions, or discontinuations, as
appropriate (Fig. 1D). For persistent or recurrent grade 2 or
grade 3 increased ALT, we do not recommend rechallenging
at the same dose, but rather dose omit until resolution to
baseline or grade 1, followed by a dose reduction.

In both studies, VTEs occurred in approximately 5%–6%
of abemaciclib-treated patients, which was higher than the

rate in the placebo arms (0.8%). Most patients were treated
with anticoagulants, primarily low-molecular-weight hepa-
rin, and continued treatment with abemaciclib; dose adjust-
ments due to VTEs were infrequent. VTEs are not specific
to abemaciclib but have been reported for CDK inhibitors as
a class effect [22, 23]. A recent retrospective analysis in
424 patients treated with CDK4 and CDK6 inhibitors (pal-
bociclib in 92% of cases) showed a 1-year cumulative inci-
dence of thromboembolic events of 6.3% [24].
Recommended VTE management includes investigating and
treating per usual clinical practice, with clinicians’ discretion
for anticoagulant choice; abemaciclib dose reduction is not
recommended.

Rates of ILD/pneumonitis reported here are similar to
those observed in studies of other CDK4 and CDK6 inhibi-
tors [12, 25], and a recent review by the FDA suggests that
the occurrence of ILD/pneumonitis may be a class effect
[26]. Patients who develop new or worsening symptoms,
such as dyspnea, cough, and fever, should be evaluated and
treated per local clinical practice and/or guidelines, includ-
ing corticosteroids as appropriate. Confirming an
ILD/pneumonitis diagnosis can be challenging, given non-
specific respiratory symptoms and numerous differential
diagnoses including pneumonia, lung metastases, and pulmo-
nary edema [27]. Investigations should include imaging, such
as high-resolution computed tomography, bronchoalveolar
lavage, and/or biopsy, as clinically indicated. ILD/pneumonitis
management is described in Figure 1E. Clinicians should refer
to the local abemaciclib label for dose adjustment guidelines.
The benefit of resuming abemaciclib treatment must be care-
fully evaluated.

Abemaciclib has been shown to increase serum creati-
nine owing to inhibition of renal tubular transporters with-
out affecting glomerular function, and these increases were
not accompanied by changes in markers of renal function,
such as blood urea nitrogen, cystatin C, or calculated glo-
merular filtration rate based on cystatin C [11]. Other drugs
such as trimethoprim and cimetidine have a similar pharma-
codynamic effect. Although creatinine levels typically
remained elevated during abemaciclib treatment, they ret-
urned to normal upon treatment discontinuation. In both
trials, there was no evidence of renal failure/injury identi-
fied for patients who experienced increased blood creati-
nine. Therefore, dose adjustments of abemaciclib should
not solely be based on interpretation of serum creatinine
values, because these may not reflect renal function. If a cli-
nician suspects deterioration of renal function, alternative
measurements, including those listed above (i.e., blood
urea nitrogen, cystatin C, or calculated glomerular filtration
rate), should be evaluated to accurately assess renal func-
tion, and dose alteration should follow protocol or local
label guidelines for nonhematological toxicities (Fig. 1C).

Some considerations should be made when interpreting
results presented here. In MONARCH 2, patients enrolled at
the 200-mg (n = 121) dose received a median of 34 days of
treatment prior to the mandatory dose reduction, com-
pared with an entire treatment duration of 54.7 weeks
among those starting at 150 mg (n = 320); given the similar
dose intensity, no separate analysis was performed. Given
that dose reductions and treatment duration are positively
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correlated (i.e., those whose dose reduced were more likely
to remain on treatment and those who remained on treat-
ment longer were more likely to have a dose adjustment), a
time-dependent covariate analysis was selected to assess
the impact of dose reductions on efficacy. In both MON-
ARCH 2 and 3, patients received PFS benefit regardless of
whether they experienced dose reductions.

CONCLUSION

The addition of abemaciclib to ET resulted in a clinically
and statistically significant improvement in PFS for
patients with HR+, HER2− ABC. Based on these data, clini-
cians are currently incorporating abemaciclib along with
ET as a new standard-of-care treatment for these patients.
A thorough understanding of the abemaciclib safety pro-
file and management of its associated toxicities can help
ensure patients continue treatment with optimal clinical
benefit. In general, abemaciclib plus ET exhibits a generally
tolerable safety profile, and side effects in MONARCH
2 and MONARCH 3 were predictable, manageable, and
reversible upon treatment discontinuation. The most com-
mon AE, low-grade diarrhea, was properly managed with
antidiarrheal medication and dose adjustments. Other tox-
icities, including hematological toxicities, were well man-
aged with dose adjustments. Given the potential severity
of ILD/pneumonitis, patients should be made aware of
symptoms and report any to their physician. In both MON-
ARCH 2 and 3, patients received PFS benefit regardless of
dose reductions and regardless of early onset of diarrhea
and/or neutropenia. These findings demonstrate that con-
comitant medications and/or dose adjustments are an
effective way to manage toxicity without compromising
efficacy.
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