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Introduction: Neutropenia and diarrhoea are common and potentially serious adverse events associated
with abemaciclib in advanced breast cancer (ABC), and the risk factors have been minimally explored.
The study aimed to develop clinical prediction tools that allow personalized predictions of neutropenia
and diarrhoea following abemaciclib initiation.
Materials and methods: Data was pooled from MONARCH 1, 2 and 3 trials investigating abemaciclib. Cox
proportional hazard analysis was used to assess the association between pre-treatment clinicopathological data and grade 3 diarrhoea and neutropenia occurring within the ﬁrst 365 days of abemaciclib
use.
Results: Older age was associated with increased risk of grade 3 diarrhoea [HR [95%CI] for age > 70:
1.72 [1.14e2.58]; P ¼ 0.009]. A clinical prediction tool for abemaciclib induced grade 3 neutropenia was
optimally deﬁned by race, ECOGPS and white blood cell count. Large discrimination between subgroups
was observed; the highest risk subgroup had a 64% probability of grade 3 neutropenia within the ﬁrst
365 days of abemaciclib (150 mg twice daily) þ fulvestrant/NSAI, compared to 5% for the lowest risk
subgroup.
Conclusion: The study identiﬁed advanced age as signiﬁcantly associated with an increased risk of
abemaciclib induced grade  3 diarrhoea. A clinical prediction tool, deﬁned by race, ECOGPS and pretreatment white blood cell count, was able to discriminate subgroups with signiﬁcantly different risks
of grade 3 neutropenia following abemaciclib initiation. The tool may enable improved interpretation
of personalized risks and the risk-beneﬁt ratio of abemaciclib.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Hormone receptor-positive/human epidermal growth factor 2negative (HRþ/HER2-) BC represents nearly two-thirds of all
breast cancer diagnosis [1,2]. Abemaciclib is a novel cyclindependent kinase (CDK) 4/6 reversible inhibitor that is used in
the treatment of HRþ/HER2-advanced BC (ABC) [3]. Current
guidelines support the use of abemaciclib as a ﬁrst-line therapy
either in combination with a non-steroidal aromatase inhibitor
(NSAI) or fulvestrant in patients with HRþ/HER2- ABC [4,5]. Safety
data emerging from the MONARCH 1, 2 and 3 clinical trials have
identiﬁed diarrhoea and neutropenia (characterised by low
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neutrophil count) as key side effects associated with abemaciclib
use [6,7]. Diarrhoea was experienced by the majority of the patients
taking abemaciclib, either as a monotherapy (90%) [8], or in combination with fulvestrant (86%) [9] or NSAI (81%) [10]. Further,
neutropenia was the most commonly reported severe (grade  3)
adverse event in patients treated with abemaciclib, either as
monotherapy (27%) [8], or in combination with fulvestrant (27%) [9]
or NSAI (21%) [10].
The regulatory approval [11] and existing literature [12] present
limited information about risk factors associated with developing
diarrhoea and neutropenia in patients initiating abemaciclib.
Development of clinical prediction models of diarrhoea and neutropenia using routinely collected clinicopathological data
following abemaciclib therapy may assist clinicians in providing
personalized toxicity risks. Valid prediction models can also enable
clinicians to understand patients needing increased monitoring or
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backwards deletion, variables were excluded if they did not increase the c-statistic by 0.01. The backwards elimination process
was conducted with a focus on selecting the minimal number of
predictors that maintained prediction performance. To facilitate
clinical use, ﬁnal multivariable prediction models were converted
into a toxicity risk scoring tool with the variable coefﬁcients scaled
to a point score. The tool was internally validated using machine
learning. Speciﬁcally, the potential for model overﬁtting and
robustness of variable importance were assessed using a random
forest with a 10 fold cross-validation, repeated 10 times, approach
[16]. Kaplan-Meier analysis was used for plotting and estimating
probabilities. All data analysis was conducted using R version 3.6.2.

preemptive strategies to manage toxicities e ultimately allowing
patients to remain on beneﬁcial treatments for longer [13,14].
The study aimed to develop clinical prediction models that
allow personalized predictions of diarrhoea and neutropenia
following abemaciclib initiation.
2. Materials and Methods
2.1. Patient population
Individual participant data (IPD) from Eli Lilly sponsored clinical
trials MONARCH 1 [NCT02102490]8, MONARCH 2 [NCT02107703]7,9
and MONARCH 3 [NCT02246621]10,15 was utilized in this secondary
analysis study. Data was accessed according to Eli Lilly policy and
has been made available through Vivli, Inc (www.vivli.org). Secondary analysis of anonymized IPD was exempted from review by
the Southern Adelaide Local Health Network, Ofﬁce for Research
and Ethics as it was classiﬁed as minimal risk research.
MONARCH 1 is a phase 2 single-arm clinical trial including patients with HRþ/HER2- ABC enrolled to 200 mg of abemaciclib
twice daily [8]. MONARCH 2 is a phase 3 clinical trial including
patients with HRþ/HER2- ABC randomized (1:2) to either placebo/
abemaciclib (200 mg twice daily on initiation for some patients
who then underwent mandatory dose reduction to 150 mg twice
daily; all other patients dosed 150 mg twice daily) in combination
with fulvestrant (500 mg on day 1 and 15 of cycle 1, and on day 1 of
all subsequent 28-day cycles) [7,9]. MONARCH 3 is a phase 3 clinical
trial including patients with HRþ/HER2- ABC randomized (1:2) to
either placebo/abemaciclib (150 mg twice daily) in combination
with a nonsteroidal aromatase inhibitor (1 mg of anastrozole or
2.5 mg of letrozole once daily on every day of the 28-day cycle)
[10,15].
Predictors and Outcomes.
Adverse events were reported in all trials using NCI CTCAE
(Common Terminology Criteria for Adverse Events) version 4.0
8,7,9,10,15
. Primary assessed outcomes were the development of
abemaciclib induced (as reported by the study investigators)
grade  3 diarrhoea and grade  3 neutropenia occurring within
365 days of therapy initiation.
Assessed pre-treatment variables were selected based on
availability, prior evidence, and biological plausibility. Assessed
pre-treatment variables included age (years), ECOG performance
status (ECOGPS), race (Asian or Non-Asian), weight (kg), body mass
index (BMI), liver metastasis, bilirubin count, alkaline phosphatase
count, albumin count, white blood cell count, neutrophil count,
aspartate aminotransferase count, prior neoadjuvant/adjuvant
endocrine therapy or chemotherapy, and concomitant use of antidiarrhoeals or opioids.

3. Results
3.1. Patient population
Data was available from 900 patients. Pre-treatment patient
characteristics are presented in Supplementary Table 1. Median
follow-up was 21 months [95% CI: 20e22] in MONARCH 1, 18
months [18e19] in MONARCH 2, and 26 months [26e27] in
MONARCH 3.
Of the 900 patients, 750 (82%) experienced diarrhoea from
abemaciclib therapy, including 110 (12%) events of grade  3
(Supplementary Table 2). The median time to grade 3 diarrhoea
was 21 days with 81% of grade 3 diarrhoea events occurring
within the ﬁrst 365 days of treatment initiation. Abemaciclib dose
(200 mg vs 150 mg) was signiﬁcantly associated with increased risk
of grade  3 diarrhoea (P ¼ 0.035, Supplementary Table 3). No
signiﬁcant association of grade 3 diarrhoea was identiﬁed between abemaciclib þ fulvestrant versus abemaciclib þ NSAI versus
abemaciclib monotherapy (P ¼ 0.648, Supplementary Table 4).
Of the 900 patients, 389 (43%) patients experienced neutropenia
from abemaciclib therapy, including 223 (25%) events of grade  3
(Supplementary Table 2). The median time to grade 3 neutropenia
was 29 days with 90% of grade 3 events occurred within the ﬁrst
365 days of abemaciclib therapy. Abemaciclib dose (200 mg versus
150 mg) was signiﬁcantly associated with an increase in the risk of
grade  3 neutropenia (P ¼ 0.037, Supplementary Table 5). No
signiﬁcant association of grade 3 neutropenia was identiﬁed between abemaciclib þ fulvestrant versus abemaciclib þ NSAI versus
abemaciclib monotherapy (P ¼ 0.237, Supplementary Table 6).
3.2. Prediction of grade 3 diarrhoea
On univariable analysis, advanced age (>70 years) was signiﬁcantly associated with an increased risk of abemaciclib induced
grade  3 diarrhoea (HR [95%CI]: 1.72 [1.14e2.58]; P ¼ 0.009) e i.e.
within the 23% of individuals greater than 70 years old, the risk of
grade 3 diarrhoea was 1.72 times that of an individual aged 70 or
below. No statistically signiﬁcant association between grade 3
diarrhoea and ECOG PS, race, weight, body mass index, liver
metastasis, bilirubin count, alkaline phosphatase count, albumin
count, aspartate aminotransferase count, prior neoadjuvant/adjuvant endocrine therapy or chemotherapy, or concomitant use of
antidiarrhoeals/opioids were identiﬁed (Supplementary Table 7),
including on stepwise forward inclusion. The probability of grade
3 diarrhoea within the ﬁrst 365 days of abemaciclib dosed at
150 mg twice daily in individuals greater than 70 years old was 13%
[95% CI; 7%e18%], compared to 9% [6%e12%] for those aged 70 or
below (Table 1). Supplementary Table 9 outlines the probability of
grade 3 diarrhoea within the ﬁrst 365 days of abemaciclib dosed
at 200 mg twice daily. Further exploratory analysis also identiﬁed
advanced age as signiﬁcantly associated with an increased risk of
abemaciclib induced grade 2 diarrhoea (HR [95%CI]: 1.56

2.2. Statistical analysis
Univariable Cox proportional hazard analysis was used to assess
the association between pre-treatment variables and abemaciclib
induced toxicities. Associations were reported as hazard ratios (HR)
with 95% conﬁdence intervals (CI). Statistical signiﬁcance was set at
a threshold of P < 0.05 and was determined via the likelihood ratio
test. Continuous variables were categorized based on model ﬁt,
observed non-linearity, prior evidence, and clinically interpretable
cut-points. All analyses were stratiﬁed by treatment arm and abemaciclib dose (150 mg and 200 mg). Prediction performances were
assessed via the concordance statistic (c-statistic).
Multivariable prediction models were developed using a stepwise forward inclusion, backwards deletion process. On forward
inclusion, variables were included based on statistical signiﬁcance
and the greatest improvement in the c-statistic at each step. On
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the lowest risk subgroup (i.e. risk score ¼ 0) the probability of
developing grade 3 neutropenia within the ﬁrst 365 days of
abemaciclib (150 mg twice daily) þ fulvestrant/NSAI therapy was
5% [0%e10%]. Supplementary Table 11 and Supplementary Fig. 1
present the risk score tools ability to calculate probabilities of
grade 3 neutropenia within the ﬁrst 365 days of abemaciclib
(200 mg twice daily) ± fulvestrant according to deﬁned risk groups.
The random forest approach identiﬁed race, ECOGPS, neutrophil
and white blood cell count as the most inﬂuential variables in
predicting abemaciclib induced neutropenia; conﬁrming the validity of the variables included in the prediction tool. The discrimination performance of the repeated cross-validated random forest
model was 0.75 e indicating no problems with overﬁtting.
Supplementary Fig. 2 presents Kaplan-Meier plots for grade 3
neutropenia according to the predicted risk scores by assessed
abemaciclib dosing strategies.

Table 1
Probability of grade 3 diarrhoea by age group.
Time (days)

28
56
365

Abemaciclib 150 mg þ Fulvestrant/NSAI
Age  70

Age > 70

Median (%) [95% CI]

Median (%) [95% CI]

4 [2e6]
6 [3e8]
9 [6e12]

6 [2e10]
9 [4e13]
13 [7e18]

[1.24e1.95]; P < 0.001).
3.3. Prediction of grade 3 neutropenia
The univariable analysis identiﬁed Asian race, weight, BMI,
neutrophil count, alkaline phosphatase, albumin, aspartate
aminotransferase and white blood cell count as signiﬁcantly associated with the development of abemaciclib induced grade 3
neutropenia (P < 0.05; Supplementary Table 8). On forward inclusion, Asian race, ECOGPS, alkaline phosphatase, albumin, liver
metastasis, and white blood cell count were identiﬁed as the statistically signiﬁcant predictors within a full multivariable model.
The backwards elimination process resulted in a ﬁnal clinical prediction model for grade 3 neutropenia optimally deﬁned by race,
ECOGPS and white blood cell count (WBC count < 4.0 vs 4.0e4.99
vs 5.0e6.5 vs  6.5  10 [9]/L) (Table 2). The discrimination performance (c-statistic) of the ﬁnal multivariable model was 0.75
(Table 2). A risk scoring tool based on the ﬁnal multivariable model
was developed.

4. Discussion
This study used large pooled data to develop and present the
ﬁrst clinical prediction tool of abemaciclib induced grade 3 neutropenia in patients with HRþ/HER2- ABC. The tool deﬁned the risk
of grade 3 neutropenia within the ﬁrst 365 days of abemaciclib
(150 mg twice daily) þ fulvestrant/NSAI, which ranged from 5% to
64% according to patient race (Asian vs non-Asian), ECOGPS (1þ vs
0) and pre-treatment white blood cell count (<4.0 vs 4.0e4.99 vs
5.0e6.5 vs  6.5  10 [9]/L). The study also identiﬁed that advanced
age (70 years) was associated with an increased risk of abemaciclib
induced grade  3 diarrhoea.
Neutropenia is a common side effect associated with CDK 4/6
inhibitors due to their effects on the hematopoietic bone marrow.
Whilst abemaciclib has a lower incidence of neutropenia when
compared to other CDK 4/6 inhibitors, neutropenia was the most
commonly reported severe (grade  3) side effect associated with
its use [17]. Abemaciclib induced grade 3 neutropenia is
commonly managed by drug suspension and dose reduction [17].
Therefore it is important to identify the cohort of patients at high
risk of grade 3 neutropenia at baseline as it can progress to
neutropenic sepsis [18]. Final multivariable analysis identiﬁed race,
ECOGPS and pre-treatment white blood cell count as the most
signiﬁcant predictors associated with the development of abemaciclib induced grade 3 neutropenia. The ﬁndings of the ﬁnal
multivariable analysis are consistent with literature identifying
race [19,20], ECOGPS [21,22] and pre-treatment white blood cell
count [23] as prognostic factors associated with the development of
neutropenia from anticancer therapies more generally. Whilst the
ﬁnal risk tool had a small decline in the discriminative performance
(c ¼ 0.74) compared to the ﬁnal multivariable model (c ¼ 0.75),
clinical simplicity and user-friendliness was optimised.
Prior research indicates no statistical difference in abemaciclib
pharmacokinetics according to race [24], suggesting the higher risk
of developing abemaciclib induced grade  3 neutropenia in Asians
is likely pharmacodynamically driven. Findings from a metaanalysis on other CDK4/6 inhibitors identiﬁed no differences in
neutropenia and diarrhoea risk by ethnicity [25]. Addition of
ECOGPS alongside race and white blood cell count provided synergistic enhancement of model discrimination e despite ECOGPS
not being a signiﬁcant variable on univariable analysis.
Future research should aim to validate the presented neutropenia prediction tool for other CDK 4/6 inhibitors. Nonetheless,
the presented tool has signiﬁcant potential to guide clinicians in
identifying patients at an increased risk of abemaciclib induced
neutropenia. For example, 21% of participants were identiﬁed to
have a risk score of 3þ, in which the risk of grade 3 neutropenia
was >40% within the ﬁrst 365 days of abemaciclib (150 mg twice

3.4. Clinical prediction tool for grade 3 neutropenia
The scores for the prediction tool were derived by scaling variable coefﬁcients from the ﬁnal multivariable model to a point score.
Asian race equated to 1 risk point, ECOGPS of 1þ equated to 1 risk
point, white blood cell count (WBC) (x10 [9]/L) of 5.0e6.49 equated
to 1 risk point, WBC 4.0e4.99 to 2 risk points and WBC < 4.0 to 3
risk points (Fig. 1 and Supplementary Fig. 1). Patients were categorized into ﬁve subgroups according to their overall risk score (i.e.
0, 1, 2, 3, 4þ). The risk scoring tool resulted in a c-statistic of 0.74
(Supplementary Table 10).
Table 3 and Fig. 1 present the risk score tools ability to calculate
probabilities of grade 3 neutropenia within the ﬁrst 365 days of
abemaciclib (150 mg twice daily) þ fulvestrant/NSAI. Of the 11% of
individuals in the highest risk subgroup (i.e. risk score ¼ 4þ) the
probability of developing grade 3 neutropenia within the ﬁrst 365
days of abemaciclib (150 mg twice daily) þ fulvestrant/NSAI therapy was 64% [48%e76%]. Comparatively, of the 12% of individuals in

Table 2
Final multivariable model of grade  3 neutropenia following abemaciclib initiation.
HR
ECOG PS
0
1þ
Race
Non-Asian
Asian
White Blood Cell Count (x 109/L)
 6.5
5.0e6.5
4.0e4.99
< 4.0

95% CI

P-value
<0.001

1
1.64

1.23 to 2.18
<0.001

1
2.19

1.60 to 2.99
<0.001

1
2.16
4.42
9.90

1.30 to 3.59
2.72 to 7.17
6.07 to 16.2

CI ¼ conﬁdence interval, HR ¼ hazard ratio, ECOG PS ¼ Eastern cooperative
oncology group performance status.
59

N.D. Modi, A.Y. Abuhelwa, S. Badaoui et al.

The Breast 58 (2021) 57e62

Fig. 1. Clinical prediction model of developing grade  3 neutropenia for Abemaciclib 150 mg þ Fulvestrant/NSAI therapy at 56 and 365 days.

Table 3
Scoring metric for grade  3 neutropenia following Abemaciclib 150 mg þ Fulvestrant/NSAI therapy initiation at 12 months.

daily) þ fulvestrant/NSAI therapy. Identifying these patients at a
substantially increased risk of neutropenia enables clinicians to
consider pre-emptive strategies (e.g. prophylactic granulocyte
colony stimulating factors, abemaciclib dose reductions or more
stringent monitoring of white blood cell counts) to facilitate
effective and safe long term abemaciclib treatment without
necessitating persistent clinician-initiated interventions in the
form of abemaciclib withdrawal. Minimization of persistent
clinician-initiated interventions for the management side effects
can also contribute to lower levels of patient anxiety to treatment
[26].
Diarrhoea is a common side effect with many anticancer drugs
(including with CDK 4/6 inhibitors) [27]. Abemaciclib use is associated with a higher rate of grade 3 diarrhoea compared to other
CDK 4/6 inhibitors [28]. Advanced age (>70 years) was identiﬁed as
the only variable associated with an increased risk of grade  3
diarrhoea, consistent with prior literature indicating that the
advanced age population is at higher risk of diarrhoea from active
oncological treatment [29]. The absolute difference in risk of
developing abemaciclib induced grade 3 diarrhoea between the
advanced and young ages was small (13% vs 9% in the ﬁrst 365 days,
respectively), however, in relative terms the study was able to
highlight that advanced age individuals were at 1.72 times greater
risk of abemaciclib induced grade  3 diarrhoea. It is hypothesized
that polypharmacy, pharmacokinetics, and pharmacodynamics
changes in the advanced age subgroup, may contribute to the
increased risk of abemaciclib induced grade 3 diarrhoea [30e32].
Future research should aim to elucidate the relationship between
age and the risk of diarrhoea from other CDK 4/6 inhibitors and if
the association is further established a stricter adherence to standardized management of diarrhoea in the form of antidiarrhoeal

medications, dose reduction and drug suspension should be
followed.
Randomized control trials (RCTs) are the backbone of evidencebased medicine, however, strict inclusion criteria within RCTs can
limit the generalizability of results [33]. Contrasting this, RCTs
provide rigorous, high quality collection of adverse event data,
allowing for the development of well-deﬁned prediction tools [34].
Additionally, this study pooled large (n ¼ 900) data from three trials
(MONARCH 1, 2 and 3) to increase study power and generalizability.
Ultimately this allowed the development of a well-performing and
highly discriminatory clinical prediction tool (c ¼ 0.74) which has
the potential to be used by patients and clinicians to better interpret the risk-beneﬁt ratio of abemaciclib in ABC patients. Effective
communication of personalized and well-validated predictions of
an individual’s expected adverse outcomes can improve shared
decision making, empower patients, and enable patients and clinicians to make better decisions regarding strategies to mitigate
adverse outcomes [35]. Nevertheless, with advances in large electronic health record platforms, future opportunities to externally
validate the presented tool within observational datasets of patients using abemaciclib in routine clinical care should occur e in
the future this may also include evaluating the tools appropriateness for abemaciclib’s use as a neo-adjuvant treatment [36].
In conclusion, the study identiﬁed advanced age as being
signiﬁcantly associated with an increased risk of abemaciclib
induced grade 3 diarrhoea. The study also developed a clinical
prediction tool based upon race, ECOGPS and white blood cell count
for predicting abemaciclib induced grade 3 neutropenia. The
developed tool offered large and substantial discrimination between subgroups, exemplifying the ability of the developed tool to
inform on clinically signiﬁcant difference in neutropenia risk to
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clinicians and patients considering abemaciclib use.
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