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Abstract
Abemaciclib is an orally administered, potent, and selective small molecule in-
hibitor of cyclin- dependent kinases 4 and 6, approved for advanced or metastatic 
breast cancer. This study aimed to use an exposure– response approach to inves-
tigate the effect of abemaciclib and its active metabolites (M2 and M20) on QTc 
interval and delay in cardiac repolarization at clinically relevant exposures. This 
was a single- blind, randomized, and placebo- controlled study of ascending doses 
of abemaciclib. Thirty- five healthy participants were administered a single dose 
of 200– 600 mg abemaciclib. Twelve- lead electrocardiogram tracings and pharma-
cokinetic samples were collected serially pre-  and post- dose. The primary objec-
tive was to study the relationship between abemaciclib and its active metabolites 
(M2 and M20) and QTc interval following ascending oral doses of abemaciclib. 
The secondary objective included evaluating the safety and tolerability of single 
ascending doses of abemaciclib in healthy participants. Exposure– response anal-
ysis demonstrated that there was no significant relationship between placebo- 
corrected change from baseline QTcF (ΔΔQTcF), abemaciclib, and metabolite 
plasma concentrations. Additionally, the ΔΔQTcF slopes of abemaciclib, its me-
tabolites, and total analyte concentrations were not statistically different from 
zero. Single doses of abemaciclib, up to 400 mg, were well- tolerated by healthy 
participants; however, at the 600 mg dose (three times the highest registered 
dose), the frequency and severity of treatment- related gastrointestinal events 
(primarily diarrhea, nausea, and vomiting) increased. In conclusion, single doses 
of abemaciclib, up to 400 mg, had no statistically or clinically relevant effects on 
QTc, and abemaciclib was well tolerated up to a dose of 400 mg in this study.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Currently, information on abemaciclib's effect on QTc interval is limited, though 
many anticancer drugs are associated with QT prolongation.

http://www.cts-journal.com
https://doi.org/10.1111/cts.13573
mailto:
https://orcid.org/0000-0002-8703-5438
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:turner_patricia_kellie@lilly.com


1618 |   CHAPPELL et al.

INTRODUCTION

Abemaciclib is an orally administered, potent, and selec-
tive small molecule inhibitor of cyclin- dependent kinases 
(CDKs) 4 and 6, approved for advanced or metastatic 
breast cancer. Inhibition of CDK4 and CDK6 prevents cell 
cycle progression through the G1 restriction point that 
controls entry into S phase, thus arresting tumor growth.1 
The International Conference on Harmonisation (ICH) 
has recommended that drugs in clinical development be 
subject to rigorous evaluation of their potential to prolong 
the QT interval. Until recently, a thorough QT/corrected 
QT (QTc) study (TQT study) design with therapeutic and/
or supratherapeutic doses was standardized per the E14 
guidance.

Upon comparisons of data from TQT studies and the 
IQ- CRSC study,2,3 a revision of the E14 guidance (R3) de-
scribed that an intensive electrocardiogram (ECG) and 
pharmacokinetic (PK) sampling schedule in an early- 
phase clinical trial evaluating a range of doses would 
provide data with a similar level of confidence as a ‘tra-
ditional’ TQT study.3– 6 This exposure– response (ER) ap-
proach within an early- phase study offers significant 
benefits over the traditional TQT study design in that ER 
analysis improves the precision of the QT effect as the 
model delineates the effect for all data across a range of 
plasma concentrations.2

In oncology, toxicity concerns typically prevent the use 
of a traditional TQT study design with therapeutic and 
supratherapeutic doses of the investigational compound. 
For abemaciclib, a single ascending dose (SAD) study 
in healthy participants was selected to determine toler-
ability, prior to administering a “drug– drug interaction 
(DDI)- determined” dose. Due to the evolving regulatory 

paradigm (including the E14[R3] revision), the use of the 
ER approach within the SAD study allowed for the use of 
a smaller sample size, and therefore fewer healthy partici-
pants exposed to higher doses of abemaciclib.

A primary ER analysis based on paired ECG and PK 
samples was planned to evaluate the relationship between 
the concentration of abemaciclib and its active metabolites 
(with exposures >10% of total drug- related exposures) and 
QTc interval and delayed cardiac repolarization.

In previous studies, abemaciclib had been shown to 
slightly change heart rate (HR),7 by up to 4.3 beats per 
minute (bpm), in a pilot food effect study when abemac-
iclib was administered in the fasting state. In a prior DDI 
study, when abemaciclib was combined with rifampin, HR 
increased approximately 11 bpm 6 h post- dose, and 9 bpm 
10 h post- dose. However, no HR changes occurred when 
abemaciclib was administered alone. Although these 
changes in HR were not statistically significant, in this 
study the selection of the correction method was planned 
based on the observed change in HR. Fridericia correction 
was prospectively planned to be used if the ΔΔHR did not 
exceed 10 bpm at any time post- dose; whereas beat- to- beat 
analysis was to be used if ΔΔHR exceeded 10 bpm.

METHODS

Clinical study design

A randomized, single- blind, placebo- controlled, single- 
ascending- dose crossover study was conducted at two 
sites in the United States. Thirty- five participants were 
enrolled into two cohorts: Cohort 1, comprising 20 par-
ticipants, was conducted at Covance Clinical Research 

WHAT QUESTION DID THIS STUDY ADDRESS?
This study aimed to understand the correlation between the plasma concen-
tration (exposure) of abemaciclib and its metabolites and the subsequent effect  
(response) on cardiac repolarization (QTc interval) in healthy participants.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
We demonstrate that single doses of abemaciclib up to 400 mg had no statistically 
or clinically relevant effects on QTc, and abemaciclib was well tolerated up to a 
dose of 400 mg.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
This study highlights the benefit of addressing potential QTc prolongation risk by 
exposure– response analysis, which is a suitable approach if traditional thorough 
QT studies are not feasible. At the time of the study, abemaciclib's effects were 
only known in cancer patients. However, our study concluded that the drug was 
safe to use in healthy participants.
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Unit (CRU) Daytona Beach (FL, USA) and Cohort 2 
comprising 15 participants was conducted at Covance 
CRU Evansville (IN, USA). Illustrations of the study de-
sign are shown in Figure 1 and a Consolidated Standards 
of Reporting Trials (CONSORT) flowchart is shown in 
Figure  S1. An independent ethical review board ap-
proved the trial protocol and any subsequent amend-
ments. Study participants provided informed consent 
prior to study enrollment. The trial was registered at 
ClinicalTrials.gov (NCT02677844). The first patient was 
enrolled on February 10, 2016, and the last patient com-
pleted follow- up on July 12, 2016.

The study was planned to evaluate the relationship 
between QT interval and exposure after oral administra-
tion of single ascending doses of abemaciclib 200– 400 mg 
(Cohort 1) and 600– 900 mg (Cohort 2). Inclusion crite-
ria accepted healthy, sterile males and females of non- 
childbearing potential, aged 18– 70 years, with a body mass 
index (BMI) between 18 and 32 kg/m2 with acceptable 
clinical laboratory test results and acceptable blood pres-
sure (Table S1 outlines baseline blood pressure, pulse rate, 
and creatinine serum levels) as determined by the inves-
tigator were eligible for this study. Participants excluded 
from the study included those who had an abnormality 
in the 12- lead ECG that, in the opinion of the investiga-
tor, increased the risks associated with participating in the 
study or affected or confounded the corrected QT interval 
(QTc analysis).

Participants in Cohort 1 were randomized to one of four 
sequences in a 1:1:1:1 ratio and received study drug as a 
single oral dose on Day 1 of each of four separate, consec-
utive periods, according to the randomization. A washout 
of at least 5 days was required between doses, during which 
time a review of data was conducted for dose escalation de-
cisions. Participants were admitted to the CRU on Day −1 
of each period. On Day 1, approximately 2 h before study 
drug administration, participants began continuous 12- 
lead digital Holter monitoring which continued until 24 h 
post- dose. Blood samples were collected for the measure-
ment of plasma concentrations of abemaciclib, M2, and 
M20 during the 24- h Holter monitoring period (Days 1 and 
2). Participants were discharged from the CRU following 
safety assessments and PK sampling on Day 3 (48 h after 
dosing) and returned to the CRU for safety assessments 
and/or PK sampling on Days 4, 5, and 6 of the period.

A secondary objective of the study was to evaluate the 
effect of abemaciclib on the PK of a P- gp substrate be-
cause in vitro data indicated abemaciclib may inhibit P- gp. 
Loperamide was selected as the probe P- gp substrate be-
cause it is commonly used in patients taking abemaciclib. 
Period 4 of Cohort 2 was designed to evaluate the DDI be-
tween a 400 mg dose of abemaciclib and the P- gp substrate 
loperamide. The results of this part of the study have been 
reported previously.8 Due to safety- related events occur-
ring during the DDI period, the Safety Review Panel de-
cided that the 400 mg dose level should be repeated; thus, 

F I G U R E  1  Illustration of the study design. DDI, drug– drug interaction; ER, exposure– response.
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the randomization was adjusted to reflect this dose modi-
fication throughout the remaining periods.

Participants in Cohort 2 were randomized to one of 
three sequences (2:1:1 ratio) to receive study drug as a 
single oral dose on Day 1 of separate, consecutive periods 
(Periods 5– 7). While admitted in the CRU, participants in 
Cohort 2 underwent the same procedures as described for 
participants in Cohort 1 and were discharged following 
safety assessments and PK sampling on Day 3 (48 h after 
dosing). Participants in Cohort 2 returned to the CRU for 
safety assessments and/or PK sampling on Days 4, 5, 6, 7, 
8, and 9.

Pharmacodynamic analyses

Continuous ECG monitoring was conducted for each par-
ticipant using a 12- lead digital Holter recorder from ap-
proximately 2 h pre- dose through 24 h post- dose on Day 
1 of each period. Participants were required to rest for 8 h 
post- dose in a semi- supine position, minimizing exertion 
and external stimuli. After the 8- h post- dose period, par-
ticipants were allowed to ambulate. At all times during the 
Holter monitoring period, participants were required to lie 
supine in a quiet environment for 10 min before and 5 min 
after each ECG measurement. Participants underwent an 
overnight fast of at least 10 h before drug administration 
with approximately 240 mL of water. Food was restricted 
until at least 4 h before dosing, after which participants 
were given a meal. Water was restricted 1 h before and 1 h 
after dosing. Otherwise, participants were allowed water 
as desired, and meals were provided at appropriate times. 
PK samples were taken after ECG recording.

The continuous Holter recordings were transferred to 
a designated central ECG laboratory (Biomedical Systems 
Corporation) where a cardiologist (blinded to participant, 
visit, and treatment allocation) conducted a full over- 
read (including the measurements of all intervals) upon 
all extracted ECGs for each participant. The central ECG 
laboratory over- read was used for data analysis. ECG data 
from participants administered loperamide in Period 4 of 
Cohort 2 were not included in the analysis to avoid con-
founding the results.

ECG extraction and analysis

Up to 10 14- s digital 12- lead ECG tracings were extracted 
from the continuous Holter recordings at −2, −1.5, −1, 
−0.5, and −0.25 h prior to dosing, and at 2, 4, 6, 8, 10, 12, 
14, and 24 h after dosing using the ‘TQT Plus method,’ 
a computer- assisted and statistical process (iCardiac 
Technologies). At each protocol- specified timepoint, 10 

ECG replicates were extracted from a 5- min ‘ECG win-
dow’ (typically, the last 5 min of the 15- min period when 
the participant was maintained in a supine or semi- 
recumbent quiet position).

The central ECG laboratory performed quality control 
checks and initial assessment of QT corrections using 
data recorded during the 2- h pre- dose monitoring on Day 
1. The central ECG laboratory reviewed the 2- h pre- dose 
Holter monitor recording and selected eight timepoints (in 
addition to five predefined timepoints) that represented 
good- quality ECG segments, one when the HR was at its 
nadir and one at its zenith. The remainder represented a 
relatively even distribution of HRs from the remainder of 
the recording.

Pharmacokinetic analyses

Venous blood samples were collected to determine the 
plasma concentrations of abemaciclib, M2, and M20 at the 
following times relative to dosing on Day 1 of each period: 
pre- dose, and 2, 4, 6, 8, 10, 12, 14, 24, 48, 72, 96, and 120 h 
post- dose. Participants in Cohort 2 continued to undergo 
blood sample collections at 144, 168, and 192 h post- dose.

Plasma samples obtained during this study were an-
alyzed for abemaciclib, M2, and M20 using a validated 
liquid chromatography with tandem mass spectrometry 
(LC– MS/MS) method at Q2 Solutions located in Ithaca, 
NY, USA. The lower limit of quantification was 1 ng/mL, 
and the upper limit of quantification was 500 ng/mL for 
all analytes.

Noncompartmental PK analyses were conducted using 
Phoenix WinNonlin Version 6.4 (Certara). Abemaciclib 
dose proportionality was assessed by fitting the power 
model to area under the concentration versus time curve 
(AUC) (AUC [0– tlast], AUC [0–∞]) and Cmax versus dose.9 
The 95% confidence intervals (95% CIs) of the exponent 
were used to assess dose proportionality.

Statistical analysis

QT values corrected for HR (QTc) were obtained using the 
methods described below.

Fridericia- corrected QT interval (QTcF): QTcF = QT∕
�

3
√

RR
�

, where QT and RR intervals were obtained 
from each replicate of ECG measurement.
QTbtb: Dynamic beat- to- beat QT analysis (QTbtb) em-
ployed no correction factors and took into account nor-
mal hysteresis associated with the QT interval.
Baseline and placebo effects: The average QTc of replicate 
QTc measurements at each timepoint following dosing 
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were calculated for each participant and for each period. 
The average of the QTc across all pre- dose timepoints 
(including all replicates) on Day 1 was calculated for 
each participant for each study period and served as the 
period- specific baseline. The difference from baseline 
(ΔQTc) for each timepoint was determined by subtract-
ing that participant's baseline QTc. The primary analysis 
was based on the time- matched, placebo- corrected, and 
baseline- adjusted QTc (ΔΔQTc).

If a significant HR change was determined as defined by 
the largest mean ΔΔHR exceeding 10 bpm at any timepoint 
post- dosing, it was planned that ΔΔQTbtb was to be used 
as the primary response variable, otherwise ΔΔQTcF was 
used. Categorical analyses of QTc interval data were con-
ducted to provide number and percentage of participants 
meeting or exceeding defined thresholds for ECG parame-
ters as described by ICH E14 Guidance criteria (ICH, 2005).

The primary end point of the relationship between 
plasma concentrations of abemaciclib, M2, and M20 and 
ΔΔQTcF or ΔΔQTbtb was evaluated using a linear mixed- 
effects modeling approach. The response variable was ei-
ther ΔΔQTcF or ΔΔQTbtb, and concentrations were fitted 
as a fixed effect with participant as a random effect. The 
intercept and slope from the model were reported together 
with their respective 90% CIs. Predicted mean placebo- 
adjusted change from baseline ΔΔQTcF at Cmax was esti-
mated with its 90% CI.

RESULTS

Demographics and disposition

Overall, a total of 35 healthy participants, 7 males and 28 
females, between the ages of 32 and 70 years, participated 
in this study. Detailed demographics are shown in Table 1.

In total, 35 participants were randomly assigned to 
study sequences and received at least one dose of study 
drug. A single participant discontinued from Cohort 1 due 
to a family emergency. All other participants in Cohort 
1 completed periods 1– 4, and all participants in Cohort 
2 completed periods 4– 7, at which time the study was 
stopped following review of safety data.

Abemaciclib pharmacokinetics

After reaching Cmax, concentrations declined in a generally 
monophasic manner (Figure 2). Across abemaciclib doses 
of 200– 600 mg, geometric mean t1/2 values ranged from 21.6 
to 27.6 h for abemaciclib. Median tmax values ranged from 8 
to 10 h for abemaciclib and for total analytes (where PK pa-
rameters were derived from the sum of the concentrations 
of abemaciclib, M2, and M20) (Tables S6– S8) across the 
abemaciclib dose range (Table 2). Assessment of dose pro-
portionality demonstrated that the 95% CIs for AUC(0– tlast), 
AUC(0–∞), and Cmax all contained 1.0, therefore proportion-
ality can be statistically concluded over the dose range of 
200– 600 mg (Table  S2). No dose- dependent trend was ob-
served in apparent total body clearance of abemaciclib.

Effect of abemaciclib on HR and corrected 
QT interval

There were no significant changes in HR determined by 
central ECG analysis after 200, 300, 400, or 600 mg abe-
maciclib as the largest mean ΔΔHR did not exceed 10 bpm 
at any timepoint post- dosing (Table  S3). Therefore, the 
primary analysis of QT ER was based on ΔΔQTcF and not 
ΔΔQTbtb.

Categorical analyses of QTcF interval and PR showed 
5 participants outside the defined ICH E14 guidance 

Parameter
Cohort 1 
(N = 20)

Cohort 2 
(N = 15)

Overall 
(N = 35)

Age (years) Mean (SD) 48.9 (7.9) 58.0 (7.5) 52.8 (8.9)

Range 32– 59 43– 70 32– 70

Sex (N) Male 5 2 7

Female 15 13 28

Ethnicity 
(N)

Hispanic or Latino 10 0 10

Not Hispanic or Latino 10 15 25

Race (N) Black or African American 2 1 3

White 18 14 32

Weight (kg) Mean (SD) 72.87 (13.88) 75.73 (10.33) 74.10 (12.40)

BMI (kg/m2) Mean (SD) 26.80 (3.15) 27.55 (2.35) 27.12 (2.82)

Abbreviations: BMI, body mass index; N, number of participants; SD, standard deviation.

T A B L E  1  Participant demographics 
and baseline characteristics.
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limits (Table 3): 2 of 34 participants showed a QTcF inter-
val > 450 ms following a 400 mg dose of abemaciclib (1 par-
ticipant had a mean QTcF value of 454 ms during Period 6 
at 14- h ECG collection, which is 14 ms above baseline and 
not clinically significant; another participant had a mean 
QTcF value of 452 ms at the 10 h post- dose timepoint, 
36 ms above baseline); 1 of 15 participants showed an in-
crease in QTcF interval >30 ms following a dose of 600 mg 
abemaciclib. The elevated QTcF values were transient in 
nature, occurring during single timepoints, and were not 
considered clinically significant by the investigator.

A single participant showed PR values >200 ms at the 
2- , 4- , 8- , 10- , and 12- h timepoints (ranging from 202 to 
206 ms) following administration of 600 mg abemaciclib. 
These were similar to the participant's baseline value of 
201 ms and were determined not to be clinically significant.

QT exposure– response analysis

ER analysis was conducted by pairing ECG data and PK data 
to delineate effects of abemaciclib and total analytes (abe-
maciclib, M2, and M20) plasma concentrations on QT inter-
val. The upper bound of the 90% CI of the predicted ΔΔQTcF 
does not cross the 10 ms threshold at the highest observed 
abemaciclib and total analyte concentrations (Figure 3).

The upper bound of the two- sided 90% CI of the time- 
matched ΔΔQTcF was below the 10 ms threshold at each 
of the eight timepoints evaluated over the 24- h period, 
with the exception of 10 h post- dose for the 600 mg dose, 
which showed an upper bound of 11 ms.

The slopes of ΔΔQTcF and abemaciclib, M2, M20, and 
total analyte concentrations were either nonsignificant, or sig-
nificant but with a negative slope (p- value > 0.05) (Table S4).

F I G U R E  2  Arithmetic mean of plasma abemaciclib and total analyte (abemaciclib, M2, and M20) concentration versus time profiles 
following single oral doses of 200– 600 mg abemaciclib in healthy participants. Values are ± standard deviation.
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Safety and tolerability

Some 25% to 80% of participants administered abemaciclib 
reported adverse events (AEs), with the percentage increas-
ing in a dose- dependent manner. Of the participants re-
porting AEs, 80%– 100% experienced investigator- assessed 
drug- related AEs, the majority of which (92%– 100%) were 
mild (Common Terminology Criteria for Adverse Events 
[CTCAE] Grade 1) in severity, with the remainder cat-
egorized as moderate (CTCAE Grade 2), and five graded 
as severe (CTCAE Grade 3), after administration of 200 

or 300 mg abemaciclib. The only drug- related AE experi-
enced by more than one participant was nausea or diar-
rhea. Drug- related AEs experienced by more than one 
participant after administration of 400 or 600 mg abemaci-
clib were diarrhea, nausea, headache, vomiting, abdominal 
pain, and dyspepsia (Table S5). Two participants (Period 
6– 400 mg and Period 7– 600 mg) received 2 mg loperamide 
during treatment for onset of diarrhea.

During Cohort 2, Period 4 (the DDI evaluation with 
loperamide), 5 severe AEs (SAEs) of elevated hepatic 
transaminases aspartate aminotransferase (AST) and al-
anine aminotransferase (ALT) were experienced by 5 of 

T A B L E  2  Summary of abemaciclib plasma pharmacokinetics.

Geometric mean (%CV)

Dose

Abemaciclib Abemaciclib Abemaciclib Abemaciclib

200 mg 300 mg 400 mgb 600 mg

N 19 20 31 8

AUC (0– tlast) 
(ng h/mL)

3560 (38) 5210 (37) 7610 (46) 14,600 (42)

AUC (0–∞)
(ng h/mL)

3680 (38) 5420 (40) 7840 (47) 14,800 (42)

Cmax (ng/mL) 102 (31) 130 (40) 182 (42) 308 (45)

tmax
a (h) 8.23 (6.10– 14.10) 8.10 (6.10– 24.10) 10.05 (6.05– 24.13) 10.08 (10.05– 14.07)

t1/2 (h) 21.6 (14.2– 30.0) 22.6 (12.7– 32.9) 25.0 (14.8– 36.6) 27.6 (23.3– 33.8)

CL/F (L/h) 54.4 (38) 55.3 (40) 51.0 (47) 40.6 (42)

Vz/F (L) 1700 (31) 1800 (28) 1840 (40) 1610 (47)

Vss/F (L) 1930 (33) 2140 (33) 2120 (41) 1840 (48)

Note: AUC (0–∞) = area under the concentration versus time curve from time zero to infinity; AUC (0– tlast) = area under the concentration versus time curve 
from time zero to time t, where t is the last timepoint with a measurable concentration; %AUC (tlast–∞) = percentage of AUC (0–∞) extrapolated; CL/F = 
apparent total body clearance of drug at steady state calculated after oral administration; Cmax = maximum observed drug concentration; CV = coefficient 
of variation; N = number of subjects; t1/2 = half- life associated with the terminal rate constant (λz) in non- compartmental analysis; tmax = time of maximum 
observed drug concentration; Vss/F = apparent volume of distribution at steady state after oral administration; Vz/F = apparent volume of distribution during 
the terminal phase after oral administration..
aMedian (range).
bIncludes 400 mg abemaciclib data from Periods 4 and 5.

T A B L E  3  Categorical analysis of QTc interval data.

Dose

QTcF interval (ms)
Maximum increase in 
QTcF interval (ms)a PR (ms) QRS (ms)

>450 >480 >500 >30 >60 >200 >110

n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Placebo (N = 34) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Abemaciclib 200 mg (N = 20) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Abemaciclib 300 mg (N = 20) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Abemaciclib 400 mg (N = 35) 2 (5.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Abemaciclib 600 mg (N = 15) 1 (6.7%) 0 (0.0%) 0 (0.0%) 1 (6.7%) 0 (0.0%) 1 (6.7%) 0 (0.0%)

Note: n = number of participants; N = number of participants studied.
aBaseline is defined as the mean of the pre- dose measurements.
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15 participants at the 24- h timepoint post- dose: 4 partic-
ipants had been dosed with 8 mg loperamide + 400 mg 
abemaciclib, and 1 had been dosed with 8 mg loperamide 
+ placebo.

The incidence of hepatic AEs were reviewed by the 
investigator and Safety Review Panel based on clinical 
judgment and protocol criteria. No confounding factors 
were identified, though all four of these participants had 
a history of cholecystectomy. There is no evidence histor-
ically of this being a factor in abemaciclib or loperamide 
absorption or toxicity. Analysis of PK data did not demon-
strate evidence of outliers in relation to abemaciclib or 

loperamide exposure that might explain the increased he-
patic transaminases in these four participants. Subsequent 
rechallenge of the four participants with 400 or 600 mg 
abemaciclib without loperamide resulted in no further 
AEs of hepatic transaminase elevation, and no clinically 
significant AEs, observed increases in AEs, or subsequent 
laboratory data abnormalities were noted with subsequent 
dosing.

Because both the frequency of mild gastrointestinal 
events had increased on 600 mg dose administration and 
three participants had moderate events of diarrhea which 
the investigator determined had significantly interfered 

F I G U R E  3  QTcF changes from baseline and placebo versus abemaciclib. (a) Plasma and (b) total analyte concentrations; dashed blue 
lines indicate upper and lower thresholds of the 90% confidence interval (CI).

(a)

(b)
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with daily activities, the Safety Review Panel determined 
that these tolerability issues met the protocol- specified cri-
teria limiting further dose escalation. Thus, Period 8 was 
not completed, and no participants were administered a 
900 mg dose. Therefore, 400 mg abemaciclib was deter-
mined to be the maximum tolerated dose (MTD) in this 
study.

No deaths or other SAEs occurred during this study, 
and no participants discontinued due to an AE.

DISCUSSION

The non- antiarrhythmic drugs such as moxifloxacin9,10 
and ondansetron11 cause a delay in cardiac repolariza-
tion, which can be measured physiologically as a delay in 
the QT interval on an ECG. A delay in cardiac repolari-
zation is considered undesirable as it may lead to cardiac 
arrhythmia, such as torsade de pointes, leading to sudden 
cardiac death if patients are left untreated.12– 15

In vitro studies of abemaciclib and its major active me-
tabolites M2 and M20 have not demonstrated blockade of 
the current produced by the human ether- a- go- go- related 
gene (hERG) potassium channel expressed in mammalian 
cells (unpublished data). This finding is also in line with 
the US Food and Drug Administration's recent S7B/E14 
Q&A discussing the importance of in vitro hERG assays to 
determine risk assessment of delayed ventricular repolar-
ization.16 Importantly, no QTc prolongation was observed 
in dogs following single dose administration of abemac-
iclib up to 10 mg/kg (replicating the exposure observed 
in humans, based upon Cmax following a single 200 mg 
dose).17 In this dose- escalation Phase 1 study, single as-
cending oral doses of 200, 300, 400, or 600 mg abemaciclib 
or placebo were administered to healthy participants to 
determine the relationship between plasma concentra-
tions of abemaciclib, its major active metabolites M2 and 
M20, and QT interval.

At the highest feasible single dose level evaluated in 
this study (600 mg), the geometric mean Cmax for abe-
maciclib was 308 ng/mL (45% coefficient of variation 
[CV]), which was similar to that achieved at steady state 
by the approved starting dose in advanced or metastatic 
breast cancer in MONARCH 1 (305 ng/mL [37% CV]), 
MONARCH 2 (258 ng/mL [38% CV]), and MONARCH 3 
(249 ng/mL [42% CV]).18– 21

Given that abemaciclib is a substrate of CYP3A4 and 
strong inhibitors of CYP3A4 increase abemaciclib ex-
posures significantly,22 higher doses up to 900 mg were 
planned, to yield exposures similar to those expected 
when abemaciclib is coadministered with CYP3A inhib-
itors. The 900 mg dose level could not be evaluated due 
to dose- limiting toxicities (DLTs) observed at the 600 mg 

dose level in this study. Although the supratherapeutic 
exposures could not be achieved in healthy participants, 
we have demonstrated that abemaciclib had no statisti-
cally or clinically significant effect on QT at any dose level 
(200– 600 mg).

The results of the primary ER analysis did not reveal 
a prolongation of the mean ΔΔQTcF interval at any of 
the timepoints studied. Abemaciclib therefore does not 
prolong the QT interval to any clinically relevant extent. 
There was no significant impact on ΔΔHR (with no ob-
served changes >10 bpm), thus the primary analysis was 
based solely on QTcF. Participation in the study was not 
limited to one sex; however, 80% of the participants en-
rolled overall in the study were female. No sex- related 
differences in systemic exposure have been observed in 
non- clinical studies of abemaciclib, or in population PK 
analyses in cancer patients and healthy participants.18,23 
The responses of regulators to E14 guidance suggest that 
variability of baseline demographic parameters (beyond 
those which affect exposure, e.g., BMI/weight) should not 
introduce a large difference in QT response to a drug.24 In 
accordance with regulatory guidance, no sex- specific sub-
group analyses were performed as a positive signal for QTc 
prolongation was not demonstrated.

Single 200, 300, and 400 mg doses of abemaciclib were 
well tolerated by healthy participants, with a low inci-
dence of treatment- related AEs (primarily diarrhea and 
nausea), the majority were reported as mild (CTCAE 
Grade 1) in severity. However, the frequency and severity 
of treatment- related gastrointestinal events (primarily di-
arrhea, nausea, and vomiting) increased upon a single 600 
mg dose administration, which significantly interfered 
with daily activities, and the dose escalation was stopped 
based on this evidence of dose limiting toxicities. Period 8 
was not initiated, and the 900 mg dose level was not tested. 
Therefore, the MTD for a single oral dose of abemaciclib 
in healthy participants was identified as 400 mg.

In conclusion, a single abemaciclib dose up to 400 mg 
had no statistically or clinically relevant effect on QTc, 
HR, PR, or QRS intervals.
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