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Abstract
Background This was a Japanese subpopulation analysis of MONARCH 2, a double-blind, randomized, placebo-controlled, 
phase 3 study of abemaciclib plus fulvestrant in patients with hormone receptor-positive, human epidermal growth factor 
receptor 2-negative advanced breast cancer (ABC).
Methods Eligible women had progressed on (neo)adjuvant endocrine therapy (ET), ≤ 12 months from end of adjuvant ET, 
or on first-line ET for ABC, and had not received chemotherapy for ABC. Patients were randomized 2:1 to receive abemaci-
clib or placebo plus fulvestrant. The primary endpoint was progression-free survival (PFS). Secondary endpoints included 
overall survival (OS), pharmacokinetics (PK), health-related quality of life (HRQoL), and safety.
Results In Japan, 95 patients were randomized (abemaciclib, n = 64; placebo, n = 31). At final PFS analysis (February 14, 
2017), median PFS was 21.2 and 14.3 months, respectively, in the abemaciclib and placebo groups (hazard ratio: 0.672; 
95% confidence interval: 0.380–1.189). Abemaciclib had a higher objective response rate (37.5%) than placebo (12.9%). PK 
and safety profiles for Japanese patients were consistent with those of the overall population, without clinically meaningful 
differences across most HRQoL dimensions evaluated. The most frequent adverse events in the abemaciclib versus placebo 
groups were diarrhea (95.2 versus 25.8%), neutropenia (79.4 versus 0%), and leukopenia (66.7 versus 0%). At a second data 
cutoff (June 20, 2019), median OS was not reached with abemaciclib and 47.3 months with placebo (hazard ratio: 0.755; 
95% confidence interval: 0.390–1.463).
Conclusions Results of the Japanese subpopulation were consistent with the improved clinical outcomes and manageable 
safety profile observed in the overall population.
Clinical trial registration NCT02107703; U.S. National Library of Medicine: https:// clini caltr ials. gov/ ct2/ show/ NCT02 
107703.
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Introduction

Breast cancer is the second leading cause of cancer mor-
tality in women globally [1]. Women diagnosed with hor-
mone receptor-positive (HR+), human epidermal growth 

factor receptor 2-negative (HER2−) breast cancer are typi-
cally treated with endocrine therapy (ET), but intrinsic and 
acquired ET resistance are common issues in patients with 
advanced or metastatic breast cancer [2, 3].The cyclin D 
pathway is an important target for overcoming mechanisms 
of ET resistance [4]. Targeting this pathway with cyclin-
dependent kinase 4 and 6 (CDK4 and CDK6) inhibitors in 
combination with ET results in significant improvement 
in clinical outcomes over ET alone [5–15], with CDK4 
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and CDK6 inhibitor/ET combination therapy emerg-
ing as the new standard of care in the treatment of HR+ , 
HER2− advanced breast cancer (ABC) [16].

Abemaciclib is a selective small molecule inhibitor of 
CDK4 and CDK6 orally administered on a continuous 
twice-daily dosing regimen [17–19]. In preclinical cancer 
models, continuous inhibition of CDK4 and CDK6 by abe-
maciclib led to cell cycle arrest and death of cancer cells [18, 
20]. Within the abemaciclib clinical development program, 
MONARCH 2 was a randomized, double-blind, global, 
phase 3 study of abemaciclib in combination with fulves-
trant in women with HR+ , HER2− ABC whose disease had 
progressed while receiving prior ET. In the intent-to-treat 
(ITT) population, abemaciclib plus fulvestrant significantly 
extended both progression-free survival (PFS; median: 16.4 
versus 9.3 months, hazard ratio [HR]: 0.553, 95% confidence 
interval [CI]: 0.449–0.681, p < 0.001) and overall survival 
(OS; median: 46.7 versus 37.3 months, HR: 0.757; 95% CI: 
0.606–0.945; p = 0.01) compared with placebo plus fulves-
trant [12, 13].

Based on the findings of the global clinical development 
program, abemaciclib was approved for use in Japan in Sep-
tember 2018 in combination with ET for the treatment of 
HR+ , HER2− ABC. However, ethnicity and country-spe-
cific differences in clinical practice can influence response 
to breast cancer treatment [21, 22], and potential intereth-
nic differences in response to abemaciclib have not been 
extensively studied. The objective of the current analysis 
was to assess efficacy and safety outcomes in Japanese breast 
cancer patients within the MONARCH 2 population. Here, 
we report PFS, safety, patient-reported health-related qual-
ity of life (HRQoL), and pharmacokinetic (PK) outcomes 
of the Japanese subpopulation of MONARCH 2 at the time 
of the final PFS analysis. In addition, we report OS, time to 
chemotherapy (TTC), chemotherapy-free survival (CFS), 
and updated PFS and safety of the Japanese subpopulation 
at a second data cutoff date, 27 months following the final 
PFS analysis.

Patients and methods

Study design and patients

This analysis was conducted on patients enrolled at 
study sites in Japan for the global MONARCH 2 study 
(NCT02107703), a randomized, double-blind, placebo-
controlled study of abemaciclib plus fulvestrant in women 
with ABC (Online Resource 1). Study design and methods 
for MONARCH 2 have previously been published [12, 13, 
23]. Patients were required to have HR+ , HER2− inoper-
able locally advanced or metastatic breast cancer that pro-
gressed on neoadjuvant/adjuvant ET, ≤ 12 months from end 

of adjuvant ET, or on first-line ET for ABC and who had not 
received chemotherapy for advanced disease. Patients were 
excluded if they had prior treatment with fulvestrant, everoli-
mus, or CDK4 and CDK6 inhibitors, or had visceral crisis 
or evidence/history of central nervous system metastasis.

The study was conducted in accordance with the 1964 
Declaration of Helsinki and its later amendments and the 
relevant laws and regulations in Japan. The protocol was 
reviewed by ethical and institutional review boards at the 
participating institutions. Informed consent was obtained 
from all individual participants in the study.

Treatments and procedures

Patients were randomized 2:1 to receive abemaciclib plus 
fulvestrant or placebo plus fulvestrant, stratified by meta-
static site and resistance to prior ET (primary or second-
ary, as defined in European Society for Medical Oncology 
guidelines [24, 25]). Fulvestrant (500 mg, per label) was 
administered by intramuscular injection on Days 1 and 15 
of the first cycle and on Day 1 of subsequent cycles (every 
28 days). Abemaciclib (200 mg; reduced to 150 mg follow-
ing a protocol amendment [13]) or placebo was adminis-
tered orally twice daily. Permitted dose adjustments in 
MONARCH 2 were previously described [13]. Treatment 
continued until progressive disease (PD), death, or patient 
withdrawal. Crossover between treatment groups was not 
permitted. Response was determined by investigators for 
all patients whose disease was evaluable using Response 
Evaluation Criteria In Solid Tumors (RECIST) version (v) 
1.1 [26].

Outcomes

Efficacy analyses included all patients in the ITT Japanese 
subpopulation, regardless of starting dose for abemaciclib. 
The primary efficacy endpoint was the comparison of PFS 
between treatment groups. Secondary efficacy outcomes 
included OS, objective response rate (ORR; the proportion 
of patients with a best response of complete [CR] or partial 
response [PR]), disease control rate (DCR; CR+ PR+ stable 
disease), and clinical benefit rate (CBR; CR+ PR+ stable 
disease ≥ 6 months).

Additional secondary endpoints included safety, PK, and 
HRQoL, including global health status, functioning, and 
symptoms. Safety was evaluated in all patients who received 
at least one dose of study treatment, with treatment-emergent 
adverse events (TEAEs) summarized using Medical Diction-
ary for Regulatory Activities (MedDRA) v.19.1 terminology 
and graded based on the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (CTCAE) 
v.4.0. PK analyses were conducted on patients in the safety 
population who had plasma samples collected, which were 
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obtained at prescheduled times on Days 1 (2–4 h postdose) 
and 15 (4–7.0 h postdose) of Cycle 1 and on Day 1 of Cycle 
2 (predose and 3.0 h postdose) and Cycle 3 (predose). The 
concentration of abemaciclib in plasma was measured using 
validated liquid chromatography/tandem mass spectrometry 
assays.

HRQoL analyses included all patients who completed 
baseline assessment plus at least one post-baseline assess-
ment, as described [23]. Data were collected using the Euro-
pean Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30) 
to assess cancer-related QoL [27] and the EORTC QLQ-
Breast Cancer module (EORTC QLQ-BR23) to assess breast 
cancer-specific QoL [28].

Exploratory endpoints included TTC, CFS, and time to 
sustained deterioration (TTSD) on the EORTC-QLQ-C30 
and QLQ-BR23.

Statistical analyses

Analyses were conducted at two database locks. PFS, safety, 
HRQoL, TTSD on HRQoL measures, and PK outcomes are 
reported at the data cutoff date of February 14, 2017. OS and 
exploratory endpoints (TTC, CFS) are reported at a second 
data cutoff date of June 20, 2019, at which time updates on 
PFS and safety are also provided. Statistical methods for 
MONARCH 2 have been previously described [12, 13, 23]. 
For this subpopulation analysis, p values for comparisons 
between treatments are not reported due to the limited sam-
ple size. Interim and final PFS and OS analyses were pre-
planned (Online Resource 1) [12, 13]. PFS, OS, CFS, and 
TTC were estimated using the Kaplan–Meier method [29], 
and a Cox proportional hazard model was used to estimate 
the HRs and corresponding 95% CIs. Normal approximation 
was used to estimate 95% CIs for ORR, DCR, CBR, and 
the difference in 36-month PFS rates between the treatment 
groups.

For EORTC-QLQ-C30 and QLQ-BR23, a score ranging 
from 0 to 100 was calculated for each scale, with a higher 
score representing more severe symptoms for symptom 
scales and better health condition for global health status 
and functioning scales. Change from baseline over the entire 
treatment course was assessed using mixed effects-repeated 
measures models including all data and cycles for which 
at least 25% of patients completed questionnaires in both 
study groups. Post hoc analyses investigated TTSD using 
Cox proportional hazard models. A minimally important 
difference (MID) of ≥ 10-points [30], considered herein as 
a clinically meaningful difference, was utilized for TTSD 
and change from baseline analyses. TTSD for each scale was 
defined as the time from randomization to the time at which 
a ≥ 10-point worsening compared with a patient’s baseline 

score was observed, followed by all subsequent scores meet-
ing MID criteria compared with baseline [31].

A mechanistic population PK model was used to charac-
terize the PK of abemaciclib in the MONARCH 2 population 
[32]. The resulting model parameter estimates were used to 
simulate individual patient exposure metrics, including area 
under the concentration-versus-time curve during one dosing 
interval at steady state (AUC τ,ss), maximum concentration at 
steady-state  (Cmax,ss), and minimum/trough concentration at 
steady state  (Cmin,ss), and summarized to compare the study 
PK population with the Japanese PK subpopulation.

Results

Patients

The MONARCH 2 study enrolled 669 patients between 
August 7, 2014, and December 29, 2015, 446 and 223 of 
whom were allocated to receive abemaciclib plus fulves-
trant or placebo plus fulvestrant, respectively. Of these, 95 
patients were enrolled in Japan (abemaciclib, n = 64; pla-
cebo, n = 31; Online Resource 2). In the abemaciclib group, 
20 patients in the Japanese subpopulation (31.3%) initially 
received a 200 mg dose before a mandatory dose reduction 
to 150 mg (in comparison with 27.4% of the overall popula-
tion [13]). At the time of data cutoff for the final PFS analy-
sis, 30 (46.9%) and 8 (25.8%) patients in the abemaciclib and 
placebo groups of the Japanese subpopulation, respectively, 
were still on-treatment. The reason for discontinuation of 
study drug was most frequently PD (abemaciclib: n = 27, 
42.2%; placebo: n = 23, 74.2%).

Table 1 summarizes demographic and baseline clinical 
characteristics by treatment group. Across treatment groups 
in the Japanese subpopulation, the majority of patients 
(60.0%) were post-menopausal with a median age of 58.0 
(min–max, 32.0–81.0) years. Approximately half (50.5%) 
had visceral disease, and the majority had secondary ET 
resistance (≥ 71%), Eastern Cooperative Oncology Group 
performance status (ECOG PS) scores of 0 (≥ 84%), and 
progesterone receptor-positive tumors (> 82%). Although 
the Japanese subpopulation was generally comparable to the 
overall MONARCH 2 population for most baseline char-
acteristics, a lower proportion of patients in the Japanese 
subpopulation were post-menopausal (60.0%) compared 
with the overall population (82.4%; Table 1). In addition, the 
Japanese subpopulation had a lower proportion of patients 
(9.5%) with an ECOG PS score of 1 compared with the over-
all population (39.3%). Among abemaciclib-treated patients, 
a lower proportion had primary ET resistance (18.8%) and 
prior adjuvant chemotherapy (31.3%) in the Japanese ITT 
population compared with the overall ITT population (24.9 
and 46.9%, respectively), resulting in an imbalance between 
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treatment arms only within the Japanese subpopulation 
(Table 1).

Efficacy

At the final PFS analysis (data cutoff date: February 14, 
2017; median follow-up time 19.5 months), 53 PFS events 
(abemaciclib: n = 30, 46.9%; placebo: n = 23, 74.2%) were 
observed in the Japanese subpopulation. The abemaciclib 
group had a median PFS of 21.2 months compared with 
14.3 months in the placebo group (HR: 0.672; 95% CI: 
0.380–1.189; Fig. 1). In the Japan subpopulation, compared 
with the control group, the abemaciclib group had a higher 
proportion of patients with a best response of CR or PR 
(ORR: abemaciclib, 37.5%; placebo, 12.9%; Table 2). The 
proportion of patients with PD was higher in the placebo 
group (6.5%) compared with the abemaciclib group (3.1%).

Treatment exposure and pharmacokinetics

Dose adjustments and exposure for the Japanese sub-
population of MONARCH 2 are summarized in Online 
Resource 3. Median duration of abemaciclib/placebo was 
64.7 and 65.0 weeks in the abemaciclib and placebo groups, 
respectively. Median duration of fulvestrant was 75.0 and 
65.0 weeks in the abemaciclib and placebo groups, respec-
tively. The median dose intensity for abemaciclib was 
231.2 mg/day, and median relative dose intensity was 69.7%. 

The dose reduction rate and dose omission rate for abe-
maciclib due to an adverse event (AE) was 54.0 and 82.5%, 
respectively (placebo, 3.2 and 19.4%, respectively; Online 
Resource 3). For comparison, in the overall ITT population, 
the median dose intensity for abemaciclib was 273.1 mg/
day and median relative dose intensity was 79.8%, with dose 
reduction and omission rates due to AEs 42.9 and 51.9%, 
respectively (placebo, 1.3 and 11.7%, respectively).

Plasma concentrations of abemaciclib for individual 
patients over the course of the analysis are shown in Fig. 2. 
Abemaciclib PK steady-state exposure metrics (AUC τ,ss, 
 Cmax,ss,  Cmin,ss) in the Japanese PK subpopulation were simi-
lar to the overall MONARCH 2 PK analysis population, with 
comparable inter-individual variability.

Safety

At the primary endpoint analysis (February 14, 2017), all 
patients in both treatment groups in the Japanese subpopula-
tion reported at least 1 TEAE, with a higher proportion of 
patients in the abemaciclib group reporting grade 3 (68.3%) 
or grade 4 (6.3%) TEAEs compared with the placebo group 
(grade 3, 22.6%; grade 4, 0%). No grade 5 TEAEs were 
reported in the Japanese subpopulation.

The most common TEAE in both treatment groups was 
diarrhea, which was reported at a higher frequency in the 
abemaciclib group (any grade, 95.2%; grade ≥ 3, 14.3%) 
compared with the placebo group (any grade, 25.8%; 
grade ≥ 3, 3.2%; Table 3). This is similar to the frequency 

Table 1  Baseline demographics and clinical characteristics

ECOG PS Eastern Cooperative Oncology Group Performance Status, ET endocrine therapy, ITT intent-to-treat, N number of patients in analysis 
population, n number of patients in category or group, PgR progesterone receptor

Characteristic Japanese ITT population
(N = 95)

Overall ITT population
(N = 669)

Abemaciclib + ful-
vestrant (n = 64)

Placebo + fulves-
trant (n = 31)

Abemaciclib + ful-
vestrant (n = 446)

Placebo + ful-
vestrant 
(n = 223)

Age, years Median (range) 56.5 (32–76) 58.0 (32–81) 59.0 (32–91) 62.0 (32–87)
Metastatic site, n (%) Visceral

Bone only
Other

35 (54.7)
11 (17.2)
18 (28.1)

13 (41.9)
8 (25.8)
10 (32.3)

245 (54.9)
123 (27.6)
75 (16.8)

128 (57.4)
57 (25.6)
38 (17.0)

Menopausal status, n (%) Pre/peri-
Post

26 (40.6)
38 (59.4)

12 (38.7)
19 (61.3)

72 (16.1)
371 (83.2)

42 (18.8)
180 (80.7)

Progression while receiving neo-
adjuvant/adjuvant ET, n (%)

Yes 25 (39.1) 17 (54.8) 197 (44.2) 103 (46.2)

ET sensitivity Primary resistance 12 (18.8) 9 (29.0) 111 (24.9) 58 (26.0)
Secondary resistance 52 (81.3) 22 (71.0) 326 (73.1) 163 (73.1)

Prior chemotherapy Neoadjuvant
Adjuvant

10 (15.6)
20 (31.3)

9 (29.0)
14 (45.2)

75 (16.8)
209 (46.9)

40 (17.9)
103 (46.2)

ECOG PS, n (%) 0
1

60 (93.8)
4 (6.3)

26 (83.9)
5 (16.1)

264 (59.2)
176 (39.5)

136 (61.0)
87 (39.0)

PgR, n (%) Positive 53 (82.8) 27 (87.1) 339 (76.0) 171 (76.7)
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for TEAEs of diarrhea reported in the global population 
(any grade, abemaciclib: 86.4%; placebo: 24.7% [13]). 
The abemaciclib group also reported a higher frequency of 
hematologic events, including neutropenia (abemaciclib: 
any grade, 79.4%; grade ≥ 3, 44.4%; placebo: any grade, 
0%); leukopenia (abemaciclib: any grade, 66.7%; grade ≥ 3, 
20.6%; placebo: any grade, 0%), anemia (abemaciclib: any 
grade, 46.0%; grade ≥ 3, 9.5%; placebo: any grade, 3.2%; 
grade ≥ 3, 3.2%), and thrombocytopenia (abemaciclib: any 

grade, 33.3%; grade ≥ 3, 4.8%; placebo: any grade, 0%). 
TEAEs of elevated alanine aminotransferase (ALT; abemaci-
clib: any grade, 34.9%; grade ≥ 3, 9.5%; placebo: any grade, 
3.2%; grade ≥ 3, 0%) and aspartate aminotransferase (AST; 
abemaciclib: any grade, 30.2%; grade ≥ 3, 6.3%; placebo: 
any grade, 6.5%; grade ≥ 3, 0%) were also more common in 
the abemaciclib group compared with placebo.

Additional TEAEs to note include fatigue, which was 
reported less frequently in the Japanese subpopulation 

Fig. 1  Progression-free 
survival. PFS analysis at the 
February 14, 2017 data cutoff 
date for the MONARCH 2 
Japanese subpopulation. PFS 
was defined as the time from the 
date of randomization until the 
date of radiographic documen-
tation of progression, based on 
investigator assessment, or the 
date of death, whichever was 
earlier. The curves and medians 
(95% CI) were estimated using 
the Kaplan–Meier method. 
CI confidence interval, HR 
hazard ratio, No. number, PFS 
progression-free survival

Table 2  Summary of best 
overall response in the Japanese 
subpopulation of MONARCH 2

Data cutoff date: February 14, 2017
CI confidence interval, N number of patients in population, n number of patients, NA not applicable, 
RECIST Response Evaluation Criteria in Solid Tumors
a Response was determined by investigators for all patients whose disease was evaluable using RECIST ver-
sion 1.1
b CIs were based on normal approximation

Best overall  responsea Abemaciclib + fulvestrant 
(N = 64)

Placebo + fulvestrant
(N = 31)

n (%) 95%  CIb n (%) 95%  CIb

Complete response (CR) 2 (3.1) − 1.1, 7.4 0 (0.0) NA
Partial response (PR) 22 (34.4) 22.7, 46.0 4 (12.9) 1.1, 24.7
Stable disease (SD) 36 (56.3) 44.1, 68.4 25 (80.6) 66.7, 94.6
SD persistent for ≥ 6 months 26 (40.6) 28.6, 52.7 19 (61.3) 44.1, 78.4
Progressive disease (PD) 2 (3.1) − 1.1, 7.4 2 (6.5) − 2.2, 15.1
Objective PD 2 (3.1) − 1.1, 7.4 2 (6.5) − 2.2, 15.1
Not evaluable 2 (3.1) − 1.1, 7.4 0 (0.0) NA
Objective response rate (CR + PR) 24 (37.5) 25.6, 49.4 4 (12.9) 1.1, 24.7
Disease control rate (CR + PR + SD) 60 (93.8) 87.8, 99.7 29 (93.5) 84.9, 102.2
Clinical benefit rate (CR + PR + SD ≥ 6 months) 50 (78.1) 68.0, 88.3 23 (74.2) 58.8, 89.6
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(abemaciclib: any grade, 11.1%; grade ≥ 3, 1.6%; placebo: 
any grade, 16.1%; grade ≥ 3, 0%) compared with the overall 
safety population (abemaciclib: any grade, 39.9%; grade ≥ 3, 
2.7%; placebo: any grade, 26.9%; grade ≥ 3, 0.4%; [13]). In 
addition, one patient in the abemaciclib group in the Japa-
nese safety population had 1 event of grade 1 pneumonitis 
(interstitial lung disease; ILD).

The AEs leading to abemaciclib dose adjustments were 
most commonly diarrhea (dose reduction: 23.8%; dose omis-
sion: 22.2%) and neutropenia (dose reduction: 12.7%; dose 
omission: 33.3%) (Online Resource 3), in accordance with 
previous findings in the overall population (dose reductions: 
diarrhea, 18.8%; neutropenia, 10.0%; dose omissions: diar-
rhea, 18.8%; neutropenia, 16.3%) [13]. Four (6.3%) patients 
in the abemaciclib group discontinued study treatment due 
to an AE (placebo, 0%), which included 2 events of drug-
induced liver injury and 1 event each of ALT and AST 
elevation.

Quality of life

At baseline, the EORTC QLQ-C30 global health status score 
and the EORTC QLQ-C30 and QLQ-BR23 functional and 

symptom scores were generally similar between treatment 
groups (Table 4). Change from baseline for assessment 
items on the EORTC QLQ-C30 and QLQ-BR23 were not 
substantially different between treatment groups, except for 
a numerically lower diarrhea score in the placebo group 
which met the clinically meaningful threshold (mean [SE]: 
abemaciclib, 28.2 [2.1]; placebo, 2.6 [2.9]). There were no 
TTSD differences between treatment arms (confidence inter-
vals cross 1) for all items except role functioning, which 
favored the abemaciclib group (Fig. 3a and b). The other 
notable exception was the diarrhea item, which numerically 
favored the placebo group.

Overall survival, updated PFS, and updated safety

The cutoff date for the OS analysis was June 20, 2019, with 
a median follow-up time of 47.7 months. The updated PFS 
analysis at this data cutoff was consistent with the final 
PFS analysis (Online Resource 4a; HR: 0.562; 95% CI: 
0.338–0.934). The updated median PFS was 23.8 months 
in the abemaciclib group compared with 14.3 months in the 
placebo group, reflecting a 9.5-month improvement in PFS 
with abemaciclib. The 36-month PFS rate was 38.6% (95% 

Fig. 2  Pharmacokinetic analysis of abemaciclib in patients receiv-
ing abemaciclib plus  fulvestranta. Blood samples for assessment of 
abemaciclib concentration in plasma were obtained at the indicated 
prescheduled times on Days 1 and 15 of Cycle 1 and on Day 1 of 
Cycles 2 and 3 and measured with a validated assay. Plasma con-
centrations of abemaciclib for individual patients over the course of 
the analysis are shown in the top graph, with geometric mean trough 
and peak concentrations (CV%) for the Japanese subpopulation and 
MONARCH 2 study population summarized in the table. aThe PK 
analyses are for patients receiving the 200-mg dose (pre-amendment 

dose) and patients receiving the 150-mg dose (post-amendment dose) 
combined. PK analyses of abemaciclib were conducted on patients 
who had received at least 1 dose of abemaciclib and had PK samples 
collected, and included ET-naïve patients who were excluded from 
the ITT population. AUC τ,ss area under the concentration versus time 
curve during one dosing interval at steady state, Cmax,ss maximum 
concentration at steady-state, Cmin,ss minimum/trough concentration at 
steady state, CV coefficient of variation, ET endocrine therapy, ITT 
intent-to-treat, PK pharmacokinetics



1044 Breast Cancer (2021) 28:1038–1050

1 3

CI: 26.4–50.6) in the abemaciclib group and 11.1% (95% CI: 
2.9–25.4) in the placebo group (treatment effect difference 
27.5% [95% CI: 10.6–44.4]). Median OS (Online Resource 
4b) was not reached in the abemaciclib group of the Japa-
nese subpopulation whereas OS in the placebo group was 
47.3 months (HR: 0.755; 95% CI: 0.390–1.463).

A higher proportion of patients in the placebo group 
(n = 29 of 31; 93.5%) received post-discontinuation chem-
otherapy compared with the abemaciclib group (n = 44 of 
64; 68.8%), including > fivefold higher usage of CDK4 and 
CDK6 inhibitors as post-discontinuation therapy (placebo, 
41.9%; abemaciclib, 7.8%). Post-discontinuation CDK4 
and CDK6 inhibitor usage was lower in the overall ITT 
population (placebo, 17.0%; abemaciclib, 5.8%) [12]. The 
time to first post-discontinuation chemotherapy showed 
a trend for improvement in the abemaciclib group com-
pared with the placebo control, with median TTC 52.3 
versus 26.8 months, respectively (HR: 0.651; 95% CI: 
0.353–1.198) and median CFS 50.2 versus 26.8 months, 
respectively (HR: 0.609; 95% CI: 0.344–1.076; Online 
Resource 5). A summary of the types of first-line post-
discontinuation therapies is included in Online Resource 
6. Of the 73 patients in the Japanese subpopulation who 
received any post-discontinuation therapy, the first subse-
quent therapy was chemotherapy for 32 patients (43.8%), 

single-agent ET for 28 patients (38.4%), and everolimus-
based therapy for 6 patients (8.2%). In comparison, of the 
461 patients in the overall ITT population of MONARCH 
2 who received post-discontinuation therapy, 209 (45.3%), 
119 (25.8%), and 80 (17.4%) received chemotherapy, sin-
gle-agent ET, and everolimus-based therapy, respectively, 
as the first subsequent therapy [12].

The updated safety analysis indicated similar results to 
the primary analysis (Online Resource 7), with the propor-
tions of grade ≥ 3 TEAEs little changed from the primary 
endpoint analysis (abemaciclib: grade 3, 66.7%; grade 4, 
7.9%; placebo: grade 3, 22.6%; grade 4, 6.5%). Diarrhea, 
neutropenia, and leukopenia were again the most common 
TEAEs and were reported at a higher frequency in the 
abemaciclib group compared with the placebo group (abe-
maciclib: diarrhea: any grade, 95.2%, [grade ≥ 3 14.3%]; 
placebo, any grade, 35.5%; [grade ≥ 3, 3.2%]; abemaciclib: 
neutropenia: any grade, 81.0% [grade ≥ 3, 52.4%]; placebo, 
any grade, 0%]; leukopenia: abemaciclib, any grade, 69.8% 
[grade ≥ 3, 23.8%]; placebo, any grade, 0%). The incidence 
of ILD reported in the Japanese safety population treated 
with abemaciclib plus fulvestrant was 4.8% (n = 3), includ-
ing 1 (1.6%) event of grade 1 and 2 events (3.2%) of grade 
2 pneumonitis.

Table 3  Treatment-emergent 
adverse events occurring 
in ≥ 20% of Japanese patients 
by grade

MedDRA version 19.1; CTCAE version 4. Data cutoff date: February 14, 2017
ALT, alanine aminotransferase, AST aspartate aminotransferase, CTCAE Common Terminology Criteria for 
Adverse Events, MedDRA Medical Dictionary for Regulatory Activities, N number of patients in popula-
tion, n number of patients

 ≥ 20% in either group, n (%) Abemaciclib + fulvestrant (N = 63) Placebo + fulvestrant (N = 31)

All Grade 3 Grade 4 All Grade 3 Grade 4

Any 63 (100) 43 (68.3) 4 (6.3) 31 (100) 7 (22.6) 0 (0.0)
Diarrhea 60 (95.2) 9 (14.3) 0 (0.0) 8 (25.8) 1 (3.2) 0 (0.0)
Neutropenia 50 (79.4) 27 (42.9) 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0)
Leukopenia 42 (66.7) 13 (20.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Anemia 29 (46.0) 6 (9.5) 0 (0.0) 1 (3.2) 1 (3.2) 0 (0.0)
Nausea 23 (36.5) 3 (4.8) 0 (0.0) 7 (22.6) 1 (3.2) 0 (0.0)
ALT increased 22 (34.9) 5 (7.9) 1 (1.6) 1 (3.2) 0 (0.0) 0 (0.0)
Thrombocytopenia 21 (33.3) 2 (3.2) 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0)
Abdominal pain 20 (31.7) 0 (0.0) 0 (0.0) 5 (16.1) 0 (0.0) 0 (0.0)
AST increased 19 (30.2) 4 (6.3) 0 (0.0) 2 (6.5) 0 (0.0) 0 (0.0)
Dysgeusia 18 (28.6) 0 (0.0) 0 (0.0) 1 (3.2) 0 (0.0) 0 (0.0)
Stomatitis 18 (28.6) 1 (1.6) 0 (0.0) 7 (22.6) 0 (0.0) 0 (0.0)
Vomiting 17 (27.0) 1 (1.6) 0 (0.0) 3 (9.7) 0 (0.0) 0 (0.0)
Blood creatinine increased 15 (23.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Decreased appetite 15 (23.8) 2 (3.2) 0 (0.0) 5 (16.1) 0 (0.0) 0 (0.0)
Pyrexia 15 (23.8) 0 (0.0) 0 (0.0) 3 (9.7) 0 (0.0) 0 (0.0)
Rash 15 (23.8) 0 (0.0) 0 (0.0) 3 (9.7) 0 (0.0) 0 (0.0)
Headache 14 (22.2) 1 (1.6) 0 (0.0) 8 (25.8) 0 (0.0) 0 (0.0)
Nasopharyngitis 10 (15.9) 0 (0.0) 0 (0.0) 10 (32.3) 1 (3.2) 0 (0.0)
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Discussion

To gain a better understanding of the efficacy and safety 
of abemaciclib in Japanese breast cancer patients, the 
current analysis examined the Japanese subpopulation 
of MONARCH 2, a phase 3 study of abemaciclib plus 
fulvestrant in a global population of patients with HR+ , 
HER2− ABC who had progressed on prior ET [12, 13, 
23]. Collectively, our results indicate that in the setting 
of advanced, ET-resistant, HR+ , HER2− breast cancer, 
Japanese patients derived benefit from the addition of 

abemaciclib to fulvestrant, with outcomes broadly consist-
ent with those of the overall ITT population [12, 13]. At 
the time of the final PFS analysis, the addition of abemaci-
clib to fulvestrant resulted in improvement in median PFS 
by 6.9 months in the Japanese subpopulation (HR: 0.672; 
95% CI: 0.380–1.189; abemaciclib, 21.2 months versus 
placebo, 14.3 months) whereas abemaciclib resulted in 
a 7.1-month improvement in median PFS in the overall 
ITT population (HR: 0.553; 95% CI: 0.449–0.681; abe-
maciclib, 16.4 months versus placebo, 9.3 months) [13]. 
At the time of the OS analysis, which occurred 27 months 

Table 4  Mean baseline scores and within-treatment group change from baseline: EORTC QLQ-C30 and QLQ-BR23

Data cutoff date: February 14, 2017
EORTC  European Organization for Research and Treatment of Cancer, MMRM mixed model-repeated measures, n number of subjects in the 
population with baseline and post-baseline value for the question at the specified visit, QLQ-BR23 Quality of Life Questionnaire-Breast sub-
scale, 23 items, QLQ-C30 Quality of Life Questionnaire-Core 30, SD standard deviation, SE standard error
a Change from baseline was assessed with a Type 3 sums of squares MMRM model (Change from Baseline = Treat-
ment + Visit + Treatment*Visit + Baseline), including all cycles for which at least 25% of patients in each group have an assessment for each of 
the functional and symptom scales. Unstructured covariance structure was used for the MMRM model
b Deterioration of symptoms is represented by an increase in scores; deterioration of global health status and functioning scores is represented by 
a decrease in scores

Assessment Baseline score
Mean (SD)

Change from  baselinea

Least squares mean (SE)

Abemaciclib + fulves-
trant (n = 62)

Placebo + fulvestrant
(n = 31)

Abemaciclib + fulves-
trant (n = 62)

Placebo + fulvestrant
(n = 31)

EORTC QLQ-C30b

 Global health status 70.0 (20.3) 67.7 (23.6) − 5.4 (1.8) − 5.6 (2.5)
Functional scales
 Physical 82.8 (19.1) 84.3 (19.4) − 0.20 (1.3) − 3.1 (1.8)
 Role 83.3 (23.0) 85.0 (25.9) − 2.8 (1.8) − 7.9 (2.5)
 Emotional 76.4 (20.0) 79.8 (18.6) 6.1 (1.2) 4.9 (1.7)
 Cognitive 83.6 (18.2) 87.1 (15.3) − 1.9 (1.6) − 3.4 (2.2)
 Social 85.5 (23.5) 85.0 (21.7) 0.4 (1.6) 0.7 (2.2)
Symptom scales
 Fatigue 25.1 (19.0) 26.5 (21.8) 5.1 (1.8) 6.6 (2.5)
 Nausea and vomiting 2.2 (9.3) 2.2 (5.7) 2.5 (0.8) 1.6 (1.1)
 Pain 23.1 (24.0) 25.3 (25.8) − 2.8 (1.7) 4.1 (2.4)
 Dyspnea 12.4 (17.3) 16.1 (24.1) 4.8 (1.7) − 0.3 (2.4)
 Insomnia 14.0 (18.6) 22.6 (30.3) 0.6 (2.1) 3.9 (2.9)
 Appetite loss 10.2 (18.7) 11.8 (20.3) 3.8 (1.7) 1.1 (2.3)
 Constipation 8.6 (18.0) 14.0 (18.8) 3.4 (1.8) 0.9 (2.5)
 Diarrhea 6.5 (13.3) 4.3 (11.4) 28.2 (2.1) 2.6 (2.9)
 Financial difficulties 14.0 (26.0) 6.5 (15.9) − 2.6 (1.2) − 0.5 (1.7)
EORTC QLQ-BR23b Functional scales
 Body image 71.4 (22.9) 79.6 (21.7) 0.9 (1.8) − 1.2 (2.5)
 Sexual functioning 3.5 (9.6) 6.5 (12.7) − 0.8 (0.7) 0.1 (1.0)
 Future perspectives 42.5 (29.1) 43.0 (28.8) 15.9 (2.3) 17.6 (3.2)
Symptom scales
 Systemic therapy side effects 13.7 (11.2) 14.6 (10.6) 5.8 (0.9) 2.1 (1.3)
 Breast 16.9 (20.1) 20.4 (21.7) − 4.7 (1.3) − 1.7 (1.8)
 Arm 15.9 (16.8) 17.6 (19.4) − 0.8 (1.5) 1.7 (2.1)
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following the final PFS analysis, an updated assessment 
showed a 9.5-month improvement in median PFS with 
abemaciclib in the Japanese subpopulation (HR: 0.562; 
95% CI: 0.338–0.934; overall population: HR: 0.536; 95% 
CI: 0.445–0.645 [12]) and a 27.5% treatment effect differ-
ence in PFS rates at 36 months. The OS HR for the Japa-
nese subpopulation (HR: 0.755; 95% CI: 0.390–1.463) was 

favorable and consistent with that observed in the overall 
ITT population (HR: 0.757; 95% CI: 0.606–0.945) [12]. 
Median OS was not reached in the abemaciclib group 
of the Japanese subpopulation (whereas median OS was 
improved in the abemaciclib group by 9.4 months com-
pared with placebo in the overall MONARCH 2 ITT popu-
lation [12]), indicating that further follow-up is needed 

Fig. 3  Forest plots of time to sustained deterioration of individual 
scales on the EORTC QLQ-C30 and QLQ-BR23. a EORTC QLQ-
C30; and b EORTC QLQ-BR23 assessments in the Japanese sub-
population of MONARCH 2. In (a), deterioration of symptoms 
represents an increase in scores of ≥ 10; deterioration of global 
health status and functioning scores represents a decrease in scores 
of ≥ 10. In (b), deterioration of symptoms of Body Image, Sexual 
Functioning, and Future Perspectives represents a decrease in scores 

of ≥ 10; deterioration of symptoms of Systemic Therapy side effects, 
Arm, and Breast represents an increase in score of ≥ 10. Death was 
included as a deterioration event and follow-up improvement was 
taken into consideration. Data cutoff date: February 14, 2017. CI 
confidence interval, EORTC  European Organization for Research and 
Treatment of Cancer, HR hazard ratio, QLQ-BR23 Quality of Life 
Questionnaire-Breast subscale, 23 items, QLQ-C30, Quality of Life 
Questionnaire-Core 30



1047Breast Cancer (2021) 28:1038–1050 

1 3

in the Japanese subpopulation. Nevertheless, this result 
is informative to understanding the effect of abemaciclib 
plus fulvestrant treatment in Japanese patients. TTC and 
CFS in the Japanese subpopulation also showed trends 
consistent with TTC and CFS in the overall population, 
indicating in both analysis populations that abemaciclib 
delayed the need for subsequent chemotherapy, an impor-
tant outcome for patients with incurable disease, and that 
the initial effect of abemaciclib persists beyond the initial 
progression.

The PK and safety profiles of the Japanese subpopula-
tion were also similar to those of the overall population. 
In the Japanese subpopulation, plasma concentrations of 
abemaciclib were as expected based on prior studies [33]. 
TEAEs were largely manageable with dose adjustments and/
or supportive therapy, and few discontinuations occurred due 
to TEAEs. As in the global population, diarrhea and hema-
tologic events were the most common TEAEs in the abe-
maciclib group. However, some TEAEs occurred at a higher 
frequency in the Japanese subpopulation compared with 
the overall population [13], including a higher incidence of 
grade 2 and 3 (but not grade 4) neutropenia and leukopenia, 
Similar to this finding, a higher frequency of hematologi-
cal toxicities was previously observed in the Japanese sub-
population of the global phase 3 study of another CDK4 and 
CDK6 inhibitor, palbociclib, in women with HR + , HER2- 
ABC, with a higher incidence of ≥ grade 3 neutropenia in 
Japanese patients treated with palbociclib compared with 
the overall study population [9]. Although the pathogenesis 
of this finding is unknown, this may indicate a drug-class 
effect. Despite the higher incidence of neutropenia in the 
Japanese MONARCH 2 subpopulation, neutropenia was 
not associated with an increase in severe infection or febrile 
neutropenia, and there were no discontinuations due to neu-
tropenia in the Japanese subpopulation.

This study revealed a higher incidence of increased ALT 
and AST, predominantly low grade, in abemaciclib-treated 
patients in the Japanese subpopulation. This result is in 
accordance with previous findings for the CDK4 and CDK6 
inhibitor, ribociclib, which had higher liver toxicity in Japa-
nese patients [34]. In the current analysis, no cases of Hy’s 
law were observed, but one event each of elevated ALT and 
elevated AST led to study discontinuation, underscoring the 
importance of regular blood monitoring during abemaciclib 
treatment.

ILD is a well-recognized, potentially serious complica-
tion of many different cancer agents [35, 36] and a class side 
effect of CDK4 and CDK 6 inhibitors [37]. In MONARCH 
2, a slightly higher incidence of ILD was found in the Japa-
nese safety population (3 events; 4.8%) compared with the 
overall safety population (12 events; 2.7%), indicating the 
need for regular monitoring of patients treated with abemaci-
clib for symptoms of ILD.

Global HRQoL, most symptoms, and functioning scales 
did not meet the threshold for clinically meaningful differ-
ences for the treatment arms. The only exception to this was 
the QLQ-C30 diarrhea score, which favored the placebo arm 
with clinically meaningful differences. There were no TTSD 
differences between treatment arms for global HRQoL, most 
symptoms (except diarrhea), or functioning (except role 
function). These findings are in accordance with a higher 
proportion of patients treated with abemaciclib reporting 
TEAEs of diarrhea compared with the placebo group. How-
ever, diarrhea appeared to be effectively managed by dose 
adjustments and supportive care, as no patients discontinued 
due to diarrhea in the Japanese subpopulation. Collectively, 
the current results demonstrate that patients treated with 
abemaciclib plus fulvestrant did not experience a clinically 
meaningful detriment in their HRQoL in terms of general 
health status and across multiple functional and symptom 
scales and are in agreement with the HRQoL findings in the 
overall MONARCH 2 study population [23].

These results should be considered in light of the limi-
tations of this analysis. Notably, the sample size in the 
Japanese subpopulation is small, and statistical hypothesis 
testing was not applied to this analysis. Additional consid-
erations include the noted differences between the Japanese 
subpopulation and the overall population that potentially 
could affect response to treatment in terms of both efficacy 
outcomes and tolerability, e.g., the Japanese subpopulation 
had a higher proportion of pre/perimenopausal women and 
a lower proportion of abemaciclib-treated patients with pri-
mary ET resistance and prior chemotherapy compared to the 
overall population. In addition, the Japanese subpopulation 
had higher usage of post-discontinuation CDK4 and CDK 
6 inhibitors.

Conclusion

Consistent with the findings of the global study [12, 13, 23], 
Japanese patients in the MONARCH 2 study derived ben-
efit from the addition of abemaciclib to fulvestrant in terms 
of improved PFS and delayed need for subsequent chemo-
therapy. In the Japanese subpopulation, abemaciclib plus 
fulvestrant had a manageable safety profile, without clini-
cally meaningful differences from placebo plus fulvestrant 
across most HRQoL dimensions evaluated.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12282- 021- 01239-8.
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