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Abstract
Background Abemaciclib is the most recent oral cyclin-dependent kinase 4 and 6 inhibitor (CDK4 & 6i) to receive US Food 
and Drug Administration (FDA) approval to treat hormone receptor-positive (HR+), human epidermal growth factor receptor 
2-negative (HER2−) advanced or metastatic breast cancer (MBC). Administrative claims data were used to describe patient 
characteristics and select clinical and economic outcomes in US patients treated in routine clinical practice. Prior analyses 
from electronic health records data indicate approximately 25% of patients received either palbociclib or ribociclib for MBC 
before initiating abemaciclib treatment; this work further explored these findings and associated outcomes.
Methods This retrospective study analyzed medical and pharmacy claims from the  IBM®  MarketScan® Research Data-
bases between 1 January 2007 to 31 January 2020. Patients with HR+, HER2− MBC newly initiating abemaciclib between 
1 September 2017 and 31 October 2019 were included and grouped by concomitant therapy (+aromatase inhibitor (AI), 
+fulvestrant (F), 200 mg abemaciclib monotherapy (Mono), or +other), and outcomes were analyzed by prior CDK4 & 
6i use. Patient and treatment characteristics were summarized with descriptive statistics. Kaplan–Meier methods assessed 
time-to-discontinuation (TTD; i.e., persistency) and time-to-chemotherapy (TTC). Adherence (defined by the medication 
possession ratio) and drug wastage were determined.
Results This analysis included 454 patients (mean age 57.7 years), with 35.0% (n = 159) in the +F group, 29.3% (n = 133) 
in the +AI group, 10.4% (n = 47) in the 200 mg Mono group, and 25.3% (n = 115) in the +other group. Prior chemotherapy 
and CDK 4 & 6i use were present in 23.8% and 49.8% of all patients, respectively. Visceral metastases were present at abe-
maciclib initiation in 50.4% in the +AI group; 49.7% in the +F group; and 55.3% in the 200 mg Mono group. Liver metas-
tases were present in 33.7% of the overall population. Among patients without prior CDK4 & 6i use, the median TTD for 
patients receiving abemaciclib + AI was not reached [95% CI 430–not reached (NR) days], abemaciclib + F [531 days (95% 
CI 281–NR)], and abemaciclib mono [141 days (95% CI 80–NR)]. Median TTC for abemaciclib + AI and abemaciclib + 
F groups were not reached and the median TTC for abemaciclib mono was 535 days (95% CI 181–NR). Medication adher-
ence was 88.7% and medication wastage costs among those with at least one dose modification were $808.12 and $452.2 
per patient per month based on amount paid and wholesale acquisition cost (WAC), respectively. Mean length of follow-up 
for all patients was 350 days (SD 187).
Conclusion These real-world data complement clinical trial results by examining abemaciclib use among patients treated 
in routine clinical practice. The sizeable number of patients treated with prior CDK4 & 6i, chemotherapy, and/or visceral 
metastases at abemaciclib initiation suggest that many patients had very advanced disease and/or were in later stages of their 
treatment. These data confirm a higher percentage of patients treated with previous CDK4 & 6i than reported previously, rein-
forcing the importance of the ongoing, prospective clinical trials evaluating outcomes following progression on CDK4 & 6i.
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Key Points 

These data confirm a higher percentage of patients 
treated with previous CDK4 & 6i than reported pre-
viously, reinforcing the importance of the ongoing, 
prospective clinical trials evaluating outcomes following 
progression on CDK4 & 6i.

The sizeable number of patients treated with prior 
CDK4 & 6i, chemotherapy, and/or visceral metastases 
at abemaciclib initiation suggest that many patients had 
very advanced disease and/or were in later stages of their 
treatment.

Our study suggests that patients treated with abemaciclib 
for MBC were adherent and/or persistent on therapy.

1 Introduction

Goals for metastatic breast cancer (MBC) treatment include 
prolonging survival while maintaining quality of life, per-
sistence on therapy, and delaying initiation of chemotherapy 
when possible [1]. The management of MBC has evolved 
in recent years with the US regulatory approval and avail-
ability of CDK4 & 6 inhibitors (CDK4 & 6i); abemaciclib, 
palbociclib, and ribociclib are indicated for the treatment 
of HR+, HER2− locally advanced or MBC in combination 
with an aromatase inhibitor or fulvestrant based on results 
of MONARCH [2, 3], PALOMA [4, 5], and MONALEESA 
[6, 7] clinical trials, respectively. In addition, abemaciclib 
is approved as monotherapy for the treatment of HR+, 
HER2− advanced or MBC with disease progression fol-
lowing endocrine therapy (ET) and prior chemotherapy. 
The recommended MBC starting dose of abemaciclib in 
combination with an aromatase inhibitor or fulvestrant is 
150 mg twice daily and 200 mg twice daily as monother-
apy [8]. Abemaciclib is also approved in combination with 
ET for the adjuvant treatment of adult patients with HR+, 
HER2−, node-positive early breast cancer (EBC) at high risk 
of recurrence and a Ki-67 score ≥ 20% as determined by a 
US Food and Drug Administration (FDA)-approved test [8].

Treatment guidelines support the use of an aromatase 
inhibitor or fulvestrant in combination with a CDK4 & 6i 
for first-line HR+, HER2− MBC, and fulvestrant in com-
bination with a CDK4 & 6i in second and subsequent lines 
if a CDK4 & 6i was not utilized in a prior line of therapy. 
Guidelines recommend continuing treatment until intoler-
able toxicity or disease progression. There are limited data to 
support treatment with a CDK4 & 6i following progression 

on a CDK4 & 6i, and clinical trials are underway to clarify 
optimal strategies [9–14]; neither palbociclib, ribociclib, nor 
abemaciclib are approved by the FDA for use in this way.

Real-world data can be a useful complement to rand-
omized studies to characterizing treatment utilization and 
outcomes of patients treated in routine practice. Real-
world studies assessing patterns of use and effective-
ness outcomes with abemaciclib have recently become 
available, including studies evaluating outcomes related 
to abemaciclib following palbociclib in limited numbers 
of patients with MBC [15–20]. Prior analyses of elec-
tronic medical record data in 118 patients with HR+, 
HER2− MBC treated with abemaciclib indicate that 
approximately 25% of patients receive either palbociclib 
or ribociclib as prior treatment for MBC; however, these 
data are from the first 11 months following initial FDA 
approval [21]. Additional analyses with larger numbers 
of patients and longer follow-up are important to under-
standing whether these patterns of treatment continue as 
well as associated outcomes. The purpose of this study 
was to build on this information by characterizing the per-
centage of US patients with HR+, HER2− MBC treated 
with abemaciclib who received prior treatment with either 
palbociclib or ribociclib for MBC, and report their asso-
ciated persistency, adherence, and time to chemotherapy 
(TTC) using an administrative claims dataset in the first 
2 years following FDA approval.

2  Methods

2.1  Study Design and Data Source

Retrospective analyses were conducted using de-iden-
tified, medical and pharmacy claims from the  IBM® 
 MarketScan® Research Databases (Commercial and 
Medicare Supplemental), Early View dataset. Patients 
with MBC initiating therapy with abemaciclib from 1 
September 2017 through 31 October 2019 were identi-
fied. The date of a patient’s first adjudicated abemaciclib 
claim was characterized as the Index Date. Patient char-
acteristics, treatment attributes, as well as select clinical 
and economic outcomes were measured from (and includ-
ing) the index date until the end of enrollment (31 Janu-
ary 2020), permitting 30-day gaps during the follow-up 
period, as illustrated in Fig. 1.

2.2  Study Population and Eligibility Criteria

Female or male patients with MBC newly initiating abe-
maciclib were included. Patients were required to be age 
≥ 18 years as of the index date and have at least two claims 
for a diagnosis of breast cancer at least 30 days apart during 
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the study period, in addition to at least two medical claims 
for a secondary neoplasm on at least two separate dates at 
any time during the study period. Key criteria also included 
HR+ status as evidenced by at least one claim for endocrine 
therapy or HR+ related diagnosis codes, HER2− status as 
evidenced by the absence of therapies suggesting HER2 
positivity, and continuous enrolment (permitting 30-day 
gaps) in medical and pharmacy benefits for at least 6 months 
before and at least 90 days after the index date. For a full list 
of primary breast cancer and secondary neoplasm diagnosis 
codes used in this study see Online Supplementary Material 
(OSM) Table 1. Patients were excluded if there was evidence 
of claims for two or more strengths of abemaciclib on index 
date, claims for either palbociclib or ribociclib on index date, 
or negative payment for abemaciclib (OSM Fig. 1).

2.3  Abemaciclib Treatment Regimen

Each patient was categorized to one of the following abe-
maciclib regimen cohorts based on their claims history: 
abemaciclib + AI (AI; letrozole, anastrozole, or exemes-
tane), abemaciclib + fulvestrant (F), abemaciclib 200 mg 
monotherapy (mono), or abemaciclib + other. During pro-
tocol development, regimen rules were determined based 
on expertise of the study team related to claims adjudica-
tion and review of days’ supply information from pharmacy 
claims for AIs. Cut-off days for categorizing each combina-
tion with abemaciclib were derived by conducting feasibility 
analyses on patient-level data prior to evaluating outcomes.

2.3.1  Abemaciclib + AI

Patients categorized into the abemaciclib + AI regimen 
cohort were defined as having ≥ 1 prescription fill of an 
AI from as early as 45 days prior to index date and no later 
than 45 days afterward, and a subsequent fill of the same 
AI occurring within the first 120 days following index date 
(including index date). Patients were not included in this 
regimen cohort if they received a prescription for 200 mg 
of abemaciclib on index date or fulvestrant within the first 
28 days of index date.

2.3.2  Abemaciclib + Fulvestrant

Patients categorized into the abemaciclib + F regimen were 
defined as having a claim for fulvestrant on index date or 
within 27 days following index date. Patients were not 
included in this regimen cohort if they had a prescription 
for 200 mg of abemaciclib on index date or met the defini-
tion of +AI cohort as mentioned above.

2.3.3  Abemaciclib Monotherapy

Patients categorized into the abemaciclib mono regimen 
were defined as having 200 mg strength on index date. 
Patients were not included in this regimen cohort if they 
met the definitions of either the +AI or +F cohorts.

2.3.4  Abemaciclib + Other

Patients categorized into the abemaciclib + other regimen 
were defined as having an abemaciclib claim on index date 
and not meeting the criteria for any of the regimen groups 
previously described.

2.4  Patient and Prior Treatment Characteristics

Demographic variables described at index included age, 
sex, geographic location, and insurance type. The Charl-
son Comorbidity Index (CCI) score [22] and the number 
and percentage of patients with each CCI comorbidity were 
determined from all data available prior to the index date 
[23]. Additional clinical characteristics of interest assessed 
included history of diagnosis of osteoporosis, Alzheimer’s 
disease or dementia, depression, anxiety, and history of pri-
mary tumors other than breast cancer. Sites of metastasis 
(i.e., bone-only, brain, liver, lung, and visceral) during the 
6-month pre-index period were also described and were 
defined by evidence of ≥ one diagnosis code. Codes used to 
define clinical characteristics are provided in OSM Table 2.

For female patients, postmenopausal status (either natural 
or via medical or surgical castration) was defined as meeting 
at least one of the following criteria: (1) age ≥ 60 years on 
index date, (2) evidence of bilateral oophorectomy any time 
prior to index date, (3) a diagnosis/procedure code related 
to postmenopausal status any time prior index date, (4) evi-
dence of gonadotropin-releasing hormone (GnRH) analog 
use 15 days before index date through follow-up period. 
Premenopausal patients were defined as patients without an 
indicator of postmenopausal status.

Use of anticancer agents prior to abemaciclib initiation 
in either the EBC or MBC setting was reported. Codes used 
to define anticancer agents are provided in OSM Table 3.

Index Prescription/Date
(date of the 1st paid claim for abemaciclib during the identification period)

Post-index Period
(≥90 days)

Index Period
September 1, 2017 – October 31, 2019

January 31, 2020January 1, 2007

Full Study Period = January 1, 2007 through January 31, 2020

Pre-index Period
(6 months)

Fig. 1  Study design
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2.5  Persistent Treatment Period

The persistent treatment period (PTP) or “at-risk time” was 
defined as the time between the index date (including index 
date) until the earlier of date of discontinuation or end of 
enrollment (permitting 30-day gaps) for censored patients. 
Data for frequency of dose modification, adherence, and 
wastage were analyzed based on the amount of time at risk 
for CDK4 & 6i discontinuation.

2.6  Treatment Persistence, Adherence, and Second 
Fill Rate

Time to treatment discontinuation (i.e., persistence) was 
measured from the time from index date to the date of 
discontinuation. Patients were defined as having discon-
tinued abemaciclib if a different CDK4 & 6i was intro-
duced or a 60‐day gap was observed after exhaustion of 
the days' supply from the last prescription dispensed. 
Patients without a discontinuation event were censored 
at their last day of medication supply. Stockpiling rules 
were applied that assumed that the patient was “stockpil-
ing” (i.e., using all drugs on hand) if there was an early 
fill with the same abemaciclib strength [National Drug 
Code (NDC)]; if a different strength was introduced, it 
was assumed that the patient discarded remaining medica-
tion from previous script fill(s) and the days’ supply was 
accordingly adjusted in the dataset.

Drug refills in prior analyses of administrative records 
have been associated with adherence [24]. Therefore, for 
the purposes of this analysis, adherence was evaluated 
using the medication possession ratio (MPR) [25] among 
patients who had at least two or more abemaciclib fills. 
MPR was calculated as the sum of days of supply of abe-
maciclib (i.e., the number of treated days) divided by the 
total number of days from (including) the index date to 
the earlier of treatment discontinuation or disenrollment.

Evidence of a second claim for abemaciclib within 
90 days following index date (limited to patients with 
days’ supply ≤ 30 days on index date) was used to calcu-
late the second fill rate.

2.7  Treatment Strength and Dose Modification

The medication strength associated with the abemac-
iclib claim on index date was used as the index dose. 
Dose modification (an increase or decrease in dose) was 
defined as a change in daily dose of ≥ 50 mg abemaci-
clib compared to the previous dose. The magnitude of the 
dose modification was calculated as the previous daily 
dose minus the new daily dose. Dose modification was 
calculated within the first 90 days, among patients with 
at least two claims during the study period. Time to first 

dose modification was determined among those with a 
dose modification.

2.8  Time to Chemotherapy

Time to chemotherapy was defined as the time from index 
date to the initial claim for chemotherapy, for patients 
whose abemaciclib regimen did not contain chemother-
apy. Patients were censored at end of enrollment if no 
claim for chemotherapy was recorded. For chemotherapy 
medications and their codes used in this study see OSM 
Table 4.

2.9  Wastage Analysis

Wastage was evaluated for patients with at least one dose 
modification of abemaciclib. Instances of wastage were 
identified by the presence of > one abemaciclib prescrip-
tion fill with different NDC codes. For two adjacent script 
fills with different NDC codes, the number of overlapping 
days between the days’ supply of the first fill and the start 
of the next fill was determined as previously described 
[26]. The number of overlapping days’ supply was mul-
tiplied by the wholesale acquisition cost (WAC) [27] per 
tablet of the earlier of the two fills × 2 (to account for two 
doses per day). Wastage per patient per month (PPPM) 
was calculated as the sum of wastage costs divided by 
the sum of the PTP for CDK4 & 6i discontinuation for 
patients who had different overlapping doses/NDCs. The 
Consumer Price Index (CPI) Medical Care Component 
was used to adjusts costs for inflation over time, using 
2019 US dollars ($).

2.10  Statistical Analyses

Descriptive statistics including means, standard devia-
tions, medians, interquartile ranges, and minimum and 
maximum values (as applicable) for continuous variables 
(e.g., age) as well as frequencies and percentages for cat-
egorical variables (e.g., region) were reported. Patient 
characteristics were summarized by abemaciclib regimen 
and prior CDK4 & 6i use (yes/no) for the overall popula-
tion. Due to the heterogeneity of treatment regimens that 
comprise the + other group and subsequent challenges 
with interpretation of results, these data were not reported 
for clinical and economic outcomes reported herein. The 
Kaplan–Meier product limit estimator was used to char-
acterize time-to-event outcomes unless specified other-
wise. Analyses were performed using the Instant Health 
Data (IHD) software (Panalgo, Boston, MA, USA) and 
R, version 3.2.1 (R Foundation for Statistical Computing, 
Vienna, Austria).
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3  Results

3.1  Study Cohort

Patients who met inclusion/exclusion criteria (Fig. 2) were 
categorized into one of four abemaciclib treatment regimens 
on index date; 159 (35%) received abemaciclib + F treat-
ment, 133 (29.3%) received abemaciclib + AI treatment, 
115 (25.3%) received abemaciclib + other treatment, and 
47 (10.4%) received abemaciclib mono (Fig. 2). Overall, 
prior use of any other CDK4 & 6i at index date was noted 
in 226/454 patients (49.8%), including 79 (49.7%) patients 
within the abemaciclib + fulvestrant cohort as well as 50 
(37.6%), 28 (59.6%), and 69 (60.0%) patients in the abemaci-
clib + AI, abemaciclib mono, abemaciclib + other cohorts, 

respectively. Drug combinations comprising the other regi-
men subgroup are noted in OSM Fig. 2.

3.2  Patient Demographics

The study population was predominantly female (n = 449, 
98.9%) and the mean (SD) age was 57.7 (10.8) years. Most 
patients included in this study resided in the northeast 
(23.4%) and southern regions (31.9%) of the USA. Mean 
length of follow-up for all patients was 350 days (SD 187). 
Patient baseline characteristics stratified by abemaciclib reg-
imen and prior CDK4 & 6i use for the overall population are 
presented in Table 1.

3.3  Clinical Characteristics

Of the females in the overall study population, the majority 
were post-menopausal (64.6%). The most common sites for 
metastases that were evaluated during the 6-month pre-index 
period were bone (76.2%), visceral (50.0%), liver (33.7%), 
bone only (22.5%), lung (18.5%), and brain (11.5%). Liver 
metastasis was present in 33.7% (n = 153) of the popula-
tion overall with the highest frequency observed in patients 
in the abemaciclib mono group (40.4%), followed by +F 
(34.0%) and +AI (28.6%). Other anticancer agents used in 
the 6 months prior to abemaciclib initiation included aro-
matase inhibitors (59.0%), fulvestrant (32.2%), tamoxifen 
(10.1%), everolimus (6.6%), and olaparib (1.1%). Prior 

0 100 200 300 400 500

Abemaciclib + "Other"

Abemaciclib monotherapy (200mg)

Abemaciclib + F

Abemaciclib + AI 

Overall population

Number of patients

No prior CDK4 & 6i
Prior CDK4 & 6i

N=454

N=133

N=159

N=47

N=115

Fig. 2  Study cohort assigned to abemaciclib treatment regimens on 
index date stratified by CDK4 & 6i use. AI aromatase inhibitor, F ful-
vestrant, CDK4 & 6i cyclin-dependent kinase 4 & 6 inhibitor

Table 1  Baseline demographic characteristics by abemaciclib regimen and prior cyclin-dependent kinase 4 & 6 inhibitor (CDK4 & 6i) use for 
the overall population

CDK4 & 6i cyclin-dependent kinase 4 and 6 inhibitor, AI aromatase inhibitor

All abemaciclib Abemaciclib regimens

Overall
N = 454

Prior CDK4 & 6i
n = 226

No prior CDK4 & 6i
n = 228

Abemaciclib + AI
N = 133

Abemaciclib + 
fulvestrant
N = 159

Abemaciclib 
monotherapy
N = 47

Cohort, n (%)
 Abemaciclib new users 454 (100.0) 226 (100.0) 228 (100.0) 133 (100.0) 159 (100.0) 47 (100.0)

Sex, n (%)
 Female 449 (98.9) 225 (99.6) 224 (98.3) 130 (97.7) 159 (100.0) 47 (100.0)

Age at index date, years
 Mean (SD) 57.71 (10.8) 58.09 (10.1) 57.33 (11.4) 57.69 (9.7) 56.18 (10.6) 62.28 (10.5)

Census region at index date, n (%)
 Midwest 86 (18.9) 43 (19.0) 43 (18.9) 25 (18.8) 34 (21.4) 7 (14.9)
 Northeast 106 (23.4) 61 (27.0) 45 (19.7) 29 (21.8) 25 (15.7) 15 (31.9)
 South 145 (31.9) 63 (27.9) 82 (36.0) 46 (34.6) 61 (38.4) 12 (25.5)
 West 53 (11.7) 20 (8.9) 33 (14.5) 10 (7.5) 26 (16.4) 4 (21.1)
 Missing 64 (14.1) 39 (17.3) 25 (11.0) 23 (17.3) 13 (8.2) 9 (19.1)

Length of follow-up time between index and end of continuous enrolment, days
 Mean (SD) 350.0 (186.9) 343.4 (188.6) 356.6 (185.4) 330.9 (111.0) 363.9 (185.2) 350.7 (177.3)

Persistent treatment period CDK4 & 6i discontinuation using last treated day, months
 Mean (SD) 6.9 (5.7) 5.6 (4.8) 8.2 (6.3) 7.53 (5.61) 7.05 (5.82) 5.55 (5.12)
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chemotherapy use was present in 23.8% of the population 
overall with the highest use in patients treated with abe-
maciclib mono (51.1%), followed by 18.8% and 21.4% in 
the +AI, and +F regimens, respectively. The mean (SD) 
CCI across cohorts was 1.9 (1.9); of comorbidities assessed, 
the most frequent Charlson comorbidities were mild liver 
disease (24.2%) and chronic pulmonary disease (12.6%), 
and the most frequent non-Charlson comorbidity was anxi-
ety (20.9%) (data not shown). Patient clinical characteristics 
stratified by abemaciclib regimen and prior CDK4 & 6i use 
for the overall population are presented in Table 2.

3.4  Treatment Attributes

Of the 454 patients, 72.9% (n = 331) initiated abemaciclib 
at an index dose of 150 mg. Of abemaciclib + AI (n = 133) 
and abemaciclib + fulvestrant (n = 159) users, 85.0% and 
86.8% initiated abemaciclib at an index dose of 150 mg, 
respectively. For a summary of index doses for abemaciclib 
regimens stratified by prior CDK4 & 6i use, see Table 3. 
For patients who received either abemaciclib +AI or +F, 
a higher percentage of patients who did not receive a prior 
CDK 4 & 6i received abemaciclib at the recommended start-
ing dose versus patients who received a prior CDK4 & 6i 

Table 2  Baseline clinical characteristics by abemaciclib regimen and prior cyclin-dependent kinase 4 & 6 inhibitor (CDK4 & 6i) use for the 
overall population

CDK4 & 6i cyclin-dependent kinase 4 and 6 inhibitor, AI aromatase inhibitor
a CCI will be for each patient from diagnosis codes in the pre-Index (see OSM Table 1). Comorbidities included in this modified CCI score 
include the following: Myocardial infarction, Congestive heart failure, Peripheral vascular disease, Cerebrovascular disease, Hemiplegia or para-
plegia, Dementia, Chronic pulmonary disease, Rheumatologic disease, Peptic ulcer disease, Diabetes without chronic complications, Diabetes 
with chronic complications, Renal disease, Mild liver disease, Moderate or severe liver disease, and HIV/AIDS
b Sites of metastasis were defined by evidence of ≥ 1 diagnosis code associated with secondary malignant neoplasm of interest: lung (ICD9: 197.0; 
ICD10: C78.00, C78.01, C78.02); liver (ICD9: 197.7; ICD10: C78.7), brain (ICD9: 198.3; ICD10: C79.31); bone (ICD9: 198.5; ICD10: C79.51). 
Presence of bone-only metastases (ICD9: 198.5; ICD10: C79.51) without evidence of other metastases (ICD-9-CM codes 196.xx–197.xx, 198.0, 
198.1, 198.3–198.7, 198.89, 199.0 [except 196.3, 198.5]; ICD-10-CM: C77.x, C78.x, C79.x, C80.0 [except C79.81, C77.3, C79.51]. Presence of vis-
ceral metastasis was defined by evidence of ≥ 1 secondary diagnosis code associated with malignant neoplasm of lung (ICD9: 197.0; ICD10: C78.00, 
C78.01, C78.02), liver (ICD9: 197.7; ICD10: C78.7), adrenal (ICD9: 198.7; ICD10: C79.70, C79.71, C79.72), pleural (ICD9: 197.2; ICD10:C78.2), or 
peritoneal involvement (ICD9: 197.6; ICD10: C78.6)

All abemaciclib Abemaciclib regimens

Overall
N = 454

Prior CDK4 & 6i
n = 226

No prior CDK4 & 6i
n = 228

Abemaciclib + AI
N = 133

Abemaciclib + 
fulvestrant
N = 159

Abemaciclib 
monotherapy
N = 47

Charlson  comorbiditya anytime pre-index
 Mean (SD) 1.9 (1.9) 2.0 (2.1) 1.7 (1.7) 0.8 (1.0) 0.9 (1.1) 0.9 (1.1)

Menopausal status (females only), n (%)
 Premenopausal at index 159 (35.4) 77 (34.2) 82 (36.6) 42 (31.6) 60 (37.7) 18 (38.3)
 Postmenopausal at index 290 (64.6) 148 (65.8) 142 (63.4) 88 (66.2) 99 (62.3) 29 (61.7)

Metastasisb during the 6-month pre-index period, n (%)
 Visceral 227 (50.0) 115 (50.9) 112 (49.1) 67 (50.4) 79 (49.7) 26 (55.3)
 Liver 153 (33.7) 83 (36.7) 70 (30.7) 38 (28.6) 54 (34) 19 (40.4)
 Lung 84 (18.5) 37 (16.4) 47 (20.6) 36 (27.1) 20 (12.6) 10 (21.3)
 Brain 52 (11.5) 21 (9.3) 31 (13.6) 15 (11.3) 16 (10.1) 3 (6.3)
 Bone 346 (76.2) 179 (79.2) 167 (73.3) 94 (70.7) 128 (80.5) 36 (76.6)
 Bone-only 102 (22.4) 62 (27.4) 40 (17.5) 30 (22.6) 40 (25.2) 11 (23.4)

Use of anticancer agents during the 6-month pre-index period, n (%)
 Aromatase inhibitors 268 (59.0) 132 (58.4) 136 (59.7) 111 (83.5) 72 (45.3) 14 (29.8)
 Everolimus 30 (6.6) 21 (9.3) 9 (4.0) 5 (3.8) 8 (5) 8 (17.0)
 Fulvestrant 146 (32.2) 93 (41.2) 53 (23.3) 10 (7.5) 96 (60.4) 9 (19.1)
 Olaparib 5 (1.1) 3 (1.3) 2 (0.9) 1 (0.8) 2 (1.3) 1 (2.1)
 Tamoxifen 46 (10.1) 11 (4.9) 35 (15.4) 16 (12) 11 (6.9) 2 (4.3)

Chemotherapy during the 6-month pre-index period
 n (%) 108 (23.8) 63 (27.9) 45 (19.7) 25 (18.8) 34 (21.4) 24 (51.1)
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(90.4% vs. 76.0% abemaciclib + AI; 91.3% vs. 82.3% abe-
maciclib + F).

In the first 90 days post-index, 30.8% (n = 120) of patients 
in the overall study population had at least one dose modi-
fication; 1.8% (n = 7) had at least one dose increase, 29.2% 
(n = 114) had at least one dose reduction. During the PTP, 
38.5% (n = 150) of patients had at least one dose modifi-
cation; 4.6% (n = 18) had ≥ one dose increase and 36.2% 
(n = 141) experienced ≥ one dose reduction. The median 
magnitude of initial dose reduction was 50 mg (interquartile 
range (IQR) 50–50). The median time to first dose reduction 
was 50 days (IQR 30–81 days).

3.5  Second Fill Rate and Medication Adherence

Of the 454 patients examined in this study, 85.8% (n = 386) 
refilled their prescription at least once and 54.4% (n = 247) 
of patients discontinued treatment with abemaciclib during 
the follow-up period. The most common indicator of abe-
maciclib discontinuation was a 60-day gap in therapy [87.9% 
(n = 217)] versus treatment initiation of a different CDK4 & 
6i [12.1% (n = 30)]. The proportion of the overall population 
who had at least two prescription fills and had an MPR of 
≥ 80% was 88.1% (prior CDK4 & 6i, 86.5%; no prior CDK4 
& 6i, 88.7%) (Table 4).

Table 3  Abemaciclib index dose per regimen stratified by cyclin-dependent kinase 4 & 6 inhibitor (CDK4 & 6i) use

AI aromatase inhibitor, CDK4 & 6i cyclin-dependent kinase 4 and 6 inhibitor

Index dose Abemaciclib + AI Abemaciclib + fulvestrant Abemaciclib monotherapy

Prior CDK4 & 6i
N = 50

No prior CDK4 & 6i
N = 83

Prior CDK4 & 6i
N = 79

No prior CDK4 & 6i
N = 80

Prior CDK4 & 6i
N = 28

No prior CDK4 & 6i
N = 19

50 mg 3 (6.0%) – 5 (6.3%) 2 (2.5%) – –
100 mg 9 (18.0%) 8 (9.6%) 9 (11.4%) 5 (6.3%) – –
150 mg 38 (76.0%) 75 (90.4%) 65 (82.3%) 73 (91.3%) – –
200 mg – – – – 28 (100.0%) 19 (100.0%)

Table 4  Second fill rate, time to discontinuation and medication adherence by abemaciclib regimen and prior use of cyclin-dependent kinase 4 
& 6 inhibitor (CDK4 & 6i) during the pre-index period

MPR Medication Possession Ratio, PTP persistent treatment period, CDK4 & 6i cyclin-dependent kinase 4 and 6 inhibitor, AI aromatase inhibi-
tor
a Number of days between CDK4 & 6i index date and end of CDK4 & 6i persistence date using last treated day

All abemaciclib Abemaciclib regimen

Overall
N = 454

Prior CDK4 & 6i
n = 226

No prior CDK4 & 6i
n = 228

Abemaciclib + AI
N = 133

Abemaciclib 
+ Fulvestrant
N = 159

Abemaciclib 
monotherapy
N = 47

Second fill rate
 No. (%) with days’ supply ≤ 30 on 

Index Date
450 (99.1) 222 (98. 2) 228 (100.0) 131 (98.5) 159 (100.0) 46 (97.9)

 No. (%) with a second Fill within 
90 days

386 (85.8) 185 (83.3) 201 (88.2) 122 (91.7) 134 (84.3) 35 (74.5)

Discontinuation of CDK4 & 6i
 No. (%) discontinued 247 (54.4) 145 (64.2) 102 (44.7) 55 (41.4) 90 (56.6) 35 (74.5)
 No. (%) Censored 207 (45.6) 81 (35.8) 126 (55.3) 78 (58.7) 69 (43.4) 12 (25.53)

Reason for discontinuation of CDK4 & 6i
 No. (%) with a 60-day gap 217 (47.8) 132 (58.4 85 (37.3) 49 (36.8) 74 (46.5) 32 (68.1)
 No. (%) that did not discontinue 

CDK4 & 6i
207 (45.6) 81 (35.8) 126 (55.3) 78 (58.7) 69 (43.4) 12 (25.5)

 No. (%) with an introduction of 
new CDK4 & 6i

30 (6.6) 13 (5.8) 17 (7.5%) 6 (4.5) 16 (10.1) 3 (6.4)

Medication adherence
 MPR [mean (SD)] during the 

 PTPa
0.93 (0.10) 0.93 (0.11) 0.93 (0.10) 0.92 (0.09) 0.93 (0.10) 0.90 (0.12)

 No. (%) MPR ≥ 80% 347 (88.1) 96 (86.5) 251 (88.7) 113 (90.4) 123 (90.4) 29 (78.4)
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3.6  Time‑to‑Event Outcomes

For patients with no prior CDK4 & 6i use, the median TTD 
for patients receiving abemaciclib + AI was not reached 
(95% CI 430–NR days). Median TTDs for remaining treat-
ment regimens were as follows: abemaciclib + F [531 days 
(95% CI 281–NR)] and abemaciclib mono [141 days (95% 
CI 80–NR)]. Median time to subsequent chemotherapy 
(TTC) for abemaciclib + AI and abemaciclib + F groups 
were not reached and the median TTC for abemaciclib mono 
was 535 days (95% CI 181–NR). TTD among abemaciclib 
initiators by regimen group stratified according to prior ver-
sus no prior use of CDK4 & 6i is illustrated in Fig. 3. A 
summary of the TTD and TTC results stratified by CDK 4 
& 6i use is presented in Table 5.

3.7  Drug Wastage

Of the 386 patients with a refill, 88 (22.8%) had overlapping 
days of supply between different abemaciclib doses, generat-
ing a median medication wastage cost per patient (with at 
least one dose modification) of $5059.61 based on the total 
amount paid by payers and $2541.70 based on WAC. Among 

patients with at least one dose modification, total PPPM 
wastage costs by amount paid and WAC were $808.12, and 
$452.15, respectively (OSM Table 5).

4  Discussion

These data add to the body of evidence for patients with 
HR+, HER2− MBC treated in routine clinical practice 
with abemaciclib in the 24 months following initial FDA 
approval. Patients tended to have characteristics indicative 
of a worse prognosis, including but not limited to significant 
prior chemotherapy, CDK4 & 6i use, and visceral metasta-
ses. Approximately 50% of patients in this dataset received 
either palbociclib or ribociclib for MBC prior to treatment 
with abemaciclib, which to our knowledge is the highest 
observed in any dataset to date. There are few published 
data on outcomes related to the continued use of a CDK4 
& 6i after progression on a different CDK4 & 6i; however, 
prospective studies are ongoing to help answer this impor-
tant clinical question [15, 16, 18, 19]. Characterizing prior 
CDK4 & 6i use in this study was very important to interpret-
ing results, given the sizable number of patients treated with 

Abemaciclib + AI Abemaciclib + F

Abemaciclib 200mg Mono Abemaciclib + ‘Other’ 

Median TTD (95% CI); 
NR* (430 –NR)
196 (125 –NR)

Median TTD (95% CI); 
141 (80 –NR)
140 (86 –NR)

Median TTD (95% CI);
392 (300 –NR)
191 (113 –280)

Median TTD (95% CI);
531 (281 –NR)
146 (93 –225)

Time (days) Time (days) 

Time (days) Time (days) 

Fig. 3  Kaplan–Meier curves of time-to-treatment discontinuation 
(TTD) among abemaciclib initiators by regimen group and stratified 
according CDK4 & 6i use.  indicates no prior use of any CDK4 

& 6i;  indicates prior use of a CDK4 & 6i. CDK4 & 6i cyclin-
dependent kinase 4 & 6 inhibitor, AI aromatase inhibitor, F fulves-
trant, Mono monotherapy, NR not reached
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this approach and the likely situation that they were further 
out in their disease course when they received abemaciclib. 
We were challenged in this dataset to characterize abemaci-
clib use by line of therapy given methodologic limitations 
(i.e., identifying the patient’s initial metastatic diagnosis date 
to anchor the start of first line [28, 29]); however, describ-
ing the extent of prior therapy, non-cancer comorbidities, 
and sites of metastases helps characterize the disease sta-
tus of patients at abemaciclib initiation. While adherence 
and frequency of metastases between groups was similar, 
patients who received prior CDK4 & 6i had a higher non-
cancer comorbidity burden as noted by the CCI score and a 
higher frequency of prior chemotherapy use; TTD and TTC 
results should be interpreted in this context. Despite these 
factors, our results demonstrate adherence and persistence 
associated with abemaciclib treatment, and a delay in subse-
quent chemotherapy initiation in patients with very advanced 
breast cancer.

Evidence generated from this study is consistent and 
complementary to EMR-based analyses of abemaciclib use 
in the period following initial FDA approval for MBC. In 
an analysis of data from Flatiron Health from September 
2017 to December 2018 [21], approximately 50% of patients 
had visceral metastases at abemaciclib initiation. Among 
patients who received abemaciclib in ≥ 2  L for MBC, 35% 
and 50% received a prior CDK4 & 6i and prior chemother-
apy, respectively, while 16% received both prior CDK4 & 6i 
and prior chemotherapy in the metastatic setting [21]. Dur-
ing a similar timeframe, data were analyzed from patients 
treated with abemaciclib, palbociclib, or ribociclib within 
the US Oncology Network. While there was a greater fre-
quency of patients receiving abemaciclib in earlier lines of 
treatment for MBC, a statistically significantly greater per-
centage of patients (54%) had visceral metastases at initia-
tion compared with palbociclib (39%) or ribociclib (42%) 
and fewer bone-only metastases (p < 0.05) [30]. These 

observed patterns for abemaciclib are consistent with obser-
vations that new drugs are often offered to sicker patients 
immediately following FDA approval, including those with 
more severe disease and a poorer prognosis [31]. Relevant 
factors also include the fact that abemaciclib is the most 
recent CDK4 & 6i approved, increasing the possibility that 
patients received prior treatment with palbociclib or ribo-
ciclib and were therefore later in their disease course when 
they received abemaciclib treatment. Additionally, abemaci-
clib is the only approved CDK4 & 6i as monotherapy in 
patients following chemotherapy. Details of the population 
are important to the interpretation of outcomes, and it will 
be important to evaluate whether characteristics of patients 
receiving abemaciclib for MBC evolve over time.

Approximately 85% of patients in the abemaciclib + AI 
and abemaciclib + F cohorts had a starting dose of 150 mg 
of abemaciclib, consistent with prescribing information [8]. 
For patients who received prior CDK4 & 6i, we observed a 
lower frequency of those starting on the recommended ini-
tial dose for abemaciclib, which may be attributable to the 
advanced disease status of those patients, poor performance 
status, and/or a reduced threshold for side effects because 
of these factors. Overall, 30.8% of patients required dose 
modifications in the first 90 days of therapy with the major-
ity experiencing a dose reduction (29.2%), which is rela-
tively consistent with studies of palbociclib and ribociclib 
in patients with MBC [13, 26, 32]. The frequency of dose 
reduction observed for abemaciclib was lower than in the 
abemaciclib arms from MONARCH 2 (42.9%) and MON-
ARCH 3 (43.4%) clinical trials [33], likely due to a lack 
of strict protocols guiding dose reduction in the real-world 
setting as well as potentially the reduced observation period 
of 90 days for this particular analysis. Additionally, while 
there is no published real-world evidence characterizing 
the effectiveness of abemaciclib in patients requiring dose 
reductions, analyses from MONARCH 2 and MONARCH 

Table 5  Time-to-event 
outcomes by abemaciclib 
regimen and cyclin-dependent 
kinase 4 & 6 inhibitor (CDK4 
& 6i) use

CDK4 & 6i cyclin-dependent kinase 4 and 6 inhibitor, NR not reached

Treatment regimen CDK4 & 6i use Time to event outcome, median days 
(95% confidence interval)

Time to treatment 
discontinuation

Time to subse-
quent chemo-
therapy

Abemaciclib + AI No prior CDK4 & 6i (N = 83) NR (430–NR) NR (NR–NR)
Prior CDK4 & 6i (N = 50) 196 (125–NR) 347 (262–NR)

Abemaciclib + fulvestrant No prior CDK4 & 6i (N = 80) 531 (281–NR) NR (NR–NR)
Prior CDK4 & 6i (N =79) 146 (93–225) 512 (258–NR)

Abemaciclib monotherapy No prior CDK4 & 6i (N = 19) 141 (80–NR) 535 (181–NR)
Prior CDK4 & 6i (N = 28) 140 (86–NR) NR (156–NR)

Abemaciclib + other No prior CDK4 & 6i (N = 46) 392 (300–NR) NR (NR–NR)
Prior CDK4 & 6i (N = 69) 191 (113–280) 535 (301–NR)
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3 suggest no negative impact on progression-free survival 
for patients requiring dose reduction [33].

Drug wastage may be experienced by patients due to a 
variety of factors including dose modifications and noncom-
pliance [34]. Dose modifications are often recommended 
and utilized to manage toxicities and establish a tolerable 
dose for patients taking oral oncolytics. Modifications can 
occur multiple times during a course of treatment, resulting 
in unwarranted drug wastage, particularly with medications 
that cannot be split or reused [26]. In this study, a median 
PTP of 6.5 months (IQR 4.1–11.5) for CDK4 & 6i discon-
tinuation was observed, resulting in a median total wastage 
per patient of $5059.61 for the 22.8% who had overlapping 
days of supply of different abemaciclib doses. While com-
parative data for CDK4 & 6i are not available, retrospec-
tive data previously generated for palbociclib demonstrate 
wastage costs in the range of $2592–$5471 [26, 35, 36]. As 
providers and patients become more proficient in managing 
these treatments over time, it will be important to monitor 
trends related to drug wastage given cost implications to the 
healthcare system and to patients.

Medication adherence and persistence are essential to 
achieving a clinical benefit, and irregularities have been 
associated with increased healthcare costs and adverse out-
comes [34]. One-third of patients with MBC have reported 
medication nonadherent behaviour [37]. In this study, 
approximately 85% of abemaciclib initiators (regardless of 
prior CDK4 & 6i use or regimen) refilled their prescrip-
tion within 90 days. Furthermore, the proportion of patients 
achieving an MPR ≥ 80% ranged from 77 to 92% across 
regimens regardless of prior CDK4 & 6i use. These data 
are consistent with analyses of MPR related to abemaciclib 
from a large specialty pharmacy from 1 July 2018 to 31 
December 2019 where there was no significant difference (p 
= 0.858) in mean MPR (0.91) between the intervention and 
standard-of-care groups [38]. As drug refills in administra-
tive records are associated with adherence [24], and an MPR 
≥ 80% is defined as the threshold cut-off for determining 
adherence [39], these data suggest good patient adherence 
to abemaciclib.

TTD has been regarded as a surrogate endpoint of effec-
tiveness and may also reflect the safety and tolerability of 
the drug in the real world [40, 41]. Our analyses revealed 
that the median TTD for patients receiving abemaciclib + 
AI with no prior CDK4 & 6i use was not yet reached (95% 
CI 430–NR days). This study demonstrated a median TTD 
for patients receiving abemaciclib + F of 531 days (95% 
CI 281–NR days). Additional follow-up is warranted to 
confirm whether these trajectories continue over time. As 
anticipated, median TTD for abemaciclib in patients who 
received prior CDK4 & 6i was lower than for patients who 
were newly treated with abemaciclib as these patients likely 
had a heavier burden of disease. Evaluation of TTD by line 

of therapy in these populations would be valuable to con-
sider for future analyses of electronic medical records as this 
information cannot be reliably characterized in claims data 
and is an important caveat to interpretation. It is also impor-
tant, as noted above, to await results of ongoing prospective 
studies so that the most appropriate approach to sequenc-
ing treatments is fully elucidated, especially given the FDA 
approval of abemaciclib in the EBC setting.

Delaying the initiation of chemotherapy in patients with 
MBC may translate to improvements in quality of life and a 
reduction in side effects, while lowering emergency depart-
ment visits and hospitalizations resulting in healthcare 
cost savings [42, 43]. The ability to delay chemotherapy is 
considered an important treatment goal for patients, clini-
cians, and policy makers [44]. Data from MONARCH 2 and 
MONARCH 3 trials demonstrated a delay in chemotherapy 
for abemaciclib in combination with fulvestrant and an aro-
matase inhibitor [45, 46]. In this study, a median TTC for 
abemaciclib + AI and abemaciclib + F with no prior use of 
CDK4 & 6i was not reached. These findings complement 
pivotal abemaciclib controlled trials and may suggest that 
these regimens delay the need for chemotherapy in a real-
world setting; however, longer follow-up time is needed to 
confirm this observation.

5  Limitations

These results are subject to limitations inherent in analyz-
ing administrative claims data including the lack of clini-
cal indicators of disease severity, such as documentation of 
disease progression, reasons for discontinuation (toxicity or 
progression) of CDK4 & 6i, performance status, and line of 
therapy. Additionally, retrospective claims data are suscep-
tible to coding errors and differences in billing practices, 
and our analysis is based on coding practices of the pro-
vider. As a result, there is limited sensitivity for the use of 
secondary malignant neoplasm (metastasis) codes, which 
can cause potential misclassification and may lead to biased 
assessment of patient characteristics (i.e., sites of metasta-
sis). While the outcome analyses based on prior versus no 
prior use of CDK4 & 6i were intended to be descriptive 
and observe trends, they did not control for demographic or 
clinical differences that may influence the observed results. 
Lastly, the  IBM®  MarketScan® Database comprises mem-
bers in commercial insurance plans; generalizability to 
other populations may be limited. Larger subgroup samples 
and additional follow-up time will be valuable to observe 
whether trends presented herein persist over time. Data from 
ongoing prospective and retrospective studies in breast can-
cer may also have an impact on real-world treatment patterns 
and reinforce the importance of repeating such analyses in 
the future.
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6  Conclusion

These data add to the body of evidence for abemaciclib in 
MBC by demonstrating that in the 24 months post FDA 
approval, patients tended to have a relatively high visceral 
disease burden as well as extensive prior treatment with pal-
bociclib, ribociclib, and/or chemotherapy. These are some of 
the first data generated from administrative claims for abe-
maciclib with regard to TTD, TTC, second fill, and adher-
ence based on prior CDK4 & 6i use. Line of therapy is not 
well characterized in these datasets; given the importance to 
interpretation, this merits future study where this informa-
tion can be more robustly characterized. Dosing regimens 
were mostly consistent with prescribing information across 
abemaciclib regimens. These data suggest medication adher-
ence and persistence on abemaciclib treatment, while poten-
tially delaying the need for chemotherapy in a real-world 
setting. Overall, these real-world data complement pivotal 
abemaciclib clinical trial results by examining abemaciclib 
use in patients treated in routine clinical practice.
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