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Abstract

Purpose—The phase 2 MONARCH 1 study was designed to evaluate the single-agent activity
and adverse event (AE) profile of abemaciclib, a selective inhibitor of CDK4 and CDKS, in
women with refractory hormone receptor positive (HR+), HER2— metastatic breast cancer (MBC).

Experimental Design—MONARCH 1 was a phase 2 single arm open-label study. Women with
HR+/HER2- MBC who had progressed on or after prior endocrine therapy and had 1 or 2
chemotherapy regimens in the metastatic setting were eligible. Abemaciclib 200 mg was
administered orally on a continuous schedule every 12 hours until disease progression or
unacceptable toxicity. The primary objective of MONARCH 1 was investigator-assessed objective
response rate (ORR). Other endpoints included clinical benefit rate, progression-free survival
(PFS) and overall survival (OS).

"Corresponding Author: Maura N. Dickler, MD, Memorial Sloan Kettering Cancer Center, 300 East 66th St, Rm 859, New York, NY
10065, Phone: 646-888-4560, dicklerm@mskcc.org.
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Results—Patients (n=132) had a median of 3 (range 1-8) lines of prior systemic therapy in the
metastatic setting, 90.2% had visceral disease, and 50.8% had =3 metastatic sites. At the 12 month
final analysis, the primary objective of confirmed objective response rate was 19.7% (95% CI:
13.3, 27.5; 15% not excluded); clinical benefit rate (CR+PR+SD=6 months) was 42.4%, median
progression-free survival was 6.0 months, and median overall survival was 17.7 months. The most
common treatment-emergent AEs of any grade were diarrhea, fatigue, and nausea;
discontinuations due to AEs were infrequent (7.6%).

Conclusion—In this poor-prognosis, heavily pre-treated population with refractory HR+/HER2-
metastatic breast cancer, continuous dosing of single agent abemaciciclib was well tolerated and
exhibited promising clinical activity.

Keywords
abemaciclib; metastatic breast cancer; refractory; CDK4; CDK6

Introduction

Patients with hormone receptor positive (HR+) metastatic breast cancer (MBC) represent the
largest (>70%) MBC subpopulation and are frequently treated with sequential endocrine
therapies.1:2 Although many patients with advanced HR+ breast cancer that initially benefit
from hormone therapy will eventually have disease progression, the concept of endocrine
resistance is rapidly evolving as many of these tumors continue to be hormone dependent
and may respond to additional hormone therapies including new estrogen receptor degraders
and the addition of mTOR inhibitors to hormonal therapy.3-> The possibility of continuing
to target hormone dependency is appealing as a large fraction of HR+ tumors do not respond
well to chemotherapy. For example, in patients previously exposed to taxanes, response rates
to chemotherapy are in the range of 10% to 20%, with median durations of response (DoRs)
of 4 to 6 months and median progression-free survival (PFS) ranging from approximately 3
to 4 months.5-11 These chemotherapies may be associated with treatment-limiting toxicity
and diminished quality of life.12:13 Therefore, treatments with novel mechanisms of action
are needed that are effective, with less toxicity than what has been historically observed with
chemotherapy.

One therapeutic approach that has shown promise in the treatment of patients with HR+
breast cancers is to inhibit cell cycle progression at the G1/S checkpoint by targeting cyclin-
dependent kinases 4 and 6 (CDK4 and CDK6).14 CDK4 and CDKS6, together with D-type
cyclins, phosphorylate the Retinoblastoma (Rb) tumor suppressor protein, leading to release
of Rb-bound E2F, which enables progression from the G1 to S phase of the cell cycle.1516
In HR+ breast cancers, estrogen mediated signaling along with other oncogenic pathways
can activate CDK4/cyclin D1 to promote proliferation.1/-20

Abemaciclib is an inhibitor of CDK4 and CDK®, and in enzymatic assays is 14 times more
potent against CDK4/cyclin D1 than CDK6/cyclin D3.21 In a phase 1 study, administration
of abemaciclib as a single agent on a continuous schedule was feasible with grade 3 fatigue
as the dose-limiting toxicity (DLT).22 In that phase 1 study, abemaciclib as a single agent

Clin Cancer Res. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dickler et al.

Methods

Page 3

demonstrated antitumor activity in patients with several cancers with an ORR of 26% in
patients with hormone refractory HR+MBC.22

Based on the single agent activity observed in this population, the current phase 2
MONARCH 1 study (NCT02102490) was launched. MONARCH 1 is a multicenter, single-
arm, open-label study to evaluate the single-agent activity of abemaciclib and further
characterize the adverse event (AE) profile in patients with HR+/HER2- MBC who have
received cytotoxic chemotherapy for MBC. This is a population for whom endocrine therapy
would no longer be considered suitable.

Study Design and Objectives

Patients

MONARCH 1 was a phase 2 single-arm, open-label study of abemaciclib as a single agent
in patients with refractory HR+/HER2- MBC. Patients were enrolled at 35 sites in four
countries (Belgium, France, Spain, and the United States). The study protocol was approved
by institutional review boards/ethics committees prior to initiation, and conducted in
accordance with the Declaration of Helsinki; patients provided written informed consent
before entering the study.

The primary objective was to evaluate ORR (complete response [CR] + partial response
[PR]) based on investigator-assessed tumor response according to RECIST v1.123, with the
primary efficacy analysis at 12 months after the last patient entered. A secondary analysis
using independently reviewed tumor response was also planned. Key secondary objectives
were safety and tolerability, overall survival (OS), DoR for patients with a confirmed CR or
PR (confirmed by a second assessment =28 days from first evidence of response), PFS,
disease control rate (DCR = CR + PR + stable disease [SD]), and clinical benefit rate (CBR
= CR + PR + SD = 6 months).

Patients were followed until death or overall study completion at 18 months after the last
patient was enrolled. Patients on study therapy who continued to experience clinical benefit
after study completion could continue to receive study therapy until one of the criteria for
discontinuation was met.

Women =18 years of age with HR+ (positive for estrogen receptor [ER] and/or progesterone
receptor [PgR] by IHC?4), HER2 negative (by IHC or in situ-hybridization) MBC were
eligible. Additional inclusion criteria included: adequate organ function, measurable disease
according to RECIST v1.1, and an ECOG performance status (PS) of 0/1. Patients must have
progressed on or after prior endocrine therapy and had prior treatment with at least two
chemotherapy regimens, at least one but no more than two of which had been administered
in the metastatic setting; one regimen must have included a taxane either in the adjuvant
setting or metastatic disease setting.

Key exclusion criteria included prior treatment with CDK4 and CDKG6 inhibitors; major
surgery within 14 days; treatment with an investigational agent within 14 or 21 days of
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initial dose of study drug for nonmyelosuppressive or myelosuppressive agents, respectively;
evidence or history of central nervous system metastases (screening for brain metastasis was
required); and history of any other cancer (except non-melanoma skin cancer or carcinoma
in-situ of the cervix), unless in complete remission with no therapy for =3 years.

Treatment and Dose Reductions

Abemaciclib 200 mg was administered orally on a continuous schedule every 12 (+/-2)
hours (Q12H) on days 1 to 28 of a 28-day cycle, until disease progression and/or
unacceptable toxicity. Dose reductions in 50 mg decrements (up to 3 dose reductions
allowed) and dose delays for AEs were permitted as per the guidance provided in the
Supplemental Methods.

Supportive Management

Hematopoetic growth factors were permitted in accordance with ASCO guidelines.?>
Patients were advised to take anti-diarrheal medication (as directed on the medication’s
label) at the first onset of diarrhea.

Safety and Efficacy Assessments

AEs were collected at baseline and during the study, and were graded using the National
Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0.26

Tumor assessments were performed according to RECIST v1.1 within 4 weeks before first
dose of study drug (baseline), and at every other cycle using computerized tomography or
magnetic resonance imaging. Assessment of best response included all tumor assessments
from baseline until the earliest of objective progression or start of new anticancer therapy.
All tumor measurement images for all enrolled patients were collected to allow for an
independent review.

The ORR was estimated as the total number of confirmed CRs and PRs per RECIST v1.1
divided by the total number of patients enrolled. Responses were required to be confirmed at
least 4 weeks after the initial observation. The DoR was measured from the date of first
evidence (initial assessment) of CR or PR to the date of objective progression or death due
to any cause, whichever was earlier. For patients who had experienced a tumor response and
were not known to have died or have objective progression as of the data inclusion cutoff
date, DoR was censored at the last complete objective progression-free disease assessment
date.

PFS was measured from the date of first dose of study drug to the date of objective
progression or death due to any cause, whichever was earlier. For patients without complete
baseline disease assessments, PFS time was censored at the enrollment date; otherwise,
patients were censored as described for DoR. OS was measured from the date of first dose of
study drug to the date of death from any cause. OS was censored at the date of last contact
prior to the data inclusion cutoff date. Patients were followed for OS for 18 months
following the last patient entering treatment.
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Statistical Methods

Results

Patients

Efficacy

The study was powered assuming a null hypothesis ORR of 15% versus the alternative
hypothesis ORR of 25% using a binomial exact test. The null hypothesis of 15% was chosen
based on historical data as an ORR representative of what might be expected for approved
chemotherapies that may be used in this taxane-refractory setting.6-11 Under this scenario a
sample size of 128 provided 82% power at an overall one-sided alpha level of .025. For the
primary endpoint, the point estimate, exact p-value for the test of ORR <15% versus >15%,
and a 95% exact confidence interval were calculated. DoR and PFS were estimated using the
Kaplan-Meier method. Point estimates and exact 95% CI for DCR and CBR were
calculated. Efficacy and safety were assessed for the enrolled population. Data were
analyzed using SAS version 9.2 (SAS Institute Inc., USA).

A total of 132 patients with HR+ /HER2- MBC were enrolled from June 10, 2014 through
April 30, 2015 and treated with abemaciclib (Supplemental Figure 1). All patients had
measurable disease at study entry, as required per the protocol (RECIST v1.1). The majority
(90.2%) of patients had visceral disease, and 50.8% of patients had 3 or more metastatic
sites; the most common sites of metastasis were the liver and bone (Table 1). In the
metastatic setting, patients had received a median of 3 (range 1-8) prior lines of systemic
therapy including a median of 1 (1-3) lines of chemotherapy and 2 (1-6) lines of endocrine
therapy.

Abemaciclib demonstrated single agent activity with 26/132 patients achieving a confirmed
PR for an ORR of 19.7% (95% CI: 13.3, 27.5; 15% not excluded); there were no observed
CRs (Table 2, Figure 1A). Of the 26 PRs, 12 (46.2%) patients had received at least 2 prior
chemotherapies in the metastatic setting, 24 (92.3%) had visceral disease, and 12 (46.2%)
had =3 metastatic sites. The median time to response was 3.7 months with a median DoR of
8.6 months (95% CI: 5.8-10.2); the probability of a response lasting at least 6 months was
70.4% and at least 12 months was 28.2% (Figure 1B). There were no patient characteristics,
including baseline demographics and prior therapies received, that distinguished patients
who rapidly progressed on therapy from those who did not (data not shown). The DCR was
67.4% (63 [47.7%)] patients had SD) and the CBR was 42.4% (Table 2). As of April 30,
2016, 97 patients had experienced disease progression, and the median PFS was 6.0 months
(95% ClI: 4.2-7.5); the median OS was 17.7 months (95% CI: 16.0-NR) with 47 (35.6%)
events occurring. Assessments by independent review yielded comparable rates and
estimates (Table 2 and data not shown). A final analysis at 18 months of follow-up was
conducted; the median OS was 22.3 months (95% CI: 17.7, NR) with 62 (47.0%) events
occurring, and the data for the other endpoints were consistent with the 12 month analysis.
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All patients had at least 1 treatment-emergent AE (TEAE); serious AEs (defined in
Supplemental Methods) were reported for 32 patients (24.2%) and 3 grade 5 events occurred
(1 grade 5 event of pneumonitis was deemed possibly related to study drug; the subsequent
autopsy report showed extensive pulmonary lymphangitic carcinomatosis; the other 2 events
were considered not to be treatment related). The most common TEAEs of any grade were
diarrhea, fatigue, nausea, and decreased appetite (Table 3).

Diarrhea was experienced by 119 (90.2%) patients, typically grade 1 (n=55, 41.7% of
patients) or grade 2 (n=38, 28.8%) and less frequently grade 3 (n= 26, 19.7%) (Table 3).
Diarrhea tended to occur early after initiation of therapy, with a median time to onset of 7.0
days. Importantly, the duration of diarrhea was generally limited; the median duration of
grade 2 diarrhea was 7.5 days and grade 3 was 4.5 days, and there were no grade 4 events
(Figure 2). The majority (78.1%) of patients with grade 2 and 3 diarrhea experienced it
during the 15t cycle. As indicated in the protocol, many (60.6%) patients received anti-
diarrheal medications; of these patients, most (94%) received loperamide. Most patients with
an AE of diarrhea (72.3%) did not require a treatment change (dose reduction, omission,
discontinuation) due to it, and only one patient (0.8%) discontinued due to diarrhea.

Increased blood creatinine was the most common laboratory abnormality reported, and
97.7% of patients assessed had a grade 1/2 event (Table 3). The elevation in serum creatinine
was observed during the first cycle, and serum creatinine levels remained elevated and stable
throughout the dosing period and decreased at the short term follow up visit (within 30 days
of discontinuation of study treatment) (Supplemental Figure 2). Increases in blood urea
nitrogen were not observed (Supplemental Figure 3). A post hoc analysis of baseline and
Day 15 cystatin C, an alternative marker of renal function independent of serum creatinine
used to estimate glomerular filtration rate (GFR)27-28, demonstrated that the rise in serum
creatinine was not associated with elevation in cystatin C, and cystatin C-calculated GFR
was not reduced; thus, the rise in serum creatinine was not temporally associated with
reduced renal function (Supplemental Figure 4 and data not shown).

Decreases in neutrophil counts were observed in 114 (87.7%) patients; the majority of
patients had a grade 1 or 2 decrease, with 22.3% of patients with a grade 3 event and 4.6%
of patients with a grade 4 event (Table 3). Neutrophil counts typically reached nadir between
two and four weeks after the start of treatment, and remained depressed and stable
throughout the dosing period (Supplemental Figure 5). Less than 10% of patients received
hematopoietic growth factor support (data not shown). One patient experienced febrile
neutropenia; this occurred during the study follow-up period (19 days after discontinuation
of abemaciclib) and 8 days after the patient began cytotoxic chematherapy (fluorouracil and
vinorelbine). Forty-one patients (31.1%) experienced an infection, the majority of which
were low-grade; there did not appear to be a relationship between the occurrence of severe
neutropenia and the occurrence of infection.

Dose reductions due to AEs occurred in 65 (49.2%) patients (46 patients had 1 dose
reduction, 18 patients had 2, and 1 patient had 3); dose reductions were most often due to
diarrhea (n=27, 20.5%), or neutropenia (n=14, 10.6%). Fifty of the 65 patients (76.9%) who
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required a dose reduction did so within the first 3 cycles. Dose omissions due to AEs
occurred in 76 (57.6%) patients, and were most often due to diarrhea (n=32, 24.2%) or
neutropenia (n=21, 15.9%). Omissions were typically short; for patients who required a dose
omission, the median number of doses missed on treatment was 6.5% of the assigned
regimen, resulting in a median relative dose intensity of 89.2% (Q1-Q3: 71.6-98.0).
Discontinuations due to AEs were infrequent (n=10, 7.6%). The majority of patients in
MONARCH 1 went on to receive further cytotoxic chemotherapy (Supplemental Table 1).

Discussion

The MONARCH 1 study showed that abemaciclib as a single agent had clinical activity in
patients with HR+/HER2- MBC who had received prior chemotherapy in the metastatic
setting, with an ORR of 19.7% (95% CI: 13.3, 27.5; 15% not excluded), a CBR of 42.4%
and a median PFS of 6.0 months. The median DoR was 8.6 months and the median time to
response was 3.7 months. Although the lower bound of the 95% CI for the ORR did not
exclude 15%, when evaluated alongside historical data, the ORR observed in MONARCH 1
was consistent with the approximate ORR range of 10-20% observed with approved
cytotoxic chemotherapy treatments in taxane-pretreated patients with MBC.6-11

The safety profile of abemaciclib as a single agent was consistent with previous phase 1
observations.22 The most frequent TEAE reported was diarrhea, which generally occurred in
the first treatment cycle. Although dose reductions and omissions were most commonly due
to diarrhea, most patients with an AE of diarrhea did not require a dose modification due to
it; many patients received antidiarrheal medications as indicated in the protocol. This, along
with the generally limited duration of diarrhea, suggests that in many cases, diarrhea was
manageable. Abemaciclib administration was not associated with a high incidence of grade
4 neutropenia even though patients in MONARCH 1 had received prior treatment with
multiple lines of cytotoxic chemotherapy. Severe neutropenia was not temporally associated
with an increased risk of infection.

When considering other CDK4 and CDKG6 inhibitors, palbociclib and ribociclib are
administered for 21 consecutive days followed by a 7 day break, with neutropenia as a DLT,
while abemaciclib is administered on a continuous schedule with a DLT of grade 3
fatigue.22:29-31 The ORR for single agent palbociclib in a phase 2 trial was 6% in patients
with HR+ MBC.32 In a phase 1 study evaluating the single agent activity of ribociclib, one
PR was observed in a patient with ER+ breast cancer in a cohort of 18 patients with MBC.31
Taken together, these studies suggest that abemaciclib may have a different clinical activity
profile characterized by a different DLT, and single agent activity.

In enzymatic assays, abemaciclib is 14 times more potent against CDK4/Cyclin D1 than
CDKG®/Cyclin D3.21 The relative contribution of CDK4 and CDKG® to cell cycle entry and
progression differs in a context dependent manner and CDK4 and Cyclin D1 are particularly
important for breast tumorigenesis, while CDK6 and Cyclin D3 have critical roles in
hematopoietic stem cell differentiation.15:20.33-36 Thus, the differential potency of
abemaciclib for CDK4 vs CDKG6 could help explain why abemaciclib is not associated with
a DLT of myelosuppression and therefore can be dosed on a continuous schedule. Moreover,
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in vivo and in vitro studies have shown that sustained inhibition of CDK4 and CDKG6 and
consequent cell cycle arrest leads to shrinkage of HR+ breast cancers in xenograft models,
while shorter term inhibition of CDK4 and CDKG6 leads to temporary cell cycle arrest with a
rebound induction of DNA synthesis on withdrawal 3738 Thus, the ability to dose
abemaciclib on a continuous schedule may have clinical implications. Understanding the
potential relationship between sustained target inhibition and clinical activity warrants
further exploration, including investigation of potential biomarkers to predict or characterize
responses to treatment.3°

In current practice, patients who have endocrine refractory or symptomatic visceral HR+
MBC are typically treated with cytotoxic chemotherapy that provides ORRs from 10 to 20%
with median DoRs between 4 and 6 months.1:2:6-11.40.41 Chemotherapy can be associated
with toxicity impacting quality of life, including alopecia, hand-foot syndrome, nausea/
vomiting, grade 3—4 neutropenia, thrombocytopenia, anemia, febrile neutropenia, and
peripheral neuropathy.13 Although a direct comparison with chemotherapy in this setting has
not been done, the ORR of 19.7% (95% CI: 13.3, 27.5; 15% not excluded) observed with
single agent abemaciclib in MONARCH 1 is consistent with the approximate ORR range
historically observed in approved chemotherapy treatments for patients who have previously
received a taxane, with a safety profile consistent with previous phase 1 observations.22

In conclusion, the MONARCH 1 study has demonstrated that abemaciclib as a single agent
dosed on a continuous schedule has antitumor activity and manageable toxicities in patients
with HR+ HER2- MBC who had previously progressed on or after endocrine therapy and
received 1-2 lines of chemotherapy in the metastatic setting. The future role of abemaciclib
in the therapy of HR+ MBC will be delineated by a number of clinical trials, and two
ongoing phase 3 trials are investigating abemaciclib in combination with endocrine therapy
in the first- and second-line settings (NCT02246621 and NCT02107703).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

This trial is the first phase 2 study to report single agent activity of abemaciclib, a
selective inhibitor of CDK4 and CDKG®, in patients with HR+/HER2— MBC who have
progressed on or after prior endocrine therapy and received chemotherapy in the
metastatic setting. The safety profile allows for dosing on a continuous schedule. The
demonstration of single agent activity of abemaciclib is novel in this patient population,
whose treatment options are typically limited to chemotherapy. Although these patients
have tumors that are initially responsive to endocrine therapy, HR+/HER2- MBC
eventually develops disease progression requiring the need for cytotoxic therapy. Single
agent activity with a CDK 4 and 6 inhibitor represents a major advance in therapy of
treatment-refractory HR+/HER2- MBC, and targeted agents such as abemaciclib may be
the next generation of agents for this otherwise poor prognosis patient population.
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Figure 1.
a. The best percent change in tumor size from baseline is plotted for each patient who had an

available assessment b. Time on treatment with abemaciclib is plotted for each patient
treated in the MONARCH 1 study (N=132). The colors in a and b represent response status
per RECIST v1.1 and each bar in a and b represents one patient.
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Figure2.
Analysis of Adverse Event of Diarrhea. Time on treatment (in days) is presented for each

patient (N=132). Each bar represents one patient and the length of the bar represents the
duration on treatment. The start and end of treatment emergent adverse events of diarrhea
while on treatment are color-coded by grade.
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Patient and Disease Characteristics

Table 1

Treated with abemaciclib (N=132)

Age in years, median (range) 58 (36-89)

>65 years, n (%) 42 (31.8)

ECOG PS, n (%)
0 73 (55.3)
1 59 (44.7)
Disease locations, n (%)

Visceral 119 (90.2)
Liver 93 (70.5)
Lung 31 (23.5)

Bone 82 (62.1)
Bone-only 3(2.3)

Number of metastatic sites, n (%)

1 19 (14.4)

2 46 (34.8)

>3 67 (50.8)

Prior endocrine therapy for metastatic disease

Number of regimens
1 48 (36.4)
2 25 (18.9)
3 24 (18.2)
>4 18 (13.6)

Fulvestrant 67 (50.8)

Prior chemotherapy for metastatic disease

Number of regimens
1 67 (50.8)
2 64 (48.5)
3 1(0.8)2

Taxanes? 91 (68.9)

Capecitabine 73 (55.3)

Other therapies for metastatic disease
Everolimus 37(28.0)
Investigational drug 16 (12.1)

A ] . — . .
Patient first received capecitabine, and then received docetaxel; the patient had a break from docetaxel treatment and then restarted docetaxel
without progression in between. The treatment with docetaxel was reported by the site as 2 regimens.

b . . . . . .
The remainder (31.1%) received prior taxane in the adjuvant setting.

Clin Cancer Res. Author manuscript; available in PMC 2018 September 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Dickler et al.

Responses according to RECIST v1.1

Table 2

Best Overall Response, n (%)

Investigator Determined

Independent Review

= N=132

Complete response (CR) 0 (0.0) 0 (0.0)
Partial response (PR) 26 (19.7) 23(17.4)
Stable Disease (SD) 63 (47.7) 53 (40.2)

SD =6 months 30 (22.7) 20 (15.2)
Non-CR/Non-PD - 12 (9.1)

Non-CR/Non-PD =6 months - 7(5.3)
Progressive disease (PD) 34 (25.8) 33 (25.0)
Not evaluable/not assessed 9(6.8) 11(8.3)
Objective Response Rate (CR + PR) 26 (19.7) 23 (17.4)
(95% CI) (13.3, 27.5; 15% not excluded) (11.4, 25.0)
Disease Control Rate (CR + PR + SD) 89 (67.4) 88 (66.7)
(95% Cl) (58.7, 75.3) (57.9, 74.6)
Clinical Benefit Rate (CR + PR + SD =6 months) 56 (42.4) 50 (37.9)
(95% Cl) (33.9, 51.3) (29.6-46.7)
Survival Estimates
Median Overall Survival 17.7 months N/A

(95% ClI: 16.0-NR)

Median Progression Free Survival 6.0 months 5.9 months

(95% CI: 4.2-7.5)

(95% CI: 3.7-8.1)
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