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1 Executive Summary

1.1. Product Introduction

Abemaciclib (VERZENIO) is a new molecular entity and inhibitor of cyclin-dependent kinase
(CDK) 4 and 6. These kinases are activated upon binding to D-cyclins and play a crucial role in
signaling pathways which lead to cell cycle progression and cellular proliferation.

This is a New Drug Application (NDA) for VERZENIO in patients with advanced or metastatic
hormone receptor (HR)-positive, human epidermal growth factor receptor (HER2) negative
breast cancer.

The Applicant proposed the following indications for the VERZENIO label:

(b) (4)

The proposed dose is 200 mg orally Q12H daily when used as a single agent and 150 mg orally
Q12H when used in combination with fulvestrant.
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1.2. Conclusions on the Substantial Evidence of Effectiveness
The review team recommends approval of VERZENIO (abemaciclib), according to 21 Code of
Federal Regulations (CFR) 314.126(a)(b), for the following indications:

"VERZENIO™ is a kinase inhibitor indicated:

e in combination with fulvestrant for the treatment of women with hormone receptor
(HR)-positive, human epidermal growth factor receptor 2 (HER2)-negative advanced or
metastatic breast cancer with disease progression following endocrine therapy

e as monotherapy for the treatment of adult patients with HR-positive, HER2-negative
advanced or metastatic breast cancer with disease progression following endocrine
therapy and prior chemotherapy in the metastatic setting.”

The basis for the recommendation for indication as combination with fulvestrant is a favorable
benefit-risk profile for abemaciclib when added to fulvestrant in women with HR-positive,
HER2-negative advanced or metastatic breast cancer that has progressed on prior endocrine
therapy. In a randomized, double-blind, placebo-controlled phase 3 study, MONARCH 2 (I3Y-
MC-JPBL), there was a clinically meaningful and statistically significant improvement that
favored the abemaciclib plus fulvestrant treatment arm. The estimated median progression-
free survival (PFS) in the abemaciclib plus fulvestrant arm was 16.4 months compared to 9.3
months in the placebo plus fulvestrant arm HR=0.55 (95% Cl :0.449, 0.681, p<0. 0001). Results
of blinded independent central review (BICR), subgroup analyses, and sensitivity analyses all
support the results of the primary efficacy endpoint.

The basis for the recommendation for indication as monotherapy is the efficacy and safety data
from a single arm phase 2 MONARCH 1 trial in 132 patients who have received 1-2 prior
chemotherapies in the metastatic setting. The confirmed ORR observed was 19.7% (95% Cl
13.3, 27.5) which is comparable or better than other agents available in the similar setting.
While the lower bound of the confidence interval did not exclude 15%, a value based on
historical data for ORR in approved chemotherapies, abemaciclib as monotherapy in this setting
offers an additional orally administered treatment option, with acceptable safety profile, for
patients in a treatment setting where the goal is disease control and improvement of
symptoms, rather than cure.

Overall, abemaciclib was generally tolerable with adverse reactions managed through the use
of dose reductions, temporary treatment discontinuations, supportive therapies, and/or
standard medical care. The most common adverse event across the clinical program was
diarrhea, which occurred in 86% of patients in the MONARCH 2 trial and 90% of patients in the
MONARCH 1 trial. There were few cases of Grade 3 diarrhea, and this was generally treated by
temporary treatment discontinuations and dose reductions when persistent or severe. Like
other cyclin dependent kinase 4/6 inhibitors, neutropenia was also a common adverse reaction
that occurred in 46% patients across MONARCH 2 and 37% of patients in MONARCH 1. The rate
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of neutropenic fever and neutropenic sepsis was low; however, there were deaths due to
neutropenic sepsis. Additional common adverse reactions were fatigue, nausea, infections,
abdominal pain, anemia, leukopenia, decreased appetite, vomiting, and headache.

There was a numerical increase in the number of venous thromboembolic events reported in
patients receiving abemaciclib plus fulvestrant compared with those receiving placebo plus
fulvestrant. This imbalance was apparent in other trials in the abemaciclib program as well.
With the exception of diarrhea and hematological toxicities, most adverse reactions were
Grade 1 or 2, and rates of treatment discontinuation due to adverse reactions were modest.
The safety profile of this agent is acceptable for this patient population who has a serious and
life-threatening disease.

In summary, abemaciclib in combination with fulvestrant for the treatment of women with HR-
positive, HER2-negative advanced or metastatic breast cancer with disease progression
following endocrine therapy and as monotherapy for the treatment of adult patients with HR-
positive, HER2-negative advanced or metastatic breast cancer with disease progression
following endocrine therapy and prior chemotherapy in the metastatic setting demonstrates a
favorable benefit-risk profile with adequate evidence to recommend approval. All disciplines
were in agreement with approval of abemaciclib for both indications, or did not identify any
outstanding issues that precluded approval.
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1.3. Benefit-Risk Assessment

Benefit-Risk Summary and Assessment

Breast cancer is the most common cancer diagnosed in women and the second leading cause of cancer related death in women in the US.
Metastatic breast cancer (MBC) is estimated to affect over 150,000 women in the US in 2017, with approximately 75% of patients experiencing
a relapse after initial diagnosis of stage I-lll disease (Mariotto, Etzioni et al. 2017). It is projected that there will be more than 165,000 women
living with MBC in the year 2020. Breast cancer in male patients is rare, with fewer than 1% of breast cancer diagnoses in male patients. In
2017, there are approximately 2400 males who are expected to be diagnosed with this disease (2002).

Metastatic breast cancer is categorized into different histopathological subtypes based on the expression of the estrogen receptor (ER),
progesterone receptor (PR), and the human epidermal growth factor receptor 2 (HER2). Hormone receptor (HR) positive, HER2 negative breast
cancer is the most common subtype of breast cancer in both females and males. Many patients are diagnosed and treated at an early stage
with a combination of surgery and endocrine therapy with or without radiation and/or chemotherapy. Males with breast cancer tend to
present at a higher stage than female patients given differences in screening.

Despite treatment of early stage disease, approximately one-third of patients develop recurrent disease, including metastatic disease (Metzger-
Filho, Sun et al. 2013). The initial therapy for HR-positive metastatic disease is endocrine based; however, not all patients respond to first-line
therapy due to primary or de novo resistance and those patients who do respond will go on to progress developing acquired or secondary
endocrine resistance. Treatment options at the time of disease progression include additional endocrine therapies, cyclin dependent kinase 4/6
inhibitors, mTOR inhibitors, or chemotherapy. Male patients with HR-positive, HER2-negative MBC have few approved treatment options due
to sex based differences in estrogen production and thus their endocrine based therapy options are limited. Metastatic breast cancer is
incurable and has a 5-year survival rate of approximately 25% (American Cancer Society 2017). Therefore, improving the outcomes of patients
with metastatic disease is an unmet medical need.

The Applicant submitted a new drug application (NDA) for abemaciclib for a proposed indication in combination with fulvestrant for the
treatment of women with HR-positive, HER2-negative advanced or MBC who have received prior endocrine therapy as well as a

@@ with HR-positive, HER2-negative advanced or MBC who have progressed following endocrine therapy and chemotherapy in the
metastatic setting. Abemaciclib is an oral selective small molecule inhibitor of cyclin dependent kinase 4 (CDK4) and cyclin dependent kinase 6
(CDK®6) and is most active against CDK4 in enzymatic assays (Ki=0.6 nM). In breast cancer cell lines, CDK4 has been shown to promote

(b) 4)

for
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phosphorylation of the retinoblastoma protein (Rb), cellular proliferation, and growth of the tumor. Abemaciclib inhibits Rb phosphorylation
and blocks the progression from G1 to the S phase in the cell cycle leading to inhibition of tumor growth in preclinical models in the short term
and with sustained target inhibition, the rebound of Rb phosphorylation is inhibited preventing cell cycle re-entry and leads to tumor
senescence and apoptosis.

The benefit-risk assessment in this NDA is primarily based on the phase 3 trial MONARCH 2 of abemaciclib in combination with fulvestrant and
also on the phase 2 trial MONARCH 1 of abemaciclib as a single agent. MONARCH 2 was a randomized, double-blind, placebo-controlled trial in
women with HR-positive, HER2-negative advanced or MBC whose disease had progressed on prior endocrine therapy. This was a well-
designed trial with an appropriate comparator arm. The primary endpoint was investigator-assessed progression-free survival (PFS) using
RECIST 1.1 criteria. The estimated median PFS in the abemaciclib plus fulvestrant arm was 16.4 months compared with 9.3 months in the
placebo plus fulvestrant arm (HR=0.55, 95% Cl: 0.449, 0.681, p<0. 0001). Abemaciclib plus fulvestrant demonstrated a 7.1 month improvement
in the estimated median PFS when compared with placebo plus fulvestrant. Results from a BICR audit, subgroup analyses, and sensitivity
analyses all supported the primary efficacy endpoint results. Overall survival (OS) data are immature at this time.

MONARCH 1 was a multicenter, single-arm, open-label trial in patients with HR-positive, HER2-negative MBC whose disease had progressed
after endocrine therapy and who had received 1-2 prior chemotherapy regimens in the metastatic setting. This was a well-designed trial with
no comparator arm, given that there is no single standard of care in this setting. The primary endpoint was investigator assessed objective
response rate (ORR). The ORR for patients who received abemaciclib as a single agent was 19.7% (95% Cl 13.3, 27.5). The median duration of
response was 8.6 months (95% Cl 5.8, 10.2). Results were similar in the BICR analysis with an ORR of 17.4% (95% Cl 11.4, 25.0) and a median
duration of response of 7.2 months (95% Cl 5.6, NR). This demonstrates activity of abemaciclib for patients who have limited treatment options
and provides an additional orally administered therapy for patients. Taken with the PFS results of abemaciclib in combination with fulvestrant
there is enough evidence to recommend regular approval for this indication. As there was no requirement that women who participated in this
trial be postmenopausal and male patients have received and responded to abemaciclib in other clinical programs, the clinical benefit for male
patients with HR-positive, HER2-negative MBC would be expected to be similar supporting expanding this indication to include male patients.

Overall, abemaciclib was generally tolerable with adverse reactions that were managed by dose reductions, temporary treatment
discontinuations, and/or supportive medications and standard medical care. Diarrhea was the most common adverse event across the clinical
program with 86% of patients experiencing this in MONARCH 2 and 90% of patients experiencing this in MONARCH 1. Neutropenia was
additionally common as seen in other agents in this class with 46% of patients having an AE of neutropenia in MONARCH 2 and 37% of patients
having an AE of neutropenia in MONARCH 1.

Additional adverse effects seen at increased incidence with the use of this agent include venous thromboembolic events. At the time of review,
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additional safety data were available from other trials within the abemaciclib clinical development program and a similar higher incidence of
VTE events was seen in the study therapy arm and deaths due to VTE were seen in other studies. Given this, an additional Warnings and
Precautions was added to labeling.

In conclusion, based on a favorable risk-benefit profile for abemaciclib in combination with fulvestrant as well as a single agent in patients with
MBC after chemotherapy in the metastatic setting, the reviewers recommend regular approval for the following indications:

“VERZENIO™ is a kinase inhibitor indicated:

e in combination with fulvestrant for the treatment of women with hormone receptor (HR)-positive, human epidermal growth factor
receptor 2 (HER2)-negative advanced or metastatic breast cancer with disease progression following endocrine therapy.

e as monotherapy for the treatment of adult patients with HR-positive, HER2-negative advanced or metastatic breast cancer with disease
progression following endocrine therapy and prior chemotherapy in the metastatic setting.”
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Dimension Evidence and Uncertainties

Conclusions and Reasons

eIn 2017 it is estimated that there are over 150,000 women in the US
with metastatic breast cancer. MBC is incurable and has a 5-year
survival of approximately 20%. While male breast cancer is far more
rare, making up <1% of all breast cancer cases, male patients are
more likely to present with advanced disease and have fewer
approved treatment options for HR positive, HER2-negative
metastatic disease.

Locally advanced and metastatic breast cancer
are serious and life-threatening conditions

e As it is not curable, the goals of treating MBC are palliative in nature
with the aim to prolong survival and to reduce cancer-related
symptoms. Endocrine therapy options for postmenopausal women
with HR-positive MBC include aromatase inhibitors (Als) such as
anastrazole, exemestane, and letrozole and the estrogen receptor
downregulator fulvestrant. Endocrine therapy options for
premenopausal women and men include tamoxifen. There are data to
support the use of Als and fulvestrant in premenopausal women who
have ovarian function suppression. Endocrine therapies in
combination with CDK 4/6 inhibitors and mTOR inhibitors are also
available agents. There are few data to regarding the use of Als and
fulvestrant in male patients.

e For patients with HR-positive, HER2-negative MBC whose disease has
progressed on endocrine therapy, chemotherapy is an additional
treatment option. These therapy options include paclitaxel,
capecitabine, vinorelbine, eribulin, and gemcitabine.

There is an unmet medical need to improve
the outcomes of patients with HR-positive,
HER2-negative advanced or metastatic breast
cancer.

e The clinical data from the randomized, double-blind, placebo-
controlled, phase 3 trial (MONARCH 2) in women with HR positive,
HER2-negative advanced or metastatic breast cancer whose disease
has progressed on prior endocrine therapy presented in this NDA
demonstrates an improvement in PFS for abemaciclib plus fulvestrant

Evidence of effectiveness was supported by a
statistically significant and clinically meaningful
PFS improvement. MONARCH 2 was a large,
double-blind, placebo controlled, and
randomized trial, which decreases uncertainty.
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Dimension Evidence and Uncertainties

Conclusions and Reasons

as compared to placebo plus fulvestrant. The estimated median PFS in
the abemaciclib plus fulvestrant arm was 16.4 months compared to
9.3 months in the placebo plus fulvestrant arm (HR=0.55, 95% Cl:
0.449, 0.681, p<0.00001). OS results were immature at the time of
analysis with 36% of the planned 441 events occurring as of May 5,
2017. Overall response rate (ORR) was 48.1% for the abemaciclib plus
fulvestrant arm and 21.3% for the placebo plus fulvestrant arm in
patients with measurable disease at baseline. Estimated median
duration of response (DOR) was not yet reached in the abemaciclib
plus fulvestrant arm and 25.6 months in the placebo plus fulvestrant
arm.

e The clinical data from the single arm, open label, phase 2 trial
(MONARCH 1) in women with HR positive, HER2-negative, advanced
or metastatic breast cancer who have been treated with 1-2 previous
chemotherapy treatments in the metastatic setting presented in this
NDA demonstrates a comparable ORR to existing therapies of 19.7%
(95% Cl 13.3, 27.5). Investigator-assessed estimated median DOR
from the Kaplan-Meier curve was 8.6 months (95% Cl 5.8, 10.2).

Supportive ORR, blinded independent
committee review (BICR), and subgroup
analyses further substantiate the evidence of
abemaciclib benefit. Despite immature OS, in
this population, the substantial improvement
in PFS represents a clinically meaningful
benefit due to delay of progression and
postponement of subsequent toxic therapies.
A PMC was agreed upon to submit the final OS
analysis.

The ORR benefit derived from abemaciclib as a
single agent (MONARCH 1) is comparable to
other available therapies and offers an
additional orally administered treatment for
patients who have progressive MBC after
chemotherapy in the metastatic setting.

e Diarrhea was reported in >80% of patients in the MONARCH 2 and
MONARCH 1 studies. This was the most common reason for
treatment interruption and/or dose reduction. There were few Grade
3 events and no Grade 4 or Grade 5 events attributed to diarrhea.

e Neutropenia was reported as an AE in 46% of patients on the
MONARCH 2 study and 37% of patients on the MONARCH 1 study.
The incidence of febrile neutropenia was low, however deaths due to
neutropenic sepsis occurred.

e Venous thromboembolic events were increased in the abemaciclib
arm in the MONARCH 2 study and in other randomized studies in the

The safety profile of abemaciclib is acceptable
for the intended population. Toxicities were
manageable with appropriate treatment
interruption and/or dose modifications which
are clearly delineated in labeling. Warnings
and Precausions in labeling detail the serious
risks of the drug.
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Dimension Evidence and Uncertainties

Conclusions and Reasons

clinical development program. Based on this, a Warning and
Precaution was added.

e Hepatotoxicity: The incidence of increased ALT and AST was greater in
the abemaciclib arm than the placebo arm. While the incidence of
increased bilirubin was low, there were treatment discontinuations
attributed to drug induced liver injury and one possible Hy’s Law Case
in the MONARCH 2 study. The Applicant proposed a Warning and
Precaution with recommendations regarding LFT monitoring.

e There is no proposal for a risk management plan.

The safe use of abemaciclib can be managed
through accurate labeling and routine
oncology care. No REMS is indicated.

Laleh Amiri-Kordestani, MD

Cross-Disciplinary Team Leader
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2 Therapeutic Context

2.1. Analysis of Condition

Breast cancer is the most common cancer affecting women in the US and Europe, and is the
second leading cause of cancer death in women (National Cancer Institute, 2017). Metastatic
breast cancer (MBC) is estimated to affect over 150,000 women in the US in 2017, with
approximately 75% of patients experiencing a relapse after initial diagnosis of stage I-1ll disease
(Mariotto, Etzioni et al. 2017). It is projected that there will be more than 165,000 women living
with metastatic breast cancer in the year 2020. Breast cancer in male patients is rare with fewer
than 1% of breast cancer diagnoses in male patients. In 2017, there are approximately 2400
males who are expected to be diagnosed with this disease(2002).

Metastatic breast cancer is currently incurable and treatments that extend progression free and
overall survival are routinely used until evidence of disease progression or lack of tolerability.
The median overall survival with MBC is approximately 2-3 years with a five year survival rate of
approximately 25% (Cardoso, Costa et al. 2017). The natural history of metastatic disease
differs by breast cancer subtype (hormone receptor positive, HER-2 positive, and triple negative
breast cancer) as well as sites of metastatic disease (visceral metasteses vs. bone only
metasteses vs. other)(Kobayashi, Ito et al. 2016, Wedam, Beaver et al. 2016). The symptoms
associated with MBCare dependent on the site(s) of metastatic disease and may include pain,
fatigue and shortness of breath. Surveys of patients with advanced breast cancer indicate that
these patients often feel social isolation and effects on their personal and professional
relationships, including challenges associated with employment, income, and household duties
(Cardoso, Harbeck et al. 2016).

Treatment of patients with metastatic hormone receptor positive, human epidermal growth
factor 2 (HER2) negative metastatic breast cancer who do not respond to first line therapy
include other endocrine based therapies such as aromatase inhibitors (anastrozole, letrozole,
and exemestane), tamoxifen, fulvestrant, fulvestrant in combination with palbociclib,
exemestane in combination with everolimus, and cytotoxic chemotherapy. Endocrine therapy
options for pre and postmenopausal women are similar, however for premenopausal patients,
aromatase inhibitors and fulvestrant should be administered with gonadotropin-releasing
hormone agonists to disrupt the ovarian production of estrogen.

Approximately 90% of male breast cancer cases are hormone receptor positive(Anderson, Jatoi
et al. 2010). For male patients, endocrine based therapies have demonstrated the superiority of
tamoxifen for treatment in the adjuvant setting (Losurdo, Rota et al. 2017). Circulating
estrogens in male patients derive from direct production from the testes (approximately 20%)
with approximately 80% derived from the aromatization of testicular and adrenal androgens.
While there are data regarding the use of Als as single agents in the metastatic setting, both
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ESMO and NCCN guidelines recommend downregulation of testicular function with GnRH
agonists or orchiectomy (Sousa, Moser et al. 2013, Network 2017)

Analysis of Current Treatment Options

To date, there are two approved CDK 4/6 inhibitors for the treatment of women with locally
advance or metastatic breast cancer: palbociclib and ribociclib. Palbociclib is a CDK 4/6 inhibitor
that is currently FDA-approved for the initial treatment of postmenopausal women with HR-
positive, HER2-negative metastatic breast cancer based on results from the PALOMA-2 trial
demonstrating an improvement HR = 0.576 (95% Cl: 0.463, 0.718) and in the estimated median
PFS of 24.8 months in the palbociclib plus letrozole arm vs. 14.5 months in the placebo plus
letrozole arm. For women who have progressed on previous endocrine based therapies,
palbociclib in combination with fulvestrant has been approved for women following disease
progression on endocrine therapy based on the results of the PALOMA-3 study demonstrating a
HR =0.461 (95% Cl 0.360, 0.591) and an improvement in the estimated median PFS in the
palbociclib plus fulvestrant arm of 9.5 months vs. 4.6 months in the placebo plus fulvestrant
arm. Ribociclib is a CDK 4/6 inhibitor that has been approved for use as initial endocrine based
therapy for the treatment of postmenopausal women with HR-positive, HER2-negative
advanced or metastatic breast cancer.

For women who have progressed after initial endocrine therapy, everolimus with exemestane
has been approved given the increased progression free survival estimated median of 7.8
months with everolimus plus exemestane as compared to 3.2 months for placebo plus
exemestane.

For male patients, there are limited data for the use of endocrine therapies aside from
tamoxifen.

Once patients are considered to have hormone refractory MBC, treatment includes standard
cytotoxic chemotherapy agents including capecitabine, paclitaxel, gemcitabine, vinorelbine, and
eribulin. Ixabepilone is another agent that can be used, though it is not often used outside of
the setting of patients who progress on taxane based chemotherapy regimens Table 2.
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Table 1. Summary of Treatment Armamentarium Relevant to Proposed Indication for Patients
with HR-Positive, HER2-Negative Locally Advanced or MBC who have Progressed on Initial
Endocrine Therapy

Product (s) Relevant Year of Dosing/ Efficacy Important Other
Name Indication | Approval Administration | Information Safety and Comments
Tolerability
Issues
FDA Approved Treatments [Combine by Pharmacologic Class, if relevant]
Palbociclib For the 2015,2016 | 125 mg by Estimated median Neutropenia | There was
(Ibrance) treatment mouth daily PFS of palbociclib , initial
of with food for and fulvestrant 9.5 | Embryo- concern for
hormone 21 days months (9.2-11.0) fetal increase in
receptor followed by 7 vs. placebo and toxicity, VTE events,
(HR) days off fulvestrant 4.6 fatigue however
positive, treatment months (3.5-5.6), this did not
human HR 0.461 (0.360, appear to be
epidermal 0.591), p<0.0001, significant at
growth ORR palbociclib the safety
factor 2 and fulvestrant update in
(HER2)- 24.6% (19.6-30.2) 2017
negative vs. placebo and
advanced fulvestrant 10.9%
or (6.2-17.3)
metastatic
breast
cancer in
combinatio
n with
fulvestrant
in women
with
disease
progressio
n following
endocrine
therapy
Ribociclib In 2017 Three (3) 200 Ribociclib + QT
(Kisgali) combinatio mg tablets letrozole estimated | prolongatio
n with an taken once median PFS not n,
aromatase daily with or reached (19.3, NR) | neutropenia
inhibitor as without food vs. placebo and ,
initial for 21 letrozole 14.7 hepatotoxici
endocrine- consecutive months, HR 0.556 ty, embryo
based days followed (0.429,0.720), p fetal toxicity
therapy for by 7 days off <0.0001
the treatment
treatment ORR ribociclib and
of letrozole 52.7%
postmenop (46.6, 58.9) vs.
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ausal
women
with HR-
positive,
HER2-
negative
advanced
or
metastatic
breast
cancer

placebo and
letrozole 37.1%
(31.1, 43.2)

Other Treatments — [Combine by Pharmaco

logic Class, if relevant]

Aromatase For the Anastrazole | One tablet Anastrazole HR of Reduction in
Inhibitors treatment 1995 taken daily 1.42,95% Cl 1.11, bone
(letrozole, of Letrozole 1.82 with an mineral
anastrazole, | postmenop | 1997 estimated median | density,
exemestane) | ausal Exemestane TTP of 11.1 months | increase in
women 1999 in the anastrazole risk of
with arm compared to ischemic
hormone 5.6 months in the cardiovascul
receptor tamoxifen arm ar events,
positive Letrozole HR of increases in
advanced 0.72,95% Cl 0.62, cholesterol,
breast 0.83 with an fatigue,
cancer estimated PFS of dizziness,
9.4 months in the somnolence
letrozole arm and
6.0 months in the
tamoxifen arm
Exemestane HR of
0.84,95% Cl1 0.72,
0.99, with an
estimated median
TTP of 20.3 weeks
in the exemestane
arm and 16.6
weeks in the
megestrol acetate
arm
Fulvestrant For the 2002 500 mg IM HR 0.80, 95% ClI Injection
treatment injection 0.68, 0.94 with an site pain,
of monthly after estimated overall nausea,
hormone an initial survival of 26.4 bone pain,
receptor loading dose of | months in the hot flashes
(HR)- 500 mg IM on fulvestrant 500 mg
positive days 1 and 15 arm and 22.3
metastatic of month one months in the
breast fulvestrant 250 mg
cancer in arm
postmenop
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ausal
women
with
disease
progressio
n following
antiestroge
n therapy

Everolimus For the 2012 One tablet HR 0.45, 95% Cl: Stomatitis,
treatment taken daily 0.38, 0.54 with an infections,
of with estimated PFS of rash,
postmenop exemestane 7.8 months in the fatigue,
ausal everolimus plus diarrhea,
women exemestane arm decreased
with and 3.2 months in appetite,
advanced the placebo plus hyperglyce
hormone exemestane arm mia,
receptor- dyspnea,
positive, pneumonitis
HER2-
negative
breast
cancer in
combinatio
n with
exemestan
e after
failure of
treatment
with
letrozole
or
anastrazol
e

Source: FDA reviewer analysis using information from Drugs @ FDA
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Table 2. Summary of Treatment Armamentarium Relevant to Proposed Indication for Patients
with HR-positive, HER-2 negative MBC who have Progressed after Chemotherapy

Product (s) Name | Relevant Year of Dosing/ Efficacy Important Safety Other
Indication Approva | Administratio | Informatio | and Tolerability Comment
| n n Issues s
Paclitaxel For the 1994 IV 175 mg/m2 Febrile
treatment of every 3 weeks neutropenia,
breast cancer or 80-90 peripheral
after failure of mg/m2 neuropathy
combination weekly
therapy for
metastatic
disease or
relapse within 6
months of
adjuvant
chemotherapy
Capecitabine As monotherapy | 2001 1250 mg/m2 RR 25.6%, Coagulopathy,
in patients orally twice estimated | diarrhea,
resistant to both daily for 14 median cardiotoxicity,
paclitaxel and an days then 7 duration of | dehydration, renal
anthracycline day rest response failure,
containing period 154 days mucocutaneous
regimen and
dermatological
toxicity,
hyperbilirubinemi
a, heutropenia,
thrombocytopenia
Vinorelbine(Zele | N/A N/A 25 mg/m” IV ORR 25% Neutropenia,
k, Barthier et al. weekly abdominal pain,
2001) ileus, fatigue
Eribulin For the 2010 1.4 mg/m2 \% ORR 11% Neutropenia,
treatment of ondays1and | Estimated peripheral
patients with 8 of a 21 day Median neuropathy, QT
metastatic breast cycle duration of | prolongation,
cancer who have response: fatigue, alopecia,
previously 4.2 nausea,
received at least months, constipation
two Estimated
chemotherapeuti Median
c regimens for overall
the treatment of survival
metastatic 13.2
disease months vs.
10.6
months
(HR 0.81,
p=0.041)
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Gemcitabine(Rha | 22-30% (insert N/A 1000 mg/m2 ORR 22- Neutropenia,
, Moon et al. citation) IV on days 1, 30% as a anemia, LFT
2005) 8and 15of a single abnormalities,

28 day cycle agent thrombocytopenia
based on , diarrhea, nausea,
various vomiting,
studies alopecia, myalgia

Source: Reviewer analysis using Drugs @ FDA, NCCN guidelines, and citations as above

Reviewer Comment: Treatment for patients with metastatic HR-positive, HER2 negative breast
cancer is palliative. For these patients, there are multiple endocrine therapy options; however,
once there is evidence of disease progression on endocrine therapy, there is concern for
endocrine resistance. Choice of agent(s) for treatment depends on tumor burden, disease
related symptoms, adverse effects from previous therapies, concomitant illness, patient
performance status, and patient preference. For male patients with metastatic HR-positive,
HER2 negative breast cancer, there is no FDA approved endocrine therapy, though there are
data to support the use of tamoxifen in this patient population. The use of agents other than
tamoxifen has been less well studied.
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3 Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History
Abemaciclib is a new molecular entity (NME) and not currently marketed in the United States.

3.2. Summary of Presubmission/Submission Regulatory Activity

September 15, 2009: IND 106100 for LY2835219 (abemaciclib) was submitted in the United
States for the treatment of advanced cancer to the Division of Oncology Products 1.

October 16, 2009: The First in Human dose study, 13Y-MOJPBA was initiated.

December 18, 2013: A type B Pre-Phase 3 meeting was conducted to discuss MONARCH 1, 2,
and 3 studies. FDA recommended to the Applicant to conduct a randomized trial with a time-to-
event endpoint for JPBN (MONARCH 1) single agent study.

February 24, 2014: MONARCH 1 original protocol submitted to IND.
April 1, 2014: MONARCH 2 original protocol submitted.

July 8, 2014: The FDA acknowledged Eli Lilly’s plan to request a full waiver from Pediatric
Research Equity Act requirements based on their agreed upon Initial Pediatric Study Plan (iPSP)

October 5, 2015: FDA granted Breakthrough Therapy Designation as metastatic breast cancer is
a serious or life-threating disease and preliminary clinical evidence generated by FIH Phase 1
Study JPBA appeared to demonstrate improvement in ORR in patients with HR-positive, HER2
negative metastatic breast cancer who had been treated with previous chemotherapies.

November 12, 2015: FDA granted Fast Track Designation for the investigation of abemaciclib
for patients with refractory hormone receptor positive advanced or metastatic breast cancer.

December 16, 2015: Type B comprehensive multidisciplinary initial breakthrough meeting held
to discuss the clinical development program and manufacturing development strategy of
abemaciclib.

March 1, 2016: A Type B Pre-NDA meeting was conducted. At this meeting, FDA did not agree
that results from MONARCH 1 would provide meaningful therapeutic benefit over existing
treatment based on efficacy and safety.

January 30, 2017: Type B guidance teleconference held to discuss Eli Lilly’s data package to
support a request for a BE study waiver.

March 28, 2017: Teleconference to advise Eli Lilly on the filing strategy for MONARCH 1 and
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MONARCH 2. At this time it was agreed that the initial submission would contain the full
MONARCH 1 submission and topline data for the MONARCH 2 submission with the full

submission to follow.

May 5, 2017: NDA 208716 was submitted electronically to FDA.

June 30, 2017: MONARCH 2 components were submitted.
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4 Significant Issues from Other Review Disciplines Pertinent to
Clinical Conclusions on Efficacy and Safety

4.1.

Office of Scientific Investigations (0SI)

Office of Scientific Investigations (OSI) audits were requested for this NDA. The OSl inspected

eight sites based on enrollment, prior inspection history, and contribution of the site to efficacy
endpoints given that the primary efficacy assessment was investigator assessed. A summary of
the site inspections is provided in Table 3 and Table 4.

Table 3. OSI Findings in MONARCH 1, 13Y-MC-JPBL

Inspection

Site Number and
Number of Subjects

Inspection Date

Interim Classification

Maura Dickler
Memorial Sloan
Kettering Cancer
Center

New York, NY, USA

Site: 100

Subjects: 17

July 18-27, 2017

VAI for failure to
report adverse
events, failing to
maintain accurate
records, and failing to
provide copies of a
few records
requested

Sara Tolaney

Dana Farber Cancer
Institute

Boston, MA, USA

Site: 400

Subjects: 17

August 2-24, 2017

NAI

Table 4. OSI Findings in MONARCH 2, 13Y-MC-JPBN

Inspection

Site Number and
Number of Subjects

Inspection Date

Interim Classification

Claudia Arce Salinas
México, Federal
District 14080

Site: 280

Subjects: 11

August 21-25, 2017

Preliminary VAIL. The
inspection identified
discrepancies and an
FDA Form 483 was
issued for failure to
prepare or maintain
adequate and
accurate case
histories with respect
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to observations and
data pertinent to the
investigation. Based
on review, there were
three subjects who
appeared to have
changes to their
RECIST assessment:
1539, PRto CR

1581, SD to PR

2066, PR to SD, then
CRto SD

Based on these
assessments, two
investigator
assessments were
worse than review
and one was better
than the review

Maura Dickler Site: 114 July 18-27, 2017 VAl for failure to

Memorial Sloan report adverse

Kettering Cancer Subjects: 6 events, failing to

Center maintain accurate

New York, NY, USA records, and failing to
provide copies of a
few records
requested

Hiroji lwata Site: 708 August 14-17, 2017 NAI

Nagoya, Aichi 464-

8681 Subjects: 11

Peter Kaufman Site: 104 July 17-21, 2017 NAI

Norris Cotton Cancer

Center Subjects: 13

Lebanon, NH

Sung-Bae Kim Site: 805 August 21-25, 2017 NAI

Seoul, Korea 5505

Subjects: 11

Sara Tolaney Site: 132 August 2-24, 2017 NAI

Dana Farber Cancer

Institute Subjects: 6
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Boston, MA, USA |

Reviewer Comments: The discrepancies seen at site 280 resulted in an assessment that may
have affected the RECIST criteria investigator assessment for 3 patients. For two of these
patients the assessment by the inspector was improved as compared to that of the investigator
and for one it was worsened. A sensitivity analysis was performed excluding these patients and
the results were consistent with the primary analysis. Additionally, IRC was performed and
demonstrated consistent results with Investigator Assessed PFS further supporting the results of
the primary endpoint.

The issues at site 114 included underreporting of adverse events and concomitant medications,
though it was noted that the nature of the AEs (headache, dysguesia, and fatigue) were noted
to be unlikely to have a significant impact on patient safety. The concomitant medications that
were underreported were also felt to have little significance as they affected no more than 1-2
subjects each (examples include proton pump inhibitors, vitamin supplements, anticoagulants
for VTE prophylaxis, topical treatment for skin rash, pain medications, laxatives, and
antidiarrheals).

See Clinical Inspection Summary written by Sharon Gershon, PharmD, Good Clinical Practice
Assessment Branch, Division of Good Clinical Practice Compliance, OSI, for full details.

4.2. Product Quality

Novel excipients: No
Any impurity of concern: No

The CMC review team requested an impurity assessment for genotoxic impurity B

and ®®@ The proposed specification limits for all impurities were no more
than ®®% and acceptable for the proposed patient population. As stated in ICH S9 and draft
ICH S9 Q&A, for anticancer pharmaceuticals intended to treat patients with advanced disease,
control of impurities below qualification levels specified in ICH Q3A and Q3B are not warranted,
even if the impurity is genotoxic. ®® is listed in the Inactive Ingredients Database
and used as an excipient in multiple oral products at levels higher than% mg, which is the
amount that would be administered at | {% at the maximum recommended dose of 400
mg/day. The specification limit of ®® is acceptable from the

pharmacology/toxicology perspective.
4.3. Clinical Microbiology
Not applicable

4.4, Devices and Companion Diagnostic Issues
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No device or companion diagnostic is included in this application.

5 Nonclinical Pharmacology/Toxicology

5.1. Executive Summary

Abemaciclib is a kinase inhibitor with activity against cyclin-dependent kinase 4 (CDK4) and
CDK®6. CDKs regulate cell cycle entry and commitment to cell division. CDK4 and CDK6 in
complex with D-type cyclins (CycD) control progression from G1 to S phase of the cell cycle.
CDK4 and CDK6 phosphorylate tumor suppressor retinoblastoma (Rb) protein, resulting in
release of Rb-bound E2F transcription factors, upregulation of cell cycle-related genes, and cell
cycle progression from G1 to S phase. In estrogen receptor-positive (ER+) breast cancer, ER
activation promotes cyclin D1 transcription and activation of CDK4/6-Rb pathway, leading to
uncontrolled cell proliferation.

The Applicant conducted several in vitro and in vivo pharmacology studies to assess the
inhibitory activity and mechanism of action of abemaciclib. In vitro, abemaciclib inhibited
enzymatic activity of purified human CDK4/CycD1, CDK6/CycD1, and CDK6/CycD3 with K; values
in the low nanomolar range. The Applicant tested abemaciclib in a panel of 560 cancer cell lines
derived from diverse tumor types. Abemaciclib was active in cancer cells with wildtype Rb
expression, copy number amplification of cyclin D1 or Myc family genes, or mutations reported
to activate the CDK4/6 pathway. In vitro, abemaciclib treatment for up to four days inhibited Rb
phosphorylation, DNA synthesis, and cell metabolism and caused G1 cell cycle arrest, resulting
in senescence and apoptosis following treatment for four or more days. As observed with other
cancer cell lines, abemaciclib treatment of ER+ breast cancer cells for up to eight days resulted
in loss of Rb phosphorylation and downregulation of S-phase cell cycle marker topoisomerase
lla (Topo lla). Continuous exposure to abemaciclib prevented rebound of Rb phosphorylation,
and these results were the basis for the Applicant pursuing a continuous dosing schedule for
abemaciclib.

In mouse xenograft models of ER+ breast cancer, daily doses of 50 or 75 mg/kg abemaciclib
reduced tumor volume by 65-100% relative to controls and in a few models, caused tumor
regression, up to 50% of initial tumor volume. Abemaciclib in combination with hormonal
therapies 4-hydroxytamoxifen or fulvestrant further reduced tumor growth by 15 to 50% and
prolonged the anti-tumor response relative to abemaciclib alone. Single-agent abemaciclib and
combination therapy downregulated tumor mRNA expression of cell cycle-related genes and
decreased protein expression of cell cycle markers Topo lla and phosphorylated histone H3
(pHH3). The submitted nonclinical pharmacology data demonstrated that abemaciclib inhibits
CDK4 and CDK®6, prevents phosphorylation of Rb protein, and blocks cell cycle progression from
G1to S phase, leading to senescence and apoptosis. The approved Established Pharmacologic
Class (EPC) of “kinase inhibitor” is applicable to abemaciclib based on its pharmacologic activity.
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Human metabolites M2 and M20 are structurally similar to abemaciclib and present in human
plasma at >10% of abemaciclib-related molecules. Following administration of a single dose of
150 mg [**C]abemaciclib to healthy subjects, M2 and M20 plasma exposures were 13% and
26%, respectively, of total drug-related exposure. In single-dose PK studies, M2 was present at
5-9% in rat plasma and 15-18% in dog plasma relative to total parent and metabolites. M20 was
not detected in rat and dog plasma in single-dose studies, but was present at <1% and <7% in
rat and dog plasma, respectively, relative to abemaciclib exposure in repeat-dose toxicity
studies. M2, M20, and abemaciclib had comparable inhibitory activity in the presence of
purified CDKs, including CDK4 and CDK6. As observed with abemaciclib, both metabolites
caused G1 cell cycle arrest and inhibited Rb phosphorylation and expression of cell cycle
markers Topo lla and pHH3. M2 and M20 arrested cell growth after four to six days of
treatment and upregulated expression of senescence biomarkers after eight days of treatment.
In general, M20 activity was comparable to abemaciclib. M2 activity was 2 to 5-fold lower than
that observed in abemaciclib-treated cells.

Abemaciclib exposure (Cynax and AUC) in rats and dogs increased with increasing dose and was
generally dose proportional across the dose range tested. Pharmacokinetic analysis did not
demonstrate gender differences in either species. Oral bioavailability was 30 to 60% following a
single oral dose in rats, and the elimination half-life was 3 to 10 h. Abemaciclib equally
partitioned in blood and plasma and was primarily excreted through the biliary/fecal route in
rats and dogs with approximately 90% in feces.

In GLP-compliant, safety pharmacology studies, abemaciclib and its active metabolites inhibited
hERG channel currents with 1Csg values >1.65 uM and >10 uM, respectively, which are higher
than concentrations achieved in patients at the maximum recommended clinical dose. Dogs
receiving a single dose of 10 mg/kg abemaciclib demonstrated a slight decrease in blood
pressure of 7-8% relative to vehicle controls. Abemaciclib had no effect on heart rate or ECG
parameters in dogs receiving single doses up to 10 mg/kg and demonstrated no effect on
respiratory and CNS function in rats receiving single doses up to 50 mg/kg.

The Applicant evaluated abemaciclib in GLP-compliant, repeat-dose, toxicology studies in rats
and dogs with daily oral administration for up to 13 weeks. In both species, abemaciclib caused
lung inflammation and affected organs with rapidly dividing cells, including bone marrow
(hypocellularity), lymphoid organs (lymphoid depletion, atrophy), and gastrointestinal (Gl) tract
(atrophy, lymphoid depletion, necrosis, hemorrhage, hyperplasia), consistent with its
mechanism of action. In dogs, a dose of 10 mg/kg caused early mortalities on Day 12 and 15
due to severe Gl and hematologic toxicity. Clinical signs included decreased activity, tremors,
cold to touch, dehydration, reduced food consumption, body weight loss, fecal changes,
vomiting, weakness, and partially closed eyes. Abemaciclib also caused renal toxicity (tubular
degeneration/ regeneration, vacuolation, dilatation) in rats at doses 210 mg/kg and mild to
severe effects on male reproductive organs (intratubular cellular debris, hypospermia, tubular
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dilatation, and degeneration/necrosis) at doses 210 mg/kg in rats and >0.3 mg/kg in dogs.
These doses in rats and dogs resulted in exposures that were 2 and 0.02 times, respectively, the
exposure (AUC) in humans at the maximum recommended dose of 200 mg twice daily (BID).

In general, toxicological findings were consistent with clinical adverse events of pneumonitis
and hematologic and Gl toxicities. Animal toxicology studies did not show evidence of
thromboembolic events or elevated ALT and AST levels, which were observed in clinical trials.
The majority of patients had increased serum creatinine in the first 28-day cycle until treatment
discontinuation. Elevated serum creatinine was due to reversible inhibition of renal tubular
transporters rather than acute renal injury or reduced glomerular function. Abemaciclib did not
increase serum creatinine in rats or dogs. In rats and dogs, the major route of elimination was
hepatic, with only a small fraction (~3-7%) eliminated by the kidneys.

Abemaciclib and metabolites M2 and M20 (mesylate salts) were not mutagenic in an in vitro
bacterial reverse mutation (Ames) assay at concentrations up to 5000 pg/plate or clastogenic in
an in vitro chromosomal aberration assay in Chinese hamster ovary cells or human peripheral
blood lymphocytes. Abemaciclib was not clastogenic in an in vivo rat bone marrow
micronucleus assay. Metabolites M2 and M20 did cause an increase in endoreduplication in an
in vitro chromosomal aberrations test in CHO cells, but this was likely due to the mechanism of
action of cell cycle disruption and not due to genotoxicity. Metabolite M2 was present in rat
plasma, so it was evaluated in the negative in vivo rat bone marrow micronucleus assay. The
weight of evidence suggests that abemaciclib and its metabolites are not genotoxic.

The Applicant did not conduct fertility studies with abemaciclib, and these studies are not
warranted to support a marketing application in the proposed patient population, per ICH S9. In
repeat-dose toxicology studies, abemaciclib caused adverse effects in the testis, epididymis,
prostate, and seminal vesicles, suggesting a potential risk of impaired fertility in male patients.
Toxicological findings in male reproductive organs, including decreased organ weights,
intratubular cellular debris, hypospermia, tubular dilatation, atrophy, and
degeneration/necrosis, occurred at doses 210 mg/kg/day in rats and >0.3 mg/kg/day in dogs.

Based on its mechanism of action and findings in animal toxicology studies, abemaciclib may
cause fetal harm if administered to a pregnant woman. In an embryo-fetal development study,
pregnant rats received oral doses up to 15 mg/kg abemaciclib during the period of
organogenesis. Doses 24 mg/kg caused decreased fetal body weights and increased the
incidence of cardiovascular and skeletal malformations and variations, including absent
innominate artery and aortic arch, malpositioned subclavian artery, unossified sternebra,
bipartite ossification of thoracic centrum, and rudimentary or nodulated ribs in the absence of
maternal toxicity. At 4 mg/kg, maternal systemic exposures were similar to the human
exposure (AUC) at the maximum recommended clinical dose. Females of reproductive potential
should use effective contraception during treatment and for three weeks following the last
dose of Verzenio. Due to potential adverse reactions in breast-fed children from abemaciclib,
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lactating women should not breastfeed during treatment with Verzenio and for at least three
weeks after the last dose.

According to the clinical pharmacology review of clinical trial JPBA, the geometric mean steady-
state AUC.12, was 3000 ng-h/mL at the maximum recommended clinical dose of 200 mg BID.
AUCq 1,n was doubled to estimate the AUCg.,4n of 6000 ng-h/mL and to calculate the animal-to-
human exposure ratios in the prescribing information for Verzenio.

The submitted nonclinical pharmacology and toxicology data support approval of Verzenio for
the proposed indications.

5.2. Referenced NDAs, BLAs, DMFs
None
5.3. Pharmacology

Primary pharmacology

The Applicant conducted in vitro and in vivo pharmacology studies, primarily using the Gl

abemaciclib. In vitro studies of abemaciclib activity included enzymatic assays using
purified protein and cell-based assays using cancer cell lines. Abemaciclib inhibited activity of
purified hCDK4/CycD1, hCDK6/CycD1, and hCDK6/CycD3 protein complexes with K; values of
0.6, 2.4, and 8.2 nM, respectively (Study #QSB40). In a panel of 98 protein kinases, abemaciclib
demonstrated similar nanomolar activity against CDK4 and CDK6 complexes and inhibited
several other kinases with ICsq values less than or equal to the steady state Cp,ox 0f 0.5 UM
achieved in patients at a dose of 200 mg BID (Study #CCGS16).

Table 5. Inhibition of Kinases by Abemaciclib

Kinases 1C50 (M)
hCDK4/CycD1 0.00196
hPIM1 0.006
hCDK6/CycD1 0.0099
hHIPK2 0.031
hCDK9/CycT1 0.033
hDYRK2 0.0615
hPIM2 0.114
hCK2 0.117
hGSK3b 0.192
hCDK5/P35 0.287
hCDK5/P25 0.355
hFLT3 (D835Y) 0.403
hCDK2/CycE 0.53
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The Applicant tested abemaciclib in various cancer cell lines to evaluate cytotoxicity,
biomarkers of response, and mechanisms of action. The Applicant treated a panel of 560
human cancer cell lines with increasing concentrations of abemaciclib for two doubling times
prior to measuring cell viability (Study #CCGS292). Abemaciclib inhibited cell growth of 13% of
cell lines at ICsg values of less than 1 uM. Sensitivity to abemaciclib treatment correlated with
expression of wild type Rb, mutations reported to activate D-type cyclins, or amplification of D-
type cyclin and Myc family genes. Sensitive cell lines included mantle cell lymphoma,
neuroblastoma, medulloblastoma, Burkitt’s lymphoma, Ewing’s sarcoma, thyroid cancer, and
colorectal cancer. Lung and breast cancer cell lines were also sensitive to abemaciclib after
longer treatment duration of 10 days, and sensitivity to abemaciclib correlated with wild type
Rb expression. In a panel of 46 breast cancer cell lines, abemaciclib treatment for six days
resulted in variable cytotoxicity with I1Csg values in the subnanomolar to micromolar range
(Study #CCGS291). The most sensitive cell lines were generally ER+ with luminal histology. As
observed with other cancer cell lines, the sensitivity of breast cancer cell lines to abemaciclib
treatment correlated with wild type Rb expression, inhibition of Rb phosphorylation, and copy
number amplification of the cyclin D1 gene.

To assess the mechanism of action, the Applicant evaluated the effects of abemaciclib on cell
cycle progression, senescence, apoptosis, and cell metabolism in ER+ breast cancer cell lines
(Study #QSB35, CCG293). Abemaciclib exposure for up to four days inhibited Rb
phosphorylation (ICso = 12-67 nM) and DNA synthesis (ICso = 178 nM) and caused G1 cell cycle
arrest (ICso = 32-54 nM; Study #QSB35). Cytotoxicity and markers of senescence increased over
time and correlated with morphological changes including increased cell size, flattening, and
vacuolation (Study #QSB35). Abemaciclib exposure for four or more days resulted in apoptosis
measured by increased Annexin V and Tunel staining. Abemaciclib caused maximal inhibition of
cell proliferation after three or five doubling times, depending on the cancer cell line. Metabolic
profiling demonstrated a concentration and time-dependent decrease in fumarate, malate,
alpha-ketoglutarate, and lactate levels, suggesting that abemaciclib treatment attenuates cell
metabolism.

To further assess the effects of abemaciclib on senescence, the Applicant treated three
ER+/Rb+ breast cancer cell lines, T47-D, MCF-7, and ZR-75-1, with 500 nM abemaciclib (Study
#CCGS304). Following eight days of treatment, all three cell lines showed 40 to 58% increase in
senescence-associated B-galactosidase activity, a biomarker for senescence. Abemaciclib
inhibited Rb phosphorylation and expression of S-phase cell cycle marker Topo lla by Day 1 of
treatment through Day 8 (Figure 1). Continuous abemaciclib exposure prevented rebound of Rb
phosphorylation. ERa expression was reduced by up to ~60% of controls in T47-D cells and up
to ~30% in MCF-7 cells. Collectively, these findings demonstrate that abemaciclib treatment for
up to eight days results in inhibition of Rb phosphorylation and G1 cell cycle arrest, leading to
senescence. Abemaciclib treatment had no effect on downstream targets of CDK9 (e.g., MCL
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and phosphorylated CTD of RNA polymerase Il) at concentrations up to 20 uM, despite showing
nanomolar inhibitory activity in CDK9 enzymatic assays (Study #CCGS311).

Figure 1. Effects of Continuous Abemaciclib Exposure on ER+ Breast Cancer Cells
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DRb s807/s811 TOPO lla
Days of Treatment 0 1 2 3 6 8 0 1 2 3 6 8
- ] [ ]
B. Washout
pRb $807/s811 TOPO lla
Days of Treatment 1 2 3 &6 8 0 1 2 3 b 8 0
~— (S s e =] 3 days after Rx
[ - - W] & days after Rx
MCF-7 Cells T47-D Cells
0 1 2 3 6 8 0 1 2 3 6 8 (dayscontinuousexposure)
- | pRb_s807/s811
—_— [ pRb_s780
— — - Total Rb
[-_ - -— _— l Topo lla

(S— QD S S— ——— — S ] gRg

m MCF7
mT-47D

100.0
80.0
60.0
40.0
200

0.0

control 1day 2days 3days 6days 8days

% control (ER-a Expression

[Excerpted from Applicant’s submission]

To characterize the activity profile of major human metabolites, the Applicant conducted in
vitro pharmacology studies and compared the activity to abemaciclib (Study #CCGS293).
Following a single dose of 150 mg [**C]abemaciclib in healthy subjects, metabolites M2, M18,
and M20 were present in plasma at 13%, 5%, and 26%, respectively, of total radioactivity (Study
#I3Y-MC-JPBD). In enzymatic assays, abemaciclib and metabolites M2, M18, and M20
demonstrated similar inhibitory activity in the presence of purified CDK4, CDK6, CDK1, and
CDK9 (Table 6). As observed with abemaciclib, treatment of lung and colorectal cancer cell lines
with major metabolites M2 and M20 for 24 h caused G1 cell cycle arrest and inhibited Rb
phosphorylation and expression of cell cycle markers Topo lla and pHH3. M2 and M20 inhibited
growth of breast cancer cells after four to six days of treatment (Figure 2) and increased
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expression of senescence biomarkers after eight days of treatment. In general, M20 activity
was comparable to abemaciclib whereas M2 activity was 2 to 5-fold lower than that observed in
abemaciclib-treated cells. None of the metabolites had an effect on downstream targets of
CDK9, despite showing inhibitory activity in cell-free enzymatic assays.

Table 6. IC50 Values from Cell-free Kinase Assays for Abemaciclib and Human Metabolites

CDK4/CyclinD1 CDKG6/CyclinD1 CDKI1/CyclinB1 CDKY

C d Abs ICs SD N Abs ICs SD N Abs ICs;, SD N Abs ICs D | N
OmPOtRE 1 o | [ ) I ) M) :
Abemaciclib | 0.00157 | 0.0006 | 10 | 0.00202 | 0.0018 | 5 0.925 0.65 | 13 0.035 003 |7
M2 0.00124 | 0.0004 | 7 0.00133 | 0.0003 | 4 0.816 045 | 7 0.01 0.00 | 3
M18 0.00146 | 0.0002 | 3 0.00265 | 0.0008 | 4 0.706 015 4 0.0157 0.00 | 3
N20 0.00134 | 0.0002 | 2 0.00186 | 0.0005 | 4 0.869 034 | 4 0.0215 0.01 | 3
M22 0.425 | 0.0906 | 3 0.557 0.2410 | 3 =20.0 0.00 | 4 2.01 1.11 | 3

[Excerpted from Applicant’s submission]
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Figure 2. Effects of Abemaciclib Metabolites on Inhibiting Growth of Breast Cancer Cells
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CellLine Abemaciclib (nM) M2 (nM) M20 [nM)
MDA-MB-175 15.4 14.5 108
MDA-MB-453 17.2 16.7 13.0
ZR-75-1 29.9 44.6 305
147-D 30.9 28.0 226
UACC-812 44.3 150.3 66.8
UACC-803 47.2 88.7 418
MCF-7 62.3 224.1 113.6
BT-474 143.9 155.6 135.2

[Excerpted from Applicant’s submission]

The Applicant evaluated the anti-tumor activity of abemaciclib in mouse xenograft models of
ER+/HER2- luminal breast cancer. A few tumor models harbored genetic alterations in the
CDK4/6 pathway (e.g., amplification of cyclin D1 gene [CCND1] or activating mutation in
CCND1). Doses of 50 or 75 mg/kg abemaciclib daily reduced tumor growth by 65-100%
following 28 to 35 days of treatment (Study #CCGS303, #CCGS314, #CCGS319, and #CCGS321).
In some tumor models, abemaciclib treatment resulted in tumor regression by up to 50% of
initial tumor volume. Tumor analysis demonstrated effects on downstream CDK4/6 targets,
including inhibition of Rb phosphorylation and reduced protein expression of cell cycle markers
Topo lla and pHH3 (Study #CCG303). Abemaciclib treatment also reduced tumor mRNA
expression of several cell cycle-related genes, including cyclin E, MCM7, CDKN2C (p18), PTEN,
Aurora A, cyclin B1, FOXM1, Ki67, and Topo lla. Abemaciclib treatment had no effect on
downstream targets of CDK9, suggesting that its anti-tumor activity is dependent on CDK4/6
inhibition and not CDK9.

The Applicant also evaluated the anti-tumor activity of abemaciclib in combination with
hormonal therapies 4-hydroxytamoxifen or fulvestrant in mouse xenograft models of
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ER+/HER2- luminal breast cancer (Study #CCGS314, #CCGS319, and #CCGS321). Addition of
hormonal therapy to 50 mg/kg abemaciclib further reduced tumor growth by 15 to 50% and
prolonged the anti-tumor response compared to abemaciclib alone. Tumor analysis
demonstrated a corresponding decrease in mRNA expression of cell cycle-related genes and
inhibition of cell cycle markers phosphorylated Rb, Topo lla, and pHH3 (Study #CCGS319).

Safety Pharmacology

The Applicant evaluated the effects of abemaciclib on hERG channel currents using stably
transfected HEK293 cells (Study #090210.FMD). Due to solubility limitations, the highest
concentration tested was 1.65 uM abemaciclib, which resulted in 33.7% inhibition of hERG
channel currents. The Applicant also assessed the inhibitory activity of human metabolites M2,
M18, and M20 (Study #140516.FMD). ICsq values for these metabolites were all greater than 10
KuM. Abemaciclib and its metabolites are low potency inhibitors of hERG channels, indicating a
low risk of hERG channel inhibition.

The effects of abemaciclib on blood pressure, heart rate, and ECG parameters were assessed in
a GLP-compliant cardiovascular telemetry study in unrestrained conscious Beagle dogs (Study
#692944). Dogs received a single oral dose of 0, 0.3, 1, or 10 mg/kg abemaciclib using a 4x4
crossover design with at least seven days between each dose. ECG tracings were collected prior
to each dose and at 1, 2, 4, 6, 24, and 48 h post-dose. Dogs receiving 10 mg/kg abemaciclib
demonstrated statistically significant decreases in blood pressure. Abemaciclib caused a
decrease in systolic blood pressure up to 7.1% compared to controls at 12 to 14 hand 17 to 19
h post-dose and reduced diastolic pressure up to 8.5% compared to controls at 5, 14, 19, 21, 26,
and 45 h post-dose. Decreases in mean arterial pressure up to 7.4% were noted at 5, 12 to 14,
17 to 19, 26, and 45 h post-dose. No adverse findings were observed at <1 mg/kg (Cmax = 24.8
ng/mL; AUCq.oan = 334 ng-h/mL from Study #8000445).

One dog receiving 10 mg/kg abemaciclib had ventricular premature complexes at 22 to 46 h
post-dose and episodes of paroxysmal ventricular tachycardia or accelerated idioventricular
rhythm at 22 to 48 h post-dose. The Applicant proposed that these findings may be due to
ventricular irritation from the insertion site of the left ventricular pressure transducer or
positive ECG electrode; however, this animal did not experience adverse effects after receiving
lower dose levels or vehicle control, so this finding is possibly test article-related.

The Applicant evaluated the effect of abemaciclib on respiratory and central nervous system
(CNS) function in GLP-compliant studies in male Sprague Dawley rats (Study #692943, 692942).
Rats received a single oral dose of 0, 10, 30, or 50 mg/kg prior to respiratory evaluation at 1, 2,
4, 6, 24 and 48 h post-dose and prior to CNS evaluation. Respiratory and CNS function were
comparable to vehicle controls at doses up to 50 mg/kg abemaciclib (Cnax=1330 ng/mL; AUC,.
24n=23000 ng-h/mL from Study #803871).

5.4. ADME/PK
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Type of Study

Major Findings

Absorption

Dose-exposure relationship of
LY2835219 in male Sprague Dawley
rats following a single oral dose of 5,

Rat
Plasma PK parameters of abemaciclib following a
single oral or IV dose to male rats (n = 3/group):

LY2835219-Metab-prelim-pb)

Pharmacokinetics, distribution,
metabolism, and elimination of
[*C]LY2835219 in male Sprague
Dawley and male and female Long
Evans rats following a single 10-mg/kg
oral dose of [**C]LY2835219 (Study #
8221544PK)

15, 40, or 80 mg/kg of LY2835219 and 5 15 40 80 51V
pharmacokinetics following a single mg/mg | mg/kg | me/kg | mg/kg | mg/kg
intravenous infusion dose of 5 mg/kg (ng72L) 167 510 783 1020 | 1610
of LY2835219 (Study # 8243-263) AUCq.481 1380° 7040 | 22000 | 39300 | 4620°
(ng-h/mL)
Tis 3.2 5.9 10.3 NR® 3.25
(h)
CL NA NA NA NA 1090
(mL/kg/h)
vd NA NA NA NA 3.56
(L/kg)
Bioavailability 29.9 50.8 59.5 53.2 NA
(%)
®AUC from 0 to last measurable time point (12 h)
PAUC from 0 to last measurable time point (24 h)
‘Not reported due to %CV greater than 100%
Distribution
In vitro investigation of LY2835219 Mean protein binding of abemaciclib (% bound):
binding to mouse, rat, dog, and human | Mouse: 98-99%
plasma proteins and human liver Rat: 98-99%
microsomes using equilibrium dialysis Dog: 95-97%
(Study # NO574) Human: 96-98%
Human liver microsomes: 85-91%
In vitro protein binding of LY2835219 Mean protein binding of metabolites (% bound)
metabolites LSN2839567, LSN3106726, Mouse Rat Dog  Human Human
and LSN3106729 in mouse, rat, dog, plasma plasma plasma plasma microsomes
monkey, and human plasma and M2 4 92 8 89 67
' . M20 90 93 76 94 39
human liver microsomes (Study # M18 89 82 69 91 59

Rat

- Mean blood-to-plasma ratio = 0.94-1.24

- Crnax in most tissues occurred at 8 h post-dose.

- Highest maximum concentrations detected in Gl
tract contents

- Highest tissue concentrations in SD rats were
observed in preputial gland, exorbital lacrimal gland,
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Type of Study

Major Findings

harderian gland, intra-orbital lacrimal gland, thyroid,
and pituitary gland.

- High peak tissue levels were in the kidney, spleen,
liver, salivary gland, and adrenal medulla.

- Moderate to low levels were in the testis.

- Low levels of radioactivity were in brain tissues up to
8 h post-dose

Metabolism

Metabolism of LY2835219 in biliary
cannulated and intact male Sprague
Dawley rats following a single 10
mg/kg oral dose of [**C]LY2835219
(Study # 8221544 ME)

Metabolism of LY2835219 in male
beagle dogs following a single 3 mg/kg
(50-uCi/kg) oral dose or a single 1
mg/kg (15 uCi/kg) intravenous dose of
[C]LY2835219 (Study # 8221545ME)

Rat

Following a single oral dose of 10 mg/kg abemaciclib
to intact SD rats (% of total parent and metabolites):
- Plasma: 74-81% parent, 5-9% M2, 5-9% M13

- Feces: 36% parent, 10% M1, 38% M2, 4% M14

- Urine: <1.5% parent and metabolites

Following a single oral dose of 10 mg/kg abemaciclib
to cannulated SD rats:

- Feces: 13% parent, 19% M2

- Bile: 12% M2, 5% M7, <4% parent and metabolites
Dog

Following a single oral dose of 3 mg/kg abemaciclib to
dogs (% of total parent and metabolites):

- Plasma: 90-100% parent, 15-18% M2

-Feces: 11% parent, 46% M2, 6% M20, 6% M1, <5%
M14, M18, M21, and M22

- Urine: <1% parent and metabolites

Excretion

Pharmacokinetics, distribution,
metabolism, and elimination of
[C]LY2835219 in male Sprague
Dawley and male and female Long
Evans rats following a single 10-mg/kg
oral dose of [**C]LY2835219 (Study #
8221544PK)

Pharmacokinetics, metabolism, and
elimination of [**C]LY2835219 in male
beagle dogs following a single 3-mg/kg
(50-uCi/kg) oral dose or a single 1-
mg/kg (15-uCi/kg) intravenous dose of
[*C]LY2835219 (Study # 8221545PK)

Rat

- Following a single oral dose of 10 mg/kg, mean
recovery of radioactivity was ~94-96%, with ~90%
recovered by 48 h post-dose.

- In intact rats, fecal excretion was the major route of
elimination with ~91% in feces and ~3% in urine.

- In bile duct-cannulated rats, total radioactivity
eliminated in feces, bile, and urine was 35%, 51.6%
and 6.6%, respectively.

Dog

- Following a single oral dose of 3 mg/kg or IV dose of
1 mg/kg, mean recovery of radioactivity was ~90%.
Approximately 84% of total radioactivity was
recovered by 72 h post-dose.

- Fecal excretion was the major route of elimination
with ~86% in feces and ~2-3% in urine.

TK data from general toxicology Rat

studies Abemaciclib

3-month repeat dose study in rats -Tmax:4to12h
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Type of Study

Major Findings

(Study # 8000444)

- Accumulation: yes, ~2 to 4-fold
- Dose proportional

Day Sex Dose level Crnax AUCq.24
(mg/kg) (ng/mL) (ng-h/mL)
3 59.2 735
M 10 194 2990
1 30 606 10500
3 102 1170
F 10 277 3960
30 711 13000
3 210 3020
M 10 574 10200
91 30 1400 30100
3 280 3760
F 10 875 15600
30 1540 32000

Metabolite M2 (LD below LLOQ on Day 1)

-Tmax: 2 to 12 h (Day 29), 0.5 to 8 h (Day 91)
- Accumulation: yes, 5.8 to 16.4-fold at 210 mg/kg

- Greater than dose proportional
- 4 to 14% of abemaciclib exposure

Metabolite M20 (LD, MD below LLOQ on Day 1)

- Tmax: 2to 12 h (Day 91)

- Accumulation: yes, 3.4-fold at 30 mg/kg

- Dose proportional

- <1% of abemaciclib exposure when calculable

3-month repeat dose study in dogs

Dog

50

Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4159689




NDA/BLA Multi-disciplinary Review and Evaluation NDA 208716

VERZENIO (abemaciclib)

Type of Study

Major Findings

(Study # 8000445)

Abemaciclib

-Tmax: 2.7to0 5.3 h

- Accumulation: yes, 1.6 to 2.3-fold
- Dose proportional

Day Sex Dose level Crnax AUCq.24
(mg/kg) (ng/mL) (ng-h/mL)
0.3 6.2 73.8
M 1 24.8 334
1 3 50.5 735
0.3 6.3 60.2
F 1 21.6 236
46.6 611
0.3 11.3 148
M 1 49.0 743
91 3 105 1730
0.3 7.8 98.4
F 1 38.5 488
98.4 1400

Metabolite M2 (LD below LLOQ)

- Tmax: 2.8 to 5.3 h at 21 mg/kg

- Accumulation: yes, 1.6 to 2.6-fold at 21 mg/kg

- Greater than dose proportional

- 10 to 33% of abemaciclib exposure when calculable

metabolite M20 (LD, MD below LLOQ on Day 1)
- Tmax: 3 to 8 h at 21 mg/kg

- Accumulation: yes, 3.3-fold at 3 mg/kg

- Dose proportional

- <7% of abemaciclib exposure when calculable

TK data from reproductive toxicology
studies

Embryo-fetal development study in
rats (Study # 8299046)

Rat (maternal values)

Abemaciclib

-Tmax:4to12h

- Accumulation: yes, 1.4 to 1.9-fold

- Greater than dose proportional

'Cmax and AUCO_24h (GD17)
1 mg/kg: 54.6 ng/mL; 843 ng-h/mL
4 mg/kg: 348 ng/mL; 5250 ng-h/mL
15 mg/kg: 826 ng/mL; 17800 ng-h/mL

Metabolite M2 (LD below LLOQ)
-Tmax:4to12h

- Accumulation: yes, 1.9 to 2.5-fold

- Greater than dose proportional

- 2 to 8% of abemaciclib when calculable

Metabolites M20 and M18 were below LLOQ
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5.5. Toxicology
5.5.2. General Toxicology

Study title/ number: A repeat-dose toxicity and toxicokinetic study in rats given
LY2835219 (compound 2835219) by oral gavage for 91 days/8000444

Key Study Findings
e Major target organs were the lymphoid organs, kidney, lung, and small intestine
primarily at doses >10 mg/kg abemaciclib
e Moderate adverse effects were observed in male reproductive organs at 30
mg/kg abemaciclib.

Conducting laboratory and location: oI

GLP compliance: Yes

Methods
Dose and frequency of dosing: 0, 3, 10, 30 mg/kg/day

Route of administration: Oral gavage

Formulation/Vehicle: 1% hydroxyethylcellulose, 0.25% polysorbate 80 and
0.05% antifoam 1510-US in purified water

Species/Strain: Sprague Dawley rats

Number/Sex/Group: 10/Sex/Group

Age: 6 weeks old

Satellite groups/ unique design: 3-9/Sex/Group (TK analysis)

Deviation from study protocol affecting interpretation of results: No

Observations and Results: changes from control

Parameters Major findings

Mortality No test article-related deaths

Clinical Signs Unremarkable

Body Weights End of dosing (body weight/body weight gain)

Males: LD (-5.0%/-7.7%), MD (-17.0%/-23.2%), HD (-32.1%/
-43.1%)

Females: LD (-6.5%/-11.5%), MD (-9.1%/-16.5%), HD (-17.8%/
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-33.5%)

Food consumption

Males: Decreased at LD (to -7%), MD (to -10%), HD (to -30%)
Females: Decreased at LD (to -10%), MD (to -15%), HD (to -19%)

Ophthalmoscopy

Unremarkable

Hematology

RBC at LD (-5%), MD (-13%), HD (-25%)
Hemoglobin at MD (-5%) and HD (to -16%)
Hematocrit at MD (-6%) and HD (to -17%)
Neutrophils at LD (36%), MD (41%), HD (102%)
Monocytes at HD (41%)

Eosinophils at LD (-47%), MD (-33%), HD (-47%)
APTT at MD (to -14%) and HD (to -19%)

Clinical Chemistry

Decreased total bilirubin at HD (-36%)

Increased urea nitrogen (31%) and creatinine (22%) in HD males
Decreased creatine kinase at LD (to -25%), MD (to -31%), and HD
(to -53%)

Urinalysis

Reduced pH and urine volume (-57%) in HD males

Gross Pathology

Small adrenal gland, prostate gland, seminal vesicle (HD only),
and thymus at MD and HD

Discoloration of kidney, lymph node, and spleen at HD

Lung (pale and raised focus) at HD

Organ Weights

Reduced weights of adrenal, pituitary, prostate, thyroid, liver,
spleen, and thymus primarily at MD and HD

Histopathology
Adequate battery: Yes

See below

LD: low dose; MD: mid dose; HD: high dose.
-: indicates reduction in parameters compared to control.

Table 7. Summary of Histological Findings in Rats at Scheduled Necropsy

Males Females
Doses (mg/kg/day) 0 3 10 30 0 3 10 30
Bone marrow, femur
-Decreased cellularity; hematopoietic
Minimal 3/10 1/10
Mild 6/10
Bone marrow, sternum
-Decreased cellularity; hematopoietic
Minimal 1/10 5/10
Mild 8/10 3/10
Epididymis
-Cellular debris
Marked 1/1
-Depletion; sperm
Moderate 1/10
Marked 1/1
GALT
-Decreased cellularity; lymphoid, follicular
Minimal 1/10 4/10
Mild 7/10 3/10

Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4159689

53




NDA/BLA Multi-disciplinary Review and Evaluation NDA 208716
VERZENIO (abemaciclib)

Males Females
Doses (mg/kg/day) 0 3 10 30 0 3 10 30
Moderate 1/10
Heart
-Cardiomyopathy
Minimal | 3/10 2/10
Mild 2/10
Kidney
-Fibrosis, capsular
Minimal 1/10
-Necrosis; medullary
Minimal 2/10 1/10
-Degeneration/regeneration; tubular
Minimal | 5/10 3/10 2/10 1/10 1/10 4/10
Mild 5/10 1/10
Moderate 2/10
-Vacuolation; cortical, medullary, tubular
Moderate 1/10
-Vacuolation; cortical, tubular
Mild 1/10
-Vacuolation; medullary, tubular
Minimal | 1/10 4/10 1/10
Mild | 1/10 3/10 8/10
-Vacuolation; tubular
Minimal 2/10
-Dilatation; tubular
Moderate 1/10
-Dilatation; pelvis
Minimal 2/10
Mild 1/10
-Pigmentation; increased, proximal
convoluted tubule 2/10
Mild
-Cytoplasmic vacuolation/basophilic
granules; glomerular 1/10
Minimal 10/10 9/10
Mild
Liver
-Vacuolation; hepatocellular
Marked 1/10
Lung
-Accumulation; alveolar, macrophage
Minimal | 1/10 3/10 1/10
Mild 1/10 5/10 4/10
Moderate 5/10 6/10
-Inflammation; alveolar, interstitial
Minimal 4/10 7/10
Mild 4/10 1/10
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Males Females
Doses (mg/kg/day) 0 3 10 30 0 3 10 30
Lymph node, mandibular
-Decreased cellularity; lymphoid, follicular
Minimal 1/10 2/10
Mild 6/10 4/10
Moderate 3/10
Lymph node, mesenteric
-Decreased cellularity; lymphoid, follicular
Minimal 4/10 3/10
Mild 4/10 5/10
Moderate 2/10 2/10
-Erythrocytosis
Minimal 2/10 1/10
Mild 1/10
Small intestine, duodenum
-Hyperplasia; crypt
Minimal 1/10
Mild 1/10 1/10 1/10
Spleen
-Fibrosis; capsular
Mild 1/10
Testis
-Degeneration
Severe 1/1
-Dilatation; tubular
Moderate 1/10
Thymus
-Decreased cellularity; lymphoid
Minimal 4/10 8/10
Mild 3/10 2/10
Moderate 3/10 5/10
Marked 6/10 3/10
Severe 1/10

Study title/ number: A repeat dose toxicity and toxicokinetic study in the Beagle dog
given LY2835219 by oral gavage for 3 months/8000445

Key Study Findings
e The major target organs were the lymphoid organs, adrenal gland, lung, and
male reproductive organs.
e Abemaciclib caused cellular debris and oligo/aspermia in the epididymis and
seminiferous tubule degeneration/necrosis in the testis at doses 20.3 mg/kg
(Cmax=11.3 ng/mL; AUCy.24n=148 ng-h/mL).

Conducting laboratory and location: Bl
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GLP compliance: Yes

Methods
Dose and frequency of dosing: 0, 0.3, 1, 3 mg/kg/day
Route of administration: Oral gavage

Formulation/Vehicle: 1% hydroxyethylcellulose, 0.25%
polysorbate 80 and 0.05% antifoam 1510-US in purified water

Species/Strain: Beagle dog
Number/Sex/Group: 3/Sex/Group
Age: 8 to 9 months

Satellite groups/ unique design: None

Deviation from study protocol affecting interpretation of results: No

Observations and Results: changes from control

Parameters Major findings
Mortality No unscheduled deaths
Clinical Signs Red skin at all doses in males

Dry skin at all doses in females

Single incidence of non-sustained convulsion in 1/3 HD males
Tremors in 1/3 MD males and 2/3 HD females

Abnormal gait 1/3 HD females

Backbone prominent in 1/3 MD and HD females

Body Weights End of dosing (body weight/body weight gain)
Males: LD (-1.3%/-37.8%), MD (-4.6%/-55.6%), HD (-1.3%/0.0%)
Females: LD (-4.1%/-60.2%), MD (-4.1%/-60.2%), HD (-6.8%/

-67.5%)
Food consumption Unremarkable
Ophthalmoscopy Unremarkable
ECG Unremarkable
Hematology RBC at LD (to -13%), MD (to -15%), HD (to -16%)

Hemoglobin at LD (to -10%), MD (to -12%), HD (to -13%)
Hematocrit at LD (to -11%), MD (to -14%), HD (to -18%)
Platelets at HD (to -33%)

Reticulocytes at LD (to -32%), MD (to -64%), HD (to -72%)
WBC at LD (to -26%), MD (to -38%), HD (to -44%)
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Lymphocytes at LD (to -18%), MD (to -36%), HD (to -26%)
Neutrophils at LD (to -32%), MD (to -45%), HD (to -48%)
Monocytes at LD (to -47%), MD (to -42%) HD (to -55%)
Eosinophils at LD (-57%), MD (to -72%), HD (to -70%)
Basophils at LD (-52%), MD (to -67%), HD (to -78%)

Clinical Chemistry Urea nitrogen at HD (to 54%)

Cholesterol at LD (to 75%), MD (to 126%), HD (to 192%)
Urinalysis Unremarkable
Gross Pathology Adrenal gland (dark discoloration) at LD, MD, and HD

Lung (discoloration, pale or dark focus) at MD and HD
Spleen (enlargement, pale focus) at LD, MD, and HD

Testis (soft abnormal consistency, small) at LD, MD, and HD
Thymus (small) at LD, MD, and HD

Urinary bladder (thick) at HD

Organ Weights Reduced thymus weight at all dose levels and testis weight at MD
and HD
Histopathology See below

Adequate battery: Yes

LD: low dose; MD: mid dose; HD: high dose.
-: indicates reduction in parameters compared to control.

Table 8. Summary of Histological Findings in Dogs at Scheduled Necropsy

Males Females
Doses (mg/kg/day) 0 0.3 1 3 0 0.3 1 3
No. examined 3 3 3 3 3 3 3 3
Bone marrow
-Decreased cellularity; hematopoietic
Minimal 2 2
Mild 1
Epididymis
-Cellular debris
Minimal 1 1
Mild 1
-Oligo/aspermia
Marked 1
Severe 2
-Inflammation, neutrophilic
Mild 1
Gallbladder
-Vacuolation; epithelial
Minimal 1 2 1 1
Mild 1 1 1 1
Moderate 1
-Macrophage aggregation; lamina propria
Minimal 1
Mild 1
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Males Females
Doses (mg/kg/day) 0 0.3 1 3 0 0.3 1
No. examined 3 3 3 3 3 3 3
Adrenal gland
-Vacuolation; cortical, decreased
Minimal 2 2
Mild 3 1
Moderate 2 3 1
-Pigment deposit; cortical
Mild
Prostate gland
-Dilatation; urethra
Mild 1
Kidney
-Inflammation; interstitial
Minimal
Lung
-Inflammation; alveolar
Mild 1
Moderate 1
-Macrophage aggregation
Minimal 1
-Granuloma
Minimal 2
-Metaplasia; osseous
Minimal 1
Lymph node, mesenteric
-Erythrocytosis
Mild 1
Spleen
-Siderotic plaque
Minimal 1
Mild 1 1
-Pigment deposit; increased
Minimal 1 1
Mild
Stomach
-Hemorrhage; mucosal, pylorus
Minimal 1
-Hemorrhage; pylorus
Minimal 1
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Males Females
Doses (mg/kg/day) 0 0.3 1 3 0 0.3 1 3
No. examined 3 3 3 3 3 3 3 3
Testis
-Atrophy
Minimal 1
-Degeneration/necrosis; seminiferous
tubule
Minimal 1
Mild 2 3
Marked 1
Severe 2
Thymus
-Hemorrhage
Minimal 1
-Decreased cellularity; lymphoid
Mild 2 2 2
Moderate 2 1 1

General toxicology; additional studies

Study title/ number: A repeat dose toxicity and toxicokinetic study in Sprague-Dawley rats
given LY2835219 (Compound 2835219) by oral gavage for 28 days followed by a recovery
period of 28 days/ #803871

In a GLP-compliant study, Sprague Dawley rats received doses of 0, 10, 30, or 50 mg/kg/day
orally for 28 days followed by a 28-day recovery period. Clinical signs occurred primarily at the
mid and high dose level and included salivation, partially closed eyes, dehydration, decreased
activity, prominent backbone, thin appearance, fecal changes, thin fur, alopecia, and dry, flaky,
red or scabbed skin. Abemaciclib caused a dose-dependent decrease body weight gain up to
~25% relative to controls. Abemaciclib targeted organs with rapidly dividing cells including
lymphoid organs, Gl tract, and male reproductive organs at doses 210 mg/kg (Cnax=729 ng/mL;
AUCp.4,=12415 ng-h/mL). Toxicological findings in the epididymis, testis, prostate, and seminal
vesicle occurred at all dose levels and included decreased organ weight, atrophy, intratubular
cellular debris, necrosis, germ cell degeneration/depletion, and spermatid retention.
Histological findings were also observed in the kidney (tubular vacuolation/ degeneration,
inflammation), lung (macrophage accumulation, bronchoalveolar inflammation), mammary
gland (glandular atrophy), skeletal muscle (myofiber degeneration/ necrosis), and skin
(parakeratosis, epidural hyperplasia, ulceration) primarily at the mid and high dose levels.
Hematology analysis showed a reversible decrease in red cell mass, platelets, monocytes, and
eosinophils at doses 210 mg/kg. An increase in total leukocytes, neutrophils, and basophils at
doses 230 mg/kg was indicative of inflammation observed in multiple organs.
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Study title/ number: A repeat-dose toxicity and toxicokinetic study in Beagle dogs given
LY2835219 (Compound 2835219) by oral gavage for 28 days followed by a recovery period of
28 days/ #803872

In a GLP-compliant study, Beagle dogs received doses of 0, 1, 3, and 10 mg/kg/day orally for 28
days followed by a 28-day recovery period. Two dogs receiving 10 mg/kg abemaciclib were
euthanized moribund on Day 12 and 15 due to severe Gl and hematologic toxicity. Clinical signs
were observed primarily at 10 mg/kg and included decreased activity, tremors, cold to touch,
dehydration, reduced food consumption, body weight loss, vomiting, weakness, partially closed
eyes, and soft, liquid, red, and black feces. On Day 13/14, the Applicant stopped dosing the
remaining animals in the 10 mg/kg dose group. The major target organs were the lymphoid
organs (decreased cellularity, erythrocytosis/hemorrhage), Gl tract (hyperplasia, hemorrhage,
atrophy, lymphoid depletion, necrosis), male reproductive organs, lung (bronchoalveolar
inflammation), and adrenal glands (immune infiltrates, cytoplasmic eosinophilia, decreased
vacuolation). Toxicological findings in the testis and epididymis occurred at all dose levels and
included atrophy and degeneration of the seminal epithelium and oligo/aspermia. Clinical
pathology analysis showed a reversible decrease in red cell mass and leukocyte populations at
all dose levels and an increase in cholesterol up to 3.5-fold. At end of recovery, toxicological
findings were still observed in the bone marrow, Gl tract, male reproductive organs, lymphoid
organs, mammary gland (atrophy), and lung (macrophage accumulation, fibrosis, and
hemorrhage).

5.5.3. Genetic Toxicology

Study title/ number: LY2835219 (Compound 2835219) Bacterial mutation test/ #962562
Key Study Findings:
e Abemaciclib was not mutagenic under the conditions tested.

GLP compliance: Yes

Test system: salmonella strains TA1535, TA1537, TA98, TA100 and E. coli strain WP2 uvrA; up to
5000 pg/plate abemaciclib; +/- S9

Study is valid: Yes

Study title/ number: LSN3151113 (Metabolite M20): Bacterial reverse mutation assay/
#8323847
Key Study Findings:

e Metabolite M20 (mesylate salt) was not mutagenic under the conditions tested.

GLP compliance: Yes

Test system: salmonella strains TA1535, TA1537, TA98, TA100 and E. coli strain WP2 uvrA; up to
5000 pg/plate metabolite M20; +/- S9

Study is valid: Yes
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Study title/ number: LSN2839543 (Metabolite M2): Bacterial reverse mutation assay/
#8324137
Key Study Findings:

e Metabolite M2 (mesylate salt) was not mutagenic under the conditions tested.

GLP compliance: Yes

Test system: salmonella strains TA1535, TA1537, TA98, TA100 and E. coli strain WP2 uvrA; up to
5000 pg/plate metabolite M2; +/- S9

Study is valid: Yes

In Vitro Assays in Mammalian Cells
Study title/ number: LY2835219 (Compound 2835219) Chromosome aberration test/ #962563
Key Study Findings:

e Abemaciclib was not clastogenic under the conditions tested.

GLP compliance: Yes
Test system: human peripheral blood lymphocytes; up to 12.5 pg/mL in main study; +/- S9
Study is valid: Yes

Study title/ number: LSN3151113 (Metabolite M20): Chromosomal aberrations in Chinese
hamster ovary (CHO) cells/ #8323846
Key Study Findings:

e Metabolite M20 (mesylate salt) was not clastogenic under the conditions tested.

e Following 3 hour treatment, M20 caused an increase in the number of cells with
endoreplication at 1.97 and 2.32 pug/mL (5.5% and 10.5%, respectively) without S9
activation and at 4.44 and 5.22 pg/mL (13.5 and 22.0%, respectively) with S9 activation.
These findings were attributed to mechanism of cell cycle disruption rather than
genotoxicity.

GLP compliance: Yes
Test system: Chinese hamster ovary cells; up to 10 pg/mL in main study; +/- S9
Study is valid: Yes

Study title/ number: LSN2839543 (Metabolite M2): Chromosomal aberrations in Chinese
hamster ovary (CHO) cells/ #8323848
Key Study Findings:
e Metabolite M2 (mesylate salt) was not clastogenic under the conditions tested.
e M2 caused an increase in the number of cells with endoreplication at 2.95 and 2.47
ug/mL (12.5% and 6.0%, respectively) without S9 activation and at 3.47 and 4.81 ug/mL
(6.5% and 17.0%, respectively) with S9 activation. These finding were attributed to
mechanisms of cell cycle disruption rather than genotoxicity.
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GLP compliance: Yes
Test system: Chinese hamster ovary cells; up to 15 pg/mL in main study; +/- S9
Study is valid: Yes

5.5.4. Carcinogenicity

Not conducted or required to support this NDA application of abemaciclib for patients with
advanced cancer

5.5.5. Reproductive and Developmental Toxicology

Fertility and Early Embryonic Development
Not conducted or required to support this NDA application of abemaciclib for patients with
advanced cancer

Embryo-Fetal Development
Study title/ number: Oral gavage embryo-fetal development and toxicokinetic study for
effects with LY2835219 in rats/ #8299046
Key Study Findings
e Doses 24 mg/kg abemaciclib given to pregnant rats during the period of organogenesis
caused a decrease in fetal weights.
e Skeletal (rib, skull, vertebra, sternebra) and cardiovascular malformations and variations
occurred at doses 24 mg/kg abemaciclib (Cnax=348 ng/mL; AUCy.24n=5250 ng-h/mL).

Conducting laboratory and location: e

GLP compliance: Yes

Methods

Dose and frequency of dosing: 0, 1, 4, and 15 mg/kg/day

Route of administration: Oral gavage

Formulation/Vehicle: 1% hydroxyethylcellulose (w/v), 0.25%
polysorbate 80 (w/v), 0.05% Dow Corning antifoam in reverse osmosis
water

Species/Strain: Sprague Dawley rats

Number/Sex/Group: 25 females/Group

Satellite groups: 4 females/Group 1, 12 females/Group 2-4

Study design: Pregnant female rats of approximately 11 to 12 weeks old
received 0, 1, 4, or 15 mg/kg/day abemaciclib on GD 6-17. Animals were
euthanized on GD 21.

Deviation from study protocol affecting interpretation of results: No
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Observations and Results

Parameters

Major findings

Mortality

No unscheduled deaths in main study

Clinical Signs

LD: unremarkable
MD: unremarkable

HD: Rough hair coat 3/25 females, swollen appearance 1/25

females

Body Weights

End of dosing (body weight/body weight gain)
LD: unremarkable
MD: -3.4%/-11.3%
HD: -8.3%/-28.9%

Food consumption

Mean food consumption GD 6-18
LD: unremarkable

MD: -7.9%

HD: -17.8%

Necropsy findings
Cesarean Section Data

LD: unremarkable

MD: -7.4% gravid uterine weight

HD: -20% gravid uterine weight
Corrected body weight: unremarkable
Cesarean section data: unremarkable

Necropsy findings
Offspring

LD: unremarkable

MD: -6.7% fetal weight
HD: -18.3% fetal weight
See below

LD: low dose; MD: mid dose; HD: high dose

Table 9. Summary of Fetal Rat Malformations and Variations
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Doses (mg/kg) 0 1 4 15
External
(No. examined litter/fetus) 25/296 24/293 25/304 25/284
Tail
M-tail — bent 1/1
M-tail — filamentous 1/1
Visceral variations
(No. examined litter/fetus) 25/148 24/148 25/153 25/141
Blood vessel
Carotid/innominate arteries — common origin 1/1
Innominate artery - absent 1/1 1/1 2/2 14***/19
Lung
Intermediate lobe — absent 1/1
Lung lobe - small 1/1
Visceral malformations
(No. examined litter/fetus) 25/148 24/148 25/153 25/141
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Doses (mg/kg) 0 1 4 15
Blood vessel
Aortic arch — absent 1/1 6*/8
Subclavian artery — malpositioned 1/1 5*%/7
Subclavian artery - retroesophageal 1/1 7**/9
Skeletal variations
(No. examined litter/fetus) 25/148 24/145 25/151 25/143
Rib
Rib-rudimentary 4/4 1/1 8**/13
Rib — detached 4/4
Rib — nodulated 5*%/8
Rib - wavy 3/4
Skull
Interpariental — incomplete ossification 1/3
Sternebra
Sternebra — asymmetric ossification 1/1 1/1 1/1
Sternebra — bipartite ossification 1/1 1/1
Sternabra — incomplete ossification 2/2
Sternebra - unossified 2/2 8**/13
Supernumerary rib
Supernumerary rib — present 4/5 3/3 3/6 7/14
Vertebra — lumbar centrum
Lumbar centrum — bipartite ossification 2/2
Lumbar centrum — unilateral ossification 1/1
Vertebra — thoracic centrum
Thoracic centrum — bipartite ossification 8**/12
Vertebral column
Pre-sacral vertebra 2/2
Skeletal malformations
(No. examined litter/fetus) 25/148 24/145 25/151 25/143
Rib
M-rib — absent 4/5
M-rib — bent 1/1
M-rib - interrupted 1/1

Significant finding, *p<0.05, **p<0.01, ***p<0.001

Study title/ number: A pilot embryo-fetal development study in Sprague-Dawley rats of
LY2835219 (Compound 2835219) administered orally (gavage)/ Study #902075

The Applicant assessed the effect of abemaciclib on rat embryo-fetal development in a pilot
toxicity study. Pregnant Sprague Dawley rats received doses of 0, 0.3, 1, 5, or 15 mg/kg by oral
gavage on gestation Day 6 to 17. Blood samples for toxicokinetic analysis were collected at 0.5,
2,4,8,12,and 24 h post-dose on gestation Day 6 and 17. Additional blood samples were
collected at pre-dose, 48, and 72 h post-dose on Day 17. All animals survived to scheduled
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necropsy. At a dose of 15 mg/kg, maternal body weight gain was approximately 17% lower than
controls with a corresponding decrease in food consumption. Fetal weights were approximately
17-18% lower than controls at 15 mg/kg (Cmax=760 ng/mL; AUCo.24n=14564 ng-h/mL). The
pregnancy rate was 100%, and there were no major external malformations or minor external
anomalies noted for any fetuses.

Prenatal and Postnatal Development
Not conducted or required to support this NDA application of abemaciclib for patients with
advanced cancer

5.5.6. Other Toxicology Studies

The Applicant evaluated the effect of abemaciclib on phototoxicity in a GLP-compliant
toxicology study in Long-Evans pigmented rats. Rats received three consecutive doses of 0, 5, or
40 mg/kg abemaciclib followed by a single exposure to UVR at 2 h post-dose. A second 40
mg/kg dose group received sham UVR. There were no adverse effects on the eyes or skin on
Day 1, 2, and 3 following UVR exposure.

The Applicant evaluated abemaciclib for potential dermal toxicity in a GLP-compliant acute
toxicity study in Sprague Dawley rats. Rats received a single dermal administration of
abemaciclib at 2000 mg/kg body weight. There were no adverse effects on the skin.

The Applicant assessed abemaciclib for ocular irritation in a GLP-compliant bovine corneal
opacity and permeability test. Five corneas were treated with 0.75 mL of 20% abemaciclib
solution for 4 h. Abemaciclib did not cause adverse effects on opacity measurements or sodium
fluorescein permeability.

X X

Tiffany Ricks Todd Palmby
Primary Reviewer Team Leader
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6 Clinical Pharmacology

6.1. Executive Summary

The applicant seeks the approval of two different dosing regimens of abemaciclib, one for each
proposed indication. As monotherapy, the proposed dosage regimen is 200 mg abemaciclib
administered twice daily for the treatment of patients with HR-positive, HER2-negative
advanced or metastatic breast cancer with disease progression following endocrine therapy and
prior chemotherapy in the metastatic setting. As combination therapy with fulvestrant, the
proposed dosage regimen is 150 mg abemaciclib administered twice daily for the treatment of
patients with HR-positive, HER2-negative advanced or metastatic breast cancer with disease
progression following endocrine therapy. Abemaciclib can be continuously administered
without regard to food based on individual safety and tolerability. The primary evidence of
efficacy supporting the 150 mg dose in combination with fulvestrant is based on the
demonstrated increase in progression-free survival (PFS) in MONARCH 2, a randomized, double-
blind, placebo-controlled trial. Refer to section 7 for further details regarding the supportive
evidence of effectiveness for the proposed indications.

The clinical pharmacology review focused on evaluating the acceptability of the different
proposed dosage regimens, and adjustment of the starting dose for drug-drug interactions and
patients with organ dysfunction.

Recommendations

The Office of Clinical Pharmacology recommends the approval of the NDA 208716 from a
clinical pharmacology perspective. The key review issues with specific recommendations and
comments are summarized below:

Review Issues Recommendations and Comments
Supportive evidence of | The effectiveness of abemaciclib as monotherapy and in combination
effectiveness with fulvestrant was demonstrated in the MONARCH 1 and 2 trials,
respectively. Refer to section 7 for further details.
General dosing The proposed dosage regimens of abemaciclib 200 mg administered
instructions twice daily as monotherapy and 150 mg administered twice daily in

combination with fulvestrant are acceptable.

The exposure-response analyses support the proposed 200 mg dose
of abemaciclib administered twice daily despite the observed
incidence of diarrhea (grade 3: 19.7%; all grades 90%) and
neutropenia (grade 3: 18.9%; all grades: 37%) given the stage of
disease. Over half of the patients treated at the 200 mg dose level
remained on the starting dose in the MONARCH 1 trial. A lower
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starting dose would lead to a loss of efficacy based on the positive
relationship between tumor shrinkage and the exposure of
abemaciclib. On the other hand, the starting dose of abemaciclib was
reduced to 150 mg in combination with fulvestrant based on a higher
incidence of treatment discontinuation and modifications primarily
due to diarrhea observed with the 200 mg dose. The protocol for the
MONARCH 2 trial was consequently amended to treat all patients
with the 150 mg abemaciclib dose. Although the lower dose
improved the tolerability profile of abemaciclib, further dose
optimization may be beneficial for patients who can tolerate the
higher dose level. Prophylactic antidiarrheal management in the first
few treatment cycles may also reduce the incidence of diarrhea-
related dose modifications and treatment discontinuations. Of note,
modeling and simulations suggest that the risk of severe neutropenia
do not significantly differ between the 150 mg and 200 mg
abemaciclib doses after the first two treatment cycles. The applicant
is currently evaluating the effects of prophylactic antidiarrheal
management on the risk-benefit profile of abemaciclib in
combination with estrogen suppression therapy. A PMR was also
issued to evaluate whether co-administration of abemaciclib with
meals improves its tolerability profile with regards to gastrointestinal
adverse events.

Dosing in patient
subgroups (intrinsic
and extrinsic factors)

No adjustment in the starting dose is necessary for patients with mild
or moderate hepatic impairment or renal impairment. The terminal
half-life of abemaciclib and the systemic exposure of the total active
moieties in plasma doubled in subjects with severe hepatic
impairment (Child-Pugh category C, n=6) relative to those with
normal liver function (n=10). The dosing frequency for the starting
dose of abemaciclib in patients with severe hepatic impairment is
reduced to once daily. The PK of abemaciclib was not studied in
patients with severe renal impairment (CLcr < 30 mL/min) or those
with end-stage renal disease requiring dialysis.

Drug-drug interactions

The concomitant administration of strong CYP3A modulators altered
the PK of abemaciclib in vivo. Abemaciclib has three major circulating
active metabolites, N-desethylabemaciclib (M2), hydroxy-N-
desethylabemaciclib (M18), and hydroxyabemaciclib (M20), which
respectively account for 13%, 5%, and 26% of the total analytes AUC
in plasma. In a dedicated drug-interaction trial (Study JPBE),
concomitant use of clarithromycin, (a strong CYP3A4 inhibitor), with a
single 50 mg dose of abemaciclib increased the relative potency
adjusted unbound AUCq.nr of abemaciclib plus its active metabolites
(M2, M18, and M20) by 1.7-fold relative to abemaciclib alone in

67

Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4159689




NDA/BLA Multi-disciplinary Review and Evaluation NDA 208716

VERZENIO (abemaciclib)

cancer patients. Conversely, study JPBF reported that the
concomitant administration of repeat daily doses of rifampin 600 mg,
(a strong CYP3A4 inducer), with a single 200 mg dose of abemaciclib
decreased the relative potency-adjusted unbound AUCq nf of
abemaciclib plus its active metabolites (M2, M18, and M20) by 67% in
healthy subjects. Physiologically-based PK (PBPK) models were
developed to predict the drug-drug interaction potential of
abemaciclib.

PBPK simulations suggested that the PK of abemaciclib is
differentially affected by ketoconazole compared to other strong
CYP3A inhibitors, such as clarithromycin and itraconazole. With
ketoconazole, the model predicted a 16-fold increase in abemaciclib
exposure following a single 50 mg dose of abemaciclib. Overall, the
following recommendations regarding the co-administration of
strong CYP3A modulators were concluded:

e Avoid concomitant use of ketoconazole given the predicted up
to 16-fold increase of abemaciclib and potential concerns for
unknown off-target toxicities.

e Other strong CYP3A inhibitors:

0 In patients with recommended starting doses of 200
mg twice daily or 150 mg twice daily, reduce the
VERZENIO dose to 100 mg twice daily with
concomitant use of other strong CYP3A inhibitors.

0 In patients who have had a dose reduction to 100 mg
twice daily due to adverse reactions, further reduce
the VERZENIO dose to 50 mg twice daily with
concomitant use of other strong CYP3A inhibitors.

e Avoid concomitant use of strong CYP3A inducers with
abemaciclib.

A post-marketing requirement was issued to evaluate the effects of
moderate CYP3A inducers on the PK of abemaciclib by conducting a
dedicated clinical trial or using modeling and simulation.

Labeling

Labeling recommendations were communicated to the applicant.
Refer to section 10 for further details.
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Post-Marketing Requirements (PMR)

PMC or PMR Key Issue(s) to be Rationale Key Considerations for Design
Addressed Features
The effects fasting The mechanisms of | The trial should be an open-
state on the the observed label, non-randomized, study
tolerability and gastrointestinal investigating the incidence of
safety of abemaciclib | toxicities of dose reduction and
with regards to abemaciclib are interruptions due to severe
gastrointestinal unknown. Fasting diarrhea following dosing of
adverse events. and Fed state abemaciclib in three different
differentially affects | administration conditions: fed,
% Emg Gl motility and its fasted, and without regards to
physicochemical meals. e
properties which
may improve
tolerability without
significantly altering
the systemic
exposure of
abemaciclib.
There is insufficient | The effects of Conduct PBPK analysis or a
information to moderate CYP3A pharmacokinetic trial to
determine the inducers on the PK | evaluate the effect of repeat
starting dose of of abemaciclib have | doses of a moderate CYP3A4
abemaciclib in not evaluated.The inducer on the single dose
patients requiring systemic exposure pharmacokinetics of abemaciclib
concomitant of relative potency- | and its active metabolites to
treatment with adjusted, unbound | assess the magnitude of
moderate CYP3A abemaciclib plus its | decreased drug exposure and to
X pPmC inducers. active metabolites determine appropriate dosing
[]PMR was reduced by 67% | recommendations. Design and
following CYP450 conduct the trial in accordance
induction with with the FDA Guidance for
repeated rifampin Industry entitled “Drug
administration, a Interaction Studies — Study
strong inducer. Design, Data Analysis,
Implications for Dosing, and
Labeling Recommendations.”
Submit final report and data
sets.
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6.2. Summary of Clinical Pharmacology Assessment

Abemaciclib is a weakly basic, small molecule (MW: 506.6 g/mol) which reversibly inhibits
cyclin-dependent kinase 4 (CDK4) and cyclin-dependent kinase 6 (CDK6) at respective 1Cso
values ranging from 1.2 to 2.0 nM and 2.0 to 9.9 nM. Of note, the major systemic metabolites
of abemaciclib (M2, M18, and M20) are pharmacologically equipotent to the parent drug and
present in plasma at similar extent as abemaciclib. Abemaciclib suppresses tumor cellular
proliferation through inhibition of CDK4/CDK6-dependent phosphorylation of the
retinoblastoma protein thereby thwarting formation of complexes and factors required for
transition into the DNA synthesis or S phase of the cell cycle.

Approximately dose proportional and linear pharmacokinetic properties were observed after a
single oral administration of abemaciclib at doses ranging from 50 to 600 mg and repeated oral
doses ranging from 50 to 200 mg twice daily. The systemic exposure of abemaciclib was highly
variable as illustrated by an observed intra- and inter-subject variability of 15%CV and >60%CV,
respectively. The estimated geometric mean elimination half-life (CV%) of abemaciclib, M2 or
M20 was 18.3 hours (72%), 20.4 hours (67%), and 17 hours (63%), respectively. After five days
of repeated twice daily administration, the exposure of abemaciclib reached steady state with
an estimated geometric mean accumulation ratio of 3.2 (59% CV). Of note, abemaciclib is
almost exclusively eliminated by the liver where it undergoes capacity-limited clearance.
Consequently, the unbound intrinsic clearance is the primary determinant of the unbound
steady state exposure, and ultimately the pharmacological effects of abemaciclib and its
equipotent metabolites.

6.2.1. Pharmacology and Clinical Pharmacokinetics

Absorption: The mean fraction of the administered oral dose of abemaciclib available
systemically is 0.45 (19% CV) while the median [range] time to maximal plasma concentration,
tmax, IS 8.00 hours [4.1-24.0]. The tnax for the major metabolites typically occurs within 3 to 10
hours following oral administration. Clinically relevant alterations in the extent of abemaciclib
absorption from reduction in gastric acid are not expected since the 200 mg drug product
remains soluble in 250 mL of aqueous solution at pH 6.8. Thus, a clinical trial investigating the
effects of co-administration of gastric acid reducing agents on the exposure of abemaciclib is
not warranted. No clinically relevant food effect on abemaciclib exposure was observed
following concomitant administration with a high-fat meal (approximately 800 to 1000 calories
with 150 calories from protein, 250 calories from carbohydrate, and 500 to 600 calories from
fat).

Distribution: In vitro, abemaciclib binds to human plasma proteins in a concentration-
independent manner from 152 ng/mL to 5066 ng/mL. The mean (standard deviation, SD) bound
fraction was 96.3% (1.1) for abemaciclib, 93.4% (1.3) for M2, 96.8% (0.8) for M18, and 97.8%
(0.6) for M20. The geometric mean systemic volume of distribution is approximately 690.3 L
(49% CV).

70

Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4159689



NDA/BLA Multi-disciplinary Review and Evaluation NDA 208716
VERZENIO (abemaciclib)

Metabolism: In humans, the metabolism and elimination of abemaciclib are characterized by
intestinal and hepatic biotransformation via oxidative reactions by cytochrome P450 (CYP) 3A4
to several equipotent active metabolites, which primarily include N-desethylabemaciclib (M2),
hydroxy-N-desethylabemaciclib (M18), and hydroxyabemaciclib (M20). In plasma, abemaciclib
and its major active metabolites M2, M18, and M20 circulated in similar abundance as their
AUCs respectively accounted for 34%, 13%, 5%, and 26% of the total abemaciclib-derived
radioactivity.

Excretion: Following a 336-hour collection period, biliary excretion was the primary route of
elimination of abemaciclib and its derived moieties as 81% and 3% of the orally administered
radioactive dose was recovered in feces and urine, respectively. Overall, unchanged
abemaciclib and its metabolites respectively accounted for 7% and 47% of the administered
dose excreted in feces.

6.2.2. General Dosing and Therapeutic Individualization

General Dosing

The proposed dosage regimens of orally administered abemaciclib 150 mg twice daily in
combination with fulvestrant and abemaciclib 200 mg twice daily as monotherapy, without
regard to food, are acceptable. Refer to section 6.3.2 for further details and discussion.

Therapeutic Individualization

Organ Dysfunction

Renal function is not expected to impact the exposure of abemaciclib since abemaciclib and its
major metabolites are primarily eliminated in the liver. Based on the results of a popPK analysis,
no changes in abemaciclib PK were observed in patients with mild (Cockroft Gault creatinine
clearance, CLcr260 mL/min and <90 mL/min, n=186), or moderate (CLcr>30 mL/min and <60
mL/min, n=64) renal impairment, relative to those with normal renal function (CLcr = 90
mL/min, n=233). Following the administration of a single 150 mg oral dose of abemaciclib, no
clinically relevant changes in the systemic exposure of abemaciclib was noted in subjects with
mild (Child-Pugh category A, n=9), or moderate (Child-Pugh category B, n=10) hepatic
impairment, relative to those with normal hepatic function (n=10). The terminal half-life of
abemaciclib, as well as the systemic exposure of total abemaciclib analytes (abemaciclib + M2 +
M18 + M20), were doubled in subjects with severe (Child-Pugh category C, n=6) hepatic
impairment relative to those with normal liver function. Consequently, no starting dose
adjustment is necessary for patients with mild or moderate hepatic or renal impairment. The
recommended dosing frequency for the starting dose of abemaciclib in patients with severe
hepatic impairment is once daily.

Drug-Drug Interactions
The concomitant administration of strong CYP3A modulators altered the PK of abemaciclib in
vivo. The co-administration of 500 mg twice daily doses of clarithromycin, a strong CYP3A4
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inhibitor, with a single 50 mg dose of abemaciclib increased the relative potency adjusted
unbound AUCq.nr of abemaciclib plus its active metabolites (M2, M18, and M20) by 1.7-fold
relative to abemaciclib alone in cancer patients.

Conversely, the co-administration of repeated 600 mg daily doses of rifampin, a strong CYP3A
inducer, with a single 200 mg dose of abemaciclib decreased the relative potency adjusted
unbound AUCy nr of abemaciclib plus its active metabolites (M2, M18, and M20) by 67 in
healthy subjects. The effect of moderate CYP 3A4 inducers was not determined, and labeling
instructions cannot be described.

Physiologically-based pharmacokinetic (PBPK) modelling was used to predict the drug-drug
interaction potential of abemaciclib as a victim of the CYP3A metabolic pathway. Based on the
results of a PBPK modeling and simulation analysis, the PK of abemaciclib is differentially
affected by ketoconazole compared to other strong CYP3A inhibitors. For example, PBPK
simulations predicted 5 and 7-fold increases in exposure of abemaciclib following co-
administration of a single 200 mg dose of abemaciclib with clarithromycin and itraconazole,
respectively, whereas an up to 16-fold increase in the exposure of abemaciclib was predicted
with ketoconazole. Overall, labeling recommendations regarding the co-administration of
strong CYP3A modulators were:

Ketoconazole
e Avoid concomitant use of ketoconazole given the predicted up to 16-fold increase of
abemaciclib and potential concerns for unknown off-target toxicities.

Other Strong CYP3A Inhibitors
e |n patients with recommended starting doses of 200 mg twice daily or 150 mg twice
daily, reduce the VERZENIO dose to 100 mg twice daily with concomitant use of other
strong CYP3A inhibitors.
e In patients who have had a dose reduction to 100 mg twice daily due to adverse
reactions, further reduce the VERZENIO dose to 50 mg twice daily with concomitant use
of other strong CYP3A inhibitors.

Strong CYP3A Inducers
e Avoid concomitant use of strong CYP3A inducers with abemaciclib.

A post-marketing commitment was issued to evaluate the effects of moderate CYP3A inducers
on the PK of abemaciclib by conducting a dedicated clinical trial or by using modeling and
simulation.

Outstanding Issues

72

Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4159689



NDA/BLA Multi-disciplinary Review and Evaluation NDA 208716

VERZENIO (abemaciclib)

The remaining clinical pharmacology-related areas of uncertainty remaining for this application

are:

1) Dose optimization with regards to diarrhea-related events
a. The positive dose-response and lack of exposure response relationships
observed for diarrhea in patients treated with abemaciclib support the
hypothesis that diarrhea is a localized effect in the gastrointestinal track. Though
no exposure related food effect was observed, the potential effects of food on
the tolerability of abemaciclib as it pertains to diarrhea incidence is unknown. A
PMR was issued to further evaluate this matter.

2) The starting dose of abemaciclib in patients requiring concomitant treatment with a
moderate CYP3A4 inducer. The applicant will submit a dedicated drug interaction trial or
a PBPK analysis evaluating the effects of concomitant administration of moderate CYP3A
inducers on the PK of abemaciclib (PMC issued).

6.3. Comprehensive Clinical Pharmacology Review

6.3.1. General Pharmacology and Pharmacokinetic Characteristics

Table 10 Summary of clinical pharmacology and pharmacokinetics

Physicochemical properties

Chemical structure and
molecular weight

F N,

Soss
RO
1SS

Chemical structure of abemaciclib, MW: 506.6 g/mol

Aqueous solubility

Abemaciclib exhibits pH-dependent solubility at pH above 7. Its
aqueous solubility reduces to 0.002 mg/mL at pH 7.6 from 1.6 mg/mL
at pH 6.8 following a 24-hour incubation period at 37 °C. At the
highest clinical dose, e.g., 200 mg, abemaciclib is soluble in less than
250 mL at pH 6.8. Thus, a clinically relevant drug interaction from the
concomitant administration of gastric-acid reducing agents with
abemaciclib is unlikely.

Pharmacology

Mechanism of action

Abemaciclib inhibits cyclin D1-dependent kinases 4/6 (CDK4/6) at
respective ICsg values of 1.6 and 2 nM, as measured in cell-free kinase
assays.

Active moieties

Similar to abemaciclib, the major active metabolites, M2, M18, and
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M20, exhibit CDK4/6 ICsgs ranging from 1.2 to 2.6 nM.

Following the oral administration of a single 150 mg radiolabeled
abemaciclib dose in healthy subjects, the respective abundance of
abemaciclib, M2, M18, and M20 in plasma expressed as a % of total
radioactivity AUCq.nr Was 34%, 13%, 5%, and 26%.

QT/QTc prolongation

No large change (that is, >20 ms) in the QTcF interval was detected at
the mean steady state C,.., following a therapeutic dosing schedule.

Pharmacokinetic characteristics

Bioanalytical assay

Several assays were developed to measure the concentrations of
abemaciclib and its major active metabolites in various matrices for
studies submitted as part of this application. Refer to appendix
section 13.4.2.

Steady state exposure
at the proposed
regimen

Based on the results of the dose escalation trial JPBA (C1
formulation), the observed geometric mean (CV%) AUCq+ss and Cpaxss
of abemaciclib in patients treated at the 150 mg twice daily dosing
regimen is 2390 ng-hr/mL (90%) and 249 ng/mL (86%). Similarly for
patients treated at the 200 mg twice daily dose, the observed
geometric mean (CV%) AUCq ssand Cpaxss Of abemaciclib is 3000
ng-hr/mL (69%) and 298 ng/mL (72%), respectively.

Range of effective dose
or exposure

The efficacy of abemaciclib was established at starting doses of 150
and 200 mg twice daily. The observed geometric mean steady state
trough concentration (CV%) of abemaciclib at the 200 mg twice daily
is 197 ng/mL (82%), which is similar to the pre-clinical target trough
concentration of 200 ng/mL for tumor growth inhibition reported in a
mouse xenograft model.

Dose proportionality

The exposure of abemaciclib was approximately dose proportional
following oral administration at single doses ranging from 50 to 600
mg, and repeated oral doses ranging from 50 to 200 mg twice daily.

Accumulation

The exposure of abemaciclib reaches steady state within 5 days of
repeated twice daily dosing. The observed geometric mean
accumulation ratio of abemaciclib exposure (Rayc) on day 28 relative
to day 1 was 2.53 (67% CV) according to the NCA results of trial JPBA.

Variability The observed intrasubject variability (CV%) in the exposure of
abemaciclib is approximately 15%. In clinical trial JPBA, the observed
intersubject variability (CV%) in AUCq s and Cpaxss respectively
ranged from 69% to 90% and 72% to 86%.

Absorption

Bioavailability The absolute bioavailability of abemaciclib is 0.45 (19% CV)

Tmax The median [range] time to maximal plasma concentration, tnay, is

8.00 hours [4.1-24.0]. The t.x for the major metabolites typically
occurs within 3 to 10 hours following oral abemaciclib administration.

Bioequivalence

C3: late phase capsule formulation used in MONARCH 1 and 2 trials
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T1: proposed commercial formulation

C3 (3 x 50 mg, Ref) AUC, - tuee (hoUTS)
INF max max
T1(150 mg, Test) (GMR, 90%Cl) (GMR, 90%Cl) (range)
T1(3 X 50 mg, Test)
C3,3X 50 mg
T1, 150 mg T1, 150 mg 8.00 (4.05 — 24.0)
1.02 (0.98,1.06) 1.00 (0.96,1.05) T1, 150 mg
T1,3 X 50 mg T1,3 X 50 mg 8.00 (6.00 — 24.0)
1.02 (0.99,1.06) 1.03 (0.99,1.08) T1,3X 50 mg
8.00 (6.00 — 24.0)

The results of this trial provide evidence of bioequivalence between
the tablet and capsule formulation for the 50 and 150 mg tablet
strengths.

Food effect

Capsule formulation

AUCo ne Crnax tmax (hours)
(GMR, 90%Cl) (GMR, 90%Cl) (range)
Fed
1.27 (1.18,1.36) 1.35 (1.25, 1.46) 8.00(6.00-12.0)
Fasted
8.00 (6.00-12.0)

The systemic exposure of abemaciclib or total abemaciclib active
moieties (abemaciclib + M2 + M20) was marginally altered following
the concomitant administration of a single 200 mg oral dose of
abemaciclib with the FDA-defined high fat, high calorie meal vs. the
fasted condition.

Tablet formulation

AUCo.ne Cinax tmax (hours)
(GMR, 90%Cl) (GMR, 90%Cl) (range)
Fed
1.13(1.05,1.22) 1.30 (1.20, 1.40) 8.00 (4.00-10.0)
Fasted
8.00 (6.00 — 24.0)

No clinically relevant food effect was observed on the exposure of
abemaciclib or total active analytes (abemaciclib + M2 + M20)
following the concomitant administration of single 150 mg
abemaciclib tablet (T1 formulation) with the FDA defined high fat,
high calorie meal. Given the observed intersubject variability in
exposure of 69% CV for steady state AUC at the therapeutic dose, the
13% and 30% increase in AUC and C,,.x respectively, following a single
dose, is not expected to clinically affect the safety profile of
abemaciclib. Refer to question 6.3.2.2 for further discussion on the
assessment of the effects of food on the tolerability of abemaciclib.

Distribution

Volume of distribution | The geometric mean (%CV) systemic volume of distribution of
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abemaciclib is approximately 690.3 L (49%).

Plasma protein binding

The mean (standard deviation, SD) bound fraction was 96.3% (1.1) for
abemaciclib, 93.4% (1.3) for M2, 96.8% (0.8) for M18, and 97.8% (0.6)
for M20.

Blood to plasma ratio

The blood to plasma ratio for abemaciclib is 0.82, which suggests
greater partition into plasma than red blood cells.

Substrate of
transporter systems

Abemaciclib and M2 are substrates of P-gp and BCRP in vitro. Based
on the high permeability of abemaciclib and M2 and the relative
systemic exposure of M2 (13% of total AUC), a clinically relevant
drug-transporter interaction resulting from the co-administration of a
P-gp or BCRP modulator is not expected.

Elimination

Elimination half-life
and clearance

In patients, the estimated geometric mean (%CV) hepatic clearance
of abemaciclib, M2 and M20 was 26.0 L/hr (51%), 23.4 L/hr (50%),
and 28.1 L/hr (45%), respectively.

Of note, the observed systemic clearance following administration of
a single intravenous dose of 0.4 mg of [13C8]-abemaciclib to 8 healthy
subjects was similar to the estimated hepatic clearance in patients
24.0 L/hr (27% CV) vs 26.0 L/hr (51% CV).

The estimated geometric mean elimination half-life (CV%) of
abemaciclib, M2 or M20 was 18.3 hours (72%), 20.4 hours (67%), and
17 hours (63%), respectively.

Metabolism

In vivo, cytochrome P450 (CYP) 3A4/5 metabolizes abemaciclib to

several equipotent active metabolites, which primarily include N-

desethylabemaciclib (M2), hydroxyl-N-desethylabemaciclib (M18),
and hydroxyabemaciclib (M20).

In plasma, abemaciclib and its major active metabolites M2, M18,
and M20 circulated in similar abundance as their AUCs respectively
accounted for 34%, 13%, 5%, and 26% of the total abemaciclib-
derived radioactivity.

Excretion

Following a 336-hour collection period, biliary excretion was the
primary route of elimination of abemaciclib and its derived moieties
as 81% and 3% of the orally administered 150 mg radioactive
abemaciclib dose was recovered in feces and urine, respectively.
Overall, unchanged abemaciclib and its metabolites respectively
accounted for 7% and 47% of the administered dose excreted in
feces.

Drug Interaction
Studies

In vitro

Abemaciclib inhibits P-gp, BCRP at ICso values of 0.57 uM and 0.32
1M, respectively. Abemaciclib, M2, and M20 are inhibitors of renal
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uptake transporter OCT2, and renal efflux transporters MATE-1 and
MATE-2K at clinical relevant concentrations.

Clinical Studies

Strong CYP3A Inducer

Abemaciclib

Abemaciclib + Rifampin AUC,.nr Comax
(GMR, 90%Cl) (GMR, 90%Cl)
Parent 0.05 (0.03, 0.06) 0.08 (0.07, 0.09)

Total Analytes

0.23 (0.21, 0.25)

0.55 ( 0.49, 0.61)

The co-administration of repeated oral doses of 600-mg once daily
rifampin for 14 days and a single 200-mg abemaciclib dose reduced
the plasma AUCy nr and C,ax of abemaciclib by 95.0% and 92.0%
respectively in cancer healthy subjects. Similarly, the AUCy ne and
Cmax Of total abemaciclib analytes in plasma were respectively

reduced by 77.0% and 45.0%.

Strong CYP3A Inhibitor

Abemaciclib
Abemaciclib +
Clarithromycin

AUC, nr
(GMR, 90%Cl)

Cmax

(GMR, 90%Cl)

Parent

3.37 (2.85, 3.99)

1.30( 1.10, 1.52)

Total Analytes

2.19 (1.87, 2.56)

0.93 (0.79, 1.09)

Co-administration of repeated twice daily doses of 500-mg
clarithromycin for 5 days and a single 50-mg abemaciclib dose
increased the AUCq e and Ciax of abemaciclib by 3.4 and 1.3 fold
respectively in cancer patients. Similarly, the AUCy nr and Cpax Of
total abemaciclib analytes in plasma respectively increased by 2.2 and

0.9 fold.
Relevant Concomitant
Agent
Loperamide AUC¢ Crax
Abemaciclib + (GMR, 90%Cl) (GMR, 90%Cl)
Loperamide
Loperamide 1.09(1.01, 1.18) 1.35(1.15, 1.59)

The co-administration of a single 8 mg dose of loperamide with 400
mg abemaciclib increased loperamide plasma AUCqne by 9% and Cpax
by 35% compared to loperamide alone. Conversely, no clinically
relevant alterations in abemaciclib exposure were observed following
concomitant administration of a single 8 mg dose of loperamide and

400 mg of abemaciclib.

OCT2 and MATE-1/2K
Substrate
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Metformin AUCo.ne Crnax
Abemaciclib + (GMR, 90%Cl) (GMR, 90%Cl)
Metformin

1.37(1.28, 1.46) 1.22(1.13, 1.30)

The renal clearance and active tubular secretion of metformin, a
substrate of renal uptake transporter OCT2, and tubular efflux
transporters MATE-1 and MATE-2K, was respectively reduced by 45%
and 62% following co-administration of a single 400 mg dose of
abemaciclib with 1000 mg metformin in healthy subjects. Renal
function as measured by iohexol clearance and cystatin C was not
altered. This clinical study provided conclusive evidence to relate the
observed increase in serum creatinine of patients treated with
abemaciclib to inhibition of active renal tubular uptake and secretion
without impacting renal function.

6.3.2. Clinical Pharmacology Questions

6.3.2.1. Does the clinical pharmacology program provide supportive
evidence of effectiveness to justify the proposed abemaciclib
starting doses in early and advanced metastatic breast cancer?

Yes. The efficacy results from the registration trials JPBL or MONARCH 2, and JPBN or Monarch
1, along with the clinical pharmacology program collectively provide adequate evidence for the
effectiveness of abemaciclib in both early and late line metastatic breast cancer populations.

Dose selection rationale

The maximum tolerated dose (MTD) was determined in a first-in-human dose-finding trial,
JPBA, which evaluated abemaciclib doses ranging from 50 to 275 mg administered once or
twice daily using an early phase capsule formulation (C1). The maximum tolerated dose (MTD)
was identified as the 200 mg twice daily dose based on observed grade 3 fatigue in 2 out of 3
patients treated at 275 mg twice daily. Although the 200 mg twice daily dose level was the
recommended phase 2 dose, the applicant conducted further evaluations of the 150 mg twice
daily dose based on the preliminary safety and tolerability data from the dose-finding trial. At
steady state, the observed average trough plasma concentration of abemaciclib in patients
treated at the MTD in the dose finding trial was 197 ng/mL (82% CV), which was similar to the
pre-clinical target trough concentration of 200 ng/mL for anti-tumor activity determined with a
mouse xenograft model. However, there is minimal clinical relevance for the pre-clinical target
trough concentration since the on-target effects of the major metabolites of abemaciclib were
not accounted for in this mouse xenograft model, as only the PK of the parent drug was
evaluated. Furthermore, the relative composition of circulating active analytes at steady state is
likely different in humans compared to mice due to interspecies differences in the metabolism
of abemaciclib. The pharmacodynamic analyses from trial JPBN (MONARCH 1) showed a similar
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magnitude of inhibition of topoisomerase-Il alpha and phosphorylated retinoblastoma protein
expression in patients’ skin biopsies when comparing the 150 mg and 200 mg dose levels. The
applicant also noted that the results from trial JPBA confirmed that these markers were
inhibited at all dose levels ranging from 50 to 200 mg. These results suggest that these
biomarkers are not predictive of clinical response in patients treated with abemaciclib. The
applicant did not include clinical data to assess the efficacy of the continuous administration
compared to alternative dosing regimens, e.g., 21 days on and 7 days off. The clinical
effectiveness of the continuous administration is rather supported by the observed efficacy and
safety results in the two registration trials MONARCH 1 and MONARCH 2. Overall, the clinical
pharmacology evidence supported the rationale for selecting 200 mg bemaciclib administered
twice daily for further investigation in larger trials.

Rationale for 150 mg abemaciclib starting dose in combination therapy

Of note, the protocol for MONARCH 2 was amended to reduce the starting dose of abemaciclib
to 150 mg from 200 mg administered twice daily, following a blinded safety review of early
phase trials in the clinical development of abemaciclib. As illustrated in table 6.2 the proposed
150 mg starting dose effectively improved the tolerability profile of abemaciclib as evidenced
by a reduction in the incidence of AE-related treatment discontinuation (24.8% vs 12.8%),
grade-3 diarrhea (19.0% vs 11.3%), and grade-3 neutropenia (28.9% vs 21.6%) compared to the
200 mg dose in the pre-amendment period. In addition, the median time to first diarrhea event
is 120 days for patients treated with fulvestrant alone versus 7.29 days, and 3.96 days, for those
treated with the 150 mg, and 200 mg abemaciclib starting dose, respectively.

These observations were consistent with the results of the applicant’s time-to-event model
which characterized the effects of various factors on the risk of first diarrhea occurrence. The
results of the model identified the following parameters as factors that can delay the time to
first diarrhea occurrence: treatment with fulvestrant alone and lack of opioid treatment at
baseline. As observed in the data, the model also highlighted a shorter time to first diarrhea
occurrence for patients treated with the 200 mg abemaciclib starting dose compared to 150
mg. Similar results were obtained from an analysis incorporating a pooled dataset of patients
treated in other early phase trials including MONARCH 1 (JPBN). Refer to the Pharmacometrics
(PM) review in section 13.4.1 for additional details regarding this analysis. Of note, there is no
relationship between the systemic exposure of abemaciclib or its active moieties and incidence
of diarrhea, which supports the applicant’s hypothesis that the observed diarrhea could be a
localized toxicity due to abemaciclib exposure to the intestinal cells.

As further supportive evidence for the 150 mg abemaciclib starting dose, the applicant
characterized the contribution of abemaciclib to the observed myelosuppressive effects in the
trial. The applicant used a semi-mechanistic PKPD model, which identified a positive
relationship between the maximal steady state concentration, Cn,ax s Of total active analytes
(abemaciclib + M2 + M20) and reduction in neutrophil counts. The model suggests that the
highest risk of grade >3 neutropenia occurs within 3 to 5 weeks of treatment with abemaciclib
in combination with fulvestrant. Similarly, the applicant identified a positive exposure-response
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relationship between abemaciclib concentration in plasma and tumor shrinkage using a semi-
mechanistic PK/PD model. The implementation of abemaciclib concentration instead of total
active analytes as the exposure metric in the tumor shrinkage model is acceptable as the latter
would not provide additional useful information since the metabolite-to-parent AUC ratios are
time-independent. Hence, the clinical pharmacology program collectively supported the
rationale for the dose selection, proposed regimen, and dose reduction strategy for mitigation
of adverse events.

6.3.2.2. Do the available clinical pharmacology, safety and efficacy data
provide evidence to support further dose optimization to improve
the risk-benefit profile of abemaciclib in the proposed indications?

Yes. Further dose optimization may improve the risk-benefit profile of abemaciclib in
combination with fulvestrant. For example, the positive ER relationship between abemaciclib
concentration and magnitude of tumor shrinkage supports a higher than 150 mg abemaciclib
starting dose from an efficacy standpoint (Figure 3). These simulations were conducted in which
the response rate was calculated solely based on measurements at the target lesion. Therefore,
the simulated response rate is expected to be higher than that was observed in a clinical study
at the corresponding dose level. In addition, as only two thirds of the intent-to-treat population
in MONARCH 2 had measurable diseases and there appeared to be differences in disease
progression dynamics in patients with or without measurable disease, the predicted difference
in response rate between different dosing regimens in the early line setting should be
interpreted with caution.
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Figure 3. Simulated response rate (target lesion) in MONARCH 1 (a) and 2 (b)
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At the 200 mg starting dose, diarrhea was the primary reason for adverse event-related
treatment discontinuations and modifications. Approximately 51% and 57% of patients treated
at the 200 mg and 150 mg dose level remained on the starting dose throughout the course of
trials MONARCH 1 and MONARCH 2, respectively. During the pre-amendment phase in
MONARCH 2, approximately 44% of patients treated with abemaciclib remained on the starting
200 mg dose before the mandatory dose reduction to 150 mg took effect. In both trials, the
majority of dose modifications occurred within the first few cycles of therapy which suggests
that patients likely reached a stable dose as the treatment course progressed. The incidence
(n=total patients) of discontinuation was 7.6% (n=132) and 15.9% (n=441) for patients treated
with abemaciclib in the MONARCH 1 and MONARCH 2 trial, respectively. As illustrated in Figure
4, the majority of the grade >2 diarrhea occurred over the first two months of treatment in
both trials.
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Figure 4. Diarrhea incidence by cycle during (a) MONARCH 1 and (b) MONARCH 2
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Thus, patients who are able to tolerate the 200 mg dose may experience incremental benefit if
prophylaxis anti-diarrheal management is effective in mitigating the incidence and or severity
of diarrhea during the first few months of therapy. Moreover, a 30% increase in the proposed
dose from 150 mg to 200 mg translates to a maximum of 10% increase in the risk of grade >3
neutropenia, which would likely occur between day 20 to day 35 following onset of abemaciclib
treatment. The expected increase in the risk of grade 23 neutropenia is less than 6% after the
first two months of treatment between the 150 and 200 mg abemaciclib starting dose
according to the applicant’s model (Figure 5).
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Figure 5. Model predictions of probability of (a) any grade and (b) grade 23 neutropenia of
patients initiating treatment with abemaciclib in combination with fulvestrant
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The collective evidence herein supports the opportunity for further dose optimization to
improve the tolerability of abemaciclib during the first few cycles of therapy. Hence, it is
plausible that more patients would benefit from a higher abemaciclib starting dose in
combination with fulvestrant using an effective prophylaxis anti-diarrheal management. Such
an anti-diarrheal management approach would differ from the one implemented by the
applicant during the MONARCH 1 and MONARCH 2 trials, such that the preferred anti-diarrheal
agent would be initiated with the first dose of abemaciclib and continued up to the first few
treatment cycles. Additionally, anti-diarrheal prophylaxis, if effective, over the first few cycles
may provide additional benefits in the monotherapy setting by prolonging the time to first dose
reduction due to diarrhea, thereby increasing the average steady state abemaciclib
concentration which improves its tumor shrinkage effects. Similarly, it is plausible that the co-
administration of abemaciclib with food may improve the tolerability of the drug despite the
known lack of food effect on exposure. It is likely that food may provide a protective effect for
the potentially localized Gl irritation effects of abemaciclib.
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However, there are several uncertainties and risks with the approach to increase the proposed
dose in the combination setting. Although a positive exposure response between abemaciclib
concentration and tumor shrinkage in MONARCH 2 was observed, the collected longitudinal
target tumor lesion data only included patients with measurable disease whose disease
progression and response may not be representative of the typical patient in the early line
setting. Notwithstanding the aforementioned discrepancies with the MONARCH 2 analysis,
substantiated with data from the majority of patients treated in MONARCH 1. Presently, the
mechanisms or reasons for the observed higher incidence of abemaciclib-related diarrhea at
the 200 mg dose in combination with fulvestrant compared to when it is administered as
monotherapy have not been elucidated. PopPK analyses of abemaciclib PK data in plasma, as
well as the known metabolic pathways and properties of fulvestrant do not support any
indication for a drug-drug interaction between fulvestrant and abemaciclib. Although unlikely, it
is not known whether the PK of the circulating active metabolites is altered in the presence of
fulvestrant. Modeling-based analyses support the hypothesis that the diarrhea is a localized
effect as the unit dose, instead of the systemic concentration, was predictive of the incidence
or median time-to-occurrence of diarrhea. These noted concerns regarding dose optimization
were communicated and extensively discussed with the applicant throughout the review cycle.
The applicant informed the FDA that the administration of abemaciclib with prophylaxis anti-
diarrheal therapy is currently being evaluated as part of the clinical development program of
the drug. The applicant agreed to submit these data to the FDA for review upon completion of
the trial. The applicant will also investigate whether the co-administration of abemaciclib with
food affects the tolerability of the drug with regards to the incidence and/or severity of
diarrhea as a post-marketing requirement.

6.3.2.3. Can predicted DDI using PBPK modeling adequately support
labeling dosing recommendations?

Abemaciclib has three major circulating active metabolites, N-desethylabemaciclib (M2),
hydroxy-N-desethylabemaciclib (M18), and hydroxyabemaciclib (M20), which respectively
account for 13%, 5%, and 26% of the total analytes AUC in plasma following a single oral dose
of 150 mg abemaciclib in healthy subjects. A dedicated DDI study in healthy subjects, Study
JPBE, showed that clarithromycin (500 mg twice daily) increased the systemic exposure of
abemaciclib by 3.4-fold and increased the systemic exposure of total analytes (abemaciclib plus
three active metabolites (M2, M20, and M18)) by 2.2-fold. Conversely, DDI Study JPBF reported
that concomitant use of rifampin, (a strong CYP3A4 inducer), with a single oral dose of 200 mg
abemaciclib reduced the systemic exposure of abemaciclib and total analytes by 95% and 77%,
respectively. PBPK models were developed to describe the PK profiles (such as AUC) of
abemaciclib and its three active metabolites and predict the DDI potential between abemaciclib
and CYP3A modulators.
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Given abemaciclib and these three active metabolites are generally equipotent for binding to
the CDK4/6 target for efficacy and safety with different fraction unbound, the relative potency
adjusted unbound AUC was used to determine total effective exposure of abemaciclib and its
metabolites (potency adjusted unbound exposure). The potency adjusted unbound exposure
was calculated by converting the analyte concentrations to molar units (nmol-h/mL) and
accounting for the different fraction unbound and CDK4 ICsos of abemaciclib plus its active
metabolites. Table 11 summarized the ratios of simulated exposure of abemaciclib, abemaciclib
total analyte, and potency adjusted unbound exposure with and without CYP3A modulators.

Table 11 Simulated geometric mean abemaciclib, total analyte, and potency adjusted
unbound exposure change (auc ratio) following a single 200 mg dose of abemaciclib and
various CYP3A modulators

Abemaciclib Total Analyte CDK4 1Csg Adjusted
unbound Exposure
Ketoconazole® N 15.73-fold M 6.87-fold N 2.87-fold
Itraconazole® N 7.15-fold /N 3.78-fold N 2.16-fold
Clarithromycin® N 4.95-fold N 2.76-fold N 1.71-fold
Diltiazem® 1 3.95-fold 1 2.41-fold 1 1.66-fold
Verapamil® 1 2.28-fold 1 1.63-fold 1 1.31-fold
Rifampin® J 93% d 71% J 67%
Carbamazepine® J 80% J 52% J 38%

® Strong CYP3A4 inhibitors; ° Moderate CYP3A4 inhibitors; © Strong CYP3A4 inducers
Summarized from Table A8 of PBPK review (section 6.3.2.3)

Table 11 shows that ketoconazole and itraconazole (strong CYP3A inhibitors) can increase the
potency adjusted unbound exposure by 2.87-fold and 2.16-fold, respectively. However, the PK
of abemaciclib is differentially affected by ketoconazole in comparison to other strong CYP3A
inhibitors. For example, simulations predicted 5.0- and 7.2-fold increases in exposure of
abemaciclib following co-administration of a single 200 mg dose of abemaciclib with
clarithromycin and itraconazole, respectively. With ketoconazole, the model predicted an up to
16-fold increase in abemaciclib exposure. Given the magnitude of exposure change in the
context of the exposure-response relationships for safety and effectiveness observed with
abemaciclib plus its active metabolites, the following recommendations are provided with
regard to concomitant use of strong CYP3A inhibitors:
e Avoid concomitant use of ketoconazole given the predicted up to 16-fold increase of
abemaciclib and potential concerns for unknown off-target toxicities.
e |n patients with recommended starting doses of 200 mg twice daily or 150 mg twice
daily, reduce the VERZENIO dose to 100 mg twice daily with concomitant use of other
strong CYP3A inhibitors.
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e In patients who have had a dose reduction to 100 mg twice daily due to adverse
reactions, further reduce the VERZENIO dose to 50 mg twice daily with concomitant use
of other strong CYP3A inhibitors.

e Examples of other strong CYP3A inhibitors include but are not limited to: boceprevir,
clarithromycin, cobicistat, conivaptan, danoprevir and ritonavir, diltiazem, elvitegravir
and ritonavir, grapefruit juice, idelalisib, indinavir and ritonavir, itraconazole,
ketoconazole, lopinavir and ritonavir, nefazodone, nelfinavir, paritaprevir and ritonavir
and (ombitasvir and/or dasabuvir), posaconazole, ritonavir, saquinavir and ritonavir,
tipranavir and ritonavir, troleandomycin, and voriconazole.

e After discontinuation of a strong CYP3A inhibitor, increase the VERZENIO dose (after 3-5
half-lives of the inhibitor) to the dose that was used before starting the strong inhibitor.

Coadministration of 600 mg daily doses of rifampin (a strong CYP3A inducer) with a single 200
mg dose of VERZENIO decreased the relative potency adjusted unbound AUCy s of abemaciclib
plus its active metabolites (M2, M18 and M20) by 67% in healthy subjects. The
recommendation is avoidance of concurrent use of strong CYP3A inducers. A postmarketing
commitment (PMC) will be requested to conduct PBPK analysis (or a PK trial if the results from
the PBPK analysis are inconclusive) to evaluate the effect of repeat doses of a moderate
CYP3A4 inducer on the single dose PK of abemaciclib and its active metabolites to assess the
magnitude of decreased drug exposure and to determine appropriate dosing
recommendations.

6.3.2.4. Is an alternative dosing regimen or management strategy required
for subpopulations based on intrinsic patient factors?

Yes. The plasma exposure of abemaciclib and its active metabolites is altered in subjects with
severe hepatic impairment. In a dedicated clinical study, following the administration of a single
oral 150 mg dose of abemaciclib, no clinically relevant changes in the systemic exposure of
abemaciclib was observed in subjects with mild (Child-Pugh category A, n=9), or moderate
(Child-Pugh category B, n=10) hepatic impairment relative to subjects with normal hepatic
function (n=10). Based on the results of the covariate assessment from the popPK analysis, the
exposure of abemaciclib is not affected by age, body weight, gender, race, the presence of
hepatic metastases, or renal function.

Serum creatinine elevation with abemaciclib exposure
Abemaciclib caused exposure-dependent increases in serum creatinine due to its inhibitory
effects on renal uptake transporter OCT2, and tubular efflux transporters MATE-1 and MATE-
2K. This issue raised clinical concerns regarding the co-occurrence of renal toxicity and diarrhea
as well as dose adjustments for patients with renal insufficiency. In trial JPCK, the renal
clearance and active tubular secretion of metformin, a substrate of renal uptake transporter
OCT2, and tubular efflux transporters MATE-1 and MATE-2K, was reduced by 45% and 62%,
respectively following co-administration of a single 400 mg dose of abemaciclib with 1000 mg
metformin in healthy subjects. In addition, administration of a single 400 mg dose of
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abemaciclib did not alter glomerular filtration rate (GFR) as measured by iohexol clearance and
serum cystatin Cin this trial. These results provided conclusive evidence to exclude
concentration-dependent renal toxicity effects from abemaciclib at the evaluated and proposed
clinical dose.

Hepatic impairment

Abemaciclib primarily undergoes capacity-limited hepatic metabolism via CYP3A4 and exits the
body through biliary excretion to feces. The exposure (AUCy.n) and terminal half-life of
abemaciclib in plasma increased two-fold in subjects with severe hepatic impairment (Child-
Pugh category C, n=6) relative to healthy subjects. The unbound exposure of abemaciclib plus
its active metabolites (M2 + M18 + M20) in plasma also doubled in subjects with severe hepatic
impairment relative to those with normal liver function. The applicant submitted an analysis
incorporating the relative potency-adjusted unbound AUC of abemaciclib plus its active
analytes (M2 + M18 + M20) in plasma for the hepatic impairment trial using the unbound
fraction results from the ex-vivo samples of the subjects involved in the trial. Compared to the
approach of using the total drug exposure in plasma, a similar two-fold increase in the potency-
adjusted unbound exposure was observed in subjects with severe hepatic impairment relative
to those with normal liver function. Hence, the proposed adjustment to the dosing frequency of
the starting dose from twice daily to once daily is adequately justified for patients with severe
hepatic dysfunction.

6.3.2.5. Are there clinically relevant food-drug or drug-drug interactions,
and what is the appropriate management strategy?

Food-drug interaction

No. The exposure of abemaciclib was not altered following co-administration with a high fat
meal (approximately 800 to 1000 calories with 150 (15%) calories from protein, 250 (25%)
calories from carbohydrate, and 500 to 600 (50%) calories from fat). In trial JPCC, the C,ox and
AUC,.nr of total abemaciclib analytes increased by 9% and 26%, respectively in the fed state
compared to fasted. Based on the exposure-response relationship for neutropenia, a 30%
increase in abemaciclib Cy.x would yield a 9% to 15% increase in the inhibitory effects on
neutrophil progenitors. These changes are not expected to have clinically meaningful
deleterious effects on the tolerability of abemaciclib with regards to myelosuppression. Thus,
the applicant’s proposal to administer abemaciclib without regard to food, as evaluated in
registration trials MONARCH 1 and MONARCH 2, is acceptable. However, it is plausible that co-
administration of abemaciclib with meals may improve its tolerability with regards to
gastrointestinal adverse events without affecting efficacy. A PMR was issued to investigate the
incidence of dose reductions and interruptions due to severe diarrhea following dosing of
abemaciclib in three different administration conditions: fed, fasted RIQ

and without regards to meals.

87

Version date: February 1, 2016 for initial rollout (NME/original BLA reviews)

Reference ID: 4159689



NDA/BLA Multi-disciplinary Review and Evaluation NDA 208716

VERZENIO (abemaciclib)

Drug-drug interaction

Yes. The effects of CYP3A4 modulators were investigated in two dedicated clinical trials and
PBPK modeling and simulations. Refer to section 6.3.2.3 and the PBPK review in section 13.4.3
for further details regarding the labeling recommendations.
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7 Statistical and Clinical and Evaluation

7.1. Sources of Clinical Data and Review Strategy
7.1.1. Table of Clinical Studies

Data from 15 studies were submitted to this NDA. This includes the Phase 3 randomized,
double-blind, placebo-controlled, multi-center MONARCH 2 study (I3Y-MC-JPBL) of fulvestrant
with or without abemaciclib for women with hormone receptor positive, HER2 negative, locally
advanced or metastatic breast cancer and the MONARCH 1 study (I3Y-MC-JPBN), a Phase 2
multicenter, single-arm, open-label study of LY2835219 (abemaciclib) for patients with
previously treated HR-positive, HER2 negative metastatic breast cancer. Additional studies
submitted including bioavailability study (13Y-MC-JPBS), a healthy subject bioequivalence study
(I13Y-MC-JPCC), 3 healthy subject PK and initial tolerability studies (13Y-MC-JPBG, I13Y-MC-JPBU,
I3Y-MC-JPCA), 2 patient PK and initial tolerability studies (I13Y-MC-JPBA, 13Y-JE-JPBC), 1 intrinsic
factor PK study (I13Y-MC-JPBV), 2 extrinsic factor study reports (I3Y-MC-JPBE, 13Y-MC-JPBF), 1
healthy subjects pharmacodynamics and PK/pharmacodynamics study (13Y-MC-JPBD), 1 clinical
study in mantle cell lymphoma (13Y-MC-JPBB), 1 clinical pharmacology study (13Y-MC-JPCK).

The primary evidence to support this new drug application is derived from MONARCH 2 and
MONARCH 1 as demonstrated in Table 12.
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Table 12 Listing of Clinical Trials Relevant to this NDA

Trial Trial Design Regimen/ schedule/ Study Treatment No. of Study No. of
Identity route Endpoints | Duration/ patients Population Centers and
Follow Up enrolled Countries
Controlled Studies to Support Efficacy and Safety
MONARC | Randomized | 200 mg orally BID then Investigato | Until 855 Women with 145 sites in
H2 , double- 150 mg BID with r assessed | disease patients HR+/HER2- 19 countries
I3Y-MC- | blind, fulvestrant 500 mg IM PFS progressio | entered locally
JPBL placebo- on day 1 and day 15 of n or lack of | 669 advanced or
controlled cycle 1 and then on day tolerability | patients MBC who had
Phase 3 trial | 1 of cycle 2 and beyond were disease
randomiz | progression
ed/enroll | following
ed into endocrine
the ITT therapy
populatio
n
MONARC | Single-arm, | 200 mg orally BID Investigato | Until 184 Women with 35sitesin4
H1 open-label r assessed | disease patients HR+/HER2- countries
I13Y-MC- | study to ORR progressio | entered MBC whose
JPBN evaluate norlack of | 132 disease had
the tolerability | patients progressed
antitumor ; Eighteen enrolled after
activity of months and endocrine
abemaciclib after last received therapy and
patient at least who received
enrolled one dose | 1or2 prior
of chemotherapy
treatment | regimensin
the metastatic
setting
Studies to Support Safety
I3Y-MC- | Multicenter, | 50 -225 mg orally every | To Until 33 Patients with Three US
JPBA nonrandomi | 24 hours, 75-275 mg evaluate disease patients advanced Sites
zed, open- orally every 12 hours the safety | progressio | inthe cancer where
label, dose- | dose escalation and nor dose available
escalation evaluation tolerability | unaccepta | escalation | standard
trial of a of ble cohort; therapies have
CDK4/6 dual LY2835219 | toxicity; 30 | 68 in ceased to
inhibitor when days after | NSCLC, 17 | provide clinical
(LY2835219 administer | the last GBM, 47 benefit or are
) ed orally dose of breast appropriate
to patients | study drug | cancer, for therapy in
with 26 combination
advanced melanom | with
cancer a, 15 CRC, | fulvestrant for
19 HR+ part G. For
breast the dose
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escalation
cohort, part A,
patients had
advanced solid
tumors or
lymphoma,
expansion
cohorts
included
patients with
NSCLC, GBM,
breast cancer,
melanoma,
CRC, HR+
breast cancer
I3Y-MC- | Multicenter, | 200 mg orally BID To Until 28 Patients with Eight sites,
JPBB nonrandomi estimate disease patients relapsed or 3in France
zed, open- the progressio | with refractory MCL | and 5in
label, Phase disease nor relapsed for whom no Germany
2 study control unaccepta | or standard
rate (DCR) | ble refractory | therapy
for toxicity; 90 | mantle known to
patients days then cell confer clinical
who until lymphom | benefit was
receive patient a available or
abemacicli | death or tolerable
b for lost to
relapsed follow up
or
refractory
MCL
I13Y-JE- | Asingle- 100, 150, and 200 mg To Until 12 Japanese Single
JPBC arm, open- | orally every 12 hours evaluate disease patients patients with Japanese
label, dose with dose escalation the safety | progressio | with advanced Center
escalation and nor advanced | cancer who
study tolerability | unaccepta | cancer have no
of ble standard
LY2835219 | toxicity; 30 therapy
in patients | days after options known
with the last to confer
advanced dose of clinical benefit
cancer up study drug
to the
MTD as
determine
din the
Phase 1
Study JPBA
I3Y-MC- | An open- 50 mg single dose The effect 26 Patients with Single US
JPBE label, 2- of patients advanced Center
period, clarithrom with cancer who
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fixed- ycin, a advanced | have no
sequence CYP3A cancer standard
study and a inhibitor, therapy
safety on the PK options known
extension of to confer
phase LY2835219 clinical benefit

and its for their

metabolite condition

s after a

single

dose.
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7.1.2. Review Strategy

The clinical and statistical review is based on the clinical study report for the randomized phase
3 trial MONARCH 2, 13Y-MC-JPBL, as well as the single-arm phase 2 trial MONARCH 1, I3Y-MC-
JPBN. The efficacy and safety reviews were conducted by Dr. Lynn Howie. Statistical review of
both the studies was conducted by Dr. Erik Bloomquist.

Data Sources

The review included the following:

1. Literature review of hormone receptor positive metastatic breast cancer in female and
male patients, the cyclin D1 CDK 4/6 pathway, and patient reported outcomes

2. Research of the FDA database to characterize the regulatory history of abemaciclib IND
106100 including review of meeting minutes during drug development

3. Review of submitted CSRs, protocols, protocol amendments, and selected data sets for
MONARCH 2 (13Y-MC-JPBL) and MONARCH 1 (13Y-MC-JPBN).

4. Review of selected case report forms (CRFs) for MONARCH 2 and MONARCH 1.

5. Review of patient narratives for serious adverse events and deaths in MONARCH 2 and
MONARCH 1

6. Review of responses to clinical and biostatistical queries sent to the Applicant

7. Review of consultation reports from the Office of Scientific Investigations (OSI)

8. Consultation with the multidisciplinary review team including Biostatistics, Clinical
Pharmacology, CMC, and Toxicology reviewers was undertaken.

9. EDR link for electronic data sources is: \\CDESUB1\evsprod\NDA208716\208716.enx

10. SDTM and ADaM datasets were submitted along with software code for 