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Abstract

Evacetrapib is an investigational cholesteryl ester transfer protein inhibitor
(CETP1i) for reduction of risk of major adverse cardiovascular events in patients
with high-risk vascular disease. Understanding evacetrapib disposition, metabo-
lism, and the potential for drug—drug interactions (DDI) may help guide pre-
scribing recommendations. In vitro, evacetrapib metabolism was investigated
with a panel of human recombinant cytochromes P450 (CYP). The disposition,
metabolism, and excretion of evacetrapib following a single 100-mg oral dose
of '*C-evacetrapib were determined in healthy subjects, and the pharmacokinet-
ics of evacetrapib were evaluated in the presence of strong CYP3A or CYP2C8
inhibitors. In vitro, CYP3A was responsible for about 90% of evacetrapib’s
CYP-associated clearance, while CYP2C8 accounted for about 10%. In the clini-
cal disposition study, only evacetrapib and two minor metabolites circulated in
plasma. Evacetrapib metabolism was extensive. A mean of 93.1% and 2.30% of
the dose was excreted in feces and urine, respectively. In clinical DDI studies,
the ratios of geometric least squares means for evacetrapib with/without the
CYP3A inhibitor ketoconazole were 2.37 for area under the curve (AUC)y_oo)
and 1.94 for Cy,.y. There was no significant difference in evacetrapib AUC(_,)
or Cpax with/without the CYP2CS8 inhibitor gemfibrozil, with ratios of 0.996
and 1.02, respectively. Although in vitro results indicated that both CYP3A and
CYP2C8 metabolized evacetrapib, clinical studies confirmed that evacetrapib is
primarily metabolized by CYP3A. However, given the modest increase in evace-
trapib exposure and robust clinical safety profile to date, there is a low likeli-
hood of clinically relevant DDI with concomitant use of strong CYP3A or
CYP2CS8 inhibitors.

Abbreviations

AUGC, area under the curve; BMI, body mass index; CETPi, cholesteryl ester transfer
protein inhibitor; CPM, counts per minute; DDI, drug—drug interaction; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
LSC, liquid scintillation counting; NMR, nuclear magnetic resonance; PD, pharma-
codynamic; P-gp, P-glycoprotein; PK, pharmacokinetics; RAF, relative activity fac-
tor; TEAEs, treatment-emergent adverse events.
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Introduction

Aggressive lowering of low-density lipoprotein choles-
terol (LDL-C), mainly through the use of lipid-lowering
therapies such as HMG-CoA reductase inhibitors (sta-
tins), has demonstrated 20-35% relative reductions in
cardiovascular events (Heart Protection Study Collabo-
rative Group 2002; Shepherd et al. 2002; Sever et al.
2003; Cannon et al. 2004). Despite progress in reducing
cardiovascular disease risk, there remains a need for
therapies targeting other risk factors such as lower than
recommended levels of high-density lipoprotein choles-
terol (HDL-C). Inhibition of the cholesteryl ester trans-
fer protein (CETP), leads to a substantial increase in
HDL-C levels (Barter et al. 2003). Such an approach
may reduce residual cardiovascular risk, given the
hypothesized inverse relationship between cardiovascular
risk and HDL-C levels (Brown et al. 2001; Robins et al.
2001; deGoma et al. 2008).

Evacetrapib, a potent and selective inhibitor of CETP,
is being evaluated for its potential to reduce the risk of
major adverse cardiovascular events in patients with high-
risk vascular disease. To date, evacetrapib has been well
tolerated in clinical studies and has demonstrated a clini-
cally relevant pharmacodynamic (PD) effect in early-
phase development (Nicholls et al. 2011; Suico et al.
2014). Evacetrapib has not demonstrated the off-target
liabilities associated with torcetrapib, a CETP inhibitor
that was terminated in late-phase development (Joy and
Hegele 2008). In patients with dyslipidemia, evacetrapib
given alone or with statins increased HDL-C levels and
decreased LDL-C levels without producing substantial
changes in blood pressure, aldosterone, cortisol, or elec-
trolytes (Nicholls et al. 2011).

The patient population taking evacetrapib will likely be
on multiple concomitant medications. To fully under-
stand the benefit : risk profile of evacetrapib, it is impor-
tant to understand the drug—drug interaction (DDI)
potential of medications that might affect the pharma-
cokinetics (PK) of evacetrapib, as well as the effects of
evacetrapib on the PK of other drugs. The latter will be
described in a separate manuscript. This article presents
data from in vitro, clinical disposition/metabolism/excre-
tion, and DDI studies evaluating the effects of strong
CYP3A and CYP2C8 inhibitors on the PK of evacetrapib.
Although the in vitro results showed that CYP3A is pre-
dominately responsible for the oxidative clearance of
evacetrapib, clinical studies conducted with a concomi-
tantly administered potent CYP3A inhibitor resulted in a
modest change in the PK profile of evacetrapib, while a
strong CYP2C8 inhibitor had minimal effect on evace-
trapib exposure.
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Material and Methods

Identifying human CYP450s capable of
metabolizing evacetrapib, and predicting
contributions to hepatic CYP-mediated
clearance

Evacetrapib was synthesized at Eli Lilly and Company.
Human liver microsomes (HLMs) from a mixed sex pool
of 10 individuals were purchased from XenoTech, LLC
(Lenexa, KS). A panel of human recombinant CYPs
(rCYPs), provided as Supersomes™ (microsomes prepared
from insect cells engineered to over-express cDNA for
human CYPs, were co-expressed with CYPbs, if available)
as well as membrane control (no CYP). Supersomes™
were obtained from BD Gentest (Woburn, MA). The
panel of 10 human rCYPs evaluated is commonly
involved in human drug metabolism and include rCYPs
1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, 2J2, 3A4, and 3A5.

Incubations and calculations were performed as pre-
sented in Wickremsinhe et al. (2014). Briefly, incubations
containing positive control (verapamil) or evacetrapib (30
or 300 nmol/L), matrix (HLMs, rCYPs as Supersomes™™,
or membrane control; 0.25 mg/mL), and buffer were ini-
tiated with NADPH (1 mmol/L) and reactions were
stopped after 5 or 30 mins with acetonitrile and internal
standard. Signals identified and verified through a multi-
factorial approach were considered quantifiable. Intrinsic
clearance (CL;,) in rCYPs was scaled to HLM-scaled
CL;y as:

HLM-scaled CLip = —kqep
X (Incubation volume/pmol rCYP)
X RAF,

where —kqep, is the negative of the substrate depletion rate
constant (min~"'), pmol rCYP is the lot-specific amount
of rCYP in the incubation, and relative activity factor
(RAF) is a relative activity factor (pmol/mg) appropriate
for the rCYPs/HLMs pair. The fraction of hepatic CYP-
mediated clearance (f,,CYP) for each rCYP yielding a
quantifiable signal was determined by dividing the HLM-
scaled CL;, by the sum of all quantified HLM-scaled
CLint.

After calculating f,,CYP, a static model was applied to
estimate the effect of complete inhibition of each partici-
pating CYP on the area under the curve (AUC) of evace-
trapib concentration versus time after oral dosing. The
model was modified from Fahmi et al. 2008 and assumes
that intestinal metabolism is negligible. The fraction elim-
inated by CYPs was estimated from the phase I ['*C]
study described herein.

© 2015 Eli Lilly and Company. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.
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AUCi/AUC =1/(1-f,,CYP
x fraction of evacetrapib eliminated by CYPs)

Clinical studies

Three clinical studies contributing data to this manuscript
were conducted in accordance with the Declaration of
Helsinki and the International Conference on Harmonisa-
tion Good Clinical Practice guidelines and with the
approval of the local ethics committee. For the evace-
trapib disposition study, the Clinical Research Unit was
located in Madison, WI, and the study protocol was
reviewed by Independent Investigational Review Board
(Plantation, FL). The evacetrapib & ketoconazole trial
was reviewed by Independent Investigational Review
Board and conducted at 2 sites. The evacetrapib £+ gemfi-
brozil study was conducted in Daytona Beach, FL, and
reviewed by Schulman Associated IRB (Ft. Lauderdale,
FL). All ethics committees maintain full accreditation
with the Association for the Accreditation of Human
Research Protection Programs. Each subject gave their
informed written consent.

Study population

The studies enrolled healthy subjects aged 18-65 years old
with body mass index (BMI) of 18-32 kg/m”. Subjects
enrolled in the studies were not allowed to eat the fruit
or drink the juice from grapefruit or Seville oranges for
7 days prior to the start of the study, were not to be tak-
ing prescription, over-the counter, or herbal medications
within 14 days of admission to the study, were to have
limited alcohol consumption, and were to be considered
nonsmokers, which included use of tobacco or nicotine
replacement products.

Phase 1 disposition, metabolism and excretion
study with evacetrapib in healthy subjects

An open-label phase 1 study assessed the disposition of
radioactivity and evacetrapib in five healthy males after a
single, oral 100-mg dose of evacetrapib containing
approximately 100 uCi ['*C]-evacetrapib. Following oral
administration of ["*C]-evacetrapib, sequential postdose
blood samples were collected out to 192 h to determine
evacetrapib concentrations for use in calculating PK
parameter estimates of evacetrapib and to identify
excreted metabolites. Sequential urine and fecal samples
up to 216 h postdose were collected to determine the
mass balance of ['*C]-evacetrapib and to identify metabo-
lites in these matrices. Samples of expired air were also
collected at selected time points up to 48 h for the analy-
sis of *CO,. Subjects were discharged when at least 90%
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of the administered radioactivity had been recovered or
24-h urine and fecal samples from 2 consecutive 24-h col-
lections each had radioactivity levels less than 1.0% of the
total administered radioactivity in urine and feces com-
bined.

Phase 1 DDI study with ketoconazole in healthy
subjects

This study used a randomized, open-label, 2-period,
fixed-sequence design to evaluate the effect of ketocona-
zole on the PK of evacetrapib (Fig. S1). Fasted healthy
adult males and females (N = 12, 18-65 years), with a
BMI of 18-32 kg/m?, received a single 100-mg oral dose
of evacetrapib in Period 1, after which there was a mini-
mum 14-day washout based on the evacetrapib mean
half-life of approximately 40 h. In Period 2, 12 healthy
subjects received 14 daily oral doses of 400-mg ketocona-
zole, which is an adequate ketoconazole dose to inhibit
CYP3A (Zhao et al. 2009; Han et al. 2013), with a con-
comitantly administered single 100-mg dose of evace-
trapib administered on Day 5. Blood samples were
collected in both periods to determine plasma concentra-
tions of evacetrapib. In Period 1, blood samples were col-
lected from predose through 168 h postdose. In Period 2,
evacetrapib blood samples were collected starting on Day
5 (predose) and continuing for 240 h after the dose of
evacetrapib was administered.

Phase 1 DDI study with gemfibrozil in healthy
subjects

This was a phase 1, fixed-sequence, 3-period study to assess
the effect of gemfibrozil on the PK of evacetrapib in healthy
adults (Fig. S2). A secondary objective of the study was to
evaluate the effects of evacetrapib on the PK of gemfibrozil.
Eligible subjects (N = 24) were healthy adult males or
females 18-65 years old with a BMI of 18-32 kg/m”.

In Period 1, subjects received a single oral dose of
600 mg gemfibrozil in the morning on Day 1. In Period 2,
subjects received daily oral doses of 130 mg evacetrapib for
11 days (Days 2—12). In Period 3, subjects received twice-
daily oral doses of 600 mg gemfibrozil in addition to once-
daily doses of 130 mg evacetrapib for 10 days (Days 13 to
22), with a final morning dose of 600 mg gemfibrozil on
Day 23. Evacetrapib was administered approximately 1 h
after gemfibrozil administration. The dose and dose fre-
quency of gemfibrozil administration used in this study
was deemed appropriate, as in silico predictions have sug-
gested that treatment with 600 mg gemfibrozil twice daily
(BID) for at least 5 days would be sufficient to inhibit
>98% of CYP2C8 activity via the mechanism based inacti-
vation of the enzyme by the 1-O-ff-glucuronide metabolite
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of gemfibrozil (Honkalammi et al. 2012). Blood samples
were collected to determine the plasma concentrations of
both evacetrapib and gemfibrozil. In Period 1, blood sam-
ples were collected to determine plasma concentrations of
gemfibrozil through 12 h postdose (Day 1). In Period 2,
blood samples were collected through 24-h postdose fol-
lowing the tenth daily dose of evacetrapib (Day 11). In Per-
iod 3, blood samples were collected to determine
evacetrapib plasma concentrations through 24-h postdose
following the last dose of evacetrapib administered on Day
22. Blood samples were collected to determine gemfibrozil
plasma concentrations through 12-h postdose following the
first dose of gemfibrozil, which was administered on the
morning of Day 13.

Bioanalysis and radioanalysis

Plasma samples were analyzed for evacetrapib using a val-
idated LC/MS/MS method (data on file; BASi [West
Lafayette, IN] for the evacetrapib disposition study and
Covance Laboratories, Inc. [Madison, WI] for the evace-
trapib & ketoconazole and evacetrapib + gemfibrozil
studies). For all three studies, the dynamic range for the
evacetrapib assay was 1-1000 ng/mL. Samples above the
upper limit of quantification were diluted and reanalyzed
to yield results within the calibrated range. For the evace-
trapib  disposition, evacetrapib + ketoconazole, and
evacetrapib £ gemfibrozil studies, during validation, the
inter-assay accuracy (relative error) ranged from —6.0%
to 6.2%, —1.4% to 4.3%, and —0.7% to 1.5%, respec-
tively; the inter-assay precision (relative standard devia-
tion) ranged from 2.1% to 6.4%, 3.7% to 8.6%, and 2.9%
to 4.8%, respectively.

Plasma samples were analyzed for gemfibrozil and gemfi-
brozil 1-O-f-glucuronide using a validated LC/MS/MS
method (data on file; Advion Bioanalytical Labs, A Quintiles
Company [Ithaca, NY]). The dynamic range of the assay for
both analytes was 5-10,000 ng/mL. The inter-assay accu-
racy ranged from —10.6% to 5.81% and —11.6% to 1.85%
for gemfibrozil and the metabolite, respectively. The inter-
assay precision ranged from 3.35% to 4.92% and 2.95% to
9.05% for gemfibrozil and the metabolite, respectively.

In the evacetrapib disposition study, radioactivity in all
samples was measured by liquid scintillation counting
(LSC). Radioactivity in whole blood, plasma, expired air,
urine, and feces was determined using LSC techniques
either directly (in urine, plasma, and expired air) or after
combustion in an oxidizer apparatus (in feces and blood).
The cumulative fraction of the dose eliminated in excreta
was determined by measuring the amount of radioactivity
in the urine and feces for each collection period, up to
216 h postdose. The radioactivity analyses were conducted
at Covance Laboratories, Inc.

2015 | Vol. 3 | Iss. 5 | e00179
Page 4

E. A. Cannady et al.

Pharmacokinetic analyses

In all three studies, PK parameter estimates for evace-
trapib were calculated by standard noncompartmental
methods of analysis (Version 5.2; WinNonlin, Pharsight
Corporation, Mountain View, CA, USA). The primary
parameters were maximum concentration (Cp,.) and
AUC of evacetrapib.

Metabolite radioprofiling and identification by
LC/MS

Plasma, fecal, and urine samples were extracted, dried
and reconstituted in a mixture containing dimethylsulfox-
ide, acetonitrile, and 10 mmol/L ammonium acetate
(1:3:3, viviv) for radioprofiling and metabolite identifica-
tion [Eli Lilly and Company; Indianapolis, IN]. For radio-
profiling, metabolites in various matrices were separated
by HPLC and collected into 96-well scintiplates for
radioactivity counting and radiochromatogram recon-
struction. For metabolite identification, LC/MS and LC/
MS/MS data were generated on a Finnigan LCQ Advan-
tage ion trap mass spectrometer for nominal mass mea-
surement and on a Finnigan LTQ Orbitrap XL mass
spectrometer for accurate mass measurement (Thermo
Electron, San Jose, CA) in positive ion mode.

Metabolite identification by nuclear magnetic
resonance

Major fecal metabolites M1 and M7 were isolated using
reverse-phase semi-preparative HPLC system and ana-
lyzed (Eli Lilly and Company) using a Bruker AVANCE
600 nuclear magnetic resonance (NMR) (Bruker BioSpin
Corporation, Billerica, MA).

Statistical analysis

In the  evacetrapib £ ketoconazole and
trapib £ gemfibrozil studies, evacetrapib AUC and Ci.y
were log-transformed and analyzed using an ANOVA
model, using treatment as a fixed effect and subject as a

evace-

random effect, to provide estimates of geometric means,
ratios of the geometric means (evacetrapib + ketocona-
zole or evacetrapib + gemfibrozil vs. evacetrapib alone),
and their 90% confidence intervals (CIs). The f,,, for
evacetrapib was analyzed using a Wilcoxon sign rank test.

Safety assessments

In all three studies, safety measurements included record-
ing adverse events and evaluation of clinical laboratory
data.

© 2015 Eli Lilly and Company. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.
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Results

Identifying human CYP450s capable of
metabolising evacetrapib with prediction of
contributions to hepatic CYP-mediated
clearance and application of a static DDI
model

The positive control, verapamil, demonstrated the
expected substrate depletion rate constant, k, in HLMs
and metabolism by rCYP2D6, rCYP3A4, and rCYP3A5
(Eli Lilly and Company, unpubl. data). Evacetrapib deple-
tion in HLMs was observed, but did not meet the criteria
for first order depletion; thus, the largest k calculated for
evacetrapib in HLMs (0.0345 min ') was used to approx-
imate first-order conditions. The resulting CL;, for
evacetrapib in HLMs was 138 uL x min~' x mg '. For
evacetrapib, depletion by rCYP2C8, rCYP3A4, and
rCYP3A5 met the criteria for quantification. For determi-
nations of f,, CYP3A4-mediated metabolism was consid-
ered to represent total CYP3A-mediated metabolism.
rCYP CLj, values of 0.712 uL x min~' x prnol_1 for
rCYP2C8 and 4.257 uL x min~' x pmol~' for rCYP3A
were estimated for evacetrapib (Table 1). Using predeter-
mined RAFs, HLM-scaled CLint for CYP2C8 was esti-
mated to be 19.9 uL x min ' x mg '. HLM-scaled
CL;,, for CYP3A was estimated to be 186 uL X
min~' x mg ', The resulting f,,CYP values for the hep-
atic CYP-mediated clearance of evacetrapib were 0.1 for
CYP2C8 and 0.9 for CYP3A, suggesting that CYP2C8 is
responsible for 10% and CYP3A is responsible for 90% of
the hepatic CYP-mediated clearance of evacetrapib. This
estimate does not include any potential non-CYP hepatic
metabolic pathways (e.g., glucuronidation). The resulting
static model predicted the clinical AUC;/AUC ratios for
inhibition of CYP2C8 and CYP3A to be 1.1 and 2.7,
respectively.

Phase 1 disposition and pharmacokinetic
study in healthy subjects

Pharmacokinetics of evacetrapib and radioactivity
in plasma and blood

Pharmacokinetic parameter estimates for evacetrapib in
plasma and for total radioactivity in plasma and blood
are presented in Table 2. Following C,.,, plasma concen-
trations of evacetrapib declined in a multiphasic manner.
The Cpax of total radioactivity was greater than the Cpax
of evacetrapib, which indicates the presence of circulating
radioactive entities other than evacetrapib. Blood-to-
plasma total radioactivity ratios combined with the
hematocrit values suggest negligible association of

© 2015 Eli Lilly and Company. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
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evacetrapib-related material with red blood cells. The con-
centration time curves for evacetrapib and total radioac-
tivity are shown in Figure 1.

Excretion and mass balance

The total recovery of radioactivity in urine and feces sam-
ples was 95.4% (+£2.21%) of the dose over the 216-h
study collection period, with 85% being recovered in the
first 120 h. A mean (&£SD) of 93.1% (+£2.46%) of the
dose was excreted in feces and 2.30% (40.566%) was
excreted in urine. Levels of radioactivity in expired air
samples were negligible.

Metabolic profiling

Figure 2 depicts the proposed metabolic scheme of
evacetrapib in humans. In plasma, the parent drug
evacetrapib, and two metabolites (m): parent + O + 2H
(M2), and parent + glucuronide (M10) were detected by
radioactivity. Metabolite M2 was the product of oxidative
ring opening of the benzazepine to an alcohol. Metabolite
M10 was consistent with the standard for the synthetic
acyl glucuronide of parent by HPLC retention times and
LC/MS/MS spectra (Eli Lilly and Company, unpubl.
data). Parent drug was the predominant radioactive peak,
accounting for a mean of 94% to 100% of the total
radioactivity in the 1- to 8-h plasma samples. In the 24-h
plasma samples, parent was the only quantifiable radioac-
tive peak and was detected in only 3 subjects, with
evacetrapib concentrations being below the limit of detec-
tion in the other 2 subjects. Metabolite M2 accounted for
1% to 4% of the total radioactivity in the 1- to 4-h
plasma samples and was below the quantitation limit at 8
and 24 h postdose. Metabolite M10 was quantifiable
only in the 2- and 4-h plasma samples, accounting for
1% and 2% of the total radioactivity in the 2- and 4-h
plasma samples. Representative radiochromatograms of
evacetrapib and metabolites in plasma are shown in
Figure 3. In feces, parent drug and 10 metabolites were
identified (Table 3). Parent drug, M1, and M7 were the
major radioactive peaks in feces, accounting for a mean
of 16.80%, 12.24%, and 33.52% of the dose, respectively.
Eight minor fecal metabolites were identified including
M2, M3 (parent + O), M4 (parent + O), M5 (parent +
20), M6 (parent + 20 + 2H), M8 (parent + 30 + 2H),
M9 (parent + 30), and M20 (parent + 30 — C8H1202,
N-desmethyl cyclohexyl carboxylic acid). Each of
these 8 metabolites accounted for less than 5% of
the dose. Approximately 70% of the administered
evacetrapib dose was eliminated via CYP-mediated
metabolism.

2015 | Vol. 3 | Iss. 5 | e00179
Page 5



Disposition of Evacetrapib E. A. Cannady et al.

Table 1. Predictions of evacetrapib CL;,; and f.,, by CYPs in the in vitro study.

—Kdep Cling (uL x min™" RAF (pmol HLM Scaled CLiny, Predicted AUC
rCYP (min™") x pmol CYP™") CYP x mg™") (ul x min~! x mg™") f,CYP ratio (AUCI/AUC)
CYP2C8 0.0424 0.712 28.0 19.9 0.1 1.1
CYP3A' 0.1565 4.257 43.7 186.0 0.9 2.7

—kgep, the negative of the depletion rate constant; CLin, intrinsic clearance; f,CYP, fraction of hepatic CYP-mediated clearance; HLM, human liver
microsomes; RAF, relative activity factor; rCYP, human recombinant CYPs.

"For determinations of f, CYP3A4-mediated metabolism was considered to represent total CPY3A-mediated metabolism AUCI/AUC = 1/(1-
fnCYP3A x fraction of evacetrapib eliminated by CYPs) where the fraction of evacetrapib eliminated by CYPs is approximately 0.7.

Table 2. Geometric mean (coefficient of variation) pharmacokinetic parameter estimates of evacetrapib and total radioactivity following a single
100-mg oral dose of evacetrapib (containing 100 uCi of ['*C]-evacetrapib) in healthy subjects.

Blood total Average (%) of Mean
Plasma evacetrapib Plasma total radioactivity total radioactivity blood-to-plasma

Parameter (unit) (N =5) radioactivity (N = 5) (N=05) attributed to evacetrapib ratio
AUC (g co) (ng*hr/mL)1 8250 (20) 15, 900 (20) 7960 (15 52 0.501
% AUC (giast_oco) (%)? 1(0-4) (13 26) (18 24)?
AUC (g 36 (ng*hr/mL)1 6250 (25) 9530 (18 5570 (14 66 0.585
Crnax (ng/mL)4 777 (17) 943 (17) 546 (1 ) 82 0.579
tmax (N)° 3.02 (1.00-4.00) 3.02 (2.03-4.00) 3.02 (2.03-4.00)

ti (hy? 32.3(20.4-53.9) 39.8 (20.3-63.0) 23.4 (19.8-28.2)

CUF (L/h) 12.1 (20) NC NC

V,/F (L) 564 (50) NC NC

Blood to plasma total 0.518-0.618

radioactivity ratio range

Combined hematocrit 41.8-45.4

(O/o) Day -1

Combined hematocrit 42.2-44.9

(%) Day 10

AUC (o 36), area under the concentration-time curve from time zero up to 36 h postdose; AUC(y o), area under the plasma concentration versus
time curve from time zero extrapolated to infinity; AUC(yast o0), area under the concentration-time curve from time zero to the last time point with
a measurable concentration; CL/F, apparent clearance; Cpax, maximum observed drug concentration; N, number of subjects; NC, not calculated;
t12, apparent terminal half-life; tyax, time of Crax V/F, apparent volume of distribution during the terminal phase.

"Radioactivity units are h-ng-equivalents/mL.

N = 4.

3Geometric mean (range) data.

“Radioactivity units are ng-equivalents/mL.

>Median (range) data.

NMR analysis confirmed the structures of the oxidative
metabolites M1 and M7 (Fig. 2). Metabolite M1 was the
result of hydroxylation of the methyl group, para to the
nitrogen, of the benzazepine ring-opened metabolite, M2.
Metabolite M7 was formed following the same pathways
with oxidative ring opening of the benzazepine (M2) and
subsequent oxidation of the benzyl alcohol of M1 to a
benzoic acid.

Adverse events

Overall,
were reported by 2 subjects. The most common TEAEs
were diarrhea (2 AEs reported by 1 subject) and headache

5 treatment-emergent adverse events (TEAEs)
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(2 AEs reported by 1 subject). Three of the AEs were
related to evacetrapib as judged by the investigator. All
AEs were of mild severity.

Phase 1 DDI study with ketoconazole in
healthy subjects

Pharmacokinetics of evacetrapib

Table 4 summarizes the evacetrapib PK parameter esti-
mates and statistical comparisons with and without keto-
conazole. The AUC and C,,,, ratios were 2.37 and 1.94,
and the 90% ClIs did not include unity. There was no dif-
ference in median f.,,, between treatments. Figure 4 illus-
trates the mean plasma concentration versus time profiles

© 2015 Eli Lilly and Company. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.
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1000

100

Evacetrapib and total

radioactivity concentration

=—a-a Plasma total radioactivity (ng equiv/g)
¥~ Whole blood total radioactivity (ng equiv/g)
e—e— Plasma evacetrapib (ng/mL)

0 12 24 36 48 60 72 84 96 108120 132144 156 168 180 192
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Figure 1. Arithmetic mean (£SD) concentrations of LY2484595 in
plasma and total radioactivity in whole blood and plasma after oral
administration of a single 100-mg dose of LY2484595 containing
approximately 100 uCi of ['*C] LY2484595 in healthy male subjects
(semi logarithmic plot).

Disposition of Evacetrapib

of evacetrapib following 100 mg evacetrapib alone and
with 400 mg ketoconazole.

Adverse events

Of patients receiving evacetrapib alone or in combination
with ketoconazole, a total of 18 TEAEs were reported by 5
subjects; 16 TEAEs were considered mild and 2 were con-
sidered moderate and all were considered related to the
study drug. The two moderate TEAEs were reported by
subjects who received ketoconazole alone. The most com-
mon TEAEs were headache, nausea, skin disorders, and
generalized pruritus.

Phase 1 DDI study with gemfibrozil in
healthy subjects

Pharmacokinetics of evacetrapib

Figure 5 illustrates the mean plasma concentration versus
time profiles for evacetrapib alone and with gemfibrozil.
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Figure 2. Proposed metabolic scheme of evacetrapib in healthy humans following a single oral dose of 100 mg (100 uCi) "*C-evacetrapib. The

heavy bolded arrows represent the major metabolic pathway.

© 2015 Eli Lilly and Company. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.

2015 | Vol. 3 | Iss. 5 | e00179
Page 7



Disposition of Evacetrapib

Table 5 summarizes the evacetrapib PK parameter esti-
mates and statistical comparisons with and without gem-
fibrozil. Data regarding the effects of evacetrapib on
gemfibrozil are beyond the scope of this manuscript and,
therefore, not shown. Statistical analysis showed no differ-
ence in evacetrapib AUCg.;) or Cp,y between treatments,
with 90% ClIs falling within the no-effect boundary of
0.8-1.25. There was no significant difference in median

tmax.

Adverse events

During Period 2, three subjects discontinued due to
adverse events; 1 subject with an adverse event discontin-
ued during Period 3. A total of 28 AEs were reported by
a total of 12 subjects. All of the AEs were mild in severity.
Of the 24 subjects who received one or more doses of
evacetrapib alone and/or with gemfibrozil, 5 subjects
reported a total of 10 AEs considered to be related to the
study drug. The most common AE related to the study
drug was pruritus (2 AEs reported by 2 subjects). The
overall AE profile was similar following evacetrapib
administered alone and with gemfibrozil. There was no
difference in the frequency of related AEs between these
two treatments.

Discussion

Data from the in vitro studies suggest that the oxidative
metabolism of evacetrapib predominantly by CYP3A, with
a minor contribution by CYP2C8. The clinical disposition
study confirmed that evacetrapib is extensively metabo-
lized, and that the principal route of excretion of parent
and metabolites is via the feces.

Circulating metabolites of evacetrapib were present, as
indicated by levels of total radioactivity that were greater
than represented by intact evacetrapib. Two major (>10%
of dose) metabolites of evacetrapib were identified in the
feces accounting for about half of the administered dose.
Including multiple minor metabolites, oxidative metabo-
lism accounted for approximately 70% of the dose, of
which about half can be attributed to the major metabolic
pathway (M2 — M1 — M7) in feces. The M2 metabolite
is formed as the result of the oxidation of the carbon
alpha to the nitrogen of the benzazepine ring, with subse-
quent ring-opening and reduction to yield the corre-
sponding alcohol. Subsequent oxidation of the methyl
group (para to the nitrogen) of the di-methyl benzazepine
ring also forms an alcohol resulting in formation of the
penultimate, M1 metabolite. Metabolite M1 undergoes an
additional oxidation reaction resulting in formation of a
benzoic acid moiety, resulting in M7. The direct acyl glu-
curonide metabolite was not detected in feces, but it is
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Figure 3. HPLC radiochromatograms of plasma from a healthy
human subject after a single oral dose of 100 mg (100 uCi) '*C-
evacetrapib. M2 is benzazepine ring-opened metabolite and M10 is
the acyl glucuronide metabolite. CPM, counts per minute.

possible that some of the parent drug observed in feces
(17%) is a result of hydrolysis/cleavage of the glucuronide
metabolite back to intact parent.

The major metabolic pathway for evacetrapib
(M2 - M1 — M7) accounts for approximately half of
evacetrapib’s elimination. Per the FDA and EMA guid-
ances for drug interaction studies, if elimination through
a particular pathway is >25%, conducting a study with
strong inhibitor (e.g., ketoconazole) is recommended
(U.S. Department of Health and Human Services, Food
and Drug Administration (FDA) Center for Drug Evalua-
tion and Research (CDER) 2012). In this case, the static
model-based predicted ratio of AUC with/without keto-
conazole was 2.7, whereas the experimentally determined
ratio was 2.37, indicating a good correlation between the
predicted effect and the actual clinical results. When
evacetrapib was administered with gemfibrozil, a strong

© 2015 Eli Lilly and Company. Pharmacology Research & Perspectives published by John Wiley & Sons Ltd,
British Pharmacological Society and American Society for Pharmacology and Experimental Therapeutics.
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Table 3. Mean percent dose of evacetrapib and its metabolites s
excreted in feces following a single oral dose of 100 mg (100 uCi) '*§ 1000 —o— Evacetrapib 100 mg + Ketoconazole 400 mg
4C-evacetrapib. ‘dé; —e— Evacetrapib 100 mg
S 100,
Percent .
-
Peak dose mean SD gg 10
g2
M7 33.52 7.25 [
M8 2.19 0.61 2 1
©
M9 3.79 1.27 %
M20 3.41 0.62 g o1t
M1 12.24 2.33 i 0 24 48 72 96 120 144 168 192 216 240
M6 0.78 0.44 Time postdose (h)
M5 4.62 0.82 i _ _ _
M3 180 130 Figure 4. Semi-log plot of mean plasma evacetrapib concentrations
M2 4.65 0.81 versus time following a 100 mg dose of evacetrapib alone or with
M4 220 157 400 mg of ketoconazole (Cannady et al. 2013).
Evacetrapib 16.80 6.73
Total % identified 85.99 2.88 10000y _, Eyacetrapib 130 mg QD + Gemfibrozil 600 mg BID
Total % metabolites 69.2 = —e— Evacetrapib 130 mg
. i ©
identified E E
Dose eliminated in 89.86 1.82 %g
the select feces %_5 1000 -
through 192 h postdose s 6
® €
0 o
© O
> C
w o
° 100
CYP2C8 inhibitor, evacetrapib exposure at steady state 0 4 s 12 16 20 24
was not affected, which is also consistent with the static Time postdose (h)

model prediction for inhibition of CYP2C8. This suggests
that CYP2C8 does not play a clinically important role in
the clearance of evacetrapib, despite its identification as a
contributing metabolic enzyme in vitro. Moreover, the

Figure 5. Semi-log plot of mean plasma evacetrapib concentrations
versus time following 130 mg evacetrapib QD alone or with 600 mg
gemfibrozil BID in healthy subjects. BID, twice daily; QD, daily.

greater degree of variability between the mean concentra- consistent with the reported PK variability of orally
tion versus time profiles of evacetrapib with/without keto- administered CYP3A substrates before and after inhibition
conazole compared with those with/without gemfibrozil is (Frechen et al. 2013).

Table 4. Summary of evacetrapib noncompartmental pharmacokinetic parameter estimates following 100 mg evacetrapib alone or with 400 mg
ketoconazole in healthy subjects.

Ratio of geometric
LS means evacetrapib +
ketoconazole versus

Geometric mean (% CV) evacetrapib (90% Cl)
(o]

Parameter® Evacetrapib Evacetrapib + ketoconazole

N 12 9 9/12

AUC (g ooy (Ng-h/mL) 5260 (51) 12,100 (57) 2.37 (1.77,3.18)
Crnax (ng/mL) 332 (79) 611 (73)° 1.94 (1.39, 2.72)
trax () 3.00 (2.00-4.00) 3.00 (2.00-3.00)° -

ti2” (h) 40.2 (28.4-55.4) 63.2 (52.1-82.3) -

CLF (L/h) 19.0 (51) 8.24 (57) -

Vo/F (L) 861 (60) 592 (70) -

AUC(0_o0), area under the plasma concentration versus time curve from time zero extrapolated to infinity; Cl, confidence interval; CL/F, apparent
clearance; Cax, maximum observed drug concentration; CV, coefficient of variation; N, number of subjects; t;,,, apparent terminal half-life; tmax,
time of Crax; Vs/F, apparent volume of distribution at steady state.

"Median (range).

2Geometric mean (range).

3N = 10.
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Table 5. Summary of evacetrapib pharmacokinetic parameter estimates following 130 mg evacetrapib QD alone or with 600 mg gemfibrozil BID

in healthy subjects.

Geometric mean (% CV)

Ratio of geometric

LS means evacetrapib +
gemfibrozil versus
evacetrapib (90% Cl)

Evacetrapib +

Parameter Evacetrapib (Day 11) gemfibrozil (Day 22)

N 22 20 22/20

AUC(o_) (ng-h/mL) 11,300 (20) 11,400 (21)? 0.996 (0.922, 1.08)
Cnax (ng/mL) 1270 (26) 1290 (26)

trax’ () 4.00 (2.02-6.00)

1.02 (0.933, 1.11)
3.00 (2.00-4.00) -3

AUCo_,) = area under the concentration-time curve during one dosing interval; Cn,ax = maximum observed drug concentration; CV = coefficient
of variation; N = number of subjects; tax = time of maximum observed drug concentration.

"Median (range).
2N =19.

3Parameters dependent on the terminal phase, such as half-life, were not calculated because the sampling interval was limited to 24 h postdose

and did not include the terminal phase.

Historically, ketoconazole (400 mg for >5 days) has
been considered the “gold standard” strong CYP3A4 inhi-
bitor for assessing DDIs (Ke et al. 2014) but it is not nec-
essarily specific for this enzyme (Sandstrom et al. 1999).
In addition to inhibiting CYP3A, ketoconazole is also a
known P-glycoprotein (P-gp) inhibitor; however, Sand-
strom et al. (1999) report that ketoconazole is a more
potent inhibitor of CYP3A than P-gp. While the selection
of ketoconazole as a probe inhibitor does not allow differ-
entiation of enzyme versus transporter effects, the study
design did allow assessment of a worst-case scenario eval-
uating evacetrapib as a dual CYP3A and P-gp substrate,
in the absence of in vitro P-gp data.

Since ketoconazole approximately doubled the exposure
of evacetrapib, evacetrapib would not be classified as a
sensitive CYP3A substrate as defined by the FDA and
EMA guidances, where a sensitive substrate demonstrates
>5-fold change in exposure (U.S. Department of Health
and Human Services, Food and Drug Administration
(FDA) CDER 2012; European Medicines Agency 2012). In
our study, ketoconazole was effectively a moderate inhibi-
tor of the apparent clearance of evacetrapib. Although
exposures of evacetrapib increased in the presence of keto-
conazole, the magnitude of the effect was only modest and
not clinically meaningful based upon the currently known
safety profile of evacetrapib, which includes patients with
similar exposures (Eli Lilly and Company, unpubl. data).
While this outcome was initially surprising, given the sub-
stantial CYP3A-mediated elimination of drug and metabo-
lites via feces, it was consistent with the observation that
only minor metabolites appear in circulation (Fig. 3). In
addition, the modest effect of ketoconazole on evacetrapib
exposure and absence of effect of gemfibrozil on evace-
trapib exposure may be a result of numerous interdepen-
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dent factors, including poor drug solubility, high protein
binding, and involvement of alternative clearance path-
ways such as direct glucuronidation and/or biliary excre-
tion of unchanged drug (Mantlo and Escribano 2014;
Cannady 2013). In phase 1 studies, evacetrapib was gener-
ally well-tolerated in healthy subjects when administered
alone and with ketoconazole or gemfibrozil. The overall
severity of AE profile was similar among studies following
evacetrapib alone and with ketoconazole or gemfibrozil.
Because a very strong CYP3A inhibitor only caused a
modest change in evacetrapib exposure and did not
increase adverse events (Suico 2014), less potent inhibitors
would be expected to have lesser impact on exposure and/
or safety. While PBPK modeling is an approach that could
be used to predict evacetrapib exposures in the presence
of these less potent moderate and weak inhibitors, it
appears unnecessary to evaluate their effects on evace-
trapib clearance in actual clinical studies.

In conclusion, although the potential exists for evace-
trapib exposure to be modestly increased by a strong
CYP3A inhibitor, there is a low likelihood of clinically
relevant DDIs with co-administered inhibitors at the
phase 3 dose of evacetrapib (130 mg) due to the currently
known disposition and safety profile of evacetrapib.
Taken together, the results described above and collected
from ongoing phase 3 studies will provide physicians with
information needed to evaluate the appropriateness of
evacetrapib when co-administered with any strong CYP3A
inhibitor.
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online version of this article:

Figure S1. Phase 1 drug—drug interaction study with
ketoconazole in healthy subjects.

Figure S2. Phase 1 drug—drug interaction study with
gemfibrozil in healthy subjects.
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