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Abstract

Background and objective AMG 986 is a first-in-class, novel apelin receptor small molecule agonist initially developed
for the treatment of heart failure. The current phase I study was conducted to evaluate the pharmacokinetics and safety of a
single-dose 200-mg capsule formulation of AMG 986 relative to the tablet formulation in 12 healthy subjects.

Methods In a two-period, two-way crossover design, eligible subjects were randomized 1:1 to tablet/capsule or capsule/
tablet treatment sequences; each treatment sequence lasted for approximately 6 days and comprised six subjects.

Results Following a single oral dose of AMG 986, the geometric mean maximum observed concentration (C,,,,) values
were 9670 ng/mL and 6920 ng/mL and the geometric mean area under the curve from time zero to 120 h (AUC,_;,;,) values
were 68,000 ng*h/mL and 59,900 ng*h/mL for the tablet and capsule, respectively. The geometric least squares means (90%
confidence interval [90% CI]) for the ratios of capsule/tablet were 0.88 (90% CI 0.81-0.96) and 0.72 (90% CI 0.57-0.91) for
AUC,,_,g, and C,,,, respectively. AMG 986 had an acceptable safety profile; all adverse events were grade 1 or 2 in severity.
Conclusion There was a modest 12% decrease in AUC,_;,(, and a 28% decrease in C,,, with the AMG 986 capsule versus
the tablet. These differences are not considered to be clinically relevant, suggesting the capsule formulation can be used in
subsequent clinical studies of AMG 986.

1 Introduction
Key Points
Chronic heart failure (HF) is a complex syndrome that

The current study compared the in vivo characteristics results in inadequate systemic blood flow when neuro-

of 200-mg AMG 986 capsule and tablet formulations in hormonal mechanisms are no longer able to deliver an
healthy adult subjects. adequate physiological response [1]. The prognosis for
Following a single oral dose of AMG 986, no clinically patients with HF remains poor and there is an unmet need
significant differences were observed in the pharmacoki- for novel therapies [2]. The apelin receptor is a G-pro-
netic properties of the capsule and tablet formulations. tein-coupled receptor that counteracts the pressor effect

of angiotensin II, attenuates ischemic injury, and con-
tributes to neovascularization in HF [3, 4]. AMG 986 is
a novel apelin receptor small molecule agonist that acti-
vates the apelin receptor to improve cardiac function by
increasing cardiac contractility without affecting heart rate
[5]. AMG 986 was initially developed as a treatment for
patients with HF and its chemical structure is presented

The results suggest the capsule formulation can be admin-
istered in subsequent studies for AMG 986 development.

D4 Ashit Trivedi

ashitt@amgen.com in Fig. 1.
Recently, a phase Ib, first-in-human (FIH) study in
' Amgen Inc., Thousand Oaks, CA 91320, USA healthy and HF subjects (ClinicalTrials.gov identi-
2 Amgen Inc., San Francisco, CA, USA fier: NCT03276728) reported that AMG 986 exposure
*  Present Address: Foghorn Therapeutics Inc., Cambridge, increases non-linearly with increasing oral doses of 5 mg
MA, USA to 650 mg [3]. The oral bioavailability of AMG 986 ranges
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from 40 to 80% and the terminal half-life (t,,) is approxi-
mately 20 h [3]. AMG 986 exposure is similar between
subjects with severe renal impairment and normal renal
function [6]. Additional studies indicate AMG 986 is
highly protein bound (99.6% bound in human plasma)
and does not preferentially distribute into blood cells. The
metabolism of AMG 986 in vitro is principally catalyzed
by human cytochrome P450 3A (CYP3A). AMG 986 is an
in vitro inducer of CYP3A4, as determined by increases in
CYP3A4 messenger RNA levels in primary human hepato-
cytes, and AMG 986 is not an in vitro inhibitor of any of
the major drug-metabolizing human CYP enzymes. Addi-
tionally, AMG 986 is characterized in vitro as a substrate
of P-glycoprotein and organic anion-transporting polypep-
tide 1B3 (Amgen, data on file).

The FIH clinical development of AMG 986 started with
a tablet formulation manufactured by dry granulation via
roller compaction. Although acceptable chemical stability
is observed for the tablet formulation, including data from
6-month accelerated and 18-month long-term storage condi-
tions, further solid-state characterization shows a 25-30%
drug substance solid-state phase transformation (Amgen,
data on file). This solid-state phase transformation is caused
by shear force imparted during roller compaction and tablet
compression. This could potentially be mitigated through
a change of AMG 986 manufacturing process from roller
compaction and tablet compression to wet granulation and
encapsulation.

The aim of the current phase I study was to evaluate the
pharmacokinetics (PK) and safety of a single-dose 200-mg
capsule formulation of AMG 986 relative to the tablet in
healthy subjects. The 200-mg dose was selected because it
was well tolerated in the FIH study [3] and is anticipated to
be near the upper range of doses that would be evaluated in
phase II studies.

Fig. 1 Chemical structure of AMG 986
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2 Materials and Methods
2.1 Study Design

This was a phase I, open-label, single-dose, single-center,
randomized, two-period, two-way crossover study conducted
in healthy adult subjects in the United States. The study
consisted of a 21-day screening period, after which eligible
subjects were randomized 1:1 to AMG 986 capsule/tablet
or tablet/capsule treatment sequences (Fig. 2). Each treat-
ment sequence consisted of two periods, with a single dose
of 8 X 25-mg AMG 986 tablets or 1 X 200-mg AMG 986
capsule administered in each period. The composition of
the AMG 986 tablet and capsule formulations are listed in
Tables 1 and 2, respectively.

AMG 986 was administered orally on the morning of
Days 1 and 6 under the supervision of clinic staff. Doses
of AMG 986 were separated by a washout period of 5 days.
Based on preliminary PK data available when the current
study was planned, this period was calculated to be suffi-
cient to eliminate 97% of the drug from systemic circulation.
AMG 986 tablets and capsules were swallowed whole (not
chewed, split, or crushed) and taken with water. Dosing was
preceded by an overnight fast (except water) of at least 10
h. Subjects refrained from drinking water for at least 1 h
before and after dosing and abstained from food for at least
4 hours after dosing.

2.2 Participants

Eligible subjects were healthy non-smoking men and
women not of childbearing potential, between 18 and
55 years of age, and with a body mass index between 18
and 30 kg/m? at the time of screening. Exclusion criteria
included the concurrent or prior use of strong CYP3A4

Period 1
Day -1to 6

Period 2
Day 6 to 11

[ X X ] Sequence 1 AMG 986

AMG 986
N=6 200 mg 200 mg
ﬁﬂw tablet tablet
R

Healthy
subjects AMG 986 AMG 986
N =12 Seqh‘,’e:"ge 2 200 mg 200 mg
capsule capsule
_____ - - —
PK PK
sampling sampling

Fig.2 Study design. N number of subjects, PK pharmacokinetic, R
randomization
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Table 1 Composition of Component Percent (% w/w) 25 mg Function
AMG 986 tablets )
Quantity (mg/
tablet)
AMG 986 5.00 25.00 Active
Microcrystalline cellulose, Avicel® PH-102 68.25 341.2 Diluent
Lactose monohydrate, Impalpable 313 22.75 113.8 Diluent
Croscarmellose sodium, Ac-Di-Sol® 3.00 15.00 Disintegrant
Magnesium stearate 1.00 5.00 Lubricant
Total 100.0 500.0
w/w weight per weight
Table 2 Composition of AMG 986 capsules
Component Percent (% w/w) 200 mg Function Reference to standard
Quantity (mg/
capsule)
AMG 986 50.00 200.0 Active In house specifications
Microcrystalline cellulose, Avicel® PH-101 18.25 73.00 Diluent Ph. Eur.
USP-NF
JP
Lactose monohydrate, Impalpable 313 18.25 73.00 Diluent Ph. Eur.
USP-NF
JP
Hydroxypropyl cellulose, Klucel™ EXF 4.00 16.00 Binder Ph. Eur.
USP-NF
JP
Croscarmellose sodium, Ac-Di-Sol® 5.00 20.00 Disintegrant Ph. Eur.
USP-NF
JP
Purified water N/A N/A Granulating fluid USP
Croscarmellose sodium, Ac-Di-Sol® 4.00 16.00 Disintegrant Ph. Eur.
USP-NF
JP
Magnesium stearate 0.50 2.00 Lubricant Ph. Eur.
USP-NF
JP
Total 100.0 400.0
Hard gelatin capsule, grey opaque N/A Size 0 Encapsulation Manufacturer’s specifications

JP Japanese Pharmacopeia, N/A not applicable, NF National Formulary, Ph. Eur. European Pharmacopeia, USP United States Pharmacopeia,

w/w weight per weight

inhibitors or strong CYP3A4 inducers within 14 days and
28 days, respectively, of Day 1.

2.3 PK Sampling and Assessments

On Days 1 and 6, blood samples for the PK analysis of
AMG 986 were collected from each subject at pre-dose,
0.25,0.5,0.75, 1,2, 3, 4, 6, 8, 10, 12, 24, 48, 72, 96, and
120 h post-dose. The PK parameters assessed were maxi-
mum observed concentration (C,,,,), median time to C,,,,

(tnax)» area under the curve (AUC) from time zero to the

last quantifiable time point post-dose (AUC,,,), AUC from
time zero to infinity (AUC;,¢), AUC from time zero to 120 h
(AUC_;50n), and t,,. All PK parameters were estimated using
noncompartmental analysis by Phoenix® WinNonlin® ver-
sion 6.4 (Certara, Princeton, NJ, US).

In vitro dissolution of the tablet and capsule formula-
tion was tested using a phase-appropriate, quality control
method. Dissolution tests were performed using a United
States Pharmacopeia Apparatus II (Varian VK 7025; Agilent
Technologies Inc., CA, US) in 900 mL of 0.05 N hydro-
chloric acid at 37.0 + 0.5 °C and an agitation speed of 75
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revolutions per minute. For tablets, 8 X 25-mg tablets were
dropped into each vessel for a total strength of 200 mg.
Three vessels were used for a triplicate of measurement
(N = 3). For capsules, 1 X 200-mg capsule was dropped
into each vessel (N = 6) with a Japanese sinker. Sampling
was performed at 10, 20, 30, 45, and 60 minutes with a sam-
pling volume of 1 mL. Samples were filtered using 10-pm
polyethylene filters and analyzed by high-performance liquid
chromatography (HPLC) equipped with a Zorbax® SB-C18
column (4.6 X 50 mm, 3.5 ym) (Agilent Technologies Inc.,
CA, US) using an isocratic method.

Plasma concentrations of AMG 986 were determined
using validated HPLC mass spectrometry. The analyte
AMG 986 and internal standard (IS) '*C,-AMG 986 were
extracted from 0.050 mL of human plasma by a protein
precipitation extraction procedure. The extraction began
by adding 50.0 pL of calibration standards, quality con-
trol samples, and study samples to appropriate wells of a
96-well plate, with 50.0 pL of blank human plasma added
to each blank well. The samples were diluted with 50 pL
of methanol/water (50/50, volume per volume [v/v]). Fol-
lowing the addition of 150 pL of IS to all appropriate wells
(or 150 pL of acetonitrile to blank wells), the plate was
covered, vortexed, and centrifuged. A Tomtec Quadra4™
(Tomtec Inc., CT, US) 96-well pipettor system was used
to transfer 100 pL of the supernatant to a new 96-well
plate. After 400 pL of acetonitrile/water (80/20, v/v) was
added to all wells, the plate was covered and vortexed. The
extracts were chromatographed under reverse-phase condi-
tions on a Kinetex® Cy (Phenomenex Inc., CA, US) HPLC
column using a gradient system with 0.1% formic acid in
water and 0.1% formic acid in acetonitrile. The compounds
were detected and quantified by tandem mass spectrometry
in positive ion mode on an API 4000™ (AB Sciex, MA,
US) equipped with a Turbo IonSpray® interface. The m/z
transition values for AMG 986 and IS were 524.3-312.2
and 530.3-318.2, respectively. The assay had a lower limit
of quantitation (LLOQ) of 1.0 ng/mL and an upper limit
of quantitation of 1000 ng/mL. Calibration curves were
obtained by performing a linear regression (weighted 1/x%)
on the calibration standards.

2.4 Safety Outcomes

The safety and tolerability of AMG 986 capsule and tab-
let formulations was assessed via the subject incidence of
treatment-emergent adverse events (TEAESs), serious adverse
events (SAEs), clinical laboratory tests, 12-lead electrocar-
diogram (ECG), and vital signs. All adverse events were
graded according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0.
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2.5 Statistical Analysis

Statistical analyses were performed using SAS version 9.3
(SAS Institute Inc., Cary, NC, US). No formal statistical
hypothesis testing was performed. The study was designed
to characterize the PK after a single administration of
AMG 986 by descriptive summaries based on the derived
PK parameters. The sample size of the study was based on
practical considerations and was consistent with the number
of subjects enrolled in similar studies. The PK analysis set
included all randomized subjects who received at least one
dose of AMG 986 and had at least one evaluable AMG 986
PK parameter. The safety analysis set included all study
subjects who received at least one dose of AMG 986. Con-
centrations below the LLOQ (1.00 ng/mL) were set to zero
before analysis. Geometric least squares means (GLSMs)
and 90% confidence intervals (90% CIs) for the ratio of the
GLSM (capsule/tablet) were estimated using a mixed-effects
model. The model included the log-transformed PK param-
eter as the dependent variable and formulation (capsule or
tablet), period, and treatment sequence as the independent
variables. Subjects nested within sequence were included
as the random effect. Safety results were summarized using
descriptive statistics.

3 Results
3.1 InVitro Dissolution Profiles

The two dosage forms had comparable dissolution profiles
as shown in Fig. 3.

3.2 Baseline Characteristics

Overall, 12 subjects were enrolled in the study and six sub-
jects each were randomized to the two treatment sequences.
All subjects received a single dose of 8 X 25-mg AMG 986
tablets and 1 X 200-mg AMG 986 capsule administered in
each treatment period and all subjects completed the study.
All 12 subjects were male, and the mean (SD) age was 38.8
(8.7) years (Table 3).

3.3 PK Evaluation of AMG 986 Capsule Formulation

Mean plasma concentration—time profiles for AMG 986 tab-
let and capsule formulations are presented in Fig. 4. After
oral administration of 200-mg AMG 986, the median (range)
tax Was 0.75 (0.48-2.0) h and 1.0 (0.75-4.0) h for the tab-
let and capsule formulations, respectively. The half-life was
similar between the tablet and capsule formulations, with



Pharmacokinetics of AMG 986 Capsule

151

geometric mean #,, values of 33.7 h and 26.9 h, respectively.
The geometric means for C,,,, were 9670 and 6920 ng/mL
for the tablet and capsule formulations, respectively. The
AMG 986 concentrations prior to the second single dose
on Day 6 were <1% of the mean C,,, concentrations. The
geometric means for AUC,_,,q,, and AUC,; after adminis-
tration of the AMG 986 tablet were 68,000 ng*h/mL and
69,400 ng*h/mL, respectively; and were 59,900 ng*h/mL
and 60,800 ng*h/mL, respectively, after administration of
the capsule. The GLSM ratios (90% CI) of capsule/tablet
were 0.88 (0.81-0.96) and 0.72 (0.57-0.91) for AUC_;,0n
and C,,,,, respectively (Table 4). Individual PK parameter
estimates are reported in Supplementary Table 1 (see elec-
tronic supplementary material).
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Fig.3 AMG 986 dissolution profiles for 8 X 25-mg tablets and 1 X
200-mg capsule. Method: USP Apparatus II, 900 mL, 0.05 N HCI,
75 rpm, 37 °C. HCI hydrochloric acid, rpm revolutions per minute,
USP United States Pharmacopeia

3.4 Safety

A total of three subjects (25.0%) had TEAEs. By preferred
term, TEAEs were grade 1 dry lip, contusion, and pain in
extremity, and grade 2 procedural pain and headache. One
subject had grade 2 headache that was considered related to
AMG 986 by the investigator; all other TEAEs were con-
sidered by the investigator to be unrelated to AMG 986.
There were no SAEs, fatal adverse events, or adverse events
leading to the discontinuation of treatment. No clinically
important changes from baseline in laboratory values, ECG
parameters, or vital signs were observed in either group.

4 Discussion

AMG 986 is a first-in-class, novel apelin receptor small mol-
ecule initially developed as a treatment for HF [3, 5]. The
current, phase I, two-way crossover study was conducted to
confirm that the in vivo performance of a capsule formula-
tion of AMG 986 was similar to the tablet formulation in
healthy subjects. The results from this study have the poten-
tial to inform subsequent phase II studies and beyond in the
AMG 986 clinical development program.

As observed in the oral dosing cohorts (tablet) of the
FIH study [3], AMG 986 was rapidly absorbed following
oral administration of 200 mg, and we observed similar
max vValues of 0.75 and 1.0 h for the tablet and capsule
formulations, respectively. The AUC,,_,,, of the AMG 986
capsule and tablet formulations was comparable, with a
modest 12% decrease in AUC,_;,q, observed with the
capsule formulation relative to the tablet and the 90% CI
for the GLSM ratio (capsule/tablet) contained within the
0.80-1.25 range. Of note, there was a 28% decrease in C,,,,
with the AMG 986 capsule relative to the tablet, with the
90% CI for the GLSM ratio (capsule/tablet) outside the
0.80-1.25 range. However, the decrease in C,,,, with the

Table 3 Baseline characteristics

- Characteristic Sequence 1: 200-mg AMG 986 Sequence 2: 200-mg
of subjects tablet—capsule (N = 6) AMG 986 capsule—tablet
N=06)
Age, years, mean (SD) 41.5 (8.8) 36.0 (8.4)
Sex, N (%)
Male 6 (100.0) 6 (100.0)
Ethnicity, N (%)
Hispanic/Latino 1(16.7) 3 (50.0)
Not Hispanic/Latino 5(83.3) 3 (50.0)
Race, N (%)
White 2(33.3) 5(83.3)
Black or African American 4 (66.7) 0(0.0)
Asian 2 (33.3) 1(16.7)

N number of subjects, SD standard deviation
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capsule formulation is not considered to have any clinically
relevant ramifications for AMG 986 dose selection. The PK
profile of the capsule formulation appears to have a longer
distribution phase than the tablet formulation. Although
both the formulations are immediate release with similar
in vitro release mechanisms, the prolonged absorption in
the capsule PK profile as seen in Fig. 4 may be contrib-
uted by variability in the in vivo release from the capsule
formulation.

In a corroboration of findings from the FIH study [3],
AMG 986 had an acceptable safety profile and all adverse
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events reported during this study were CTCAE grade 1 or
2 in severity. Moreover, no SAEs or fatal adverse events
were reported and no trends indicative of clinically impor-
tant laboratory or vital sign abnormalities were observed in
healthy subjects.

There are limitations to the current study. Specifically, the
AMG 986 formulations were only tested as a 200-mg dose;
thus, future assessment of the capsule formulation at >200-
mg dose levels may be warranted. Further, while consistent
with the number of subjects enrolled in similar studies, the
sample size of the current study was relatively small.
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Table 4 Descriptive statistics
and comparison of PK
parameter estimates for 200-mg
AMG 986 tablet and capsule
formulations

Parameter AMG 986 capsule (N = 6) AMG 986 tablet (N = 6)
Chaxo NE/ML
Mean (SD) 7300 (2570) 10,500 (4200)
Geometric mean (geometric CV%) 6920 (34.8) 9670 (46.4)
GLSM 6919.3 9669.7
GLSM ratio capsule/tablet (90% CI) 0.72 (0.57-0.91)
AUC,_yp,, ng*h/mL
Mean (SD) 61,100 (12,700) 70,300 (18,500)
Geometric mean (geometric CV%) 59,900 (21.0) 68,000 (28.0)
GLSM 59,902 67,967
GLSM ratio capsule/tablet (90% CI) 0.88 (0.81-0.96)
AUC,, ng*h/mL
Mean (SD) 61,100 (12,700) 70,300 (18,500)
Geometric mean (geometric CV%) 59,900 (21.0) 68,000 (28.0)

AUC;, ng*h/mL

Mean (SD) 62,000 (12,700) 71,600 (18,500)

Geometric mean (geometric CV%) 60,800 (20.9) 69,400 (27.5)
Imax» DOUTS

Median (min, max) 1.0 (0.8, 4.0) 0.75 (0.5, 2.0)
t,,, hours

Mean (SD) 30.8 (16.4) 37.9 (19.3)

Geometric mean (geometric CV%) 26.9 (59.7) 33.7 (53.5)

AUC,. 15y, area under the plasma concentration-time curve from time zero to 120 h, AUC,, area under the
plasma concentration—time curve from time zero to infinity, AUC,,,, area under the plasma concentration—

time curve from time zero to the last quantifiable time point post-dose, CI confidence interval, C,

_ maxi-

max

mum observed plasma concentration, CV% coefficient of variation, GLSM geometric least squares mean,

N number of subjects, PK pharmacokinetic, SD standard deviation, #,, terminal half-life, ¢

mum concentration

5 Conclusion

There was a modest 12% decrease in AUC,,_;,,, and a 28%
decrease in C,,, with the AMG 986 capsule versus the tab-
let. These differences are not considered to be clinically rel-
evant. AMG 986 had an acceptable safety profile. The results
of this study suggest the capsule formulation can be admin-
istered in subsequent studies for AMG 986 development.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40268-022-00388-1.
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