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Abstract
Background and Objective AMG 986 is a first-in-class, novel apelin receptor small molecule agonist initially developed as 
a treatment for patients with heart failure (HF). Previously, a first-in-human study of AMG 986 was conducted in healthy 
and HF subjects; however, AMG 986 was not evaluated in Japanese subjects.
Methods This was a phase I, open-label, single-dose, single-center study conducted to evaluate the safety and pharmacoki-
netics (PK) of AMG 986 200 mg and 400 mg in 12 healthy Japanese subjects. Six subjects received AMG 986 200 mg and 
six subjects received AMG 986 400 mg.
Results Following oral administration, median time to maximum observed plasma concentration (tmax) was 1.0 h for both 
the AMG 986 200 mg and 400 mg groups, and mean terminal half-life (t½) was 15.1 h and 17.6 h, respectively. When com-
paring the AMG 986 200 mg and 400 mg groups, 1.33-fold and 1.18-fold higher maximum observed plasma concentration 
(Cmax) and AUC ∞, respectively, were observed for the 2-fold increase in dose. AMG 986 exhibited an acceptable safety and 
tolerability profile; all adverse events were mild in severity.
Conclusion AMG 986 exposure increased with increasing dose, and the increase was less than dose proportional in healthy 
Japanese subjects. The results of this study could facilitate the subsequent clinical development of AMG 986 for the treat-
ment of Japanese patients with HF.

Key Points 

AMG 986 exposure increased with increasing dose, and 
the increase was less than dose proportional.

The current study may inform the clinical development 
of AMG 986 for the treatment of Japanese patients with 
heart failure.

1 Introduction

Chronic heart failure (HF) is a complex syndrome that 
results in inadequate systemic blood flow when neurohor-
monal mechanisms are no longer able to deliver an ade-
quate physiological response [1]. The prognosis for patients 
with HF remains poor, demonstrating an unmet need for 
novel therapies [2]. The apelin receptor is a member of the 
G protein-coupled receptor gene family that binds the ape-
lin and ELABELA/Toddler/Apela ligands and shares sig-
nificant homology with the angiotensin II type 1 receptor 
[3–5]. AMG 986 is a first-in-class, novel apelin receptor 
small molecule agonist that binds and activates the apelin 
receptor to improve cardiac function by increasing cardiac 
contractility without affecting heart rate, initially developed 
as a treatment for patients with HF [6, 7]. In preclinical stud-
ies, AMG 986 increased cardiac contractile reserve, ejection 
fraction, and stroke volume. Furthermore, improvements in 
ventriculoarterial coupling and left ventricular contractile 
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function were also observed (Amgen, data on file). The 
chemical structure of AMG 986 is presented in Fig. 1.

Recently, a phase Ib, first-in-human study in healthy 
and HF subjects (NCT03276728) reported that AMG 986 
exposure increased nonlinearly with increasing oral doses of 
5–650 mg [7]. The oral bioavailability of AMG 986 ranged 
from 40 to 80% and the approximate terminal half-life 
(t½) of AMG 986 was 20 h [7]. Additional studies indicate 
AMG 986 was highly protein bound (99.6% bound in human 
plasma). Furthermore, the metabolism of AMG 986 in vitro 
was principally catalyzed by human cytochrome P450 
(CYP) 3A. AMG 986 was an in vitro inducer of CYP3A4, 
as determined by increases in CYP3A4 messenger RNA lev-
els in primary human hepatocytes, and AMG 986 was not 
an in vitro inhibitor of any of the major drug-metabolizing 
human CYP enzymes. Additionally, AMG 986 was charac-
terized in vitro as a substrate of P-glycoprotein (P-gp) and 
organic anion-transporting polypeptide 1B3 (Amgen, data 
on file).

Broadly, it is recognized that genetic polymorphisms and 
ethnic differences can significantly alter the pharmacoki-
netic (PK) properties of drugs [8, 9], and, to date, AMG 986 
has not been evaluated in Japanese subjects. The renal and 
biliary elimination of drugs is not generally influenced by 
ethnic differences [8–10]; however, interethnic variability 
is common when P-gp and CYP enzymes are involved in 
drug transport and metabolism, and in drugs with nonlinear 
PK properties [10]. This raises the possibility that intereth-
nic variability may exist in the PK properties of AMG 986, 

potentially leading to differences in efficacy and/or toxicity 
in Japanese subjects [8, 9].

Therefore, the current study was conducted to character-
ize the PK, safety, and tolerability of AMG 986 in healthy 
Japanese subjects. Single oral doses of AMG 986 200 mg 
and 400 mg were selected for evaluation in the current study, 
based on safety and tolerability data available from the first-
in-human study [7].

2  Methods

2.1  Study Design

This was a phase I, open-label, single-dose study to evaluate 
the safety, tolerability, and PK of AMG 986, conducted in 
healthy Japanese subjects at a single center in the US. The 
study consisted of a 28-day screening period, after which 
eligible subjects (n = 12) were enrolled to either receive 
a single dose of either AMG 986 200 mg (n = 6) or 400 
mg (n = 6). On day 1, subjects received a single oral dose 
of AMG 986 after a fast of approximately 8 h (no food or 
liquids, except water) and refrained from consuming food 
and liquid (except water) for approximately 2 h after dose 
administration. AMG 986 was administered in a fasted con-
dition to mitigate any potential food effects on drug absorp-
tion, and was administered as 25 mg tablets and swallowed 
whole with 240 mL of water. Subjects in the AMG 986 
400 mg group were dosed at least 6 days after dosing in the 

Fig. 1  Chemical structure of 
AMG 986
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AMG 986 200 mg group. The confinement period lasted 5 
days, after which subjects were discharged from the clinical 
evaluation unit. Safety follow-up visits were conducted on 
days 15 and 30 (end of study).

2.2  Participants

Eligible subjects were healthy, first-generation Japanese 
males practicing effective birth control and women with 
non-childbearing potential aged 20–55 years who had not 
lived outside of Japan for more than 10 continuous years. 
Subjects had a body mass index of 18–32 kg/m2 and physi-
cal examinations, including vital signs, clinical laboratory 
values, and electrocardiogram (ECG) readings, that were 
clinically acceptable to the investigator. Exclusion criteria 
included concurrent or prior use of strong CYP3A4 inhibi-
tors or strong CYP3A4 inducers within 14 and 28 days, 
respectively, of AMG 986 administration.

2.3  PK Sampling and Assessments

On day 1, blood samples for the PK analysis of AMG 986 
were collected from each subject at predose and 0.5, 1, 2, 3, 
4, 6, 8, 12, 24, 48, 72, and 96 h postdose. The PK parameters 
estimated were maximum observed plasma concentration 
(Cmax) and dose-normalized Cmax (Cmax/dose), area under 
the plasma concentration-time curve (AUC) from time zero 
to the last quantifiable time point postdose (AUC last) and 
dose-normalized AUC last (AUC last/dose), AUC from time 
zero (i.e., time of administration of AMG 986) to infinity 
(AUC ∞) and dose-normalized AUC ∞ (AUC ∞/dose), time to 
Cmax (tmax), and t½. All PK parameters were estimated using 
the noncompartmental analysis by Phoenix WinNonlin ver-
sion 6.4 (Certara, Princeton, NJ, USA).

Plasma concentrations of AMG 986 were determined 
using validated high-performance liquid chromatography 
(HPLC) mass spectrometry. AMG 986 and internal stand-
ard (IS) 13C6-AMG 986 were extracted from 0.050 mL of 
human plasma by a protein precipitation extraction proce-
dure. The extraction began by adding 50.0 μL of calibration 
standards, quality control samples, and study samples to 
appropriate wells of a 96-well plate, with 50.0 μL of blank 
human plasma added to each blank well. The samples were 
diluted with 50 μL of methanol/water (50/50, volume per 
volume [v/v]). Following the addition of 150 μL of IS to all 
appropriate wells (or 150 μL of acetonitrile to blank wells), 
the plate was covered, vortexed, and centrifuged. A Tomtec 
Quadra4™ (Tomtec Inc., Hamden, CT, USA) 96-well pipet-
tor system was used to transfer 100 μL of the supernatant 
to a new 96-well plate. After 400 μL 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 conditions on a  Kinetex®  C8 (Phenomenex 

Inc., Torrance, CA, USA) 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, Framingham, MA, USA) 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 quan-
titation (LLOQ) of 10.0 ng/mL. Calibration curves were 
obtained by performing a linear regression (weighted 1/x2) 
on the calibration standards.

2.4  Safety Outcomes

The safety and tolerability of AMG 986 were assessed and 
included subject incidence of treatment-emergent adverse 
events (TEAEs), serious adverse events (SAEs), clinical 
laboratory tests, 12-lead ECG, and vital signs. All adverse 
events were graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.0.

2.5  Statistical Analysis

Concentrations below the LLOQ (10.0 ng/mL) were set to 
zero before data analysis. Descriptive statistics, including 
mean, median, range, and standard deviation (SD), were 
used to report the PK parameters, and no formal statisti-
cal hypothesis testing was performed. Dose-normalized PK 
parameters were calculated by dividing the mean value by 
the AMG 986 dose. Mean (SD) and individual AMG 986 
concentration-time profiles were summarized by cohort and 
plotted by time postdose (in h). Safety results were summa-
rized using descriptive statistics.

3  Results

3.1  Baseline Characteristics

Overall, 12 subjects were enrolled in the study—six subjects 
each in the AMG 986 200 mg and 400 mg groups. All sub-
jects received a single dose of AMG 986 and completed the 
study. The mean (SD) age of subjects was 41.4 (8.9) years, 
and all subjects were Asian (Table 1).

3.2  PK Results of AMG 986 200 mg and 400 mg

Mean (SD) AMG 986 plasma concentration-time profiles 
by dose after oral administration are shown in Fig. 2. Indi-
vidual AMG 986 concentration-time profiles for the 200 mg 
and 400 mg doses are reported in electronic Supplemen-
tary Figs. 1 and 2, respectively. After a single oral dose of 
AMG 986 200 mg, mean (SD) Cmax and AUC ∞ values were 
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15,800 (3640) ng/mL and 88,700 (22,900) h ng/mL, respec-
tively. After a single oral dose of AMG 986 400 mg, mean 
(SD) Cmax and AUC ∞ values were 21,000 (7300) ng/mL 
and 105,000 (44,900) h ng/mL, respectively. Median (range) 
tmax values were 1.0 (1.0–2.0) and 1.0 (0.50–1.0) h for the 
AMG 986 200 mg and 400 mg groups, respectively. Mean 
(SD) t½ was 15.1 (3.2) h and 17.6 (3.8) h for AMG 986 200 
mg and 400 mg, respectively (Table 2).

3.3  Safety

A total of seven subjects (58.3%) had TEAEs—two sub-
jects (33.3%) and five subjects (83.3%) in the AMG 986 

200 mg and 400 mg groups, respectively. By preferred term, 
TEAEs were catheter site pain (one subject), somnolence 
(three subjects), and contact dermatitis (four subjects). All 
TEAEs were Common Terminology Criteria for Adverse 
Events (CTCAE) grade 1 (mild) and not considered treat-
ment related by the investigator. There were no SAEs, fatal 
adverse events, or an adverse event leading to the discontinu-
ation of AMG 986. No clinically important changes from 
baseline in laboratory values, ECG parameters, or vital signs 
were observed.

4  Discussion

There is an unmet need for effective therapies to reduce the 
high hospitalization and mortality rates associated with HF. 
AMG 986 is a first-in-class, novel apelin receptor small mol-
ecule agonist, initially developed as a treatment for HF [6, 
7]. To date, AMG 986 has not been evaluated in Japanese 
subjects. Therefore, the current phase I study was conducted 
to characterize the PK, safety, and tolerability of the 200 mg 
and 400 mg doses of AMG 986 in healthy Japanese subjects. 
The dose levels in the current study were selected to reflect 
those studied in healthy non-Japanese subjects in the first-
in-human study [7].

Following a single oral administration of AMG 986, 
mean Cmax values were 15,800 ng/mL and 21,000 ng/
mL, and mean AUC ∞ values were 88,700 h·ng/mL and 
105,000 h ng/mL, in the AMG 986 200 mg and 400 mg 

Table 1  Baseline characteristics

SD standard deviation

Characteristic AMG 986 200 mg
[n = 6]

AMG 986 400 mg
[n = 6]

Age, years [mean (SD)] 37.2 (6.7) 45.7 (9.2)
Sex [n (%)]
 Male 6 (100.0) 3 (50.0)
 Female 0 (0.0) 3 (50.0)

Weight, kg [mean (SD)] 65.3 (5.4) 63.8 (14.2)
Ethnicity [n (%)]
 Non-Hispanic/Latino 6 (100.0) 6 (100.0)

Race [n (%)]
 Asian 6 (100.0) 6 (100.0)

Fig. 2  Mean (SD) plasma 
concentration-time profiles for 
AMG 986 200 mg and 400 mg 
administered orally in healthy 
Japanese subjects (inset = time 
0–24 h). LLOQ lower limit 
of quantitation, SD standard 
deviation
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groups, respectively. While AMG 986 exposure increased 
with increasing dose, the observed increase was less than 
dose proportional. Specifically, the AMG 986 400 mg dose 
resulted in 33% and 18% increases in Cmax and AUC ∞, 
respectively, relative to the 200 mg dose, along with lower 
dose-normalized Cmax and AUC ∞ values. These results 
support the trend of decreasing dose-normalized exposures 
observed in the first-in-human study [7]. Absorption of 
AMG 986 was rapid, with a median tmax of 1.0 h for both 
the 200 mg and 400 mg doses, while the mean t½ ranged 
from 15.1 to 17.6 h; there were no clear dose-related trends 
observed in either tmax or t½. Overall, AMG 986 exhibited 
an acceptable safety and tolerability profile in Japanese 
subjects, and the most common TEAE was contact der-
matitis (four subjects). All adverse events were CTCAE 
grade 1 and there were no deaths in the study.

In the current study, AMG 986 PK parameters (AUC, 
Cmax, tmax, and t½) in Japanese healthy subjects appeared 
similar to those in the non-Japanese population evaluated 
in the first-in-human study [7]. A possible explanation 
for the current findings may be similar CYP3A4 and P-gp 
activity between the Japanese subjects evaluated here and 
those in the first-in-human study, which included Black and 
Asian (non-Japanese) subjects in addition to Caucasian sub-
jects [7]. Overall, the current results suggest an absence of 
intrinsic factors (e.g., ethnicity-related polymorphisms) in 
the Japanese population, demonstrating similar AMG 986 
exposures compared with non-Japanese subjects; however, 
genetic polymorphisms were not tested in the current study 
and therefore further studies are needed to fully support this 
interpretation of the results.

There are limitations to the current study. In the first-in-
human study, AMG 986 was evaluated with single and multi-
ple daily ascending doses up to a 650 mg dose level [7]; how-
ever, the current study used a lower maximum single dose of 
400 mg because the limited data available when this study 
was planned indicated that this dose had acceptable safety 
and tolerability. Additionally, formal statistical comparisons 
of PK parameters were not conducted between subjects in the 
current study and those in the first-in-human study [7], and 
therefore comparisons should be made with caution.

5  Conclusions

AMG 986 exposure increased with increasing dose from 
200 mg to 400 mg in healthy Japanese subjects, and the 
increase was less than dose proportional. While formal 
statistical comparisons were not conducted, the PK proper-
ties of AMG 986 200 mg and 400 mg in Japanese healthy 
subjects appeared similar to those in non-Japanese subjects 
evaluated in the first-in-human study. AMG 986 exhibited 
an acceptable safety and tolerability profile. The results of 
this study may facilitate the subsequent clinical development 
of AMG 986 for the treatment of Japanese patients with HF.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40268- 022- 00386-3.
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Table 2  Pharmacokinetic parameter estimates for AMG 986 200 mg and 400 mg after oral administration in healthy Japanese subjects

AUC ∞ area under the plasma concentration-time curve from time zero to infinity, AUC ∞/dose dose-normalized AUC ∞, AUC last area under the 
plasma concentration-time curve from time zero to the last quantifiable time point postdose, AUC last/dose dose-normalized AUC last, Cmax maxi-
mum observed plasma concentration, Cmax/dose dose-normalized Cmax, CV% coefficient of variation, SD standard deviation, t½ terminal half-life, 
tmax time to maximum concentration

Cmax, ng/mL Cmax/dose, ng/
mL/mg

AUC last, h ng/
mL

AUC last/dose, 
h ng/mL/mg

AUC ∞, h ng/
mL

AUC ∞/dose, 
h ng/mL/mg

tmax, h t½, h

AMG 986 200 mg
 Mean (SD) 15,800 (3640) 79.2 (18.2) 89,100 (20,500) 445 (102) 88,700 (22,900) 444 (115) – 15.1 (3.2)
 Median (range) – – – – – – 1.0 (1.0–2.0) –
 Geometric mean 

(CV%)
15,500 (23.2) 77.5 (23.2) 86,600 (28.2) 433 (28.2) 85,800 (31.4) 429 (31.4) 1.3 (37.4) 14.8 (20.3)

AMG 986 400 mg
 Mean (SD) 21,000 (7300) 52.4 (18.3) 104,000 

(43,100)
259 (108) 105,000 

(44,900)
263
(112)

– 17.6 (3.8)

 Median (range) – – – – – – 1.0 (0.5–1.0) –
 Geometric mean 

(CV%)
19,400 (50.0) 48.6 (50.0) 95,700 (48.2) 239 (48.2) 96,700 (49.1) 242 (49.1) 0.80 (36.3) 17.2 (23.0)
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