
 

 

 University of Groningen

A First-in-Human Study of AMG 986, a Novel Apelin Receptor Agonist, in Healthy Subjects
and Heart Failure Patients
Winkle, Peter; Goldsmith, Steven; Koren, Michael J.; Lepage, Serge; Hellawell, Jennifer;
Trivedi, Ashit; Tsirtsonis, Kate; Abbasi, Siddique A.; Kaufman, Allegra; Troughton, Richard
Published in:
Cardiovascular Drugs and Therapy

DOI:
10.1007/s10557-022-07328-w

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Winkle, P., Goldsmith, S., Koren, M. J., Lepage, S., Hellawell, J., Trivedi, A., Tsirtsonis, K., Abbasi, S. A.,
Kaufman, A., Troughton, R., Voors, A., Hulot, J. S., Donal, E., Kazemi, N., & Neutel, J. (2023). A First-in-
Human Study of AMG 986, a Novel Apelin Receptor Agonist, in Healthy Subjects and Heart Failure
Patients. Cardiovascular Drugs and Therapy, 37, 743–755. https://doi.org/10.1007/s10557-022-07328-w

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1007/s10557-022-07328-w
https://research.rug.nl/en/publications/8ca98b13-bff5-41c8-87f2-e90a69a51b7a
https://doi.org/10.1007/s10557-022-07328-w


Vol.:(0123456789)1 3

Cardiovascular Drugs and Therapy (2023) 37:743–755 
https://doi.org/10.1007/s10557-022-07328-w

ORIGINAL ARTICLE

A First‑in‑Human Study of AMG 986, a Novel Apelin Receptor Agonist, 
in Healthy Subjects and Heart Failure Patients

Peter Winkle1 · Steven Goldsmith2 · Michael J. Koren3 · Serge Lepage4 · Jennifer Hellawell5 · Ashit Trivedi6 · 
Kate Tsirtsonis7 · Siddique A. Abbasi6 · Allegra Kaufman6 · Richard Troughton8 · Adriaan Voors9 · 
Jean‑Sebastien Hulot10,11 · Erwan Donal12 · Navid Kazemi13 · Joel Neutel14

Accepted: 13 February 2022 / Published online: 23 April 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Purpose  AMG 986 is a novel apelin receptor (APJ) agonist that improves cardiac contractility in animal models without 
adversely impacting hemodynamics. This phase 1b study evaluated the safety/tolerability, pharmacokinetics, and pharma-
codynamics of AMG 986 in healthy subjects and patients with heart failure (HF).
Methods  Healthy adults (Parts A/B) and HF patients (Part C) aged 18–85 years were randomized 3:1 to single-dose oral/IV 
AMG 986 or placebo (Part A); multiple-dose oral/IV AMG 986 or placebo (Part B); or escalating-dose oral AMG 986 or 
placebo (Part C). Primary endpoint: treatment-emergent adverse events, laboratory values/vital signs/ECGs; others included 
AMG 986 pharmacokinetics, left ventricular (LV) function.
Results  Overall, 182 subjects were randomized (AMG 986/healthy: n = 116, placebo, n = 38; AMG 986/HF: n = 20, pla-
cebo, n = 8). AMG 986 had acceptable safety profile; no clinically significant dose-related impact on safety parameters up 
to 650 mg/day was observed. AMG 986 exposures increased nonlinearly with increasing doses; minimal accumulation was 
observed. In HF with reduced ejection fraction patients, there were numerical increases in percent changes from baseline 
in LV ejection fraction and stroke volume by volumetric assessment with AMG 986 vs placebo (stroke volume increase not 
recapitulated by Doppler).
Conclusions  In healthy subjects and HF patients, short-term AMG 986 treatment was well tolerated. Consistent with this 
observation, clinically meaningful pharmacodynamic effects in HF patients were not observed. Changes in ejection fraction 
and stroke volume in HF patients suggest additional studies may be needed to better define the clinical utility and optimal 
dosing for this molecule.
Trial Registration Number  ClinicalTrials.gov NCT03276728.
Date of Registration  September 8, 2017

Keywords  AMG 986 · Heart failure · Apelin receptor agonist

Introduction

Heart failure (HF) is a common and debilitating disease, 
affecting an estimated 6.2 million US adults or ~ 2% of the 
US population [1]. Over the past several decades, a number 
of interventions designed to improve morbidity and mortal-
ity in HF have shown some success in reducing hospitali-
zation rates and/or mortality in HF patients with reduced 
ejection fraction (HFrEF), including angiotensin-converting 

enzyme inhibitors, angiotensin receptor blockers, β-blockers, 
aldosterone antagonists, the angiotensin receptor-neprilysin 
inhibitor sacubitril, sodium-glucose cotransporter 2 inhibi-
tors, the soluble guanylate cyclase stimulator vericiguat, 
the myosin activator omecamtiv mecarbil, the hyperpolar-
ization-activated cyclic nucleotide–gated channel blocker 
ivabradine, and cardiac resynchronization [2–8]; however, 
morbidity and mortality rates remain high. In addition, avail-
able treatments are aimed at a diverse array of targets and 
often fail to control symptoms or restore quality of life, and 
until recently the subcategory of HF patients with preserved 
EF (HFpEF) has not been shown to derive clinical benefit  *	 Jennifer Hellawell 
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from available therapies, possibly due to the relative clinical 
heterogeneity of this population [6, 9–11].

The apelin receptor (APJ) is a member of the G pro-
tein–coupled receptor gene family that binds the apelin and 
ELABELA/Toddler/Apela (ELA) ligands and shares sig-
nificant homology with the angiotensin II type 1 receptor 
[12–14]. APJ is ubiquitously expressed in endothelial and 
smooth muscle cells of the coronary and pulmonary vascula-
ture as well as in the myocardium [15], and its expression is 
induced by a variety of pathophysiologic mechanisms in HF, 
including hypoxia, hyperreninemia, myocyte stretch, and 
hypoosmolality [16–18]. In preclinical models, the apelin-
APJ axis negatively regulates angiotensin II-angiotensin II 
type I receptor (AT1R) action on vascular tone, leading to 
vasorelaxation, and also promotes cardiac contractility and 
aquaresis, attenuates ischemic injury, and contributes to 
neovascularization [19–24]. The amounts of AT1R, apelin/
APJ, and its downstream plasminogen activator inhibitor-1 
(PAI-1) are also thought to contribute to PAI-1-mediated 
thrombosis in patients with atrial fibrillation [25].

Additional preclinical data suggest that apelin may also 
be an attractive therapeutic target in other disease states that 
are often comorbid with HF, including age-associated sar-
copenia and diabetes [26, 27]. Expression of APJ appears to 
be dynamic as HF progresses based on observations from 
nonclinical and clinical studies, which show that APJ is ini-
tially elevated in association with myocardial ischemia or 
HF, but decreased in advanced left ventricular (LV) hyper-
trophy and systolic dysfunction [28]. Furthermore, in a large 
transcriptional profiling study of patients with end-stage HF 
who underwent placement of LV assist devices and experi-
enced myocardial recovery, APJ was the most significantly 
upregulated gene [29] and has thus been heralded as induc-
ing “reverse heart failure.”

Consistent with these observations, short-term IV admin-
istration of Pyr1(apelin)-13 has been shown to improve car-
diac function acutely in murine and rodent models of HF, 
and in patients with HF [30–32]. More recently, short-term 
APJ agonism via IV administration of Pyr1(apelin)-13 dur-
ing right heart catheterization has been reported to cause a 
reduction in pulmonary vascular resistance and concordant 
increase in cardiac output in patients with pulmonary arterial 
hypertension (PAH) [33–35]. Despite these observed salu-
tary effects of IV apelin administration in both acute HF and 
PAH, the short half-life of apelin has historically restricted 
its use to infusion therapy. As new, longer half-life apelin 
analogs become available, it will be important to understand 
the effects of more prolonged APJ receptor occupancy and 
the resulting impact on designing optimal dosing paradigms.

AMG 986 is a first-in-class, novel, long-acting, small-
molecule APJ agonist that binds APJ, and activates Gαi and 
β-arrestin with sub-nM potency [36]. The cardiovascular 
effects of AMG 986 in vivo have been studied in both rodent 

and canine models. In the ZSF1 rat (a model reproducing 
HFpEF), AMG 986 increased cardiac contractile reserve, 
EF, and stroke volume. Improvements in ventriculoarterial 
coupling were also observed in ZSF1 rats. In a canine HFrEF 
model (tachypacing), AMG 986 improved LV contractile 
function without affecting the heart rate. These preclinical 
findings support the hypothesis that AMG 986 would be 
beneficial in addressing the underlying pathophysiology of 
HF in patients with HFrEF or HFpEF. We conducted a phase 
1b trial of AMG 986 in healthy subjects and patients with 
HF to assess its safety, tolerability, pharmacokinetics (PK), 
and pharmacodynamics (PD).

Results

Subject Disposition

Subjects were enrolled at 13 study centers in 7 countries 
(Canada, France, Netherlands, New Zealand, Poland, Sin-
gapore, and the USA), and the study was conducted between 
August 2016 (first patient enrolled) and April 2019 (final 
patient follow-up). Overall, 88 healthy subjects were 
enrolled in Part A (22 and 66 in the pooled placebo group 
and pooled AMG 986 groups, respectively), 66 healthy 
subjects were enrolled in Part B (16 and 50 in the pooled 
placebo and pooled AMG 986 groups, respectively), and 
28 patients with HF were enrolled in Part C (24 and 4 in 
the HFrEF and HFpEF groups, respectively). Further details 
regarding subject disposition are provided in Fig. 1. The 
study was terminated early and not all protocol-specified 
analyses were conducted, though no safety signals of con-
cern were noted throughout the study.

Demographic and Baseline Characteristics

Demographic and baseline clinical characteristics were well 
balanced across treatment groups in each of the 3 parts of 
the study and are summarized in Table 1.

Safety

No dose‐limiting toxicities were observed in the study 
and there were no treatment-related trends observed in 
treatment-emergent adverse events (TEAEs) overall. 
Most TEAEs were reported as mild or moderate across 
both the AMG 986 and placebo groups. In Part A, 3 of 
22 subjects (13.6%) in the pooled placebo group and 11 
of 66 (16.7%) in the pooled AMG 986 group experienced 
TEAEs (Table 2). In Part B, 2 of 16 subjects (12.5%) in the 
pooled placebo group and 7 of 50 (14.0%) in the pooled 
AMG 986 group had TEAEs. Among patients with HFrEF 
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in Part C (Table 2), 2 of 7 patients (28.6%) in the placebo 
group and 6 of 16 (37.5%) in the AMG 986 group had 
TEAEs; 1 of 16 patients (6.3%) in the AMG 986 group 
had a TEAE of decreased white blood cell count, leading 
to withdrawal of AMG 986. This event was not associ-
ated with any additional safety findings, spontaneously 
resolved, and was deemed by the treating investigator to be 
unrelated to study treatment. Among patients with HFpEF 
in Part C, all 4 patients (1 in the placebo group and 3 in 
the AMG 986 group) had TEAEs (1 event each); 2 patients 
(66.7%) in the AMG 986 group had TEAEs (asthenia and 
pleuritic pain in 1 patient each) leading to withdrawal of 
AMG 986. The case of pleuritic pain, reported in a woman 
aged 70 years treated with AMG 986 (treatment assign-
ment was unblinded in safety assessment) for 3 days, was 
categorized as a serious TEAE (Common Terminology 
Criteria for Adverse Events [CTCAE] grade 3). The event 
spontaneously resolved and was deemed by the treating 
investigator to be unrelated to the study treatment. No 
dose‐related pattern in TEAEs was observed. No deaths 
were reported. Overall, AMG 986 had an acceptable safety 
profile, with the most common TEAEs being headache 
(reported in 5% of subjects), nausea (3%), dizziness (2%), 
and vomiting (2%). The corresponding values in the pla-
cebo group were 1 subject each for headache and dizziness 
(2%) and zero patients for nausea and vomiting. No nota-
ble differences between treatment groups were observed 
for vital signs or laboratory parameters (including standard 
parameters of renal function, chemistries, hematology, and 
coagulation).

PK Evaluation

The PK analysis set comprised AMG 986 plasma and urine 
samples from 144 subjects. In the IV single-daily ascend-
ing-dose (SAD) cohorts (Part A), mean drug Cmax increased 
from 65 to 9580 ng/mL with increasing doses from 0.5 mg 
loading dose 1-h infusion to 60 mg loading dose 1-h infu-
sion plus 360-mg maintenance dose 23-h infusion. In the 
IV multiple-daily ascending-dose (MAD) cohorts (Part B), 
mean Cmax increased from 903 to 7970 ng/mL with increas-
ing doses from 156 to 1548 mg over a total infusion of 96 h.

PK analysis revealed that across all per oral (PO) dos-
ing cohorts, mean AMG 986 Cmax increased from 334 to 
18,400 ng/mL with increasing doses from 5 to 650 mg in 
SAD cohorts (Table 3). The time to reach maximal concen-
tration (tmax) ranged from 1 to 2 h with no apparent dose-
related trend, and terminal half-life ranged from 13.2 h 
(5-mg dose) to 21.0 h (650-mg dose), although there was 
no clear dose-related trend. Mean Cmax increased from 407 
to 22,300 ng/mL with increasing doses from 5 to 650 mg in 
MAD cohorts at day 7 (Table 4), and tmax ranged from 1 to 
2 h with no apparent dose-related trend. Mean bioavailability 
decreased from 78 to 42% with increasing SAD doses from 5 
to 650 mg. Repeated once-daily dosing resulted in minimal 
accumulation across dose groups. In patients with HF (Part 
C), mean AMG 986 Cmax increased from 1030 to 7680 ng/
mL with increasing doses from 10 to 100 mg (Table 5).

Dedicated clinical pharmacology studies were also 
conducted to evaluate the PK of AMG 986 in subjects 
with severe renal impairment, and to determine drug-
drug interaction with a potent CYP3A4 and P-gp inhibitor 

Fig. 1   Subject disposition in 
Parts A, B, and C (all enrolled 
subjects). *One of the 17 
patients did not receive AMG 
986. HFpEF, heart failure with 
preserved ejection fraction; 
HFrEF, heart failure with 
reduced ejection fraction; N, 
number of subjects in the analy-
sis set; n, number of subjects 
with observed data
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(itraconazole). The results of these studies demonstrate 
that AMG 986 PK is similar in healthy subjects and sub-
jects with renal impairment [37]. Furthermore, AMG 986 
PK is altered in presence of itraconazole [38]. Collec-
tively, these findings support the enrolment of heart failure 
patients with renal impairment to clinical trials of AMG 
986 without the need for dose adjustments and suggest that 
potent CYP3A4 inhibitors should be administered with 
caution in future studies of AMG 986.

PD Evaluation

No PD assessment for apelin-like effects was conducted in 
the healthy volunteer ascending-dose portions of the study 
(Parts A and B). No trends were observed in safety meas-
ures of blood pressure and heart rate though detailed expo-
sure–response analyses of these data were not performed. 
The PD evaluation was performed for patients in Part C 
based on echocardiographic assessments collected on days 

Table 1   Baseline demographic and clinical characteristics for Parts A, B, and C

Per eligibility criteria, all heart failure with reduced ejection fraction (HFrEF) patients were in New York Heart Association class II/III and were 
treated with stable, optimal HFrEF therapy, including at least a β-blocker and a renin–angiotensin–aldosterone system (RAAS) inhibitor
HFpEF heart failure with preserved ejection fraction; LVEF left ventricular ejection fraction; N number of subjects in the safety analysis set; n 
number of subjects with observed data; NA not available or not applicable; PO oral

Part A Part B

Placebo 
pooled
(N = 22)

AMG 986 
pooled
(N = 66)

All subjects
(N = 88)

Placebo 
pooled
(N = 16)

AMG 986 pooled
(N = 50)

All subjects
(N = 66)

Men, n (%) 22 (100) 59 (89.4) 81 (92.0) 16 (100) 49 (98.0) 65 (98.5)
Ethnicity, n (%)

  Hispanic/Latino 6 (27.3) 22 (33.3) 28 (31.8) 1 (6.3) 5 (10.0) 6 (9.1)
  Not Hispanic/Latino 16 (72.7) 44 (66.7) 60 (68.2) 15 (93.8) 45 (90.0) 60 (90.9)

Race, n (%)
  Asian 3 (13.6) 6 (9.1) 9 (10.2) 6 (37.5) 11 (22.0) 17 (25.8)
  Black 5 (22.7) 16 (24.2) 21 (23.9) 5 (31.3) 17 (34.0) 22 (33.3)
  Native Hawaiian/other 

Pacific Islander
0 0 0 0 1 (2.0) 1 (1.5)

  White 11 (50.0) 35 (53.0) 46 (52.3) 5 (31.3) 18 (36.0) 23 (34.8)
  Other 1 (4.5) 8 (12.1) 9 (10.2) 0 3 (6.0) 3 (4.5)

Mean (SD) age, y 37.2 (9.4) 39.5 (9.8) 38.9 (9.7) 36.9 (10.0) 37.4 (9.8) 37.3 (9.8)
Mean (SD) weight, kg 83.1 (13.2) 81.4 (11.9) 81.8 (12.2) 81.5 (12.6) 79.4 (12.7) 79.9 (12.6)
Mean (SD) height, cm 176.21 (7.15) 174.10 (8.04) 174.63 (7.84) 177.43 (7.86) 176.76 (8.24) 176.92 (8.09)
Mean (SD) BMI, kg/m2 26.66 (3.43) 26.83 (2.89) 26.78 (3.01) 25.68 (3.12) 25.32 (3.28) 25.40 (3.22)
Part C Placebo PO AMG 986 10 + 30 + 100 mg PO All patients

HFrEF
(N = 7)

HFpEF
(N = 1)

HFrEF
(N = 16)

HFpEF
(N = 3)

HFrEF
(N = 23)

HFpEF
(N = 4)

Men, n (%) 4 (57.1) 0 13 (81.3) 1 (33.3) 17 (73.9) 1 (25.0)
Ethnicity, n (%)

  Hispanic/Latino 1 (14.3) 0 0 0 1 (4.3) 0
  Not Hispanic/Latino 6 (85.7) 1 (100) 16 (100) 2 (66.7) 22 (95.7) 3 (75.0)

Race, n (%)
  Asian 2 (28.6) 0 2 (12.5) 0 4 (17.4) 0
  Black 2 (28.6) 0 6 (37.5) 2 (66.7) 8 (34.8) 2 (50.0)
  White 3 (42.9) 1 (100) 8 (50.0) 0 11 (47.8) 1 (25.0)
  Other 0 0 0 1 (33.3) 0 1 (25.0)

Mean (SD) age, years 61.6 (10.1) 73.0 (NA) 65.4 (6.4) 69.0 (1.0) 64.3 (7.7) 70.0 (2.2)
Mean (SD) weight, kg 88.8 (2.8) 79.0 (NA) 83.7 (13.1) 82.9 (11.0) 85.3 (11.2) 81.9 (9.2)
Mean (SD) height, cm 168.26 (5.17) 162.50 (NA) 169.44 (7.82) 162.00 (9.54) 169.08 (7.02) 162.13 (7.79)
Mean (SD) BMI, kg/m2 31.55 (2.53) 29.69 (NA) 29.26 (3.97) 31.83 (3.01) 29.96 (3.70) 31.30 (2.68)
Mean (SD) LVEF, % 33.30 (8.42) NA 28.38 (6.48) NA NA NA
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1, 4, 8, 11, 15, 18, 21, and 30. Mean relative changes from 
baseline in LVEF and LV stroke volume (method of disks 
[MoD]/volumetric assessment) were greater in patients 
with HFrEF receiving AMG 986 versus patients receiving 
placebo (Figs. 2 and 3). Of note, patients randomized to 
AMG 986 had a lower baseline mean LVEF than those ran-
domized to placebo (Fig. 4). In individual HFrEF patients, 
both increases and decreases in LVEF were inconsistently 
observed in patients randomized to AMG 986 and placebo. 
In addition, no dose effect during the 2 dose escalations was 
observed, and mean LVEF did not return to pretreatment lev-
els in the AMG 986-treated group at the day-30 time point, 
which should have represented a near-complete washout 
of study drug based on the observed elimination half-life 
of ~ 18 h. By Doppler assessment, the mean relative change 
from baseline in LV stroke volume in patients with HFrEF 
fluctuated above and below 0% over time in patients receiv-
ing AMG 986 or placebo (Fig. 5). There were no clear dose-
related trends over time, and a high degree of variability was 
observed. There were no discernible treatment-related differ-
ences in selected measures of diastolic function, including 

left atrial volume indexed, intraventricular relaxation time, 
and E/e’ ratio. LV strain and strain rate were not assessed in 
this study. Mean levels of N-terminal prohormone B-type 
natriuretic peptide (NT-proBNP), a biomarker of ventricular 
wall stress with both diagnostic and prognostic implications 
in HF, also did not change appreciably over time (Fig. 6).

Discussion

This was a phase 1b study of AMG 986, a first-in-class, 
novel, small-molecule APJ agonist that has been shown in 
animal models to bind and activate APJ to improve cardiac 
contractility without adversely impacting blood pressure and 
heart rate [36]. Overall, AMG 986 exhibited an acceptable 
safety and tolerability profile that was similar to that seen 
in subjects receiving a placebo. There were no deaths in the 
study.

The PK analysis showed that AMG 986 exposures 
increased nonlinearly with increasing doses across all dosing 
cohorts and oral bioavailability was 40–80%. Mean AMG 

Table 2   Summary of treatment-emergent adverse events in Parts A, B, and C

HFpEF heart failure with preserved ejection fraction; HFrEF heart failure with reduced ejection fraction; N number of subjects in the safety 
analysis set (randomized and dosed subjects); n number of subjects with observed data; PO per oral; TEAE treatment-emergent adverse event

Subjects, n (%) Part A Part B Part C

Placebo PO AMG 986 
10 + 30 + 100 mg 
PO

Placebo pooled
(N = 22)

AMG 986 pooled
(N = 66)

Placebo pooled
(N = 16)

AMG 986 pooled
(N = 50)

HFrEF
(N = 7)

HFpEF
(N = 1)

HFrEF
(N = 16)

HFpEF
(N = 3)

All TEAEs 3 (13.6) 11 (16.7) 2 (12.5) 7 (14.0) 2 (28.6) 1 (100) 6 (37.5) 3 (100)
Serious TEAE 0 0 0 0 0 0 0 1 (33.3)
TEAE leading to 

discontinuation of 
AMG 986

0 0 0 0 0 0 1 (6.3) 2 (66.7)

Fatal TEAE 0 0 0 0 0 0 0 0

Table 3   Mean AMG 986 pharmacokinetic parameter estimates following a single oral administration in healthy subjects: Part A

A Median values reported
Values are reported to 3 significant figures except for time to maximal concentration (tmax), which was rounded to 2 significant figures
AUC​∞ area under plasma concentration–time curve from time 0 to ∞; CV coefficient of variation; F bioavailability (average of F values calcu-
lated against all IV formulations); h hour; PK pharmacokinetic; t½,z terminal half-life

Mean PK parameter, (% CV) AMG 986

5 mg 30 mg 100 mg 200 mg 400 mg 650 mg

tmax, hA 1.0 1.5 1.0 2.0 1.5 1.0
Cmax, ng/mL 334 (22) 1850 (33) 5760 (24) 12,200 (34) 16,200 (33) 18,400 (35)
t½,z, h 13.2 (32) 19.9 (65) 17.0 (33) 17.7 (24) 19.7 (49) 21.0 (37)
AUC​∞, h • ng/mL 2550 (34) 13,100 (25) 35,400 (5) 88,700 (33) 102,000 (53) 169,000 (61)
F, % 78 63 66 83 42 42
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986 exposures demonstrated minimal accumulation and a 
reasonable half-life. Of note, the exposures observed in Part 
C were equivalent to the predicted EC50 based on the pre-
clinical models.

LVEF and stroke volume (MoD/volumetric assessment) 
appeared to increase in patients with HFrEF receiving AMG 
986 vs placebo and these increases were noted throughout 
the 3-week dosing period, but there were no consistent 
differences with respect to LV stroke volume when meas-
ured by the Doppler method. The Doppler and volumetric 
methods of measuring stroke volume have their respective 
strengths and limitations [39]. While the Doppler method 
is arguably technically easier and more consistent, a sig-
nificant error can be introduced to technical issues (e.g., 
differences in transducer angle and acoustic windows) that 
are challenging to control in an international phase 1 study 
conducted across multiple sites. Advantages of volumetric 
assessment include correcting for shape distortions and less 
geometrical assumptions; however, apex foreshortening is 
common, along with endocardial dropout. Because the volu-
metric assessment of stroke volume is derived from the same 
volumetric measurements that are used to calculate LVEF, it 
is perhaps not surprising that this method more closely mir-
rored the PD effects observed on LVEF. However, the lack 
of a clear dose–response within the range of doses tested and 
the inconsistency of findings across the echocardiographic 
measures explored, as well as the failure to return to baseline 
levels after washout of AMG 986, raise questions about how 
to interpret these findings. It is also possible that differences 
in mean baseline LVEF may have produced a regression 
artifact that affected the LVEF findings. Generally, despite 
analyzing these data with the assistance of two independent 
blinded echocardiography core laboratories, we are unable 
to definitively explain these discrepancies.

Given the pleiotropic and dynamic effects of apelin 
modulation observed in preclinical and clinical studies, it 
is possible that the sample size and duration and modality 
of dosing may have been insufficient in this study to cause a 
meaningful and detectable PD effect. Although short-term 
dynamic effects have previously been described with apelin 
agonism in similarly sized studies of both HF and pulmonary 
hypertension, those studies involved treatment with IV infu-
sions of Pyr-apelin-13—the natural ligand of APJ—and not 
oral formulations like AMG 986 [32, 35].

PK modeling predictions of human maximal AMG 986 
exposures at the starting dose of 5 mg were anticipated to 
approximate the target concentration associated with car-
diovascular function improvement in the dog model [36]. 
Although there was an observed trend of decreasing dose-
normalized exposures in MAD groups, the exposures 
achieved would have been expected to correlate with mean-
ingful PD effects. Moreover, because the role of apelin in 
HF biology has been observed to be dynamic, it is possible Ta
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Table 5   Mean AMG 986 
plasma pharmacokinetic 
parameters following multiple 
ascending oral doses in patients 
with heart failure: Part C

A Median values reported
Values are reported to 3 significant figures except for time to maximal concentration (tmax) and % coeffi-
cient of variation (CV), which are presented as 2 significant figures and 1 decimal place, respectively
AUC​24 area under plasma concentration–time curve from time 0 to 24 h postdose; Cmin,24 concentration at 
24 h postdose; Cpredose predose concentration at days 1 (0 h), 8 (168 h), and 15 (336 h); h hours; NR not 
reported

Dose tmax, hA Cmax, ng/mL Cpredose, ng/mL Cmin,24, ng/mL AUC​24,
h • ng/mL

10 mg 1.0 1030 (36.6) 0.00 (NR) 126 (98.5) 9550 (38.8)
30 mg 2.0 2850 (39.6) 257 (157.0) 343 (76.6) 26,600 (27.1)
100 mg 2.0 7680 (59.8) 941 (129.6) 1290 (126.7) 77,500 (76.4)

Fig. 2   Mean relative change 
from baseline in left ventricular 
(LV) ejection fraction by visit 
in Part C for the heart failure 
with reduced ejection fraction 
(HFrEF) group. Error bars rep-
resent ± SEM. hrs, hours

Fig. 3   Mean relative change 
from baseline in left ventricular 
(LV) stroke volume (method 
of disks [MoD]/volumetric 
assessment) by visit in Part C 
for the HFrEF (heart failure 
with reduced ejection fraction) 
group. Error bars repre-
sent ± SEM. hrs, hours

Fig. 4   Mean left ventricular 
(LV) ejection fraction for the 
heart failure with reduced ejec-
tion fraction (HFrEF) group 
by visit in Part C. Error bars 
represent ± SEM. hrs, hours
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that pharmacologic attenuation of this target led to adaptive 
downstream effects such as interference with receptor dimer-
ization and subsequent downstream signaling cascades. In 
addition, the doses chosen for Part C in HF patients were 
based on modeling from nonclinical data and extrapola-
tion of benefit observed in a small clinical study using the 
short-acting APJ agonist Pyr 1(apelin13) [32]. Although 
no differences between treatment groups were observed in 
vital signs as a safety signal in Parts A and B, no detailed 
exposure–response assessments for apelin-like activity (e.g., 
heart rate and blood pressure effects) were performed to 
evaluate the translatability of the animal data and durabil-
ity of effect over time or to validate the choice of doses for 
Part C. Thus, although numeric differences are noted in EF 
and SV between AMG 986 and placebo patients, the lack 
of dose–response may be due to having tested a relatively 
narrow dose range.

Alternatively, the lack of a robust response in HF patients 
may be due to the well-recognized large variability inherent 
in studying small populations of HF patients. There may 
exist a subset of HF patients with more prominent dysregula-
tion of the apelin axis in whom targeted attenuation of APJ 

signaling by AMG 986 may be more clinically effective. In 
addition, as HF is a heterogeneous and complex condition, 
PD effects observed in early phases of drug development do 
not always correlate with demonstrated clinical benefit in 
later phases of development. Indeed, a disconnect between 
the results of early-phase and registrational phase 3 trials of 
drugs for HF has been observed numerous times in the past 
(e.g., with the levosimendan, tezosentan, tolvaptan, rolofyl-
line, and nesiritide programs) [40]. As such, it is possible 
that the PD effects observed in the present study did not cap-
ture the true biologic and possible clinical benefits of AMG 
986 in HF, or that apelin is a more suitable therapeutic target 
in other disease states, such as sarcopenia, diabetes, or PAH.

Aside from the above-stated technical and biologic dif-
ficulties inherent in early drug development in heart failure, 
the main limitation of this study is the small number of sub-
jects studied over a relatively short duration of dosing. In 
accordance with FDA guidance, this phase I first-in-human 
study was focused primarily on assessing the safety, toler-
ability, PK, and PD of AMG 986. As such, the study was 
accordingly limited to less than 100 participants dosed up 
to the limits of contemporaneous preclinical toxicology 

Fig. 5   Mean relative change 
from baseline in left ven-
tricular (LV) stroke volume 
(Doppler assessment) by visit 
in Part C for the heart failure 
with reduced ejection fraction 
(HFrEF) group. Error bars rep-
resent ± SEM.. hrs, hours

Fig. 6   Baseline-adjusted mean 
levels of N-terminal pro-brain 
natriuretic peptide (NT-
proBNP) in Part C for patients 
with heart failure with reduced 
ejection fraction (HFrEF). Dot-
ted line represents mean NT-
proBNP for all patients pretreat-
ment (baseline); values above 
data points indicate the number 
of patients with available data at 
each time point; error bars rep-
resent 95% CIs. CI, confidence 
interval; hrs, hours
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coverage. While cohorts of subjects with a given disease 
are often studied in phase I studies, most subjects are oth-
erwise healthy so as to avoid confounding of assessment of 
safety, tolerability, PK, and PD attributable to study drug. 
As a chronic and heterogenous condition that often develops 
over years, extrapolation of clinical effect in heart failure in 
the confines of a phase I study was particularly challenging. 
In addition, the small number of HFpEF subjects recruited 
makes it especially difficult to draw conclusions in this 
population. There were no drugs specifically approved for 
the treatment of HFpEF at the time this study was designed 
and conducted so the role of apelin modulation on top of 
approved background therapies, such as sacubitril/valsartan 
and SGLT2 inhibitors, is unknown. Although subject-level 
data on medical history was collected for this study, granular 
data on specific etiology of heart failure and adjudication 
thereof was not captured for this phase I study due to practi-
cal limitations. Indirect assessments of hemodynamics were 
captured on serial echocardiograms performed throughout 
the study and these results are described in the manuscript. 
Invasive hemodynamic measurements via right heart cath-
eterization were also not performed in this phase I study as 
the risks of this procedure had to be balanced against the 
need to first establish safety and tolerability in humans.

There is an unmet need for effective therapies to reduce 
the high hospitalization and mortality rates associated with 
HF, as well as the prospect that AMG 986 may have proven 
effective both in patients with HFrEF and those with HFpEF. 
Given the recognized limitations of the first-in-human study 
and our evolving understanding of APJ biology, APJ modu-
lation remains a viable therapeutic target in other disease 
states.

In this phase 1b trial, AMG 986 administered PO or IV 
in single or multiple-daily doses was safe and well tolerated 
in healthy subjects and patients with HF. However, the ape-
lin axis remains an attractive therapeutic target despite the 
limitations of this study and additional research may be war-
ranted to better understand the therapeutic potential of APJ.

Methods

Study Design

This was a phase 1b, multicenter, randomized, placebo-
controlled, double-blind, once-daily (Part A), and multiple-
daily (Part B) ascending-dose study in healthy adult men and 
women aged 18–55 years, in which subjects received AMG 
986 by IV infusion or PO administration in a fasted state. In 
Part C of the study, patients aged 18–85 years with HFrEF 
or HFpEF received ascending doses of AMG 986 or placebo 
by once-daily PO administration for 21 days (Fig. 7).

Part A was a randomized, parallel-group, double-blind, 
once-daily, ascending-dose study consisting of 11 cohorts of 
healthy subjects (5 IV infusion and 6 PO cohorts). Within 
each cohort, 8 subjects were to be randomized to receive 
AMG 986 or corresponding placebo in a 3:1 ratio. Starting 
doses of 0.5 mg by IV infusion lasting 1 h and 5 mg PO were 
planned. Part B was a randomized, parallel-group, double-
blind, MAD study consisting of 8 planned cohorts of healthy 
subjects (2 IV infusion cohorts and 6 PO cohorts). Within 
each cohort, 8 subjects were to be randomized to receive 
AMG 986 or corresponding placebo in a 3:1 ratio. In Part 
C, up to 40 patients—20 with HFrEF and 20 with HFpEF—
were to be randomized to receive AMG 986 or correspond-
ing placebo in a 3:1 ratio (15 AMG 986 and 5 placebo). 
AMG 986 patients were to receive once-daily 10 mg PO for 
the first 7 days, 30 mg PO for the next 7 days, and 100 mg 
PO for the last 7 days.

Inclusion and Exclusion Criteria

Parts A and B of the study enrolled healthy subjects with no 
history or evidence of clinically relevant medical disorders, 
aged 18–55 years. Key eligibility criteria for Part C included 
a confirmed diagnosis of New York Heart Association class 
II–III HF for ≥ 3 months with stable condition for ≥ 4 weeks, 
LVEF ≤ 40% for HFrEF and ≥ 50% for HFpEF (confirmed 
by echocardiography, radionuclide ventriculography, cardiac 
magnetic resonance imaging, or contrast ventriculography 
within 12 months prior to randomization), and baseline NT-
proBNP ≥ 250 pg/mL. All patients in Part C were in receipt 
of concomitant medication and this is reported in Supple-
mentary Table 1. A complete list of inclusion and exclusion 
criteria is provided in the Supplementary Text.

Study Outcomes

The primary endpoints were the incidences of TEAEs and 
clinically significant changes in physical examinations, 
laboratory values (including hematologic parameters and 
measures of hepatic and renal function; see Supplementary 
Table 2 for complete list), vital signs, and ECGs. Secondary 
endpoints included the following PD parameters: changes 
over time from baseline in key echocardiographic parameters 
of LV systolic and diastolic function, and serum levels of 
NT-proBNP in healthy subjects and HF patients, as well as 
additional echocardiographic measures (changes in ventricu-
loarterial coupling and global strain) in HF patients only. 
The schedule for echocardiograms assessments for Part C is 
provided in Fig. 8. Additional secondary endpoints included 
pharmacokinetic (PK) characterization of AMG 986 after 
IV infusion and PO administration in healthy subjects and 
HF patients.



752	 Cardiovascular Drugs and Therapy (2023) 37:743–755

1 3

Sample Size Calculation

The sample size for all parts of the study was based on 
practical considerations and was consistent with the num-
ber of subjects enrolled in similar studies. Approximately 
152 healthy subjects (8 per cohort in 19 cohorts for Parts 
A and B) and up to 40 HF patients in Part C were expected 
to be enrolled. For safety considerations, with up to 144 
subjects receiving AMG 986 (114 healthy and 30 HF), 
it was estimated that there would be a 99.94% chance of 

detecting a TEAE with a true incidence rate of ≥ 5%; a rare 
TEAE with a true incidence rate of 1% would be estimated 
to have a 76.48% chance of being detected. Although the 
sample size for this phase 1b study was driven primar-
ily by feasibility, measurable hemodynamic effects of IV 
apelin have been reported in both HF and PAH patients 
with sample sizes of just 24 and 19, respectively [32, 35]. 
This study was terminated early due to a business decision 
by the sponsor; therefore, enrollment in the HFpEF group 
was not completed.

Fig. 7   Study design: AMG 
986 administration schema. 
Subjects were given AMG 
986 at the specified dosages or 
corresponding placebo. DLRM, 
dose level review meeting; 
h, hour; HFpEF, heart failure 
with preserved ejection frac-
tion; HFrEF, heart failure with 
reduced ejection fraction; IV, 
intravenous; LD, loading dose; 
MAD, multiple-daily ascending 
dose; MD, maintenance dose; 
PO, oral; QD, once daily; SAD, 
single-daily ascending dose

Fig. 8   Schedule for echocardio-
graphic assessments in Part C. 
hrs, hours
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Statistics

Descriptive statistics were provided for selected demograph-
ics, baseline characteristics, safety and PK data, and selected 
echocardiographic measures. For PD data, summary meas-
ures were determined and a relationship to increasing dose 
of AMG 986 was explored. The statistical model included 
the actual dose of AMG 986 and the baseline value of the 
measurement. To assess the precision of the PD value, the 
standard error of the mean was calculated by dividing the 
standard deviation by the square root of the sample size. As 
is typical of early-phase safety and PK studies, the sample 
size was not selected for statistical inference of PD end-
points. Thus, the PD analyses presented indicate trends in 
effect and are hypothesis-generating only.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10557-​022-​07328-w.
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