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Abstract

Aims: This study investigated the safety, tolerability, pharmacokinetics and pharma-

codynamics of danuglipron (PF-06882961), which is a novel, oral small-molecule glu-

cagon-like peptide-1 receptor agonist, in Japanese participants with type 2 diabetes

mellitus (T2DM).

Materials and Methods: This phase 1, randomized, double-blind, placebo-controlled,

parallel-group study enrolled adult Japanese participants with T2DM inadequately

controlled on diet and exercise. Participants received twice-daily oral doses of

placebo or multiple ascending doses of danuglipron titrated to 40, 80 or 120 mg

twice daily over 8 weeks. The primary outcome was the safety and tolerability of

danuglipron. Secondary and exploratory outcomes included plasma pharmacokinet-

ics, glycaemic parameters and body weight.

Results: In the 37 participants randomized, the most common treatment-emergent

adverse events were nausea, vomiting, abdominal discomfort, diarrhoea and head-

ache. Most treatment-emergent adverse events were of mild or moderate intensity.

Dose-proportional increases in danuglipron exposure parameters were observed at

steady state (Day 56). Significant reductions from baseline were observed with danu-

glipron on Day 56 for mean daily glucose [least squares mean (90% confidence inter-

val) placebo-adjusted difference of up to �67.89 (�88.98, �46.79) mg/dl] and on

Day 57 for fasting plasma glucose [up to �40.87 (�53.77, �27.98) mg/dl], glycated

haemoglobin [up to �1.41% (�2.01%, �0.82%)] and body weight [up to �1.87

(�3.58, �0.17) kg].

Conclusions: In Japanese adults with T2DM, danuglipron exhibited dose-proportional

increases in plasma exposure at steady state and robustly reduced glycaemic

Received: 12 September 2022 Revised: 14 November 2022 Accepted: 20 November 2022

DOI: 10.1111/dom.14928

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 Pfizer Inc. Diabetes, Obesity and Metabolism published by John Wiley & Sons Ltd.

Diabetes Obes Metab. 2023;25:805–814. wileyonlinelibrary.com/journal/dom 805

mailto:ryosuke.ono@pfizer.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/dom


parameters and body weight after 8 weeks of dosing, with a safety profile consistent

with the mechanism of action.

K E YWORD S

danuglipron, diabetes, glucagon-like peptide-1 receptor agonist, phase 1 study

1 | INTRODUCTION

In 2021, diabetes affected an estimated 11 million adults in Japan

(age-adjusted prevalence, 6.6%) and caused �245 000 deaths.1

Recent studies have found that nearly half of Japanese patients with

type 2 diabetes mellitus (T2DM) do not achieve the standard glycated

haemoglobin (HbA1c) target of <7.0%.2,3 Japanese clinical practice

guidelines4 for the management of non-insulin-dependent T2DM rec-

ommend the use of an oral antihyperglycaemic agent, such as a dipep-

tidyl peptidase-4 inhibitor or metformin,5 and/or an injectable

glucagon-like peptide 1 receptor (GLP-1R) agonist as first-line therapy

in patients where adequate glycaemic control is not achieved through

diet and exercise.4 However, a survey of injectable-naïve Japanese

patients with T2DM revealed a strong preference for drug profiles

associated with oral versus injectable GLP-1R agonists, with adminis-

tration mode and frequency the most important factors contributing

to this decision.6

Danuglipron (PF-06882961) is a novel, potent, oral small-mole-

cule GLP-1R agonist being investigated as an adjunct to diet and exer-

cise to improve glycaemic control in adults with T2DM.7 Based on

pharmacokinetic data from early phase 1 studies,7,8 danuglipron is

administered twice daily and can be dosed without regard to food. In

non-clinical models,7,8 danuglipron stimulated glucose-dependent

insulin release and suppressed food intake with equivalent efficacy to

that of injectable peptidic GLP-1R agonists. In a recent multiple

ascending-dose phase 1 study in non-Japanese participants with

T2DM on a background of metformin,8 danuglipron reduced glycae-

mic indices and body weight with favourable safety and pharmacoki-

netic profiles, supporting further clinical development of danuglipron

for the treatment of T2DM and obesity.

This current phase 1 study investigated the safety, tolerability,

pharmacokinetics and pharmacodynamics of danuglipron in Japanese

participants with T2DM following oral, twice-daily dosing for 8 weeks.

This was the first clinical study of danuglipron in Japanese patients, and

the first to describe the effect of danuglipron dosing beyond 28 days, in

an outpatient study, and on a background of diet and exercise alone.

2 | MATERIALS AND METHODS

2.1 | Study oversight

The study (NCT04552470) was conducted in compliance with the

Declaration of Helsinki and with International Conference on Harmo-

nisation Good Clinical Practice guidelines. The final protocol and

informed consent documentation were reviewed and approved by the

Institutional Review Board at the study centre (P-One Clinic; Keikokai

Medical Corporation, Tokyo, Japan). Study recruitment took place

during October-December 2020; the study was completed in March

2021. All participants provided written informed consent before par-

ticipation in the study.

2.2 | Study design

This phase 1, randomized, double-blind, placebo-controlled, four-arm,

parallel-group study in Japanese participants with T2DM inadequately

controlled on diet and exercise alone consisted of a 4-week screening

period, an 8-week treatment period and a 4-week follow-up period

(Figure S1: Appendix S1). Participants were randomized 1:1:1:1 to oral

placebo or danuglipron target doses of 40, 80 or 120 mg twice daily.

Up to 6 weeks of the 8-week double-blind treatment period was used

for dose escalation, utilizing a pre-specified fixed schedule with start-

ing doses and increments preserved across the study groups.

The study included a total of 12 visits (Figure S1: Appendix S1),

two of which were inpatient visits (Visit 2 and Visit 10; consisting of

4 days/3 nights). Participants were randomized at Visit 2 to receive

danuglipron or matching placebo (Day 1), with completion of dosing

at Visit 10 (Day 56). Between study visits, participants continued dos-

ing at home with blinded study intervention provided in blister packs.

Doses were administered in tablet formulation and consisted of

three tablets each in the morning and evening, taken with food,

approximately 10-12 h apart and at about the same time each day.

Danuglipron dosing coincided with morning and evening meals to

standardize the timing of study drug administration across inpatient

and outpatient site visits and with self-administration at home on

non-visit days. However, danuglipron pharmacokinetics show similar

plasma exposure values when administered in fed versus fasted

states.7

Mixed-meal tolerance test (MMTT) assessments were performed

at Visit 2 (Day �1) and Visit 10 (Day 56) (Figure S1: Appendix S1) to

assess postprandial changes in pharmacodynamic parameters, as

described in Section 2.6 below and in Appendix S1.

2.3 | Study participants

Eligible participants were Japanese adults aged 20-70 years, inclusive,

with T2DM treated by diet and exercise alone, HbA1c level ≥7% to

≤10.5% at screening, total body weight >50 kg and body mass index
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(BMI) 22.5-45.4 kg/m2. Use of other medications for glycaemic con-

trol was not permitted in this study. The time frame of restriction of

use of antidiabetic medications ranged from 60 days (for oral medica-

tions) to 90 days (for injectable medications and thiazolidinediones)

before the screening visit and throughout the study participation until

the follow-up visit. See Appendix S1 for additional inclusion and

exclusion criteria.

2.4 | Safety assessments

The primary objective of the study was to evaluate the safety and tol-

erability of multiple oral doses of danuglipron in adult Japanese

participants with T2DM. Endpoints included the incidence of

treatment-emergent adverse events (TEAEs) [including adverse events

(AEs) and serious AEs (SAEs)], clinical safety laboratory measurements,

vital signs and 12-lead electrocardiograms (ECGs). Change from base-

line in body weight was assessed as a pre-specified exploratory end-

point. AEs were summarized per the Medical Dictionary for

Regulatory Activities version 23.1.

2.5 | Pharmacokinetic assessments

The secondary objective of the study was to characterize the plasma

pharmacokinetics of danuglipron in adult Japanese participants with

T2DM. Endpoints included area under the plasma concentration-time

curve (AUC) from time 0 to 24 h (AUC24), maximum plasma concen-

tration [Cmax (0-10 h)], time to Cmax (Tmax) and terminal half-life (t½).

See Appendix S1 for details on pharmacokinetic assays.

2.6 | Pharmacodynamic assessments

Exploratory objectives of the study included characterization of the

pharmacodynamic effect of danuglipron following multiple oral doses

in adult Japanese participants with T2DM. Pre-specified exploratory

endpoints included change from baseline in mean daily glucose (MDG,

assessed as glucose AUC24/24 h) following an MMTT, fasting plasma

glucose (FPG), HbA1c, fasting plasma insulin, and homeostatic model

assessment of insulin resistance (HOMA-IR) and of β-cell function

(HOMA-B). Additional endpoints included fasting glucagon, fasting C-

peptide and change from baseline in AUC from time 0 to 4 h (AUC0-4)

for glucose, insulin, glucagon and C-peptide following an MMTT. After

randomization, all pharmacodynamic endpoints were blinded; only

glucose levels that met pre-specified criteria for hypo- or hyperglycae-

mia were unblinded. See Appendix S1 for details on pharmacodynamic

assays, including MMTT assessments.

2.7 | Statistical analyses

Detailed statistical methods are provided in Appendix S1.

3 | RESULTS

3.1 | Participant disposition and baseline
characteristics

In total, 65 participants were screened for study entry; 37 participants

were randomized to receive danuglipron or placebo twice daily

(Figure S2: Appendix S1). Ten participants were randomized to receive

danuglipron 40 mg, nine participants to danuglipron 80 mg, nine par-

ticipants to danuglipron 120 mg and nine participants to placebo. All

37 participants completed the study. Eight participants discontinued

from the study drug: six participants in danuglipron dose groups dis-

continued treatment due to AEs (discussed below); one in the placebo

group discontinued treatment because of “lack of efficacy”; and one

participant in the danuglipron 40-mg group was randomized inappro-

priately (participant did not meet eligibility criteria) and was discontin-

ued from treatment.

Baseline demographic and clinical characteristics are presented in

Table 1 and were generally similar across treatment groups, with some

variability noted across treatment groups in duration of T2DM, body

weight and BMI.

3.2 | Safety and tolerability

Seventy all-causality TEAEs were reported by 28 participants (75.7%);

of these, 54 AEs (54 of 70; 77.1%) reported by 24 participants

(64.9%) were considered treatment-related (Table S1: Appendix S1).

The number of TEAEs (all-causality and treatment-related) was higher

in the danuglipron groups compared with the placebo group but did

not appear to increase with increasing dose. There were no deaths or

SAEs during the study. Six participants (16.2%) permanently discontin-

ued from the study drug due to TEAEs. All treatment discontinuations

occurred in danuglipron groups and were due to treatment-related

AEs of nausea (two participants in the 40-mg group), vomiting (two

participants in the 80-mg group) and abdominal discomfort (one par-

ticipant each in the 80- and 120-mg groups). Two participants had

temporary discontinuations from the study drug because of TEAEs:

one participant (80-mg group) experienced treatment-related nausea;

the other participant (40-mg group) experienced two AEs of increased

alanine or aspartate aminotransferase levels that were not considered

treatment-related. These AEs resolved and permitted continuation

with study medication.

All but one of the TEAEs reported during the study were mild

(n = 36) or moderate (n = 33) in severity. One participant (40-mg

group) experienced a severe TEAE of increased alanine aminotransfer-

ase level, which resolved on Day 36 and was not considered

treatment-related; the study drug was temporarily discontinued

because of this TEAE, as noted above.

The most frequently reported all-causality TEAEs were related to

gastrointestinal disorders (reported by 67.6% of participants), most

commonly nausea (48.6%), vomiting (43.2%), abdominal discomfort

(35.1%) and diarrhoea (10.8%), and to nervous system disorders
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(reported by 13.5% of participants), most commonly headache

(10.8%) (Table 2). The incidence of TEAEs related to gastrointestinal

disorders was higher in the danuglipron groups compared with the

placebo group but did not appear to increase in a dose-dependent

manner. Time courses of the incidence of nausea, vomiting and diar-

rhoea TEAEs over the duration of the study are shown in Figure S3:

Appendix S1. The incidence of these TEAEs varied over time accord-

ing to the target dose of danuglipron and the associated dose titration

scheme. With the exception of nausea in the danuglipron 80-mg

group, the incidence of gastrointestinal TEAEs tended to decrease or

stabilize after the first �3-4 weeks of dosing, and incidence rates var-

ied markedly between danuglipron dose groups. All TEAEs of nausea,

vomiting, abdominal discomfort, diarrhoea and decreased appetite in

the danuglipron dose groups were considered treatment-related,

whereas TEAEs of headache and dental caries were considered not

treatment-related. One participant in the danuglipron 40-mg group

experienced a probable event of symptomatic hypoglycaemia (blood

glucose was not measured) of mild severity, which was considered

treatment-related; symptoms resolved on the day of onset following

treatment with oral carbohydrates. No other hypoglycaemic events

were reported in the study.

There were no apparent dose-related increases in the frequency

of laboratory, vital sign or ECG abnormalities by categorical analysis.

A trend for increases in mean time-matched double differences in sys-

tolic blood pressure (SBP) or diastolic blood pressure (DBP) over the

course of the day was observed on Day 56 in the danuglipron 80- and

120-mg groups, relative to the placebo and danuglipron 40-mg

groups; no apparent increases were observed in the danuglipron

40-mg group relative to placebo (Figure S4A,B: Appendix S1). Mean

SBP and DBP values for all dose groups were in the normal range. A

trend for increases in mean time-matched double differences in pulse

rate and heart rate by ECG over the course of the day was observed

on Day 56 in all danuglipron dose groups compared with placebo,

with a greater observed increase in the danuglipron 120-mg group

TABLE 1 Key baseline demographic and clinical characteristics of the study participants

Parameter
All participants

(N = 37)

Placebo

(N = 9)

Danuglipron dose

40 mg BID (N = 10) 80 mg BID (N = 9) 120 mg BID (N = 9)

Age (years) 55.8 (8.6) 58.6 (8.8) 55.9 (10.0) 58.0 (6.7) 50.7 (7.5)

Sex

Male 32 (86.5) 8 (88.9) 8 (80.0) 8 (88.9) 8 (88.9)

Female 5 (13.5) 1 (11.1) 2 (20.0) 1 (11.1) 1 (11.1)

Asian race 37 (100.0) 9 (100.0) 10 (100.0) 9 (100.0) 9 (100.0)

T2DM duration (years) 5.7 (5.5) 5.5 (4.1) 2.9 (2.2) 9.1 (5.8) 5.7 (7.7)

MDG (mg/dl) 220.8 (54.3) 218.8 (59.8) 223.4 (50.5) 240.6 (52.3) 200.0 (56.3)

FPG (mg/dl) 173.9 (36.1) 182.9 (36.3) 173.3 (29.7) 175.7 (32.7) 163.7 (47.5)

HbA1c (%) 8.3 (1.1) 8.3 (1.2) 8.2 (1.1) 8.6 (1.0) 8.4 (1.2)

Body weight (kg) 78.6 (11.1) 73.3 (9.9) 79.7 (13.6) 79.6 (10.0) 81.5 (10.4)

BMI (kg/m2) 27.8 (3.6) 25.9 (2.7) 28.6 (4.1) 28.2 (3.6) 28.6 (3.4)

Note: data are n (%) or mean (SD). Baselines for body weight, FPG and HbA1c were defined as the measurement at Day �1, 0 h. Baseline for MDG was

defined as glucose AUC24/24 h on Day �1.

Abbreviations: BID, twice daily; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; MDG, mean daily glucose;

SD, standard deviation; T2DM, type 2 diabetes mellitus.

TABLE 2 All-causality treatment-emergent adverse events by preferred term following twice-daily oral dosing of danugliprona

Preferred term
All participants
(N = 37)

Placebo
(N = 9)

Danuglipron dose

40 mg BID (N = 10) 80 mg BID (N = 9) 120 mg BID (N = 9)

Nausea 18 (48.6) 0 6 (60.0) 8 (88.9) 4 (44.4)

Vomiting 16 (43.2) 0 5 (50.0) 6 (66.7) 5 (55.6)

Abdominal discomfort 13 (35.1) 0 4 (40.0) 4 (44.4) 5 (55.6)

Diarrhoea 4 (10.8) 0 1 (10.0) 2 (22.2) 1 (11.1)

Headache 4 (10.8) 1 (11.1) 2 (20.0) 1 (11.1) 0

Decreased appetite 2 (5.4) 0 0 1 (11.1) 1 (11.1)

Dental caries 2 (5.4) 1 (11.1) 0 0 1 (11.1)

Note: data are n (%). Participants were counted only once per treatment per event.

Abbreviation: BID, twice daily.
aTreatment-emergent adverse events with ≥2 occurrences.
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compared with other groups (Figure S4C,D: Appendix S1). Mean pulse

rate and heart rate values for all dose groups were generally in the

normal range. No TEAEs related to vital sign or ECG abnormalities

were reported, and there were no occurrences of heart rates

>120 bpm. Compared with placebo, there were no dose-related

trends in mean time-matched double differences from baseline in the

ECG parameters of PR, QRS, QT or QTcF intervals over 8 weeks, and

no ECG findings were reported as clinically meaningful by the

investigator.

3.3 | Pharmacodynamics

3.3.1 | Mean daily glucose

Statistically significant reductions from baseline in MDG were

observed on Day 56 in all danuglipron groups compared with placebo

(Table 3; Figure 1A). Modelled least squares (LS)-mean [90% confi-

dence interval (CI)] placebo-adjusted changes from baseline to Day

56 in MDG were similar across the danuglipron 40-, 80- and 120-mg

TABLE 3 Summary of key pharmacodynamic biomarkers at baseline and at 8 weeksa following twice-daily oral dosing of danuglipron

Biomarker Placebo (N = 9)
Danuglipron dose

40 mg BID (N = 10) 80 mg BID (N = 9) 120 mg BID (N = 9)

MDG (mg/dl)

Absolute mean (SD) at baseline 218.8 (59.8) 223.4 (50.5) 240.6 (52.3) 200.0 (56.3)

Absolute mean (SD) at Day 56 195.5 (42.0) 138.8 (19.2) 152.7 (49.7) 120.4 (24.0)

Absolute mean (SD) CFB �8.34 (10.34) �87.60 (44.27) �95.55 (28.45) �67.64 (48.83)

LS-mean (90% CI) CFBb �13.98 (�28.29, 0.32) �81.87 (�97.15, �66.59) �78.80 (�96.05, �61.55) �81.27 (�97.07, �65.48)

LS-mean (90% CI) placebo-

adjusted CFBb

– �67.89 (�88.98, �46.79) �64.82 (�87.66, �41.98) �67.29 (�88.22, �46.36)

FPG (mg/dl)

Absolute mean (SD) at baseline 182.9 (36.3) 173.3 (29.7) 175.7 (32.7) 163.7 (47.5)

Absolute mean (SD) at Day 57 163.6 (29.0) 137.3 (18.2) 130.5 (22.3) 112.7 (18.7)

Absolute mean (SD) CFB �11.88 (6.81) �39.71 (14.74) �46.17 (24.63) �41.86 (36.22)

LS-mean (90% CI) CFBc �9.26 (�18.16, �0.37) �36.51 (�45.60, �27.42) �46.04 (�55.47, �36.62) �50.14 (�59.35, �40.92)

LS-mean (90% CI) placebo-

adjusted CFBc

– �27.25 (�39.95, �14.55) �36.78 (�49.72, �23.85) �40.87 (�53.77, �27.98)

HbA1c (%)

Absolute mean (SD) at baseline 8.3 (1.2) 8.2 (1.1) 8.6 (1.0) 8.4 (1.2)

Absolute mean (SD) at Day 57 7.8 (0.9) 6.8 (0.7) 7.3 (1.5) 6.6 (0.4)

Absolute mean (SD) CFB �0.18 (0.21) �1.29 (0.58) �1.40 (0.89) �1.60 (1.15)

LS-mean (90% CI) CFBc �0.14 (�0.56, 0.28) �1.34 (�1.76, �0.92) �1.00 (�1.42, �0.57) �1.55 (�1.97, �1.13)

LS-mean (90% CI) placebo-

adjusted CFBc

– �1.20 (�1.80, �0.61) �0.86 (�1.46, �0.26) �1.41 (�2.01, �0.82)

Body weight (kg)

Absolute mean (SD) at baseline 73.3 (9.9) 79.7 (13.6) 79.6 (10.0) 81.5 (10.4)

Absolute mean (SD) at Day 57 74.1 (8.8) 74.4 (12.1) 78.4 (8.6) 77.0 (9.3)

Absolute mean (SD) CFB �0.93 (0.94) �2.47 (1.37) �3.68 (2.26) �3.26 (2.95)

LS-mean (90% CI) CFBc �1.21 (�2.36, �0.05) �2.61 (�3.77, �1.45) �3.08 (�4.30, �1.86) �2.87 (�3.98, �1.75)

LS-mean (90% CI) placebo-

adjusted CFBc

– �1.40 (�3.03, 0.23) �1.87 (�3.58, �0.17) �1.66 (�3.28, �0.04)

Note: data are absolute mean (SD) or LS-mean (90% CI) as indicated. Baseline for MDG was defined as glucose AUC24/24 h on Day �1. Baselines for FPG,

HbA1c and body weight were defined as the measurement at Day �1, 0 h. For calculation of MDG, for glucose at 24 h on Day –1 and 24 h on Day 56,

glucose at 0 h on Day –1 and 0 h on Day 57 were used from the same participant, respectively.

Abbreviations: ANCOVA, analysis of covariance; BID, twice daily; CFB, change from baseline; CI, confidence interval; FPG, fasting plasma glucose; HbA1c,

glycated haemoglobin; LS, least squares; MDG, mean daily glucose; MMRM, mixed model repeated measures; SD, standard deviation.
aDay 56 for MDG; Day 57 for FPG, HbA1c and body weight.
bFrom an ANCOVA model that included the change from baseline in MDG on Day 56 as the dependent variable, treatment as a fixed effect and baseline

MDG as a covariate.
cFrom an MMRM analysis that included treatment, baseline value, day, the baseline-by-day interaction and the day-by-treatment interaction, with day

fitted as a repeated effect and participant as a random effect.
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groups: �67.89 (�88.98, �46.79), �64.82 (�87.66, �41.98) and

�67.29 (�88.22, �46.36) mg/dl, respectively.

3.3.2 | Fasting plasma glucose

Statistically significant reductions from baseline in FPG were observed

on Day 57 in all danuglipron groups compared with placebo (Table 3;

Figure 1B). Modelled LS-mean (90% CI) placebo-adjusted changes

from baseline to Day 57 in FPG found dose-proportional reductions

of �27.25 (�39.95, �14.55), �36.78 (�49.72, �23.85) and �40.87

(�53.77, �27.98) mg/dl for the danuglipron 40-, 80- and 120-mg

groups, respectively. Reductions in FPG levels were observed across

all danuglipron groups relative to placebo from Day 15 through to

Day 57. There were no occurrences of FPG ≤70 mg/dl in any of the

randomized participants during the study.

3.3.3 | Glycated haemoglobin

Statistically significant reductions from baseline on Day 57 were also

observed for HbA1c across all danuglipron groups compared with pla-

cebo (Table 3; Figure 1C). The modelled LS-mean (90% CI) placebo-

adjusted reductions from baseline to Day 57 in HbA1c were �1.20%

(�1.80%, �0.61%), �0.86% (�1.46%, �0.26%) and �1.41% (�2.01%,

�0.82%) across the danuglipron 40-, 80- and 120-mg groups,
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F IGURE 1 LS-mean change from baseline in A, MDG at Day 56, and B, FPG; C, HbA1c; and D, body weight over time, following twice-daily
oral dosing of danuglipron. Dose escalation, as shown in Figure S1 (Appendix S1), was utilized to achieve danuglipron target doses of 40, 80 and
120 mg twice daily. A, MDG was defined as glucose AUC24/24 h. For glucose at 24 h on Day �1 and 24 h on Day 56, glucose at 0 h on Day �1
and 0 h on Day 57 were used from the same participant, respectively. Values are LS-mean (90% CI). From an ANCOVA model that included the
change from baseline in MDG on Day 56 as the dependent variable, treatment as a fixed effect, and baseline MDG as a covariate. B-D, Values are
LS-mean (90% CI). From an MMRM analysis that included treatment, baseline value, day, the baseline-by-day interaction, and the day-by-
treatment interaction, with day fitted as a repeated effect and participant as a random effect. AUC24, area under the plasma concentration-time
curve from time 0 to 24 h; ANCOVA, analysis of covariance; CI, confidence interval; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin;
LS, least squares; MDG, mean daily glucose; MMRM, mixed model repeated measures
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respectively. Reductions in HbA1c were observed in all danuglipron

dose groups relative to placebo over the course of the study, with

reductions generally increasing in magnitude over time up to Day 57.

3.3.4 | Body weight

Greater mean reductions from baseline in body weight were observed

on Day 57 in all danuglipron groups compared with placebo (Table 3;

Figure 1D). Modelled LS-mean (90% CI) placebo-adjusted reductions

in body weight from baseline to Day 57 were similar across all danu-

glipron groups and were statistically significant versus placebo for the

80- and 120-mg groups: �1.40 (�3.03, 0.23), �1.87 (�3.58, �0.17)

and �1.66 (�3.28, �0.04) kg for the danuglipron 40-, 80- and 120-mg

groups, respectively. Greater mean reductions from baseline in body

weight were evident in all danuglipron dose groups compared with

placebo from Day 22, with reductions generally increasing in magni-

tude over time. A higher proportion of participants in the danuglipron

groups achieved a weight loss of ≥3% or ≥5% from baseline at Day

57 compared with the placebo group (Table S2: Appendix S1).

3.3.5 | Other pharmacodynamic parameters

Results for fasting plasma insulin, fasting glucagon, fasting C-peptide,

HOMA-IR and HOMA-B, and for postprandial changes in glucose,

insulin, glucagon and C-peptide, are provided in Appendix S1

(Supplementary Results, Table S3, Figures S5 and S6).

3.4 | Pharmacokinetics

Following multiple dosing, danuglipron plasma exposures on Day

56 (steady state) increased in an approximately dose-proportional

manner (Figures S7 and S8: Appendix S1), with dose-proportional

increases in geometric mean AUC24 and Cmax values, and similar dose-

normalized (dn) exposures (AUC24(dn); Cmax(dn)), observed across the

dose groups (Table 4). Lower median danuglipron concentrations were

observed for the 120-mg group compared with the 80-mg group at

24, 36 and 48 h post-dose on Day 56 (Figure S7: Appendix S1); high

interindividual variability at these time points and the small number of

participants per cohort most likely contributed to this observation.

Following the morning dose on Day 56, median Cmax was

observed within a median Tmax of 6 h post-dose across all danuglipron

doses; mean t½ values on Day 56 ranged from 5.300 to 6.373 h

(Table 4). Observed accumulation ratios for AUC24 (Rac) and Cmax

(Rac,Cmax) on Day 56 of multiple dosing ranged between 1.202-1.349

and 1.118-1.392, respectively, across dose groups (Table S4:

Appendix S1), indicating that accumulation was minimal following this

dosing regimen.

4 | DISCUSSION

This phase 1 study of the novel GLP-1R agonist danuglipron showed

that administration of ascending, multiple oral doses of danuglipron

over 56 days was generally safe in adult Japanese participants with

T2DM inadequately controlled on diet and exercise, with a tolerability

profile consistent with the mechanism of action. The most frequently

reported all-causality TEAEs were nausea, vomiting, abdominal dis-

comfort, diarrhoea and headache, and most AEs were of mild or mod-

erate intensity. Although a trend for increases in SBP, DBP and pulse

rate was observed on Day 56 with higher doses of danuglipron rela-

tive to placebo, mean SBP, DBP and pulse rate values were generally

in the normal range. Pharmacodynamic analyses revealed significant

reductions from baseline in glycaemic indices and reductions from

baseline in body weight across all danuglipron groups compared with

placebo. Analysis of the danuglipron pharmacokinetic profile showed

TABLE 4 Descriptive summary of key plasma pharmacokinetic parameters on Day 56 (steady state) following twice-daily oral dosing of
danuglipron

Parameter
Danuglipron dose

40 mg BID (N = 10) 80 mg BID (N = 9) 120 mg BID (N = 9)

N2, N3 7, 6 6, 3 7, 7

AUC24 (ng�h/ml) 2424 (45) 4691 (75) 6953 (148)

AUC24(dn) (ng�h/ml/mg) 30.29 (45) 29.35 (75) 28.94 (148)

Cmax (ng/ml) 136.0 (51) 245.3 (67) 415.8 (153)

Cmax(dn) (ng/ml/mg) 3.401 (51) 3.068 (67) 3.465 (152)

Tmax (h) 6.00 (2.00-6.00) 6.00 (2.00-8.00) 6.00 (0.000-10.1)

t1/2 (h) 6.373 ± 1.7404 5.543 ± 0.30827 5.300 ± 0.80594

Note: data are geometric mean (% CV) for all except arithmetic mean ± standard deviation for t1/2 and median (range) for Tmax. N is the total number of

participants in the indicated treatment group. N2 is the number of participants contributing to the summary statistics. N3 is the number of participants

contributing to the summary statistics for t1/2. If a participant received a dose that was not assigned based on the randomized titration scheme, the data

from that day were not included in summary statistics.

Abbreviations: AUC, area under the plasma concentration-time curve; AUC24, AUC from time 0 to 24 h; BID, twice daily; Cmax, maximum plasma

concentration during the dosing interval τ1 = 0-10 h; CV, coefficient of variation; dn, dose normalized to a 1-mg dose; t½, terminal half-life; Tmax, time

to Cmax.
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dose-proportional increases in plasma exposure at steady state (Day

56) following titration to 40-, 80- or 120-mg doses.

The safety profile of danuglipron observed in this phase 1 study

of Japanese participants with T2DM is consistent with previous phase

1 studies of danuglipron conducted in Western participants with or

without T2DM.7,8 Previously, in healthy Western participants who

received single doses of danuglipron ranging from 3 to 300 mg,7 or in

Western participants with T2DM who received multiple doses of

danuglipron ranging from 10 to 200 mg administered twice daily or

once daily over 28 days,8 the most commonly reported TEAEs were

related to gastrointestinal disorders (nausea, vomiting, dyspepsia, diar-

rhoea, constipation and abdominal discomfort or distension), in line

with the current study in Japanese participants with T2DM. Gastroin-

testinal TEAEs were anticipated following multiple dosing of danugli-

pron because of the mechanism of action of this oral GLP-1R agonist.

Although dose escalation was incorporated into the protocols of both

multiple-dose studies to maximize danuglipron tolerability, the rela-

tively short treatment durations of the studies (28 days in Western

participants8; 56 days in Japanese participants) dictated a rapid dose-

escalation schedule to achieve the higher doses. More gradual dose-

escalation schemes over longer treatment durations are anticipated to

result in lower incidence rates of gastrointestinal AEs.9 However, both

the overall and gastrointestinal safety profiles of danuglipron are gen-

erally consistent with those described for peptidic GLP-1R

agonists,10,11 including the recent oral formulation of

semaglutide.12-15

In this study, increases in heart rate were observed in danuglipron

dose groups after 8 weeks of dosing, which was observed in the pre-

vious study in Western participants8 and in other studies with pep-

tidic GLP-1R agonists.16 The magnitude of heart-rate increases

observed in this study is in line with short-term clinical data published

with peptidic GLP-1R agonists.17,18 A trend toward mild increases in

blood pressure was noted on Day 56 with the 80- and 120-mg doses

of danuglipron relative to the 40-mg dose and placebo, with mean

blood pressure in the normal range. This pattern was not observed in

the previous study in Western participants,8 where there was a trend

for reductions in SBP with higher doses of danuglipron. However, mild

increases in blood pressure have been observed in short-term studies

with peptidic GLP-1R agonists,18 which have subsequently showed

benefits in cardiovascular outcomes.19

Substantial reductions from baseline in glycaemic biomarkers and

body weight with danuglipron versus placebo have been observed in

Western participants with T2DM following 28 days of twice daily or

once daily dosing.8 This current study shows that danuglipron has

similar robust effects on glycaemic parameters in Japanese partici-

pants over 56 days. This study was also the first to show sustained

glycaemic efficacy with danuglipron following periods of home self-

administration in between study site visits. Relative to placebo, signifi-

cant declines in MDG of up to �67.9 mg/dl from baseline were

observed in all danuglipron groups on Day 56, consistent with the

placebo-adjusted reductions in MDG of up to �65.5 mg/dl with the

danuglipron 120-mg twice daily dose observed on Day 28 in Western

participants with T2DM.8 Substantial reductions in FPG, observed

from Day 15, were maintained through to study end (up to

�40.9 mg/dl with danuglipron 120 mg twice daily on Day 57) and

were in line with the reductions in FPG seen in Western participants

(up to �44.3 mg/dl with the danuglipron 120-mg twice daily dose on

Day 28).8 Consistent with the mechanism of action, there were no

occurrences of FPG levels ≤70 mg/dl during the study, and only one

hypoglycaemic AE of mild severity (danuglipron 40-mg group) was

reported as probable symptomatic hypoglycaemia.

The observed reductions in glucose levels with danuglipron treat-

ment were reflected in changes from baseline in HbA1c, where statis-

tically significant reductions versus placebo were observed from Day

15 through to Day 57 across all danuglipron groups. Placebo-adjusted

reductions in HbA1c of up to �1.4% (danuglipron 120-mg group)

were observed on Day 57. Administration of stable danuglipron doses

over a longer treatment period may achieve even greater reductions

in HbA1c, providing patients with a clinically meaningful glycaemic

benefit over the longer term.

Compared with the large declines in body weight observed follow-

ing danuglipron treatment in Western participants with T2DM, where

placebo-adjusted reductions of up to �5.5 kg were observed with the

danuglipron 120-mg dose on Day 28,8 the reductions in body weight in

Japanese participants with T2DM observed in this study were lower by

comparison (up to �1.9 kg). Differences in the magnitude of weight

reductions between Western and Japanese study populations may be

due to differences in baseline body weight and BMI between the two

groups (92.4 kg and 32.9 kg/m2, respectively, in Western participants8;

78.6 kg and 27.8 kg/m2, respectively, in Japanese participants). Higher

baseline BMI has been associated with greater degrees of weight loss

in trials with peptidic GLP-1R agonists.20-22

In previous phase 1 studies in Western participants,7,8 danugli-

pron plasma exposure increased in a dose-proportional manner, with

median Tmax values of 2-6 h following a single dose or multiple twice-

daily dosing; the mean t½ values were 4.3-6.1 h (single dose)7 and

4.7-8.1 h (multiple dosing).8 This is in line with the current study of

multiple twice-daily dosing in Japanese participants, where danugli-

pron plasma exposure at steady state increased in an approximately

dose-proportional manner, with a median Tmax following the morning

dose of 6 h, and mean t½ of 5.3-6.4 h. Steady-state AUC24(dn) and

Cmax values were also broadly comparable following multiple dosing in

Western8 and Japanese participants. Administration of danuglipron

occurred in the fed state in this study; however, a recent assessment

of the effect of food on danuglipron pharmacokinetics revealed similar

plasma exposure and t½ values when danuglipron was administered in

the fed versus fasted state,7 indicating that danuglipron can be dosed

without regard to food. In contrast, the oral formulation of the pep-

tidic GLP-1R agonist semaglutide has fasting requirements because

minimal to no measurable systemic exposure is observed when sema-

glutide is administered in the fed state.23

Limitations of this phase 1 study include assessment of safety

and pharmacodynamic endpoints in a relatively small number of par-

ticipants, and evaluation of glucose lowering and weight loss over a

short treatment duration, which required rapid dose escalation. In

addition, no placebo run-in period was incorporated because of the
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two inpatient stays and frequent study visits involved in the study,

which may explain the mild declines in pharmacodynamic biomarkers

observed in the placebo group.

5 | CONCLUSIONS

In Japanese participants with T2DM, multiple doses of the novel, oral

small-molecule GLP-1R agonist danuglipron showed a favourable

safety profile that was consistent with phase 1 studies of danuglipron

in Western participants7,8 and with the peptidic GLP-1R agonist class

overall.10,11,15 Approximately dose-proportional increases in danugli-

pron plasma exposure were observed at steady state. Danuglipron

robustly reduced plasma glucose levels, HbA1c and body weight after

8 weeks of dosing in Japanese adults with T2DM. The overall profile

of danuglipron in this cohort supports further clinical development in

Japanese patients with T2DM.
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