
OR I G I N A L A R T I C L E

Evaluation of an oral small-molecule glucagon-like peptide-1
receptor agonist, lotiglipron, for type 2 diabetes and obesity:
A dose-ranging, phase 2, randomized, placebo-controlled study

Neeta B. Amin PharmD1 | Robert Frederich MD2 | Nikolaos Tsamandouras PhD3 |

Amina Z. Haggag MD4 | Tilman Schuster PhD5 | Witold Zmuda MD6 |

Alexandra Palmer BSc1 | Szilard Vasas MD7 | Gina Buckley MT2,5 |

Timothy R. Smith MD8 | Sarah J. DuBrava MS9 | Qi Zhu MD10 |

Margot Johnson MD1

1Internal Medicine, Pfizer Research & Development, Cambridge, Massachusetts, USA

2Clinical Development and Operations, Pfizer Research & Development, Groton, Connecticut, USA

3Clinical Pharmacology, Pfizer Research & Development, Cambridge, Massachusetts, USA

4Anaheim Clinical Trials, Anaheim, California, USA

5Clinical Development and Operations, Pfizer Research & Development, Cambridge, Massachusetts, USA

6Medicome Sp. Z O.O., O�swięcim, Poland

7Borbánya Praxis Eü KFT, Nyíregyháza, Hungary

8StudyMetrix Research, LLC, St Peters, Missouri, USA

9Clinical Statistics, Pfizer Research & Development, Cambridge, Massachusetts, USA

10Worldwide Safety, Pfizer Research & Development, Shanghai, China

Correspondence

Neeta B. Amin, Internal Medicine, Pfizer

Research & Development, 1 Portland Street,

Cambridge, MA, USA.

Email: neeta.amin@pfizer.com

Funding information

Pfizer

Abstract

Aim: The aim was to investigate the effects of lotiglipron, a once-daily, oral small-

molecule glucagon-like peptide-1 (GLP-1) receptor agonist, in participants with type

2 diabetes (T2D) or obesity.

Materials and Methods: A phase 2, randomized, double-blind, placebo-controlled,

dose-ranging study investigated the efficacy and safety of lotiglipron. The study was

terminated early for safety reasons after routine data and monitoring review. The

planned analyses for the end points were modified prior to unblinding the study.

Results: In total, 901 participants were treated with at least one dose of the study

drug (T2D cohort: n = 512, obesity cohort: n = 389). Although the majority of partici-

pants who were randomly assigned to higher doses did not reach their target mainte-

nance dose, statistically significant changes in HbA1c and body weight were

observed. In the T2D cohort, reductions in HbA1c were observed across all lotigli-

pron doses at week 16 (p < 0.0001), with least squares mean decreases up to
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�1.44% (90% confidence interval [CI]: �1.63, �1.26) (lotiglipron 80 mg), versus pla-

cebo, �0.07% (90% CI: �0.25, 0.11). In the obesity cohort, decreases in body weight

were observed across all lotiglipron doses at week 20 (p < 0.01), up to �7.47% (90%

CI: �8.50, �6.43) (lotiglipron 200 mg, five-step titration), versus placebo, �1.84%

(90% CI: �2.85, �0.83). Across cohorts, the most frequently reported treatment-

emergent adverse events were gastrointestinal related (most mild to moderate sever-

ity), with nausea being the most common (ranging from 4% [placebo] to 28.8%

[80 mg] in the T2D cohort and 12.5% [placebo] to 60.6% [200 mg, four-step titration]

in the obesity cohort). Transaminase elevations were observed in a subset of partici-

pants (6.6% and 6.0% of participants on lotiglipron in the T2D and obesity cohorts,

respectively, compared with 1.6% on placebo in the obesity cohort).

Conclusions: The efficacy (HbA1c and/or body weight) of a range of lotiglipron doses

was demonstrated in T2D and obesity cohorts. The safety profile was largely consis-

tent with what has been previously known about the mechanism of action. Our

results are unique in reporting elevations in liver transaminases in a subset of partici-

pants treated with lotiglipron, with attempts to identify the at-risk population unsuc-

cessful and therefore clinical development of lotiglipron terminated.

ClinicalTrials.gov: NCT05579977.
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1 | INTRODUCTION

The prevalence of type 2 diabetes (T2D) and obesity continues to

increase worldwide,1,2 and both are associated with comorbidities and

increased risk of mortality if not adequately managed.3–8 Glucagon-like

peptide-1 receptor (GLP-1R) agonism, as demonstrated by peptidic GLP-

1R agonists, is a potent pharmacological pathway to manage glycaemic

control, reduce body weight and improve cardiovascular disease

outcomes.9–14 However, the approved peptidic GLP-1R agonists present

a potential barrier for patients because of the need to administer by sub-

cutaneous injection or, in the case of the only currently approved oral for-

mulation (semaglutide [Rybelsus]), the requirement to fast before and

after administration.15–17 Adherence to medication may be improved by

the introduction of oral GLP-1R agonists without the need for pre- and

post-treatment fasting.18 Nonpeptide GLP-1R agonists, which are admin-

istered orally without fasting requirements, are currently in clinical

development.19–24

Lotiglipron (PF-07081532) is a selective, potent, small-molecule

GLP-1R agonist that can be administered orally without fasting require-

ments. Distinctive features of lotiglipron include a plasma half-life com-

patible with once-daily (QD) administration along with improved and

consistent gastrointestinal (GI) absorption.25 In two phase 1, placebo-

controlled, multiple ascending-dose studies investigating lotiglipron (over

the course of 28–42 days with doses ranging from 20 to 180 mg QD) in

adults with T2D inadequately controlled on metformin and separately in

adults with obesity without T2D, lotiglipron demonstrated dose-

dependent reductions in glycated haemoglobin (HbA1c) and plasma glu-

cose in T2D and reductions in body weight (in T2D or obesity),26 with

the tolerability profile of mechanism of action (MoA)–based GI adverse

events consistent with other oral GLP-1R agonists.23,24,27

The current study was a phase 2 study with a prespecified aim to

investigate the efficacy, safety and tolerability of a range of lotiglipron

doses planned to be administered over 32 weeks in participants with

T2D inadequately controlled on metformin and separately in partici-

pants with obesity without T2D.

2 | MATERIALS AND METHODS

2.1 | Study oversight

This study (C3991004; ClinicalTrials.gov: NCT05579977) was con-

ducted in compliance with the ethical principles originating from or

derived from the Declaration of Helsinki and in compliance with all

International Conference on Harmonization Good Clinical Practice

Guidelines. The study protocol and other relevant documents were

approved by the investigators' Institutional Review Boards or ethics

committees. All participants provided written informed consent prior

to enrolment in the study. An independent review committee (IRC)

was used for safety monitoring.

On 25 June 2023, based on observed pharmacokinetic (PK) data

from two phase 1 drug–drug interaction (DDI) studies of lotiglipron
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(C3991040 [NCT05671653] and C3991047 [NCT05788328])28 and

elevated transaminases (alanine aminotransferase [ALT] and aspartate

aminotransferase [AST]) in these same studies and in this study

(C3991004), the clinical development of lotiglipron was terminated,

and this study was prematurely terminated.29 After this decision, all

participants were followed for safety off the study drug, with last

patient last visit (LPLV) in the study achieved on 22 September 2023

– with LPLV achieved in the T2D cohort on 22 September 2023 and

in the obesity cohort, 1 day earlier, on 21 September 2023.

2.2 | Study participants

The study comprised two cohorts of participants (those with T2D and

those with obesity without T2D) and was conducted in seven coun-

tries: Bulgaria, Czech Republic, Hungary and Poland enrolled partici-

pants only in the T2D cohort; Canada, Japan and the United States,

including Puerto Rico, enrolled participants in both cohorts. The par-

ticipants were recruited to the study from 27 October 2022 to

23 February 2023, with the last participant randomly assigned to the

obesity cohort on 15 February 2023 and to the T2D cohort on 3 April

2023. Recruitment across the two cohorts was not balanced by region

– countries/sites initiated as approvals were garnered. In the T2D

cohort, participants randomly assigned were from North America

(38%), Europe (46%) and Asia (16%). In contrast, the majority in the

obesity cohort was recruited from North America (96%), with minor

contribution from Asia (4%) and none from Europe. To be eligible, par-

ticipants had to be 18–75 years of age. The T2D cohort included

participants inadequately controlled on metformin doses ≥500 mg/

day and stable for ≥8 weeks prior to screening, with HbA1c ≥7.0%

and ≤10.0% (53–86 mmol/mol), fasting plasma glucose (FPG)

≤270 mg/dL (15 mmol/L) and body mass index (BMI) ≥23.0 kg/m2

(≥20.0 kg/m2 in Japan). The obesity cohort included participants with

BMI ≥30.0 kg/m2 (all regions), HbA1c ≤6.4% (47 mmol/mol) and FPG

≤126 mg/dL (7 mmol/L). In both cohorts, participants were excluded

for certain concomitant diseases; refer to Table S1 for complete eligi-

bility criteria for both study populations.

2.3 | Study design

This was a phase 2, randomized, double-blind, placebo-controlled,

dose-ranging, parallel-group study designed to evaluate the efficacy

and safety of lotiglipron in adult participants with T2D and, separately,

with obesity without T2D.

The study had 13 arms, with administration of oral lotiglipron (five

arms) or matching placebo (one arm) in each cohort, and one addi-

tional arm in the T2D cohort receiving open-label oral semaglutide

(Rybelsus) as an internal reference standard (Figure 1). Participants in

the T2D cohort were randomly assigned in equal numbers to receive

Screening Phase

N = 780
randomized

T2D
(n = 420; 60/arm)

Treatment Phase Follow-
up

D1
W4

±2 days
W8

±2 days

Dose-Escalation q4-weeks
(for ≤20 weeks)

Semaglutide

Placebo

Lotiglipron

Lotiglipron

Lotiglipron

Lotiglipron

Lotiglipron

14 mg QD x 24 weeks

0 mg QD x 32 weeks

20 mg QD x 32 weeks

40 mg QD x 28 weeks

80 mg QD x 20 weeks

160 mg QD x 12 weeks

260 mg QD x 12 weeks

3 mg

20 mg

20 mg

20 mg

20 mg

7 mg

40 mg

40 mg

40 mg

60 mg

60 mg

80 mg

80 mg

140 mg

120 mg

240 mg

Maintenance
(for ≥12 weeks)

Extension for ≤12 weeks
in first ≤25% randomized

W12
±2 days

W16
±2 days

W20
±2 days

W24
±2 days

W28
±2 days

W32
±2 days

W36
±2 days

W40
±2 days

W44
±2 days

Obesity
(n = 360; 60/arm)

Placebo

Lotiglipron

Lotiglipron

Lotiglipron

Lotiglipron

Lotiglipron

0 mg QD x 32 weeks

80 mg QD x 20 weeks

140 mg QD x 12 weeks

200 mg QD x 12 weeks

200 mg QD x 16 weeks

260 mg QD x 12 weeks

20 mg

20 mg

20 mg

20 mg

40 mg

40 mg

40 mg

60 mg

20 mg 40 mg 60 mg

80 mg

80 mg

140 mg

40 mg 60 mg 80 mg

140 mg 200 mg

100 mg 160 mg

120 mg

Metformin Background treatment

Diet & Exercise Background 

Treatment period available for analysis: participants with T2D

Treatment period available for analysis: participants with obesity

Semaglutide 14 mg QD

Placebo

Lotiglipron 20 mg QD

Lotiglipron 40 mg QD

Lotiglipron 80 mg QD

Lotiglipron 160 mg QD

Lotiglipron 260 mg QD

Placebo

Lotiglipron 80 mg QD

Lotiglipron 140 mg QD

Lotiglipron 200 mg QD

Lotiglipron 200 mg QD

Lotiglipron 260 mg QD

Dosing terminated

F IGURE 1 Study design. D, day; QD, once daily; T2D, type 2 diabetes; W, week.
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lotiglipron QD at one of five maintenance doses (20, 40, 80, 160 or

260 mg) or matching placebo, or semaglutide QD at one maintenance

dose (14 mg). Participants in the obesity cohort were randomly assigned

in equal numbers to receive lotiglipron QD at one of four maintenance

doses, with two dose titration regimens for the 200-mg dose (80 mg,

140 mg, 200 mg five-step titration, 200 mg four-step titration and

260 mg) or matching placebo (Figure 1). The target doses and titration

scheme selected for this study were based on observed safety, tolerabil-

ity, PK and pharmacodynamic data in completed phase 1 clinical studies.

The starting lotiglipron dose of 20 mg was found to be well tolerated in

a phase I study.26 The target doses evaluated in this study (from 20 to

260 mg QD) were selected to allow adequate bracketing of efficacious

doses (from low doses predicted to have sub-maximal efficacy up to

doses expected to have near-maximal efficacy, while still having an

acceptable safety/tolerability profile). The titration scheme aimed to

gradually progress from the starting dose to the target dose in each arm

while ensuring participants stay at each dose step for 4 weeks before

titrating to the next dose level based on data from marketed GLP-1R

agonists, including oral semaglutide,16 where 4-week intervals at each

dose step are generally appropriate to facilitate mitigation of MoA-driven

GI adverse events. In addition, the employed titration scheme aimed for

≤2-fold increase in PK exposure with consecutive titration steps.

After a 2-week run-in period in which all participants received

single-blind placebo, the randomized study drug regimen was sched-

uled to be administered for ≥32 weeks. Except for the placebo and

20-mg lotiglipron arms, all other arms underwent a titration period of

escalating dose levels (every 4 weeks) until reaching their assigned

maintenance dose (Figure 1). Participants randomly assigned to lotigli-

pron or placebo were instructed to self-administer three tablets per

dose across all titrated doses with the morning meal. Participants ran-

domly assigned to semaglutide were instructed to take it as directed

by the label with required fasting before and after.16

Across the 12 arms involving administration of lotiglipron or pla-

cebo, the double-blind design was retained throughout the study

(both titration and maintenance dosing) using four identical-looking

tablet strengths and each dose consisting of three tablets, with partici-

pants, investigators and site personnel blinded to group assignment.

Sponsor staff interacting with the study sites were also blinded to

group assignment; however, an IRC, unblinded to treatment assign-

ment, conducted real-time monitoring of safety, biomarker and PK

data. The IRC reviews were planned when approximately 25%, 50%,

75% and 100% of the total sample size were randomized, with ad hoc

reviews to assess emerging safety signals as dictated by safety data

reviews undertaken in a blinded manner by the sponsor staff on a fre-

quency of at least once a month starting at first patient first visit.

2.4 | Study end points and assessments

Due to premature termination of the study prior to week 32 visit and

in many participants prior to reaching their assigned maintenance

dose, particularly at lotiglipron maintenance doses ≥160 mg QD (T2D

cohort) and ≥140 mg QD (obesity cohort), the planned analyses for

the study end points were modified prior to unblinding the study

(Statistical Analyses in Supporting Information S1). Statistical analyses

were limited to visits with sufficient data, namely analysis through

week 16 (T2D cohort) and week 20 (obesity cohort) (Figure 1).

The primary end point was change from baseline in HbA1c (T2D

cohort) and percentage change from baseline in body weight (obesity

cohort). In addition, a secondary end point of percentage change in

body weight (T2D cohort) was included. Measures of safety in all par-

ticipants included the assessment of treatment-emergent adverse

events (TEAE), and abnormalities in clinical safety laboratory tests,

vital signs and standard 12-lead electrocardiograms (ECG). In the obe-

sity cohort, suicidal ideation or behaviour was evaluated using the

Columbia Suicide Severity Rating Scale (C-SSRS).

The T2D cohort was instructed to monitor their glucose levels at

home ≥3 times per week on separate, nonconsecutive days after a

fast of ≥8 h and/or if symptoms of a hypoglycaemic event were expe-

rienced. All other procedures were conducted at prespecified clinic

visits during the screening phase (≤6 weeks prior to dosing on day 1),

placebo run-in (2 weeks prior to dosing on day 1) or treatment phase

(week 0/day 1, and on-site visits every 4 weeks thereafter). During

the treatment phase all procedures were conducted before the morn-

ing dose of the study drug, except collection of post-dose PK samples

and ECGs/vitals during on-site visits every 8 weeks. Standard 12-lead

ECGs and vital signs were measured in triplicate for those randomly

assigned to lotiglipron/placebo. Body weight was measured in dupli-

cate. Spot urine samples were collected for urinalysis, and blood sam-

ples were collected for safety, efficacy, biomarker and PK analyses.

2.5 | PK analyses

Blood samples were collected for the measurement of plasma concen-

trations of lotiglipron (in both cohorts) and semaglutide (in T2D cohort

only) pre-dose (every 4 weeks) and post-dose (between 2 and 6 h,

every 8 weeks). Plasma concentrations were determined using vali-

dated high-performance liquid chromatography with mass spectrome-

try analytical methods.

2.6 | Statistical analyses

Detailed statistical methods are provided in Supporting Information S1.

3 | RESULTS

3.1 | Participant disposition and baseline
characteristics

In total, 1532 participants were screened, with 902 participants ran-

domly assigned to study arms (T2D cohort: n = 513, obesity cohort:

n = 389) (Figure 2). In the T2D cohort, 512 participants were treated

with ≥1 dose of placebo or study drug; in the obesity cohort, all

389 participants were treated. No participants completed the study

treatment phase. The longest study drug exposure was reached by
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four participants (two per cohort) who completed the week 28 visit.

The number of participants per arm who completed titration and initi-

ated the maintenance phase is shown in Figure 2. Most discontinued

treatment due to sponsor's decision to terminate the study (T2D:

86.3%, obesity, 62.7%). The second most common reason was TEAEs

(T2D: 10.0%, obesity: 25.4%), with nausea, vomiting, diarrhoea and

constipation being the most common (>2% in at least one of the

cohorts); however, most participants (>90%) continued to participate

in the study after discontinuation of treatment and completed the

safety follow-up at least 28 days post last dose.

Demographic and baseline disease characteristics were generally

balanced across study arms within each cohort, as expected by the

target population (Table 1).

3.2 | Primary efficacy measures in participants
with T2D and in participants with obesity

3.2.1 | T2D cohort

In the T2D cohort (with mean baseline HbA1c values ranging 7.80%–

8.14%), statistically significant reductions from baseline in HbA1c

versus placebo were observed across all lotiglipron doses and sema-

glutide 14 mg at week 16 (p < 0.0001) (Figure 3A; Table S2), with

least squares (LS) mean decreases up to �1.44% (90% CI: �1.63,

�1.26) (lotiglipron 80 mg) compared with placebo at �0.07% (90% CI:

�0.25, 0.11). The magnitude of the effect at week 16 was numerically

greater across lotiglipron doses >20 mg versus semaglutide. Notably,

participants randomly assigned to maintenance doses of 160 and

260 mg reached only 80 and 140 mg, respectively, at week

16 (Figure 1).

3.2.2 | Obesity cohort

In the obesity cohort (with mean baseline body weight ranging from

104.1 to 110.0 kg) significant reductions from baseline in percentage

change in body weight versus placebo across all lotiglipron doses at

week 20 were observed (p < 0.01) (Figure 3B; Table S2), with LS mean

decreases up to �7.47% (90% CI: �8.50, �6.43) (lotiglipron 200 mg,

five-step titration) compared with placebo at �1.84% (90% CI: �2.85,

�0.83). Notably, participants randomly assigned to maintenance

doses of 140 mg, 200 mg (five-step titration) and 260 mg reached

only 120, 160 and 200 mg, respectively, at week 20 (Figure 1).

1532 Participants screened

630 Excluded

T2D
513 Randomized

512 Safety analysis set

512 Evaluable set

437 PK concentration set

389 Safety analysis set

389 Evaluable set

325 PK concentration set

73 Semaglutide

14 mg

73 Treated

70 (95.9%)
Initiated
maintenance
dose

All
discontinued
due to:

5 AE

66 Study
terminated
by sponsor

1 Participant
withdrawal

1 Other

0 Completed
treatment

71 Completed
follow-up 

Discontinued
due to:

1 Lost to
follow-up

1 Participant
withdrawal

74 Lotiglipron

260 mg

74 Treated

6 (8.1%)
Initiated
maintenance
dose

All
discontinued
due to:

17 AE 

1 Lost to
follow-up

53 Study
terminated
by sponsor

1 Treatment 
with restricted
medication
needed

2 Other

0 Completed
treatment

72 Completed
follow-up

Discontinued
due to:

2 Lost to
follow-up

73 Lotiglipron

160 mg

72 Treated

7 (9.7%)
Initiated
maintenance
dose

All
discontinued
due to:

5 AE  

1 Lost to
follow-up

63 Study
terminated
by sponsor

2 Participant
withdrawal

1 Other

0 Completed
treatment

70 Completed
follow-up

Discontinued
due to:

1 Lost to
follow-up

1 Participant
withdrawal

73 Lotiglipron

80 mg

73 Treated

62 (84.9%)
Initiated
maintenance
dose

All
discontinued
due to:

10 AE 

1 Lost to
follow-up

59 Study
terminated
by sponsor

1 Participant
withdrawal

2 Other

0 Completed
treatment

72 Completed
follow-up

Discontinued
due to:

1 Lost to
follow-up

72 Lotiglipron

40 mg

72 Treated

71 (98.6%)
Initiated
maintenance
dose

All
discontinued
due to:

11 AE

61 Study
terminated
by sponsor

0 Completed
treatment

72 Completed
follow-up

73 Lotiglipron

20 mg

73 Treated

73 (100%)
Initiated
maintenance
dose

All
discontinued
due to:

3 AE

70 Study
terminated
by sponsor

0 Completed
treatment

73 Completed
follow-up

75 Placebo

75 Treated

75 (100%)
Initiated
maintenance
dose

All
discontinued
due to:

1 Death 

70 Study
terminated
by sponsor

2 Participant
withdrawal

2 Treatment 
with restricted
medication
needed

0 Completed
treatment

72 Completed
follow-up

Discontinued
due to:

1 Death

2 Participant
withdrawal

64 Lotiglipron

260 mg

64 Treated

28 (43.8%)
Initiated
maintenance
dose

All
discontinued
due to:

23 AE  

3 Lost to
follow-up

32 Study
terminated
by sponsor

3 Participant
withdrawal

3 Other

0 Completed
treatment

57 Completed
follow-up

Discontinued
due to:

4  Lost to
follow-up

3 Participant
withdrawal

66 Lotiglipron

200 mg

4-step

66 Treated

43 (65.2%)
Initiated
maintenance
dose

All
discontinued
due to:

24 AE 

4 Lost to
follow-up

1 Physician’s
decision

36 Study
terminated
by sponsor

1 Participant
withdrawal

0 Completed
treatment

61 Completed
follow-up

Discontinued
due to:

4 Lost to
follow-up

1 Participant
withdrawal

65 Lotiglipron

200 mg

5-step

65 Treated

38 (58.5%)
Initiated
maintenance
dose

All
discontinued
due to:

15 AE

1 Lost to
follow-up  

44 Study
terminated
by sponsor

5 Participant
withdrawal

0 Completed
treatment

60 Completed
follow-up

Discontinued
due to:

2 Lost to
follow-up

3 Participant
withdrawal

64 Lotiglipron

140 mg

64 Treated

37 (57.8%)
Initiated
maintenance
dose

All
discontinued
due to:

20 AE

2 Lost to
follow-up  

1 Pregnancy

37 Study
terminated
by sponsor

3 Participant
withdrawal

1 Other

0 Completed
treatment

59 Completed
follow-up

Discontinued
due to:

2 Lost to
follow-up

3 Participant
withdrawal

66 Lotiglipron

80 mg

66 Treated

53 (80.3%)
Initiated
maintenance
dose

All
discontinued
due to:

12 AE

2 Lost to
follow-up  

47 Study
terminated
by sponsor

3 Participant
withdrawal

2 Other

0 Completed
treatment

61 Completed
follow-up

Discontinued
due to:

3 Lost to
follow-up

2 Participant
withdrawal

64 Placebo

64 Treated

64 (100%)
Initiated
maintenance
dose

All
discontinued
due to:

5 AE

1 Lost to
follow-up  

48 Study
terminated
by sponsor

8 Participant
withdrawal

2 Other

0 Completed
treatment

59 Completed
follow-up

Discontinued
due to:

1 Lost to
follow-up

4 Participant
withdrawal

Obesity
389 Randomized

F IGURE 2 Participant disposition. AE, adverse event; T2D, type 2 diabetes.
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F IGURE 3 Least squares mean change
from baseline over time for HbA1c (%) in
participants with (A) T2D and percentage
change from baseline in body weight in
participants with (B) obesity and (C) T2D. Data
are for all evaluable participants. Baseline
values (shown in legend) are defined as the
result (HbA1c) or the average of the duplicate
measurements (body weight) closest prior to

dosing at visit 3 (day 1). The MMRMmodel
included treatment, cohort, gender, time,
baseline � time interaction and
treatment � time interaction as fixed effects,
and baseline as a covariate with time fitted as a
repeated effect and participant as a random
effect. An unstructured correlation matrix was
used unless convergence issues arose; in such
cases, a first-order autoregressive followed by
a compound symmetry correlation matrix was
used. Only planned post-baseline weeks 4, 8,
12 and 16 (T2D cohort) and weeks 4, 8,
12, 16 and 20 (obesity cohort) were included in
the model. The on-treatment estimand strategy
that estimates the effect if all participants
maintain their randomized treatment and
adhere to the protocol was applied. CI,
confidence interval; HbA1c, glycated
haemoglobin; LS, least squares; MMRM, mixed
model repeated measures; T2D, type
2 diabetes.
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3.3 | Secondary efficacy measures in participants
with T2D

In the T2D cohort (with mean baseline body weight ranging from 91.8

to 97.3 kg) significant reductions from baseline in percentage change

in body weight versus placebo were observed with all lotiglipron

doses >20 mg, at week 16 (p < 0.001) (Figure 3C; Table S2).

3.4 | Safety and tolerability

A total of 707 TEAEs were reported in 303 (59.2%) participants in the

T2D cohort; TEAEs by randomized arms are presented in Table S3.

Most participants reported TEAEs of mild (n = 197, 38.5%) or moder-

ate (n = 99, 19.3%) severity (data not shown), with severe TEAEs

reported in 7 (1.4%) participants and serious TEAEs reported in

11 (2.1%) participants (Table S3). One death due to cardiac arrest was

reported in a participant randomly assigned to placebo. Discontinua-

tions of the study drug due to TEAEs were reported in 51 (10%) par-

ticipants, mostly in the lotiglipron 40-, 80- and 260-mg groups

(Table S3).

A total of 1258 TEAEs were reported in 317 (81.5%) participants

in the obesity cohort (Table S3). Most participants reported TEAEs of

mild (n = 166, 42.7%) or moderate (n = 128, 32.9%) severity (data not

shown). Severe TEAEs and serious TEAEs were reported in 23 (5.9%)

and 10 (2.6%) participants, respectively (Table S3). No deaths were

reported. Discontinuation of the study drug due to TEAEs was

reported in 97 (24.9%) participants, most frequently in the lotiglipron

140-mg, 200-mg five-step, 200-mg four-step and 260-mg groups

(Table S3). More rapid titration of lotiglipron in the 200-mg four-step

group exhibited a higher discontinuation rate compared with slower

titration in the 200-mg five-step group (36.4% vs. 23.1%).

In the T2D cohort, the most frequently reported TEAEs (≥5% of

participants) were GI-related (nausea, 18.6%; diarrhoea, 8.6%; vomit-

ing, 8.2%; constipation, 5.3%) (Table 2), with most mild to moderate in

severity (nausea, 18.4%; diarrhoea, 8.4%; vomiting, 7.8%; constipa-

tion, 5.3%; data not shown). Severe TEAEs were reported in two par-

ticipants (one in the lotiglipron 80-mg group with severe diarrhoea

and vomiting and one in the lotiglipron 260-mg group with severe

nausea and vomiting). In the obesity cohort, the most frequently

reported TEAEs were nausea (46.8%), constipation (22.9%), diarrhoea

(21.1%), vomiting (20.6%), gastroesophageal reflux disease (10.5%),

headache (9.5%), decreased appetite (9.3%), fatigue (8.5%), dyspepsia

(8.0%), abdominal pain (7.5%) and urinary tract infection (5.1%)

(Table 2). Of those, severe TEAEs were reported in 12 participants.

The incidence of the most common GI-related TEAEs (nausea,

diarrhoea, vomiting and constipation) is shown over time (by titration

step) in each cohort by maintenance dose (Figure S1). In the T2D

cohort, no clear increase in incidence with increasing lotiglipron doses

was observed for any of these GI-related TEAEs (Figure S1A–D). In

the obesity cohort, the proportion of GI-related TEAEs was higher

than that in the T2D cohort, and there appeared to be a dose-

dependent trend for vomiting (primarily with doses of lotiglipron

≥80 mg showing an increase over time) but not for the other GI-

related TEAEs (constipation showed a numerically decreasing inci-

dence over time across most lotiglipron doses) (Figure S1E–H). Across

both cohorts, the incidence of GI-related TEAEs generally decreased

as titration continued.

Protocol-defined hypoglycaemic TEAEs are summarized for par-

ticipants with T2D after pooling of data across each titration dose for

lotiglipron and semaglutide (Table S4). Overall incidence of hypogly-

caemia was ≤2 participants per titration dose. There was one

protocol-defined severe hypoglycaemic event in the T2D cohort in

the lotiglipron 20-mg group (Table S4). One protocol-defined probable

symptomatic hypoglycaemia event was reported in the obesity cohort

in the lotiglipron 200-mg group (data not shown).

The mean baseline and percentage change from baseline for

serum amylase and lipase (data not shown), along with the propor-

tions of participants noted to have elevated serum lipase or serum

amylase, are similar to those reported with other oral GLP-1R ago-

nists, and there were no reports of incident pancreatitis.16,23,24

Lotiglipron administration led to transaminase elevations in a sub-

set of participants in both cohorts, with no on-treatment Hy's law

cases reported. A total of 44 participants (24 of 361 [6.6%] on lotigli-

pron in the T2D cohort, 19 of 319 [6.0%] on lotiglipron in the obesity

cohort and 1 of 64 [1.6%] on placebo in the obesity cohort) were

observed to have elevation in ALT and/or AST >3� upper limit of nor-

mal (ULN) (one participant had AST level >3�ULN but ALT <3�ULN).

The magnitude of ALT elevation was higher than that of AST eleva-

tion in the majority of cases. The incidence of ALT >3�ULN was 4.5%

in participants in the T2D cohort and 5.2% in participants in the obe-

sity cohort compared with the incidence of AST >3�ULN of 2.4% and

1.6% in the respective cohorts (Tables S5 and S6). Elevations in ALT

>8�ULN (T2D: 1.8%, obesity: 0.5%) and AST >8�ULN (T2D: 0.6%,

obesity: 0.3%) were observed. The change in individual ALT and AST

levels over time by assigned treatment and cohort shows that most

ALT and AST elevations were first observed at weeks 8 and 12 while

participants were receiving 40, 60 or 80 mg of lotiglipron doses with

no elevations >3�ULN observed with 20-mg lotiglipron or semaglu-

tide (Figures S2 and S3). The proportion of participants with ALT or

AST >3�ULN did not further increase with increasing lotiglipron

doses. Furthermore, a decline in ALT or AST was notable despite con-

tinued lotiglipron dosing as well as with temporary or permanent dis-

continuation of lotiglipron shown in Figures S2 and S3, with

measurements occurring off the study drug noted with an ‘x’ on the

applicable spaghetti lines. In both cohorts, although participants with

increases in ALT or AST were observed to have lost body weight,

there were many participants who lost considerably more body

weight but were not observed to have elevated ALT or AST (data not

shown). No changes in potential clinical concern were observed in

other laboratory parameters.

At baseline, all 389 participants in the obesity cohort were evalu-

ated using the C-SSRS; one in the lotiglipron 260-mg group reported

suicidal ideation without intent to act. Post baseline, in 383 partici-

pants (98.5%) assessed, one participant in the placebo group reported

self-injurious behaviour without suicidal intent, and one participant in
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the 260-mg group reported suicidal ideation without intent to act

(same participant who reported ideation at baseline).

No clinically significant adverse trends in vital signs or ECGs were

apparent (data not shown).

3.5 | Pharmacokinetics

Lotiglipron trough concentrations (across both cohorts) generally

increased with increasing doses and were in alignment with expected

exposures (Figure S4). Semaglutide trough concentrations (T2D

cohort) also increased with increasing doses (data not shown).

Participants who had ALT or AST levels >3�ULN exhibited, on

average, higher lotiglipron dose-normalized trough and post-dose con-

centrations compared with participants who did not meet this crite-

rion; this separation was evident as early as week 0 (post-dose) and

week 4 (trough) and continued at week 8 and week 12 (Figure S5).

The largest difference in trough and post-dose concentrations

between the two groups was observed at week 8, aligning with the

timing at which the majority of ALT and AST elevations were gener-

ally observed (Figures S2 and S3).

The IRC for this study conducted four planned reviews (after

�25%, 50%, 75% and 100% of the total sample size was randomized).

The decision to terminate this study and the clinical development of

lotiglipron was based on the recommendation from the IRC after its

second ad hoc (and sixth and final) review of the unblinded safety and

PK data from this study. At this second ad hoc review, the IRC also

reviewed the safety and PK data from the two phase 1 DDI studies.

4 | DISCUSSION

Although this phase 2 study was terminated prematurely, the study

demonstrated the efficacy of lotiglipron across a range of doses in

two study cohorts, with significant reductions in HbA1c and body

weight at week 16 in participants with T2D and significant reductions

in body weight at week 20 in participants with obesity. In the T2D

cohort, separation from placebo occurred as early as week 4 (HbA1c)

and week 8 (body weight), with improvement in HbA1c at week

16 numerically greater than semaglutide with lotiglipron doses

>20 mg. Observed data for semaglutide were in line with results of

other studies with oral semaglutide 14 mg, validating its use as an

internal reference standard.27 The HbA1c efficacy of lotiglipron across

doses >20 mg generally was in line with the reported range of efficacy

at week 16 of other small-molecule, oral, GLP-1R agonists.19,20,23 The

percentage of weight loss from baseline nearly reached or exceeded

4.0% at week 16 across all doses >20 mg. In the obesity cohort, sepa-

ration from placebo in body weight occurred as early as week 8, with

significant weight loss ranging from 4.3% to 7.5% at week 20, which

is likely too early to determine the nadir effect of lotiglipron. How-

ever, similar weight loss, at week 20, has been observed with another

small-molecule, oral, GLP-1R agonist.24

Consistent with the pharmacology of GLP-1R agonists, the most

frequently reported TEAEs were GI-related (most mild to moderate

severity), and GI-related TEAEs, in general, were the most common

cause for discontinuation of the study drug (apart from study termina-

tion) in both cohorts. In addition, observed changes in serum amylase

and lipase were similar to those reported with other oral GLP-1R ago-

nists.16,23,24 Based on drug discontinuations with different titration

steps (200 mg four step vs. 200 mg five step), slower titration resulted

in better tolerability than a more rapid titration. GI tolerability

appeared to be better in participants with T2D compared with obesity

without T2D. This can be hypothesized to be related to slower gastric

motility associated with T2D30 and/or the development of tolerance

to GI-related TEAEs with background use of metformin. Across

cohorts, the incidence of GI-related TEAEs generally decreased as

titration continued and was generally comparable to other studies

with oral GLP-1R agonists, though acknowledging differences in study

designs.19,23,24,27 Nonetheless, we cannot rule out the possibility that

tolerability differences between the two cohorts stem from dispropor-

tionate randomization of study participants across the three main geo-

graphic regions (with most participants in the obesity cohort

randomized in North America).

Although no on-treatment Hy's law cases were observed in this

study, lotiglipron doses ≥40 mg were associated with incident eleva-

tions in liver transaminases in 5% of the participants randomly

assigned, with no clear traits identified in this subpopulation, including

the relationship between weight loss and elevation in transaminases.

Participants who had ALT or AST levels >3�ULN exhibited, on aver-

age, higher lotiglipron dose-normalized trough and post-dose plasma

concentrations compared with participants who did not meet this cri-

terion, with a maximum difference between the two groups observed

at week 8, aligning with the timing at which the majority of ALT and

AST elevations were generally observed. This also aligns with the lack

of a clear adverse liver signal in the earlier phase 1b studies with a

dosing duration of 4–6 weeks.26 The MoA underlying the elevated

transaminases is not clearly understood; however, temporal alignment

between ALT and AST elevations and lotiglipron concentrations, as

well as data from two phase 1 DDI studies (mentioned in Section 2.1

and to be presented in a separate publication), suggests lotiglipron can

decrease the liver's capacity to transport or metabolize drugs, includ-

ing lotiglipron itself, in a subset of participants. In additional analyses

conducted to identify an underlying cause for the elevated liver trans-

aminases in the subset of participants (e.g. timing of ALT/AST eleva-

tions over the course of treatment and follow-up [off treatment],

influence of changes in body weight and relationship to lotiglipron

concentrations), the only aspect that separated the subset with

ALT/AST elevations from the rest of the population randomly

assigned was higher plasma lotiglipron concentrations (Figure S5). An

exhaustive retrospective review of in vitro and in vivo preclinical tox-

icity and absorption, distribution, metabolism and excretion data for

lotiglipron did not observe any signals consistent with liver toxicity in

these nonclinical data, suggesting the elevated transaminases may be

unique to humans.
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4.1 | Limitations

The study was terminated prior to observation at week 32 and prior

to many participants reaching a maintenance dose. Statistical analyses,

including those for efficacy, were thus limited to visits with sufficient

data, and evaluation of the protocol-defined efficacy and safety end

points at week 32 was not possible. As a result, dose–response

assessments of drug effects on the primary end points, HbA1c (T2D)

and body weight (obesity), are not clear. Notwithstanding these limita-

tions, in both cohorts the efficacy of lotiglipron was robust with statis-

tically significant results across multiple doses. As is typical for phase

2 dose-ranging studies, this study did not permit dose modifications,

though a temporary pause in dosing, lifestyle modifications and the

use of pharmacological agents to help manage MoA-based GI-related

TEAEs were permitted. As a result, the GI-related TEAE profile likely

represents the worst case. This study observed an effect on liver

transaminases in a subset of participants, with the reason for differen-

tial effects among participants an open research question.

5 | CONCLUSIONS

This phase 2 study of lotiglipron demonstrated glycaemic and body

weight efficacy in participants with T2D and body weight efficacy in

those with obesity (without T2D). The safety profile was largely con-

sistent with what has been previously known about the MoA. Our

results are unique in reporting liver ALT/AST elevations without ele-

vated bilirubin in a subset of participants treated with lotiglipron, with

attempts to identify the at-risk population unsuccessful and therefore

clinical development of lotiglipron terminated.
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