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Abstract

Aim: To evaluate the safety, tolerability, pharmacokinetics and pharmacodynamics of
single and multiple doses of orforglipron (LY3502970), an oral, non-peptide
glucagon-like peptide-1 receptor agonist (GLP-1RA) in healthy participants.

Materials and Methods: This was a double-blind, placebo-controlled, Phase 1 study.
Overtly healthy adults aged 18 to 65 years with body mass index of 20 to 40 kg/m?
and glycated haemoglobin concentration of 47.5 mmol/mol (<6.5%) were eligible. In
Part A, participants received single-dose orforglipron, with four cohorts receiving
escalating doses (0.3-6 mg). In Part B, participants received 4 weeks of daily repeated
oral orforglipron with doses escalating weekly to four different final target doses
(2-24 mg).

Results: Ninety-two participants enrolled and received at least one study drug dose
(32 in Part A [mean age 43.4 years] and 60 in Part B [mean age 42.5 years]). The
most common adverse events were gastrointestinal tract-related. Pharmacokinetics
were approximately dose proportional, and the mean t;,, was 24.6 to 35.3 hours after
a single dose (0.3-6 mg). On Day 28, the mean t;,», was 48.1 to 67.5 hours across the
dose range (2-24 mg). Substantial reductions in body weight of up to 5.4 kg were
observed after 4 weeks in orforglipron-treated participants, compared to a reduction
of 2.4 kg with placebo (P < 0.05). Orforglipron decreased fasting glucose levels across
Days 1 to 28, and gastric emptying was delayed on Day 28.

Conclusions: Orforglipron's long half-life (25-68 hours) allows once-daily oral dosing, with-
out water and food restrictions. Orforglipron had a pharmacodynamic and safety profile

similar to that of injectable GLP-1RAs, which supports continued clinical development.
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1 | INTRODUCTION

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) have
become established as a leading class of type 2 diabetes (T2D)
and chronic weight management medications.? Currently
available GLP-1RAs improve glycaemic control, reduce body
weight, and have cardiovascular (CV) benefits in people with T2D.2
However, these drugs are peptide-based and are administered by
subcutaneous injection or by a complex oral dosing regimen
involving significant food and water restrictions. To simplify
oral delivery of GLP-1RAs, efforts are underway to develop
non-peptide agonists of the glucagon-like peptide-1 receptor
(GLP-1R).

Orforglipron is among the first of a new generation of chemi-
cally synthesized, non-peptide GLP-1RAs that feature oral bio-
availability without the need of co-formulations containing
complex absorption enhancing agents.*® In preclinical studies,
cryogenic electron microscopy has shown that orforglipron binds
within the upper helical bundle of the GLP-1R.®> Pharmacologically,
it is a highly potent partial agonist that stimulates GLP-1R-induced
cAMP accumulation with little effect on GLP-1R-mediated
B-arrestin recruitment.® This design feature may be therapeutically
beneficial for orforglipron, since B-arrestin proteins are associated
with receptor internalization, intracellular trafficking, and desensi-
tization.® Indeed, such a profile is reported to enhance the efficacy
of GLP-1R agonism.” In animal studies, orforglipron has been
shown to stimulate insulin secretion and reduce food consumption
in non-human primates, and it is fully efficacious at lowering
hyperglycaemia in mice expressing the human GLP-1R but inactive
in GLP-1R knockout animals.’ These results, in part, supported the
development of orforglipron as an orally delivered GLP-1RA in
clinical testing.

The current study evaluated the safety, tolerability, and
pharmacokinetic (PK) and pharmacodynamic (PD) characteristics

of single and multiple doses of orforglipron in healthy participants.

2 | MATERIALS AND METHODS

21 | Study design

This was a Phase 1a, double-blind, placebo-controlled, randomized, mul-
tipart study (study registered at ClinicalTrials.gov as NCT03929744).
Part A assessed single ascending doses (SADs) of orforglipron while Part
B assessed multiple ascending doses (MADs) of orforglipron (Figure 1).
The study was conducted in accordance with the Declaration of Hel-
sinki, the Council for International Organizations of Medical Sciences
International Ethical Guidelines, and the International Council for Har-
monization of Technical Requirements for Pharmaceuticals for Human
Use Good Clinical Practice guidelines. All participants provided written

informed consent before study entry.

2.2 | Participants

This study was carried out from June 12, 2019 until November
2, 2020 at one study centre in the United States. Overtly healthy adults
aged 18 to 65 years with glycated haemoglobin (HbA1c) concentration
lower than 6.5% at screening and body mass index (BMI) of 20 to 40 kg/
m? were eligible. Participants could not have a significant history of or
current CV, respiratory, hepatic, renal, gastrointestinal (Gl) tract, endo-
crine, haematological or neurological disorders, pancreatitis, medullary

thyroid carcinoma or multiple endocrine neoplasia syndrome type 2.

2.3 | Randomization and masking

Participants were randomly assigned to receive orforglipron or placebo
via a computer-generated random sequence using an interactive web-
response system. For Part A, participants were randomly assigned to
receive an oral SAD of either orforglipron (0.3-6 mg) or placebo (orforgli-

pron to placebo ratio 6:2 per cohort; Figure S1). In Part B, randomization
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FIGURE 1

Part B study design for multiple ascending doses of orforglipron
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was across four cohorts; in each cohort, nine participants received orfor-
glipron (2-16 mg) and three received placebo, except for the highest dose
(24 mg) where 18 participants were randomized to orforglipron
(Figure S1). Participants, investigators and all study-site personnel, except
those who prepared, dispensed and administered the study medication,
were blinded to treatment allocation.

24 | Procedures

Capsules of different dose strengths were made by extemporaneous
preparation and given orally once per day. In Part A, participants were
assigned to four cohorts, which consisted of four SAD levels of orforgli-
pron (0.3, 1, 3 and 6 mg). In Part B, participants were assigned to four
cohorts, which consisted of four MADs of orforglipron with or without
within-group dose escalation for 4 weeks. Dose levels given were 2 mg,
6 mg (escalated weekly from 2/4mg), 16 mg (escalated weekly
from 2/4/8 mg) and 24 mg (escalated weekly from 2/5/12 mg)
(Figures 1, S1). Part B was initiated after review of the safety, tolerability
and available PK and PD data collected up to Day 5 of the third
SAD level. Dose escalations were based on the evaluation of safety,
tolerability and available PK and PD data from at least five participants
who received orforglipron through to Day 15 of the previous MAD level.

After screening, participants were admitted for baseline safety
and PD procedures and then received treatment. In Part A, partici-
pants had an outpatient visit on Day 5 and were discharged on
Day 15. Participants in Part B had weekly outpatient visits to com-
plete safety, PK and PD procedures and an inpatient visit to collect
safety, PK and PD data at the end of treatment before discharge on
Day 42 (+2 days). All participants’ data with measurable PK concen-
trations were included in the PK analysis. Participants who discontin-
ued early were encouraged to return for a follow-up visit at least
14 days after study drug administration. None of the participants in
Part A or B who discontinued were replaced.

For the oral glucose tolerance test (OGTT), participants main-
tained their regular carbohydrate intake 3 days before and fasted for
approximately 8 hours overnight before administration of the OGTT.
A 75-g glucose dose was given orally 2 hours after orforglipron
administration and the OGTT was sampled at 0, 0.5, 1, 1.5 and
2 hours post-test glucose. Food was not allowed for at least 4 hours
after the orforglipron morning dose on days of OGTT administration
or when dosing was followed by PK and PD sample collections. Oth-
erwise, the study drug was administered without regard to food and
water at approximately the same time in the morning on each day.

An acetaminophen dose to assess gastric emptying was administered
approximately 2 hours post-orforglipron dose, so that the t. of acet-
aminophen was approximately at the same time as the orforglipron t,nay.

2.5 | Outcomes

The primary objective was to investigate the safety and tolerability of

SADs and MADs of orforglipron in healthy participants. Safety

endpoints included treatment-emergent adverse events (TEAEs) and
serious adverse events (AEs), which were recorded by the investigator
at each centre. The investigator determined if an adverse event
(AE) had a reasonable possibility of being related to study treatment.
Blood pressure and pulse rate were measured after the participant
was sitting for at least 5 minutes. Laboratory data were also moni-
tored to assess safety.

The PK variables measured included plasma concentration profiles,
area under the concentration-time curve (AUC) during one dosing inter-
val (AUCy_), maximum observed drug concentration (Cp,a), time of Cax
(tmax), half-life associated with the terminal rate constant in noncom-
partmental analyses (t;,,), apparent total body clearance calculated after
extravascular administration, apparent volume of distribution during the
terminal phase after extravascular administration, accumulation ratio
based on AUCy.,, and peak-to-trough ratio. PD objectives were to
describe change from baseline during an OGTT for glucose and insulin
and change from baseline in body weight. Gastric emptying was mea-
sured using the acetaminophen method, where a 1-g dose of acetamin-
ophen was administered soon after a 75-g glucose dose for the OGTT.

2.6 | Statistical analysis

Safety was evaluated in the safety population, which consisted of all
participants who received at least one dose of the study drug whether
or not they completed all protocol requirements. PK and PD charac-
teristics were assessed in all patients who received at least one dose
of the study drug and had evaluable data (PK and PD population).
Safety data were summarized using descriptive methodology, and
least squares regression analyses were used for statistical evalua-
tion. For the single- and multiple-dose parts of the study, PK dose
proportionality of orforglipron was assessed separately. PK parame-
ter estimates for orforglipron were calculated using standard non-
compartmental methods of analysis and summarized using
descriptive statistics. Log-transformed C..x and AUC estimates
were evaluated using a power model (where log-dose acts as an
explanatory variable) to estimate ratios of dose-normalized geomet-
ric means and corresponding 90% confidence intervals. The esti-
mated ratio of dose-normalized geometric means of PK parameters
between the highest and lowest doses was used to assess dose pro-
portionality. The variable t,,.x was analysed using a nonparametric
method. Descriptive statistics were used to summarize PD variables
with regard to absolute values and change from baseline in each var-
iable. Least squares regression analyses were used for the statistical
evaluation of PD variables. The AUC for glucose and insulin during

an OGTT was calculated using the trapezoidal rule.

3 | RESULTS

Of the 92 participants enrolled and who received at least one study
drug dose, 32 participated in Part A (mean age 43.4 years; 59% males;
mean weight 84 kg; mean BMI 28.8 kg/m?) and 60 participated in
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Part B (mean age 42.5 years; 73% males; mean weight 84 kg; mean
BMI 28.5 kg/m?). Most participants completed the study; two partici-
pants were lost to follow-up in Part A, two participants withdrew from
the study in Part B, three were lost to follow-up, and two discontin-
ued due to AEs (Figure S1).

3.1 | Safety results

The majority of TEAEs were Gl tract-related and mild in severity; the
most common TEAEs were vomiting, nausea and headache in Part A
and nausea, headache and constipation in Part B (Table 1). Nausea
and constipation were most commonly observed with the first
dose and with the dose escalations across the 4 weeks of treatment.
Abdominal pain was reported more commonly in the first week and
vomiting more commonly in the first week and in the last week of the
24-mg-treated participants.

In Part B, two participants discontinued due to AEs—one in the pla-
cebo group due to arthralgia and one in the 2-mg orforglipron group
due to nausea (Figure S1). Weekly dose escalations in Part B were well
tolerated, allowing doses of up to 24 mg to be administered in all partic-
ipants in the highest dose cohort. Regarding AEs of special interest,
there were no reported TEAEs related to hypoglycaemia, CV events, or
hepatic events. There were no deaths or serious AEs.

Vital signs and clinical and safety laboratory parameters are
shown in Table S1. In general, no substantial changes were noted in
mean systolic (SBP) or diastolic blood pressure (DBP) across dose

groups on Day 28 (Table S1); however, pulse rate significantly

Part A®

increased on Day 28 in all orforglipron dose groups by 5 to 13 beats/
min, but not in a dose-dependent manner, compared to that with pla-
cebo (Table S1). No AEs of tachycardia or increased heart rate were
reported in this study.

In Part B, one orforglipron-treated participant received a single
dose of 2 mg and had elevated amylase levels on Day 1, which normal-
ized by Day 7. The participant did not experience any AEs. No other
clinically significant alterations were reported in pancreatic enzymes
throughout the study. No clinically significant trends or changes were

noted in alanine or aspartate aminotransferase levels (Table S1).

3.2 | Pharmacokinetics
Geometric mean PK parameters across doses are shown in Table 2.
Following single oral dosing of orforglipron in healthy participants, the
plasma concentration profile for orforglipron was characterized by
a steady absorption phase, with a mean C,,x of 1.5 to 14.9 ng/mL
and median t;,ax of 4.1 to 12.0 hours across the 0.3- to 6-mg dose
range. The geometric mean tq1,, was 24.6 to 35.3 hours across the
0.3- to 6-mg dose range, supporting a once-daily dosing regimen.
The PK profile of the orforglipron increase was approximately pro-
portional for AUC from time O extrapolated to infinity and Cax
with dose increase.

Following 28 days of once-daily orally administered orforglipron,
mean C,.x increased in a dose-dependent manner (11.1-99.6 ng/mL;
Table 2), and t,,.x occurred approximately 4.1 to 8.1 hours after dos-

ing. The geometric mean t4,, for orforglipron was approximately 48 to

TABLE 1 Summary of treatment-
emergent adverse events

OFG0.3mg(N=6) OFG1mg(N=2§6)

OFG 3 mg (N = 6)

OFG 6 mg (N = 6)

Nausea 0 0 3(50) 3(50)
Vomiting 0 0 3(50) 4 (67)
Headache O 1(17) 0 2 (33)
Part B
OFG OFG OFG OFG
2mg 2/4/6 mg 2/4/8/16 mg 2/5/12/24 mg
(N = 45) (N =18) (N=28) (N=17)
Nausea 5(11) 4(22) 1(13) 2(12)
Headache 3(7) 4(22) 0 5(29)
Constipation 5(11) 6(33) 0 2(12)
Abdominal pain 6(13) 1 (6) 0 1 (6)
Vomiting 2(4) 0 0 3(18)
Decreased 4(9) 1(6) 0 0
appetite
Dizziness 3(7) 2(11) 0 0
Cough 2 (4) 0 1(6)

Note: Data are n (%). No deaths or serious adverse events were reported.
Abbreviation: OFG, orforglipron.

2After a single dose.

bOver 28 days.
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TABLE 2 Geometric mean (geometric coefficient of variation, %) pharmacokinetic parameters across orforglipron doses

Part A*

OFG 0.3 mg (N = 6)

AUCq_,, ng x h/mL 39.2 (45) 104.0 (59)

Cinax, Ng/ML 1.5 (48) 4.0 (36)

tmax AP 8.0 (4-16) 4.1 (4-8)

t1/2, h® 29.4 (21-49) 35.3 (18-53)

CL/F, L/h 7.7 (45) 9.6 (59)

Vz/F, L 325 (18) 489 (48)
Part B¢

OFG 1 mg (N = 6)

OFG 3 mg (N = 6) OFG 6 mg (N = 6)

387.0 (28) 496.0 (4)
14.9 (20) 12.9 (43)

6.0 (4-8) 12.0 (8-16)
24.6 (21-30) 27.9 (26-31)
7.8 (28) 12.1(4)

275 (34) 488 (17)

OFG 2 mg (N = 9)

AUCo_p4, Ng x h/mL 175 (34) 550 (27)
Crnaxo NE/ML 11.1 (36) 34.4(23)

tmax ° 4.1(2-8) 8.0 (4-12)
t1/2, hC 67.5 (34-297) 55.1 (23-105)
CL/F,L/h 11.4 (34) 10.9 (27)
Vz/F, L 1110 (102) 866 (48)

RA (AUC) 1.6 (13) -

RA (Crnax) 1.5 (21) =

Note: Data are n (%), unless otherwise indicated.

OFG 2/4/6 mg (N = 8)

OFG 2/4/8/16 mg (N = 8) OFG 2/5/12/24 mg (N = 17)

1110 (40) 1520 (89)
68.2 (51) 99.6 (92)
6.1(2-12) 8.1(0-24)
58.3 (19-87) 48.1 (25-95)
14.4 (40) 15.8 (89)
1210 (50) 1100 (95)

Abbreviations: AUC, area under the concentration-time curve; AUCq_»4, area under the concentration-time curve from O to 24 h postdose; AUCO-co, area
under the concentration-time curve from time O extrapolated to infinity; Ci.x maximum observed concentration; CL/F, total body clearance; OFG,
orforglipron; ty /o, half-life; t,., time of maximum observed concentration; RA, accumulation ratio; Vz/F, volume of distribution during elimination.

2After a single dose.
bMedian (range).
“Geometric mean (range).
40n Day 28.

68 hours across the 2- to 24-mg dose range. The geometric mean
accumulation ratios based on AUC from O to 24 hours post dose
(AUCp.4) and Cpax ranged from 1.5 to 1.6 following once-daily oral
dosing of 2 mg orforglipron. The C,.x of orforglipron increased
approximately proportionally and the AUCq_»4 slightly less than pro-
portionally to dose increase across the 2- to 24-mg dose range.

3.3 | Pharmacodynamics

The PD parameters are presented in Figures 2 and 3, and Table S2.
After 28 days, fasting glucose was significantly lower with orforgli-
pron doses than with placebo (2 and 6 mg), while fasting insulin was
not significantly different between orforglipron and placebo, except in
the 24-mg dose group (P < 0.10; Table S2). Dose-dependent reduc-
tions in OGTT glucose values were observed after 2 hours on Day 1,
ranging from —27.0 to —79.3 mg/dL and reaching statistical signifi-
cance for all doses (Figure 2A). These significant OGTT glucose value
reductions were maintained on Day 28 in the higher dose groups,
ranging from —51.0 to —63.6 mg/dL, but not in a dose-dependent
manner (Figure 2B). Reductions in OGTT insulin values were also
observed after 2 hours on Day 1, with the 3-mg dose showing a sig-
nificantly greater reduction than placebo (Figure 2C); however, these

significant reductions were not maintained on Day 28, as no

significant differences were observed compared with placebo
(Figure 2D). A summary of OGTT data at baseline and Day 28 is also
shown in Table S2.

Significant reductions in mean body weight (kg) from baseline
were observed on Day 28, ranging from —4.8 to —5.4 kg for doses
26 mg (Figure 3). These reductions were observed to be time-
dependent and dose-dependent in that increasing weight loss was
noted with increasing orforglipron dose levels. All orforglipron-treated
participants who completed 28 days dosing lost weight (ranging from
—1.1 to —9.2 kg), while placebo-treated participant weight change
over 28 days ranged from +0.4 kg to —5.2 kg. On Day 28, the least
squares mean difference from placebo was approximately —2.4 to
—3.0 kg for all doses, except for the lowest dose (2 mg) at —0.9 kg.

Acetaminophen concentration-time profiles suggested that gas-
tric emptying was delayed following multiple-dose administration of
orforglipron on Day 28 (Figure S2). At the 3- and 6-mg dose levels,
some participants vomited soon after ingestion, which may have

impacted the acetaminophen concentration profiles.

4 | DISCUSSION

This SAD and MAD Phase 1a clinical trial provides initial evidence of
the safety and pharmacology of the oral GLP-1RA orforglipron over
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28 days in healthy participants. Orforglipron had a safety profile com-
parable to that reported for other early-phase oral and injectable com-
pounds in the GLP-1RA pharmaceutical class.*® The PK profile of
orforglipron was dose proportional, with a half-life that supports
once-daily dosing. PD results showed significant improvements in
plasma glucose during fasting and following an OGTT for some orfor-
glipron doses compared with placebo. Significant body weight reduc-
tions were also observed, and gastric emptying was delayed. These
observations suggest that orforglipron is a safe and effective
GLP-1RA, suitable for once-daily oral delivery.

The poor bioavailability of oral peptide incretins is a major limita-
tion in their application. This is due to hydrolysis by digestive enzymes
in the GI tract and the low permeability of intestinal epithelial cells,
significant obstacles that limit the oral absorption of peptide drugs.’
Current incretin therapies are restricted to injectable therapies or an
oral peptide formulation containing an absorption enhancer and
requiring fasting before administration.*® Orforglipron is a chemically
synthesized oral GLP-1RA that, when administered once daily in both
the fed and fasted states (fasted when PK or PD sampling was
required) during the 28-day multiple-dose study, resulted in significant
improvements in body weight, as seen in Phase 1 research comparing
oral semaglutide to placebo in healthy participants.2 The non-peptide
agonist approach resulted in greater bioavailability of oral orforglipron
(approximately 20%-40% determined from a reported preclinical
model)® than semaglutide, which has significantly lower bioavailability
of just 0.4% to 1%'! and requires a fasting state for sufficient sys-
temic exposure.'? This greater bioavailability aligns with initial findings
on danuglipron, another non-peptide GLP-1RA under development.*®

With regard to safety and tolerability, GLP-1RAs have been asso-
ciated with Gl tract-related AEs that are more frequent during dose
escalation.>* Similarly, in this study, orforglipron-treated participants
reported more GI tract-related TEAEs than those who received pla-
cebo; however, these were not serious. Most of the Gl tract-related
AEs in orforglipron-treated participants occurred in the first week
after initial dosing, indicating that the starting dose is as important as
the frequency and magnitude of escalation. The incidence of hypogly-
caemia was not significant in this trial, which included healthy partici-
pants (baseline HbA1c <6.5%). This may be expected for GLP-1RAs
that improve glucose via glucose-dependent insulin secretion.

The GLP-1RAs are known to increase heart rate'®; however, a
systematic review and meta-analysis of CV outcome studies has
shown that, despite this increase, GLP-1RAs reduce major adverse CV
events and all-cause mortality.?® Effects of orforglipron on CV vari-
ables (SBP, DBP and pulse rate) are consistent with those observed
for other GLP-1RAs at this stage of development.®!” While increases
in pulse rate were observed with orforglipron, other vital signs (SBP
and DBP) and safety laboratory results were generally no different
from those with placebo. The significant pulse rate increases observed
are commonly observed in Phase 1 studies because of the aggressive
dose-escalation regimen and are in line with those (increases of up to
10 beats/min) seen in Phase 1 studies of other GLP-1RAs.8® We
expect reduced pulse rate increases via tachyphylaxis of the pulse rate

with longer treatment duration.

One orforglipron-treated participant experienced elevated amylase
levels that normalized by Day 7, and the participant did not experience
any AEs. Otherwise, no effects on pancreatic or hepatic enzymes were
observed, indicating that off-target effects of orforglipron treatment are
unlikely. This will be investigated further in Phase 2.

Orforglipron has the potential to become a valuable GLP-1RA ther-
apy, as it demonstrated significant glycaemic reductions in OGTT glucose
and, if repeated in patients with T2D, could represent clinically meaning-
ful changes. Mean body weight decreases (up to 5.4 kg) in orforglipron-
treated participants were generally dose-dependent and were of a simi-
lar or greater magnitude relative to those with another GLP-1RA within
the short 4-week duration of this study.'® Danuglipron, another oral
non-peptide GLP-1RA under development, demonstrated body weight
reductions of up to 7.2 kg after 4 weeks of treatment in patients with
T2D, although this required twice-daily dosing.# Decreases in appetite
and delayed gastric emptying likely contributed to the significant weight
reductions observed with orforglipron treatment.

Current data show that this non-peptide agonist has efficacy
potential similar to that of injectable GLP-1RAs while offering patient-
friendly, once-daily oral dosing without food and water restrictions.
Therefore, orforglipron could be an important treatment option for
T2D and chronic weight management. To further explore the full
potential of orforglipron, a Phase 1b proof-of-concept trial was con-
ducted and two Phase 2 trials are currently ongoing in patients with
T2D (NCT05048719) and in patients with obesity (NCT05051579).

The strengths of our study include the large number of different
dose groups tested, the use of placebo as a comparator, and randomi-
zation and blinding of the study treatments. Limitations of this study
are its inclusion of healthy people and the fact that it was not targeted
to those with T2D or obesity, the small sample sizes, the short-term
exposure, and the aggressive dose escalation, which resulted in pulse
rate increases and Gl tract-related AEs.

In summary, treatment with orforglipron resulted in significant
glycaemic and body weight reductions, with an AE profile similar to
that of other GLP-1RAs and a PK profile that allowed once-daily oral
dosing without water and food restrictions. The data support the con-
tinued development of orforglipron as a once-daily, oral GLP-1RA,
matching the pharmacology of some injectable GLP-1RA therapies,
which could therefore be an attractive treatment option that may
broaden the utilization of this important mechanism for T2D and obe-

sity GLP-1 receptor agonism.
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