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ABSTRACT

Introduction:  We assessed the effect of the 
prandial state on the pharmacokinetics, safety, 
and tolerability of single and multiple doses of 
orforglipron (LY3502970), an oral, non-peptide 
glucagon-like peptide 1 receptor agonist (GLP-1 
RA), in two studies (A and B).
Methods:  Study A and study B were phase 1, 
randomized, crossover studies in healthy adults 
aged 18–65 years and 21–70 years, respectively. 
Participants received single (3 mg, study A) or 
multiple (16 mg, study B) oral doses of orfor-
glipron under fasted and fed conditions. Blood 
samples were collected pre- and postdose to 

assess area under the concentration–time curve 
(AUC), maximum observed drug concentration 
(Cmax), time of Cmax (tmax), and half-life (t1/2) 
associated with terminal rate constant. AUC and 
Cmax were analyzed using a linear mixed-effects 
model. Treatment differences were presented as 
ratios of geometric least squares means (GLSM). 
Treatment-emergent adverse events (TEAEs), 
adverse events of special interest, and serious 
adverse events were assessed.
Results:  Study  A included 12 participants 
(mean age 45.0  years; male 66.7%); study  B 
included 34 participants (mean age 42.8 years; 
male 88.2%). GLSM AUC and Cmax were lower 
by 23.7% and 23.2% in study A, and 17.6% and 
20.9% in study B, in the fed versus fasted states, 
respectively. In both studies, t1/2 and median tmax 
were comparable between fed and fasted states. 
The majority of TEAEs in both studies were gas-
trointestinal tract-related conditions. No serious 
adverse events or deaths were reported in either 
study.
Conclusion:  The observed pharmacokinetic 
differences due to the prandial state are unlikely 
to contribute to clinically meaningful differ-
ences in the efficacy of orforglipron. The safety 
profile was consistent with the known profiles of 
other GLP-1 RAs. Given the absence of prandial 
restrictions, orforglipron may emerge as a con-
venient oral treatment option for patients with 
type 2 diabetes or obesity.
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Key Summary Points 

Why carry out this study?

Restrictions on food, water, and other 
medications for oral medication intake may 
impact type 2 diabetes and obesity treatment 
adherence and compliance.

This study investigated the effect of food on 
the pharmacokinetics, safety, and tolerability 
of single and multiple oral doses of orfor-
glipron in healthy adults.

What was learned from the study?

AUC and Cmax were approximately 18–24% 
lower when orforglipron was administered 
with food, while tmax and t1/2 were not 
impacted by the prandial state.

The observed effect of prandial status on 
pharmacokinetics is not likely to result in 
significant effects on the clinical safety and 
efficacy of orforglipron.

Orforglipron may therefore serve as a con-
venient oral treatment option for patients 
with type 2 diabetes or obesity owing to the 
lack of prandial restrictions for dosing.

INTRODUCTION

Glucagon-like peptide 1 receptor agonist (GLP-1 
RA) therapies have demonstrated efficacy and 
safety in patients with type 2 diabetes (T2D) 
and in people with obesity [1–5]. These peptide-
based treatments exert glycemic control by mod-
ulating nutrient-stimulated insulin secretion. In 
addition, these therapies reduce glucagon secre-
tion and delay gastric emptying, facilitating 

weight reduction through a neuronally medi-
ated satiety effect [1, 2]. Considering the added 
cardiovascular benefits conferred to patients 
with T2D, the American Diabetes Association 
and the European Association for the Study of 
Diabetes guidelines recommend treatment with 
GLP-1 RAs for adults with T2D who are at high 
risk of cardiovascular disease [6–8]. Obesity 
treatment guidelines also recommend adjunct 
treatment with pharmacotherapies such as 
GLP-1 RAs when initial treatment through life-
style interventions (nutrition, physical activity, 
and behavioral modifications) are unsuccessful 
[9–12].

Most currently approved GLP-1 RA treatments 
for patients with T2D or obesity are adminis-
tered once weekly by subcutaneous injection [1]. 
Adherence to antihyperglycemic and antiobesity 
medications is associated with improved glyce-
mic control and weight reduction, respectively 
[13, 14], whereas treatment non-adherence leads 
to increased risk of diabetes-related macrovascu-
lar and microvascular complications [15]. Unre-
stricted oral GLP-1 RA therapies may prompt 
earlier treatment initiation and improve accept-
ance, adherence, and compliance for patients 
with T2D and obesity.

Currently, semaglutide is the only orally 
administered GLP-1 RA approved by the US 
Food and Drug Administration for the treatment 
of T2D; to date, there are no oral GLP-1 RAs 
approved for the treatment of obesity [16–18]. 
Orally administered semaglutide is formulated 
with an absorption enhancer to avoid enzyme- 
and pH-mediated hydrolysis of the peptide in 
the gastrointestinal tract, facilitating gastroin-
testinal absorption and ensuring sufficient bio-
availability [1, 19–21]. However, patients are 
required to adhere to multiple intake require-
ments to ensure adequate absorption and effi-
cacy. These include taking the medication at 
least 30 min before the first food, beverage, or 
other oral medications of the day, consuming 
no more than approximately 120 mL of water 
when taking the medication, and avoiding food 
or beverages for at least 30 min after taking the 
medication [22]. Restrictive conditions for the 
intake of oral medications may adversely affect 
treatment adherence and compliance and, con-
sequently, patient outcomes [23, 24]. Therefore, 
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expanding the armamentarium of oral GLP-1 
RAs to include pharmacotherapies with rela-
tively simpler dietary requirements remains an 
important treatment goal.

Orforglipron (LY3502970) is a chemically 
synthesized, non-peptide, oral GLP-1 RA under 
development as an adjunct therapy to diet and 
exercise to improve glycemic control and pro-
mote weight reduction in adults with T2D and/
or obesity [25–27]. In a previous report, treat-
ment with orforglipron was found to promote 
glucose-dependent insulin secretion after a glu-
cose challenge [25]. Additionally, orforglipron 
demonstrated a terminal half-life of 29–49 h 
in a phase 1b study in people with T2D, which 
allows once-daily oral dosing [25, 28]. Further-
more, orforglipron demonstrated a pharmacody-
namic and safety profile similar to that of inject-
able GLP-1 RAs [28]. Here, we investigated the 
effect of a fasted versus fed state (food-effect) 
on the pharmacokinetics (PK), safety, and toler-
ability of single and multiple oral doses of orfor-
glipron in healthy adults in two phase 1 studies 
(A and B).

METHODS

Study Design and Procedures

Study  A (NCT03929744) and study  B 
(NCT05110794) were phase  1, randomized, 
crossover studies in healthy participants.

Study  A was a first-in-human study con-
ducted at one study center in the USA from 
June  12,  2019 until November  2,  2020. The 
study had five parts (A–E). Parts A and B were 
single- and multiple-dose escalation placebo-
controlled studies whose results have been pub-
lished previously [28]. Here, we describe analyses 
of data from participants in part C of the study, 
which sought to assess food-effect. Figure 1a 
describes the study design. Briefly, following a 
30-day screening period, participants received 
a single oral dose (3 mg) of orforglipron with 
approximately 240 mL of water in each of two 
treatment periods. Participants were randomly 
assigned to one of two treatment sequences with 
two treatment arms: (1) fasted treatment, where 

participants received the dose following an over-
night fast of at least 10 h, and (2) fed or food-
effect treatment, where participants received the 
dose following a standardized high-calorie meal 
consumed after an overnight fast of at least 10 h. 
The meal was approximately 500 kcal, composed 
of approximately 50% carbohydrates, 30% fat, 
and 20% protein. There was a washout period of 
at least 5 days between each dose. In each treat-
ment period, participants remained in the clini-
cal research unit until completion of assessments 
on day 4 and returned for an outpatient visit on 
day 5. Venous blood samples for PK measure-
ments were collected at predose and at 0.5, 1, 2, 
4, 8, 12, 16, 24, 48, 72, and 96 h postdose.

Study B was an open-label study conducted 
at one study center in Singapore from Novem-
ber 5, 2021 until February 10, 2022. Figure 1b 
describes the study design. Participants were 
first evaluated for eligibility during the screen-
ing period. In the dose titration period, partici-
pants received a daily dose of orforglipron with 
weekly dose titration of 2 mg, 4 mg, and 8 mg, 
before escalation to a dose of 16 mg once daily 
on day 22. There were no food or water restric-
tions during this “titration” period. Venous 
blood samples for PK measurements were col-
lected on day 1 (predose and at 0.5, 1, 2, 4, 6, 
8, 12, and 16 h postdose) and days 2, 8, and 
15 (predose). On day 21, participants were ran-
domly assigned to receive orforglipron orally 
under two administration conditions, i.e., fasted 
treatment and fed treatment. In the fed part of 
the test periods, participants received a pre-dose 
meal on the first 6 days and a standardized high-
fat, high-calorie meal pre-dose on day 7, before 
PK assessment. The meal was approximately 
800–1000  kcal, composed of approximately 
50% fat, 25–30% carbohydrates, and 15–19% 
protein. In the fasted part of the test periods, 
participants receive the dose after fasting over-
night for at least 10 h and no food was allowed 
for at least 4 h post-dose. Fluid was restricted 
1 h prior to and 1 h after dosing, except for the 
water required for dose administration. During 
test period 1 (days 22–28), participants received 
16-mg orforglipron capsules once daily either in 
the fed or fasted state as per their random assign-
ment. Blood samples for PK measurements were 
collected on day 28 (predose and at 0.5, 1, 2, 4, 
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6, 8, 12, and 16 h postdose) and day 29 (pre-
dose). During test period 2 (days 29–35), they 
received the dose under the other administra-
tion condition (i.e., if they received the dose in 
the fed state in test period 1, they would receive 
the dose in the fasted state in test period 2, and 
vice versa). Following the final dose on day 35, 
additional PK samples were collected from 
day 36 through the morning of day 41. Partici-
pants were discharged on day 36. Finally, par-
ticipants underwent safety assessments at the 
safety follow-up visit that occurred between 7 
and 14 days after the last dose.

In both studies, no food was allowed for at 
least 4 h after dosing. Fluids were restricted from 
1 h before to 1 h after dosing, except for the 
fluid provided with the meals and water required 
for dose administration. Alcohol consumption 
and nicotine use were not permitted during the 
participants’ stay at the clinical research unit. 
All participants were allowed to maintain regu-
lar caffeine consumption and levels of physical 
activity throughout the studies.

Study protocols and informed consent forms 
were approved by an ethics review board at each 
site (study A: ERB Midlands IRB, KS 66212, USA; 

Fig. 1   a Study  A design. There was a washout period of 
≥ 5  days between each dose. In each treatment period, 
participants remained in the clinical research unit at least 
until completion of assessments on day 4 and returned for 
an outpatient visit on day  5. Participants were randomly 
assigned to one of two treatment sequences. Treatment 

sequence  1—Period  1: Fasted treatment; Period  2: Food-
effect treatment or fed treatment. Treatment sequence 2—
Period 1: Food-effect treatment or fed treatment; Period 2: 
Fasted treatment. OFG orforglipron. b Study B design. PK 
pharmacokinetic
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study B: National Healthcare Group Domain 
Specific Review Board, Singapore 138543). The 
study was conducted in accordance with ethical 
principles of the International Council for Har-
monisation (ICH) Good Clinical Practice (GCP) 
and the Declaration of Helsinki of 1964, and its 
later amendments. Written informed consent 
was obtained from each participant at study 
entry before any study procedures.

Study Participants

Both studies included overtly healthy men, 
as well as women who were not of child-bear-
ing potential. Study A participants were aged 
18–65 years, with body mass index (BMI) of 
20–40 kg/m2 and a glycated hemoglobin concen-
tration less than 6.5%. Study B participants were 
aged 21–70 years, with a body weight of ≥ 45 kg, 
BMI of 18.5–35.0 kg/m2, and a hemoglobin level 
of at least 11.4 g/dL for female participants and 
at least 12.5 g/dL for male participants.

Exclusion criteria for both studies were history 
of or current cardiovascular, respiratory, hepatic, 
renal, gastrointestinal, endocrine, hematologi-
cal, or neurological disorders; pancreatitis; or 
history of malignancy within 5 years prior to 
screening.

Outcomes

Food-effect was assessed by PK parameters fol-
lowing orforglipron administration in the fed 
and fasted states. The PK variables included 
the following: (i) area under the concentra-
tion–time curve (AUC) during the dosing inter-
vals (study A: AUC​0–∞ after a single dose of 3 mg 
orforglipron; study B: steady-state AUC​0–24 fol-
lowing multiple doses of 16 mg orforglipron); 
(ii) maximum observed drug concentration 
(Cmax); (iii) time of Cmax (tmax); and (iv) half-life 
(t1/2) associated with terminal rate constant.

The primary safety outcomes were incidence 
and severity of treatment-emergent adverse 
events (TEAEs), adverse events of special interest 
(nausea, vomiting, diarrhea, and acute pancrea-
titis), and serious adverse events (SAEs).

Statistical Analyses

For study A, a sample size of up to 12 participants 
was chosen to evaluate safety and PK parame-
ters. For study B, the sample size was based on a 
calculation of precision of the estimated ratio of 
AUC​0–24 between the 16-mg capsule dosed in the 
fasted state and the 16-mg capsule dosed in the 
fed state. Assuming a standard deviation (SD) of 
treatment difference of 0.444 in the log-scale in 
AUC​0–24 (according to a preliminary analysis of 
the food-effect data in study A), a sample size of 
24 participants was expected to provide approxi-
mately 80% coverage probability to get a 90% 
confidence interval (CI) for the ratio R of the 
geometric mean AUC​0–24 between treatments 
within [0.841 R, 1.189 R].

Participants’ demographic and baseline clini-
cal characteristics were summarized descrip-
tively, and included age, sex, race, ethnicity, 
height, weight, and BMI. Categorical variables 
(e.g., sex, race, ethnicity) were presented as 
number and percentage of participants; continu-
ous variables (e.g., age, BMI) were presented as 
mean and SD.

PK analyses were conducted on data from all 
participants who received at least one dose of 
orforglipron and had evaluable PK data. Safety 
analyses were conducted for all enrolled partici-
pants, whether or not they completed all study 
procedures.

PK parameter estimates were calculated by 
standard non-compartmental methods and 
were summarized using descriptive statistics. 
PK parameters for subjects with an incidence 
of emesis that occurred within the two times 
median tmax period were excluded from sum-
mary statistics and statistical analysis. The Cmax 
and AUC parameter estimates from treatment 
periods 1 and 2 for study A and from test peri-
ods 1 and 2 for study B were log-transformed and 
analyzed using a linear mixed-effects model. The 
model used treatment (fasted, fed), period, and 
sequence as fixed effects, and participant within 
sequence as a random effect. For both studies, 
the treatment differences were back-transformed 
to present the ratios of geometric least squares 
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means (GLSM) and the corresponding 90% CIs 
for the fed versus fasted arms. Through this 
linear mixed-effects model, missing data were 
handled under the missing-at-random (MAR) 
assumption. The parameter tmax was analyzed 
non-parametrically using the Wilcoxon signed-
rank test. All tests of treatment effects were con-
ducted at a two-sided alpha level of 0.1, unless 
otherwise stated. No multiplicity adjustments 
were made. PK parameters from participants 
who vomited within two times the median tmax 
period after dosing were excluded from analy-
sis. Statistical analyses were conducted using SAS 
software Version 9.4 (2016; SAS Institute Inc., 
Cary, NC, US).

RESULTS

Participants’ Baseline and Demographic 
Characteristics

Table  1 summarizes the participants’ demo-
graphic and baseline characteristics. Study A 
included 12 participants with a mean (SD) age 
of 45.0 (10.9) years. The majority were male 
(66.7%) and White (66.7%). The mean (SD) 
BMI of the population was 27.9  (4.1) kg/m2. 
Study B included 34 participants with a mean 
(SD) age of 42.8 (10.2) years. The majority were 
male (88.2%) and all participants were Asian 
(100.0%). The mean (SD) BMI of the population 
was 25.4 (3.1) kg/m2.

Table 1   Participants’ demographic and baseline characteristics

BMI body mass index, N total number of participants, n number of participants, OFG orforglipron, SD standard deviation
*In study B, 29 (of the 34) participants completed titration through 2/4/8/16 mg to receive 16 mg orforglipron at steady 
state

Parameter Study A
OFG 3 mg (N = 12)

Study B*
OFG 16 mg (N = 34)

Age, years, mean (SD) 45.0 (10.9) 42.8 (10.2)

Sex, n (%)

 Male 8 (66.7) 30 (88.2)

 Female 4 (33.3) 4 (11.8)

Ethnicity, n (%)

 Not Hispanic or Latino 8 (66.7) –

 Hispanic or Latino 4 (33.3) –

Race, n (%)

 Asian 1 (8.3) 34 (100.0)

 Black or African American 3 (25.0) 0 (0.0)

 White 8 (66.7) 0 (0.0)

Weight, kg, mean (SD) 82.3 (9.8) 73.1 (10.4)

Height, cm, mean (SD) 172.0 (7.7) 169.4 (7.1)
BMI, kg/m2, mean (SD) 27.9 (4.1) 25.4 (3.1)



825Diabetes Ther (2024) 15:819–832	

Pharmacokinetics of Single and Multiple 
Oral Doses of Orforglipron in the Fasted and 
Fed States

Table  2 presents the PK parameters (AUC, 
Cmax, tmax, and t1/2) for orforglipron in study A 
(3 mg, single dose) and study B (16 mg, multi-
ple doses) in the fasted and fed states. Follow-
ing oral administration of 3 mg orforglipron 
in study A, the GLSM AUC​0–∞ and Cmax were 
23.7% and 23.2% lower, respectively, in the fed 

state compared with the fasted state (Table 3, 
Fig. 2a). Similarly, following oral administra-
tion of 16  mg orforglipron in study  B, the 
GLSM AUC​0–24 and Cmax were 17.6% and 20.9% 
lower, respectively, in the fed state than the 
fasted state (Table 3, Fig. 2b).

In both studies, t1/2 values were compara-
ble in the fasted and fed states (Table 2). In 
study  A, geometric mean t1/2 values were 
29.5 and 27.9 h in the fasted and fed states, 
respectively. In study B, mean t1/2 values were 
26.0 and 24.6 h in the fasted and fed states, 

Table 2   Pharmacokinetic parameters after oral administration of orforglipron (3 mg or 16 mg) in the fasted and fed states

AUC​0–24 area under the concentration versus time curve from time zero to 24 h postdose, AUC​0–∞ area under the concentra-
tion versus time curve from time zero to infinity, CL/F apparent total body clearance calculated after extravascular admin-
istration, Cmax  maximum observed drug concentration, CV coefficient of variation, GM geometric mean, N number of 
subjects, n number of observations, OFG orforglipron, t half-life associated with the terminal rate constant in non-compart-
mental analysis, tmax time of maximum observed drug concentration, Vss/F apparent volume of distribution at steady state 
after extravascular administration, Vz/F apparent volume of distribution during the terminal phase after extravascular admin-
istration
a Prior to starting treatment, one participant was discontinued because of an adverse event (urticaria); six participants were 
excluded from pharmacokinetic analysis because of emesis that impacted pharmacokinetic calculations on day 1 (n = 5) and 
day 35 (n = 1), which occurred within two times the median tmax period
b Steady-state AUC​0–24
c t1/2 was not calculable for five participants in the fasted state and three participants in the fed state because of < 3 quantifi-
able OFG concentrations after Cmax or poor Rsq adjusted value

Study Parameter Fasted (N = 12) n Fed (N = 12) n

Study A
OFG 3 mg

AUC​0–∞, ng h/mL, GM (CV%) 362 (33.0) 11 260 (43.0) 12

Cmax, ng/mL, GM (CV%) 13.4 (44.0) 11 10.1 (44.0) 12

tmax, hours, median (min–max) 8.0 (4.0–24.0) 11 8.0 (4.0–12.0) 12

t1/2, hours, GM (min–max) 29.5 (19.6–50.6) 11 27.9 (19.9–37.9) 12

CL/F (L/h) 8.28 (33.0) 11 11.6 (43.0) 12

Vz/F (L) 353 (41.0) 11 465 (48.0) 12

Vss/F (L) 303 (43.0%) 11 423 (44.0) 12

Parameter Fasted (N = 28)a n Fed (N = 27)a n

Study B
OFG 16 mg

AUC​0–24, ng h/mL, GM (CV%) 1200b (58.0) 26 1050b (40.0) 25

Cmax, ng/mL, GM (CV%) 80.5 (64.0) 26 67.5 (40.0) 25

tmax, hours, median (min–max) 8.0 (4.0–16.0) 26 8.0 (4.0–24.0) 25

t1/2, hours, GM (min–max) 26.0 (8.0–73.4)c 21 24.6 (8.7–87.1)c 22

CL/F (L/h) 13.4 (58.0) 26 15.2 (40.0) 25
Vz/F (L) 474 (84.0) 21 520 (73.0) 22
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respectively. There was no statistical difference 
in the median tmax between prandial states in 
both studies (Table 4).

Safety and Tolerability of Orforglipron

The majority of TEAEs in both studies were 
conditions related to the gastrointestinal tract. 
No SAEs or deaths were reported in either study 
(Table 5).

In study  A, of the 12 participants who 
received at least one dose of 3 mg orforglipron, 
two participants (16.7%) experienced at least 
one TEAE in the fasted condition: two partici-
pants (16.7%) experienced nausea, one partici-
pant each (8.3%) experienced upper abdomi-
nal pain, dizziness, headache, oropharyngeal 
pain, sneezing, and vomiting (Table 5, Table S1 
in Supplementary material). All TEAEs were 
mild in severity (data not shown). None of 
the participants reported TEAEs under the fed 
condition (Table 5). Overall, two participants 
(16.7%) reported treatment-related adverse 
events. Among the adverse events of special 
interest, two participants (16.7%) reported 
nausea, while one (8.3%) reported vomiting. 

None of the participants experienced acute 
pancreatitis.

In study  B, 18 of 28 participants (64.3%) 
reported at least one TEAE under the fasted 
condition, of whom 12 participants (42.9%) 
reported at least one treatment-related adverse 
event. Twelve of 27 participants (44.4%) 
reported at least one TEAE under the fed con-
dition, of whom seven participants (25.9%) 
reported at least one treatment-related adverse 
event (Table 5). All TEAEs were of mild-to-mod-
erate severity (data not shown). The most com-
mon TEAEs under the fasted condition were nau-
sea, headache, and abdominal distension (each 
reported by four participants [14.3%]), while 
the most common TEAEs under the fed condi-
tion were nausea (five participants [18.5%]), and 
abdominal distension and catheter site erythema 
(each reported by three participants [11.1%]; 
Table S1 in Supplementary material). One par-
ticipant (3.6%) discontinued the study as a 
result of an adverse event (vomiting) under the 
fasted condition (Table 5). Among the adverse 
events of special interest, under the fasted con-
dition, four participants (14.3%) reported nau-
sea, and two participants each (7.1%) reported 
vomiting and diarrhea. Under the fed condition, 
five participants (18.5%) reported nausea, and 

Table 3   Statistical analysis of plasma pharmacokinetic parameters after orforglipron administration to healthy participants 
in fed versus fasted states

AUC​0–24 area under the concentration versus time curve from time zero to 24 h postdose, AUC​0–∞ area under the concen-
tration versus time curve from time zero to infinity, CI confidence interval, Cmax maximum observed drug concentration, 
GLSM geometric least squares mean, n number of observations, OFG orforglipron

Study Parameter Treatment n GLSM GLSM ratio, fed/
fasted (90% CI lower–
upper)

Study A
OFG 3 mg

Cmax, ng/mL Fasted 11 13.1 0.768 (0.652–0.905)

Cmax, ng/mL Fed 12 10.1

AUC​0–∞, ng h/mL Fasted 11 340 0.763 (0.698–0.833)

AUC​0–∞, ng h/mL Fed 12 260
Study B
OFG 16 mg

Cmax, ng/mL Fasted 26 80.5 0.791 (0.674–0.928)

Cmax, ng/mL Fed 25 63.7

AUC​0–24, ng h/mL Fasted 26 1197 0.824 (0.725–0.937)

AUC​0–24, ng h/mL Fed 25 986
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two participants each (7.4%) reported vomiting 
and diarrhea. None of the participants in either 
study experienced acute pancreatitis.

DISCUSSION

In this analysis of two phase 1 crossover clinical 
trials in healthy participants, the AUC and Cmax 
were determined to be up to 24% lower when 
orforglipron was administered orally with food; 
tmax and t1/2 were not impacted by the pran-
dial state. The safety profile of orforglipron was 
consistent with previous reports and with the 
known safety profiles of other oral and inject-
able compounds in the GLP-1 RA pharmaceuti-
cal class [26, 28–31].

Single oral administration of 3  mg orfor-
glipron in the fed state led to approximately 24% 
and 23% lower AUC​0–∞ and Cmax, respectively, 
versus the fasted state, with no differences in 
tmax between the prandial states. Following mul-
tiple once-daily oral doses of 16 mg orforglipron 
to healthy participants in the fed and fasted 
states, overall mean exposure to orforglipron 
based on AUC​0–24 and Cmax was approximately 
18–21% lower when administered after a high-
fat, high-calorie meal than in the fasted state, 
whereas median tmax was unaffected between the 
prandial states. In both studies, AUC and Cmax 
reductions were similar after the first dose of 
3 mg and at the steady-state 16-mg dose through 
titration. The observed effect of prandial status 
on PK was within variability of the PK and not 
expected to result in a clinically meaningful 
effect on safety and efficacy, and this effect may 
be consistent across the therapeutic dose range. 
On the basis of these results, two phase 2 ran-
domized clinical trials were designed without 
food or water restrictions, wherein orforglipron 
treatment demonstrated robust glycemic control 
and body weight reduction in a 26-week study 
in participants with T2D and in a 36-week study 
in participants with obesity [26, 27].

Treatment adherence, particularly in the early 
stages of T2D, is important for augmenting the 

effectiveness of pharmaceutical therapy and 
improving glycemic outcomes [32]. Further-
more, evidence indicates a positive correlation 
between treatment adherence and weight reduc-
tion following treatment with the GLP-1 RA 
liraglutide [14]. However, patients with chronic 
conditions who are treated with long-term 
therapies are commonly non-adherent to their 
prescribed medications [33]. A study by Zhang 
et al. found that nearly 60% of patients with 
T2D were medication non-adherent [34].

Acknowledging patients’ preferences during 
treatment-related decision-making could poten-
tially improve treatment compliance and out-
comes. Current treatment guidelines note the 
importance of considering patient-specific factors 
when evaluating a treatment regimen for T2D or 
chronic weight management [6, 9]. A key factor 
for consideration is the complexity of the treat-
ment regimen to optimize medication use and 
reduce treatment discontinuation [6], and there-
fore, oral GLP-1 RA therapies with few intake 
requirements might help overcome this obstacle. 
The finding that the prandial state does not have 
a clinically significant effect on the PK of orfor-
glipron offers dosing convenience to patients by 
removing the requirement of a fed or a fasted 
state and is anticipated to be a significant advan-
tage for treatment adherence and thus therapeutic 
effectiveness. This important factor needs to be 
taken into consideration during patient–physi-
cian conversations when evaluating treatment 
options, enabling a patient-centered and person-
alized approach to disease management.

STRENGTHS AND LIMITATIONS

The strength of the current analysis is that, in 
both trials, the study intervention doses were 
administered in a clinical setting, ensuring partici-
pant compliance with the predefined treatment 
and dosing conditions. This allows for a robust 
understanding of food–drug interactions. Addi-
tionally, we assessed food-effect at the first treat-
ment dose which can be impacted by gastric emp-
tying as well as at the steady-state higher dose.
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However, we note the following limitations of 
the current investigation. The two phase 1 stud-
ies included overtly healthy people, of whom a 

majority were male. While both studies had small 
sample sizes, the results from these studies ena-
bled phase 2 studies to be run outside the clinical 
setting, where compliance with dosing conditions 
cannot be fully ensured. In recently published 
articles, orforglipron demonstrated robust effi-
cacy without strict control of the prandial state 
at the time of dosing [26, 27]. Ongoing studies 
ACHIEVE and ATTAIN phase 3 studies will aim 
to further demonstrate the safety and efficacy of 
orforglipron regardless of prandial state.

Fig. 2   a Plasma concentration profile of orforglipron 
(3 mg) after single oral administration to healthy subjects 
in the fasted and fed states in study  A. b Plasma concen-
tration profile of orforglipron (16  mg) after multiple oral 
administration to healthy participants in the fasted and fed 
states in study  B. Data in graph are arithmetic mean (+ 1 
SD). OFG orforglipron

◂

Table 4   Analysis of tmax after orforglipron administration to healthy participants in fed versus fasted states

CI confidence interval, h hours, n number of observations, OFG orforglipron, tmax time of maximum observed drug concen-
tration

Study Treatment n Median tmax 
(h)

Median of differences 
(fed–fasted)

Approximate 90% CI for the 
difference (lower, upper)

p value

Study A
OFG 3 mg

Fasted 11 8.0 0.0 (− 0.02 to 4.00) 0.6875

Fed 11 8.0
Study B
OFG 16 mg

Fasted 25 8.0 0.0 (0.00 to 4.00) 0.0529

Fed 25 8.0

Table 5   Summary of treatment-emergent adverse events reported in studies A and B

Data are n (%)
AE adverse event, OFG orforglipron, SAE serious adverse event, TEAE treatment-emergent adverse event
a Safety population included participants who received ≥ 1 dose of study treatment (N = 33)

Study A
OFG 3 mg

Study Ba

OFG 16 mg

Fasted (N = 12) Fed (N = 12) Fasted (N = 28) Fed (N = 27)

All TEAEs 2 (16.7) 0 (0.0) 18 (64.3) 12 (44.4)

Treatment-related AEs 2 (16.7) 0 (0.0) 12 (42.9) 7 (25.9)

Deaths 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

SAEs 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

AEs leading to discontinuation 0 (0.0) 0 (0.0) 1 (3.6) 0 (0.0)

AEs of special interest

 Nausea 2 (16.7) 0 (0.0) 4 (14.3) 5 (18.5)

 Vomiting 1 (8.3) 0 (0.0) 2 (7.1) 2 (7.4)

 Diarrhea 0 (0.0) 0 (0.0) 2 (7.1) 2 (7.4)
 Acute pancreatitis 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
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CONCLUSION

This analysis demonstrated that the overall 
mean exposure to orforglipron based on AUC 
and Cmax was numerically lower when adminis-
tered with food, while the effect on tmax and t1/2 
was negligible. In both studies, AUC and Cmax 
reductions were similar after the first treatment 
dose and at the steady-state dose through titra-
tion. Based on the exposure–response property 
of orforglipron, these observed PK differences 
due to prandial state are unlikely to result in 
clinically meaningful differences in the safety 
and efficacy of orforglipron. Oral GLP-1 RAs 
without prandial restrictions may offer a desir-
able and convenient treatment option for 
patients with T2D and/or obesity who would 
like to achieve glycemic control or weight reduc-
tion without injectable therapy.
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