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Type 2 diabetes mellitus (T2DM) is one of the most diagnosed
conditions in the United States. Antihyperglycemic medi-
cations are a mainstay in the treatment of T2DM to prevent
complications such as cardiac and renal death. One class
of antihyperglycemic medication that has shown benefit for
hemoglobin A, (A1) lowering, weight loss, renal protection,
as well as cardiac protection are the glucagon-like peptide
1 receptor agonists (GLP-1RAs). These agents bind to the
glucagon-like peptide 1 receptor (GLP-1R) promoting p-cell
production of insulin, prevent apoptosis and promote prolif-
eration. One limitation with these medications is the method
of administration being subcutaneous due to the long peptide
chains required. This changed when Rybelsus (semaglutide)
was approved as an oral peptide GLP-1RA. Growing evidence
has suggested that oral small molecule GLP-1RAs may be a
new therapeutic alternative with comparable safety and ef-
ficacy for both A,. lowering and weight loss when compared
to current subcutaneous GLP-1RAs and Rybelsus. This review
aims to present and discuss the current clinical and scientific
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evidence pertaining to danuglipron, a novel oral small mole-
cule GLP-1RA.
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Background

Type 2 diabetes mellitus (T2DM) is one of the most com-
monly diagnosed conditions in the United States with 1
in 10—approximately 34 million—individuals currently
being diagnosed with the condition (1). The International
Diabetes Federation reported that 537 million adults (ages
20-79) were living with T2DM (2). Diabetes mellitus is rarely
the direct cause of death in those who are diagnosed, but
death is more often due to the microvascular and macro-
vascular complications that arise from the progression of
the condition (3). These complications present as retinop-
athy, neuropathy, diabetic kidney disease (DKD) and ath-
erosclerotic cardiovascular diseases (ASCVD) (3-5). Of those
complications and associated conditions, DKD and ASCVD
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are the most common indirect causes of death in patients
with uncontrolled T2DM (4, 6). Management of T2DM is
patient-centered and incorporates lifestyle modifications
as well as antidiabetic pharmacotherapy. The American
Diabetes Association (ADA) recommends for T2DM to be ini-
tially managed with lifestyle modifications alone, orin com-
bination with metformin; however, intensive double, triple,
or insulin therapy can be initiated based on the severity of
glycated hemoglobin (A) (e.g., Aic>9%) (7). McGovern et al.
showed that 30% of patients prescribed metformin did not
take their prescribed dose resulting in required adjunctive
therapy for disease state management, and Tucker et al.
showed that 50% of patients stopped taking metformin
after 1 year due to the gastrointestinal side effects (8, 9).

Adjunctive treatment for the management of T2DM s
patient-specific and is based on cost, comorbidities and pref-
erence (7). Patients who have established or are at high risk
for ASCVD and/or DKD are recommended to receive agents
with proven benefits. Agents that can be used to reduce
ASCVD risk and/or DKD progression include 3 glucagon-like
peptide-1 receptor agonists (GLP-1RAs)—dulaglutide, lira-
glutide and semaglutide—while also showing a class-based
effect on weight loss (7). By targeting the GLP-1 receptor
(GLP-1R), the pancreas can preserve, repair and induce
growth of the B cells through increased production of GLP-
1, preventing early B-cell death (10). In turn, § cells are able
to naturally produce insulin, reducing the need for insulin
analogue use (11, 12). In addition to this, natural incretins
are released which have shown a positive impact on cardio-
vascular risk reduction (11, 12). One common limitation with
this medication class is the route of administration. The GLP-
1RAs are known for being administered subcutaneously (s.c.)
due to their 30 amino-acid-long peptide chain being difficult
to preserve when given orally. This has since changed with
the development of the first oral GLP-1RA called semaglutide
(Rybelsus), which led to a shift in research for further devel-
opment of oral GLP-1RAs (13, 14). Oral GLP-1RAs provide the
benefits of increased patient compliance and adherence due
to the oral dosage formulation, while having a comparable
A,-lowering effect as an injectable formulation. One such
product in development that has shown potential is an oral
small molecule GLP-1RA called danuglipron (PF-06882961),
and it is the focus of this review.

Molecular Properties of Danuglipron

Danuglipron is a first of its kind, small molecule oral GLP-
1RA that is currently being developed for the treatment of
obesity and T2DM (15). A promising phase | study demon-
strated an efficacious A;-lowering effect in addition to
weight loss as early as 4 weeks (15, 16). Danuglipron has
a molecular weight of 555.6 Daltons. In comparison, s.c.
GLP-1RAs such as liraglutide and albiglutide have a relative
weight range of 3751-72,970 Daltons, and the oral peptide
agent semaglutide weighs 4,114 Daltons (16, 17).
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Mechanism of Action

Danuglipron utilizes the same receptor as semaglutide, the
G protein-coupled receptor (GPCR) on the GLP-1R. The main
site of action for the activation of GLP-1is the class B1 GPCR.
A study by Zhang et al. determined that the class B1 GPCR
is the specific site of action, and validated the stability of
the complex binding required for danuglipron (18). The acti-
vation of these GPCRs results in a signaling cascade in the
body when activated, allowing for GLP-1 secretion. These
GPCRs are composed of 463 amino acid residues, which are
responsible for peptide binding. The binding capabilities are
facilitated through N-terminal extracellular domains (ECD)
and C-terminal transmembrane domains (TMD) (18-21).

The mechanism through which danuglipron works is
through binding to the N-terminal ECD of Trp33 (Trp33£P).
The binding to Trp33 P causes activation of the canonical
GPCR signaling cascade. This is the critical binding site on
the GLP-1R required for the binding of small GLP-1RA mol-
ecules but is not critical for the activation of the receptor
in native GLP-1R activation. Danuglipron interacts at the
Trp33EP through van der Waal interactions and hydrogen
bonding with both extracellular loop (ECL) 1 and ECL2,
while GLP-1RA peptides only interact with ECL2. This inter-
action with danuglipron promotes stabilization to the bind-
ing pocket of the GLP-1R, and in turn activation of the class
B1 GPCR. The activation of the class B1 GPCR results in the
production of cyclic AMP (cAMP), leading to an increase
in Ca* levels, promoting GLP-1 secretion. The increase in
GLP-1 allows for an increase in the mass of  cells in the
pancreas through neogenesis and proliferation (20, 22).
Additionally, danuglipron can also act as a partial agonist
in the B-arrestin (BArr) pathway, more specifically Arr2, by
binding to the C-terminal TMD in the helices of kink 6 result-
ing in exocytosis of insulin-filled vesicles in the cell and
reduction of apoptosis (20, 22-24). The clinical presentation
of these effects results in B-cell preservation and insulin
secretion allowing for an A;.-lowering effect. The increase
in GLP-1 secretion also helps suppress glucagon secretion
and inhibits gastric emptying, in turn, lowering exogenous
glucose in the blood. These effects also result in the feeling
of satiety and reduction of food intake (25).

Preclinical Studies

Limited preclinical data on danuglipron have been pub-
lished; however, Griffith et al. studied the molecular activity
of danuglipron through the cAMP and BArr pathways and
compared it to those of 2 peptide-based GLP-1RAs, exen-
atideand liraglutide (26). Invitro, the potency of danuglipron
on the cAMP pathway was determined to have a maximal
ECs of 13 nM. Data on recruiting BArr2 indicated an ECs,
of 490, 9.0 and 20 nM, for danuglipron, exenatide and lira-
glutide, respectively. The maximal effect of these drugs at
high concentrations when all receptors were occupied (Enax)
was 36%, 75% and 99%, respectively. It was calculated that
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danuglipron has an ~5-fold increase in the selectivity of the
binding to N-terminal Trp33t®, the cAMP pathway, relative
to C-terminal TMD helices at kink 6, the BArr pathway (20,
22-24). Binding affinity to the GLP-1R was tested using radi-
oligand binding and found to have an inhibition constant
(Ki) of 360 nM, which was 3900- and 82-fold lower than those
of exenatide and liraglutide, respectively (26).

Saxena et al. discussed the physiological effects of the small
molecule GLP-1RA in mice. Mice with the human GLP-1R
(hGLP-1R) gene underwent an intraperitoneal glucose toler-
ance test where they were administered a single fixed dose
(3 mg/kg) of a 5% dextrose vehicle or danuglipron, followed
by a post-dose of 40% dextrose (2 g/kg). It was determined
that danuglipron displayed improved glucose tolerance,
reduced blood glucose area under the curve (AUC) from 0-120
min, and improved plasma insulin. The initial blood glucose
of the mice was ~125 mg/dL, with a spike of ~175 mg/dL at
the time of administration of the 40% dextrose. The blood
glucose AUC, 1z in the hGLP-1R mice given the 5% dextrose
vehicle was ~50,000 (mg/dL)-min, with the danuglipron group
having an AUC.15 of ~15,000 (mg/dL)-min. The plasma insu-
lin level for all mice was ~1.5-2 mg/dL, and the only change
observed was in the group that received danuglipron having
a plasma insulin of ~8 mg/dL at the time of the 40% dextrose
administration, and a return to baseline at 120 min (27).

Griffith et al. also conducted studies of danuglipron in cyno-
molgus monkeys. The therapeutic effects of danuglipron
on serum insulin and blood glucose were assessed using an
i.v. glucose tolerance test. Four cynomolgus monkeys were
placed into 2 separate cohorts to receive either a 1 mg/kg
i.v. dose of danuglipron or formulation vehicle. The baseline
plasma glucose for both cohorts before administration was
~50 ng/mL. A 250 mg/kg dose of 50% dextrose was admin-
istered to both cohorts with a plasma glucose spike to ~180
mg/dL at ~2.5 min which decreased to ~50 mg/dL after 30
min for both groups. The pharmacokinetics were further
studied with 6 cynomolgus monkeys that received either
1 mg/kg i.v. danuglipron, 5 mg/kg oral danuglipron or 100
mg/kg oral danuglipron. This test was done to determine
the plasma concentrations of danuglipron after admin-
istration of different doses and formulations. The results
were dose-dependent in the plasma concentrations for
oral administration of danuglipron. Plasma concentrations
peaked at 3 h with the 100 mg/kg oral dose having a plasma
concentration of ~1000 ng/mL with a subsequent decrease
to ~250 ng/mL after 24 h, while the 5 mg/kg oral dose had a
peak plasma concentration at 3 h of ~80 ng/mL, and a sub-
sequent decrease to ~1.5 ng/mL at 24 h (26).

Clinical Studies
Phasel

A total of 11 phase | clinical studies with danuglipron have
been completed by Pfizer (Table 1), and only 1 of these
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has results published. Seven studies assessed the safety,
pharmacokinetics, pharmacodynamics, adverse events
and dose assessments in healthy individuals with or with-
out comorbidities. Four studies evaluated the effects of
danuglipron in participants with hepatic impairment, renal
impairment, obesity and T2DM.

Completed phase I studies in healthy participants

The first-in-human study of danuglipron was conducted to
evaluate the safety, tolerability and pharmacokinetic profile
of single doses of danuglipron in healthy participants. This
was a randomized, double-blind, placebo-controlled study
that included 25 participants (ClinicalTrials.gov Identifier
NCT03309241) (28). The follow-up to this study (NCT03492697)
was a single-dose crossover study evaluating different formu-
lations of danuglipron. This study was conducted by admin-
istering fixed doses of danuglipron as either an immediate
release tablet, a short controlled-release (CR) tablet, a long
CR tablet or an immediate-release (IR) solution (29).

Additionally, a bioavailability and pharmacokinetic study
was conducted where participants received a single oral
dose of 50 mg danuglipron or a single oral dose of 50 mg
danuglipron followed by a 100-ug i.v. infusion of danuglip-
ron 3 h later. The purpose of this study was to determine the
absolute bioavailability and the route of excretion of danu-
glipron through the recovery of radioactivity in the urine
and feces in a 14-day period (NCT04495140) (30).

Completed phase I studies in participants with
comorbidities

There are 7 completed studies that have assessed danu-
glipron in participants with various comorbidities such as
obesity, renal impairment and hepatic impairment. The
first study of danuglipron in participants with T2DM was
conducted in Japanese adults assessing the safety, tolera-
bility, pharmacokinetics and pharmacokinetics of danu-
glipron. This study was conducted with 4 treatment arms.
Participants received 1 of the following: placebo, danuglip-
ron titrated to 40 mg over 2 weeks, danuglipron titrated to
80 mg over 4 weeks, or danuglipron titrated to 120 mg over
6 weeks (NCT04552470) (31).

Another study was conducted where otherwise healthy
adult participants who were overweight or had obesity were
given single doses of 4 different oral formulations of danu-
glipron at a fixed dose of 100 mg. The study was open-label
and contained a 4-period crossover design where each par-
ticipant received a different formulation during each period
(NCT04616339) (32).

A concurrent study was completed analyzing the effect of 2
steady-state doses of danuglipron on the pharmacokinetics
of rosuvastatin and midazolam in participants with obesity.
Participants received either 120 mg twice daily (b.i.d.), or
200 mg b.i.d. of danuglipron with a subsequent single dose
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of 10 mg rosuvastatin and/or a single dose of 2 mg mida-
zolam. There were 2 control groups: 1 group receiving a sin-
gle 10-mg rosuvastatin dose and the other receiving a single
2-mg midazolam dose (NCT04621227) (33).

A nonrandomized, open-label, single-dose, parallel cohort
study in patients with varying degrees of hepatic impair-
ment was recently completed. The study analyzed pharma-
cokinetic parameters of a 1-time 20-mg dose of danuglipron
including AUC, C,..x and unbound drug in the plasma over 3
days, and any treatment-emergent adverse events (TEAEs)
over 30 days (NCT04604496) (34).

A study evaluated renal impairment with respect to danu-
glipron and pharmacokinetic parameters of a 1-time, 20-mg
dose of danuglipron including AUC, Cy., unbound drug
in the plasma over 3 days, and any TEAEs over 30 days
(NCT04616027) (35).

A drug-drug interaction study enrolled participants who
were then split into 3 treatment arms, with the first 2 arms
receiving either a 20-mg single dose of danuglipron or a
20- and 300-mg dose of danuglipron, 320 mg total. These
2 arms then underwent a 3-day washout and received the
opposite treatment arm. The third treatment arm had par-
ticipants receive a 300-mg dose of danuglipron on day 1,
followed by a titration from 10 to 200 mg b.i.d. over days
3-46. This arm then received another 300-mg dose on day
47, followed by 200 mg b.i.d. on days 47-48, and lastly 500
mg b.i.d. for days 49-62 (NCT04839393) (36).

A phase | randomized, double-blind, placebo-controlled
study was also recently completed, in which participants
with type 2 diabetes received an undisclosed dose of
danuglipron beginning with 3 tablets b.i.d. and titrated over
6 weeks to a target dose of 120 mg and a treatment duration
of 8 weeks (NCT04889157) (37).

A.J. Sperry etal.

Published phase I clinical study

Aphase | randomized, placebo-controlled, multiple-ascending-
dose study (NCT03538743) assessed the pharmacokinetic
and pharmacodynamic properties of danuglipron. The
study enrolled 98 participants who were randomized to
receive placebo, IR or CR danuglipron. The IR doses studied
included 10 mgb.i.d., 15 mgb.i.d., 50 mg b.i.d., 70 mg b.i.d.,
120 mgb.i.d., 120 mg b.i.d. with an initial dose titration from
5mg, 120 mgonce daily; and the CR dose studied was a 200-
mg once-daily tablet (Table I1) (38, 39). At baseline, patient
A, was 8.3%; after 28 days the placebo group showed an
average decrease in A, of 0.4%. Participants receiving the
10-mg b.i.d. dose of danuglipron had a decrease in A, of
0.8%, while those receiving the 15-mg b.i.d. dose had a
decrease in A;c of 0.9%, and those receiving 50-mg b.i.d.,
70-mg b.i.d. and 120-mg b.i.d. doses saw a decrease in A
of 1.2%. It was predicted that the steady-state A, would
have an actual decrease by ~1.7% for the 120-mg b.i.d.
dose if the study was extended beyond 28 days. There was
a dose-dependent effect on weight loss with the danuglip-
ron group with a baseline of 92.5 kg; weight loss ranged 2.4
to 7.9 kg in those treated with danuglipron while the pla-
cebo group showed an average weight loss of 1.9 kg. The
effect of danuglipron on fasting plasma glucose (FPG) also
showed a dose-dependent decrease. Baseline FPG was
178.7 mg/dL and exhibited a decrease ranging from 34.5 to
89.7 mg/dL in the danuglipron arms, and a decrease of 24.8
mg/dL for those who received placebo (40). Saxena et al.
discussed the pharmacokinetic parameters on the plasma
exposure of danuglipron after 28 days by measuring Ciax,
tmax @and the AUC,,. Results showed that danuglipron exhib-
its a dose-dependent effect on AUC,4, Cinax @and toacfor the IR
formulations. At day 28, t,,.cwas between 3 and 10 h for all
formulations except the CR formulation which exhibited a

Table Il. Summary of clinical data reported from trial NCT03538743 of danuglipron (27).

Treatment arm Placebo Danuglipron

15mgb.i.d. 50mgb.i.d. 70 mgb.i.d. 120mgb.i.d. 120b.i.d. ST 120mgq.d. 200 mgq.d.CR

Age range (years) 41-70 37-68 48-68 46-65 40-64 50-69 43-66 45-69
Males (%)° 48 34 50 45 78 45 50 50
Latino (%)® 72 45 70 67 45 45 75 60
Caucasian (%)? 72 56 80 78 67 45 100 70
AUC day 28 (ng-h/mL)? N/A 1653 3171 8368 5973 2723 4372 2723
Cmax day 28 (ng/mL)? N/A 82 134 329 686 438 192 304
Headache (%)? 32 12 50 23 0 0 50 30
Constipation/diarrhea (%) 32 56 30 56 56 78 38 60
Nausea/vomiting (%)>° 24 23 90 56 167 178 125 110
Decreased appetite (%)? 4 0 10 12 67 23 38 50

#Value rounded up to nearest whole digit.
®Combined data between side effects.
ST, slow titration; CR, controlled release.
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tmax @t 14 h. The C, was seen to be largest for the 120-mg
IR b.i.d. dose with a plasma concentration of ~500 ng/mL,
and lowest for the 10 mg IR b.i.d. dose with a C.x0f about
30 ng/mL. The 200-mg CR formulation had a similar Cyy
to that of the 70 mg IR b.i.d. dose at ~250 ng/mL but had a
shallower decline and mimicked the 120-mg IR b.i.d. plasma
level decline. Danuglipron was seen to be unchanged in the
urine with < 0.1% being excreted suggesting that the pri-
mary form of excretion is not in the urine (27).

Phaselll

There is currently 1 active phase Il study for danuglipron
and 2 completed phase Il studies. There are no preliminary
results posted for these studies at this time (Table Il1).

Completed phase Il clinical studies in participants with
comorbidities

A 16-week study that evaluated the efficacy and safety of
danuglipron in T2DM enrolled 412 patients aged 18-75 years
old, BMI 24.5-45.4 kg/m?, and A,. 7-10.5% who were inade-
quately treated with metformin alone. This phase llIb, ran-
domized, double-blind, placebo-controlled, parallel-group
study began on June 13,2019, and closed on August 12,2021,
but has not released any anticipated dates for a preliminary
data readout. Participants were randomized to placebo, 2.5
mg danuglipron, or 10 mg danuglipron without a titration, or
40 mg, 80 mg, 120 mg with a titration schedule of 2, 4 and 6
weeks, respectively. The primary endpoint of this study was
analyzing the change in A, over 16 weeks (NCT03985293) (41).

A 12-week, phase lla, randomized, double-blind, placebo-
controlled, parallel study evaluated the safety, tolerability
and pharmacodynamic properties of danuglipron titration
in adults 18-75 years old with T2DM treated with metformin,
as well as nondiabetic adults with obesity. There is no dis-
closed value that defines obesity for this second group ana-
lyzed. This 12-week study began November 5, 2020, and
enrolled 151 participants before the close date of November
17,2021. Participants with T2DM received either placebo, or
a starting dose of 5 mg danuglipron b.i.d. titrated to 80 mg
b.i.d., 10 mg b.i.d. titrated to 80 mg b.i.d., 5 mg b.i.d. titrated
to 120 mg b.i.d., 10 mg b.i.d. titrated to 100 mg b.i.d., or 10
mgb.i.d. titrated to 200 mg b.i.d. of danuglipron, while obese
patients received either placebo or 10 mg b.i.d. titrated to
200 mg b.i.d. of danuglipron. The primary endpoint is to
determine the incidence and severity of TEAEs over 112 days
for each treatment arm (NCT04617275) (42).

Active phase I clinical study

Another phase Il study is a 26-week, phase IIb, randomized,
double-blind, placebo-controlled, parallel-group, dose-
range study evaluating the efficacy and safety in adults
with obesity. It is active but no longer recruiting. A total
of 444 patients 18-75 years old, with a stable weight that
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has not changed by more than 5 kg over 90 days, and a BMI
=30 kg/m? were enrolled. The study began January 13,2021,
and has an expected completion date of January 14, 2023.
Patients are administered either placebo, or 40 mg b.i.d., 80 mg
b.i.d., 120 mg b.i.d., 160 mg b.i.d., 200 mg b.i.d. of danuglipron,
where the patients treated with danuglipron will be further
divided to receive either a standard titration over 1 week or a
slow titration schedule over 2 weeks. The primary endpoint
of this study is the change in overall body weight from base-
line until week 26 as well as the safety in these patients with
the various treatment arms (NCT04707313) (43).

Safety

Saxena et al. reported a compilation of all side effects from
their danuglipron study (NCT03538743) and did not distin-
guish side effects based on dose received. It was seen that
all-causality adverse effects were nausea (49%), dyspep-
sia (32.7%), vomiting (26.5%), diarrhea (24.5%), headache
(23.5%) and constipation (20.4%) (27). In contrast, the
rates for placebo were 16% for nausea, 16% for dyspepsia,
8% for vomiting, 20% for diarrhea, 32% for headache, and
12% for constipation (27). There was anincrease in the over-
all heart rate of patients which is seen as a potential side
effect across the entire class of GLP-1RA medications. This
side effect was not determined to be clinically significant.
On average, the heart rate of patients increased by 11.8
beats per minute over 24 h compared to placebo. There was
no observable change in diastolic blood pressure for both
the placebo arm and the treatment arms; however, there
was an observable decrease in systolic blood pressure,
defined as = 30 mmHg while supine. This in 36% of the par-
ticipants in the placebo group, 55.6% in those receiving 15
mgIR b.i.d. and 70 mg IR b.i.d., and as much as 62.5% in the
120-mg IR once-daily group (27, 38).

Discussion

Preliminary results show that danuglipron has the potential
to be an effective oral GLP-1RA agent to reduce A, in T2DM
and aid in weight loss for obese patients. While danuglipron
is not the first oral GLP-1RA, itis the first small molecule oral
GLP-1RA with a unique mechanism of action that provides
a promising area of drug discovery other than oral semaglu-
tide, which is a small oral peptide (20, 22).

It is important to evaluate danuglipron performance in
comparison to Rybelsus due to the latter being the only
FDA-approved oral GLP-1RA on the market (44). A phase Il
study evaluated oral semaglutide compared to injectable
semaglutide and placebo. All doses of oral semaglutide (2.5
to 40 mg) showed an A,-lowering effect, with the 2.5-mg
dose decreasing A;. by 0.7% and the 40-mg dose lowering
A by 1.9%. The oral 40-mg dose of semaglutide was seen
to have the same A;-lowering effect as 1 mg of injectable
semaglutide. A, decreased by 0.7% for the oral 2.5-mg
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semaglutide dose and decreased by as much as 1.9% for the
oral 40-mg dose. Body weight decreased by 2.1 kg for the
oral 2.5-mg semaglutide dose, and 6.9 kg for the oral 40-mg
dose, while the s.c. 1-mg dose had a decrease of 6.4 kg (45).
The follow-up to this study, PIONEER 1, was a 26-week,
phase Illa study with 703 patients with T2DM (14, 44, 46).
This study assessed the A,-lowering effect of 3, 7 and 14
mg semaglutide in T2DM, and found that A, decreased by
0.9%, 1.2% and 1.1%, respectively (14, 46). From these data
it can be inferred that the maximum approved oral dose of
14 mg Rybelsus may not be as efficacious as 1 mg s.c. sema-
glutide (Ozempic) (45).

It is difficult to make a direct comparison for the reduc-
tion in A;c and body weight between danuglipron and oral
semaglutide due to the participant population for danu-
glipron’s phase | trial only having 98 patients followed for
28 days, while PIONEER 1 had 703 participants who were
followed for 26 weeks (27, 46). The moderate intensity dose
of Rybelsus, 14 mg, had an observed A, reduction of 1.2%
over 26 weeks, while danuglipron’s reduction was 0.8-1.2%
between the 10- and 120-mg b.i.d. doses administered for
only 28 days. This would suggest that doses above 50 mg
b.i.d. of danuglipron may be similar or greater in terms of
efficacy but it is inconclusive with the data reported at this
time. It is anticipated that the 120-mg b.i.d. dose of danu-
glipron would be able to have an A, reduction of ~1.7% if
extended beyond the 28-day period, which would be com-
parable to the oral 40-mg dose of semaglutide (15, 45). The
side effect profile of danuglipron shows higher rates of nau-
sea (49% vs. 16%), diarrhea (24.5% vs. 9%), vomiting (26.5%
vs. 6.9%) and headache (23.5% vs. 5.1%) when compared to
Rybelsus. One potential reason for this discrepancy is that
danuglipron was administered without titration, unlike oral
semaglutide which was titrated, and may be the contribut-
ing factor for why many studies for danuglipron are includ-
ing titrations to avoid these side effects (15, 46). The side
effects of mild tachycardia in patients treated with danu-
glipron were similar to other GLP-1RAs and are shown to be
a class-based effect (47).

T-0632, CHU-128, LY-3502970 and TT-OAD2 are 4 other
small molecule oral GLP-1R-modulating agents that have

Table IV. Oral small molecule GLP-1R modulators (48-52).

Danuglipron

been studied (Table IV) (48-50). T-0632 had preclinical
testing performed by Mitsubishi Tanabe Pharma, but is a
GLP-1R antagonist, unlike danuglipron, which is an agonist.
Another key difference between these agents is that T-0632
only effects the cAMP production, while danuglipron also
works on the BArr pathway (26, 48). T-0632 has the same
target site for the Trp33E of the GLP-1R affecting the class
B GPCR, which allows it to express its effect in the body (48).
T-0632 was studied in vivo in the COS-7 cell line and showed
a 100-fold increase in the ECs, for cells that expressed the
hGLP-1R gene compared to cells that had rat GLP-1R gene,
but cannot be compared to danuglipron with danuglipron
being tested in vitro (48).

CHU-128 is a patented product from the Chugai patent
series that is a small molecule GLP-1RA but differs in its
effects compared to danuglipron, which mimics the actions
of natural GLP-1, while CHU-128 does not. CHU-128 has
minimal ligand binding affinity, but results show it may not
be suitable for use in human models. CHU-128, however,
exhibited an equivalent potency to danuglipron and both
were full agonists for cAMP production with an ~30-fold
lower potency compared to natural GLP-1. The last major
difference between these 2 agents is that CHU-128 has a
bias to only the cAMP pathway and no other pathway in the
recruitment of GLP-1 (51, 52).

LY-3502970, originally OWL-833, is being studied by Eli Lilly
and Company in phase Il studies. This product was origi-
nally part of the Chugai patent series like CHU-128 before
Eli Lilly and Company obtained the rights. LY-3502970 is a
partial agonist to GLP-1R that has a similar agonist prop-
erty to danuglipron but does not affect the BArr pathway
like danuglipron, and has higher potency to the activation
of class B1 GPCR resulting in the cCAMP pathway. This agent
also targets the Trp33tP2 similarly to danuglipron, but
danuglipron stabilized the TMD helices kink 6 in the GLP-1R,
while LY-3502970 does this stabilization at the TMD helices
kinks 1,2,3 and 7. Four phase | clinical trials have been com-
pleted with LY-3502970 in healthy male participants, healthy
male and female participants, and patients with T2DM that
are otherwise healthy (53-56). There are currently no posted
results to allow for comparison to danuglipron (16, 20, 26).

Molecule name  Molecule Molecular weight ~ Trp33¥P binding  TMD helices =~ cAMP agonism BArr
owner (Daltons) site kinks agonism
Danuglipron Pfizer 555.6 ECL1; ECL2 6 Full Partial
T-0632 Mitsubishi Tanabe Pharma  502.2 ECL; ECL2 6 N/A; works through ~ N/A
antagonism
CHU-128 Chugai Pharmaceutical 161.0 ECL1; ECL3 7 Full Partial
LY-3502970 Eli Lilly and Company 883.0 ECL2 1;2;3;7 Partial N/A
TT-OAD2 vTv Therapeutics 929.7 ECL1; ECL2 1;6;7 Partial N/A

BArr, B-Arrestin; cAMP, cyclic AMP; ECL, extracellular loop; TMD, C-terminal transmembrane domain; Trp33tP?, N-terminal extracellular domain of

tryptophan residue 33.
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TT-OAD2 is an agent from vTv Therapeutics that has been
studied for the way it binds to the GLP-1R allowing for its
action. It works on the class B GPCR at the Trp33 residue;
however unlike danuglipron, it also works on ECL3 at the
top of the TMD helices at kinks 1, 6 and 7. TT-OAD2 does
share a similarity to danuglipron by also working on ECL2
at the TMD helices at kink 6. TT-OAD2 was tested in the HEK-
293 cell line with overexpressed GLP-1R, and it was found
that it had low-potency partial agonism for the cAMP path-
way with week Ca? responses. No clinical trials have been
done on this agent (49).

One other small molecule from Eli Lilly and Company is
LSN-3160440, which is a positive allosteric modulator of
GLP-1R and does not target GPCR. LSN-3160440 binds to
the tyrosine-kinase MET, causing an allosteric conforma-
tional change and causes the ECD of the GLP-1R to change
and allowing for the cAMP to begin (57). This agent has lim-
ited data available and could be a potential competitor to
danuglipron with it having a different mechanism of action
(52, 57).

Conclusions

Danuglipron has demonstrated that small molecule oral
GLP-1RAs have a place in the treatment of obesity and
T2DM. Danuglipron is the first small molecule GLP-1RA to
be evaluated and has a unique multifactorial mechanism
of action that may be a protentional agent to improve the
health outcomes of patients with both T2DM and obesity,
but is still unknown. Current and future studies will assist
in evaluating the place in patient therapy for dosing, poten-
tial TEAEs, effects in patients with renal and hepatic impair-
ment, potential weight loss, and A.-lowering benefits.
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