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The tirzepatide treatment groups were: 5 mg (5 mg, weeks 1-8), 10 mg (2.5 mg, weeks 1-2;
5 mg, weeks 3-4; 10 mg, weeks 5-8), and 15 mg (5 mg, weeks 1-2; 10 mg, weeks
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Eli Lilly and Company. 3-6;15 mg, weeks 7-8). The primary outcome was tirzepatide safety and tolerability.

Results: Forty-eight participants were randomized. The most frequently reported
treatment-emergent adverse events (AEs) were decreased appetite and gastrointestinal
AEs, which were generally dose-dependent and mild in severity. The plasma tirzepatide
concentration half-life was approximately 5 days. After 8 weeks of treatment, fasting
plasma glucose decreased from baseline with tirzepatide versus placebo; the least
squares (LS) mean decrease compared with placebo (95% confidence interval [Cl]) was
52.7 (35.9-69.6), 69.1 (52.3-85.9), and 68.9 (53.2-84.6) mg/dL in the 5-, 10-, and
15-mg treatment groups, respectively (P < .0001 for all treatment groups). Tirzepatide
also resulted in LS mean decreases from baseline versus placebo at 8 weeks in HbAlc
up to 1.6% (95% Cl 1.2%-1.9%; P < .0001 for all treatment groups) and body weight
up to 6.6 kg (95% Cl 5.3-7.9; P < .0001 for all treatment groups).

Conclusions: All tirzepatide doses were well tolerated. The safety, tolerability, PK,
and PD profiles of tirzepatide support further evaluation of once-weekly dosing in

Japanese people with T2D.
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1 | INTRODUCTION

Prior presentation: These data were previously presented at the American Diabetes

Association’s 79th Scientific Sessions, San Francisco, CA, 7-11 June 2019 (poster 1024P) and
at the 63rd Annual Meeting of the Japanese Diabetes Society, online meeting, 5-16 October
2020 (poster Il P-75-2). national prevalence of 7.9%.1 A further 12.1 million people in Japan

It is estimated that 7.4 million people in Japan have diabetes, with a
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have impaired glucose tolerance.> Among Japanese people with dia-
betes, there has been a documented increase in the proportion of
those who are overweight and obese.?

In people with type 2 diabetes (T2D), glucagon-like peptide-1
(GLP-1) receptor agonists have several therapeutic benefits, including
improving glucose-dependent insulin secretion, reducing glucagon
secretion, and decreasing the rate of gastric emptying.®>”7 GLP-1
receptor agonists are also associated with reduced appetite and sub-
sequent weight loss.>”7 However, not all people treated with GLP-1
receptor agonists and/or other blood glucose-lowering agents reach
their glycemic or body weight reduction targets.2? One potential ther-
apeutic approach to address this limitation is a dual receptor agonist
of GLP-1 and glucose-dependent insulinotropic peptide (GIP), which
allows simultaneous targeting of additional pathways implicated in
nutrient and energy metabolism.2%11

Tirzepatide is a 39-amino acid synthetic peptide dual GIP and
GLP-1 receptor agonist. Its peptide component is engineered from the
GIP amino acid sequence and includes a C20 fatty di-acid moiety,
enabling albumin binding and allowing once-weekly dosing.}? In a
global 26-week, phase 2 study in participants with T2D, tirzepatide
resulted in significant dose-dependent reductions in HbA1c at all doses
(1, 5, 10, and 15 mg) versus placebo, and for the 5-, 10-, and 15-mg
doses versus 1.5-mg dulaglutide.!* There were also significant, dose-
dependent reductions in body weight for the 5-, 10-, and 15-mg doses
of tirzepatide versus placebo, and for the 5-, 10-, and 15-mg doses ver-
sus 1.5-mg dulaglutide.?* A post hoc analysis of this study showed that
tirzepatide improved several markers of insulin sensitivity and beta-cell
function compared with 1.5-mg dulaglutide.*® Further post hoc ana-
lyses showed that tirzepatide improved participants' atherogenic lipo-
protein profile and biomarkers of non-alcoholic steatohepatitis.**>
The effects of tirzepatide on insulin sensitivity were found to be partly
attributable to weight loss, supporting the hypothesis that dual receptor
agonism promotes distinct mechanisms of glycemic control.*® Another
12-week, phase 2 study investigating several dose-escalation regimens
showed clinically significant reductions in HbAlc among participants
receiving tirzepatide, and suggested that lower starting doses and
smaller dose increments were better tolerated.'®

This multiple-ascending dose phase 1 study investigated the
safety, tolerability, pharmacokinetics (PK), and pharmacodynamics
(PD) of tirzepatide administered subcutaneously (SC) once-weekly for
8 weeks in Japanese participants with T2D. The data from this study
will support identification of an appropriate dose range for subse-

quent clinical studies in Japan.

2 | METHODS

2.1 | Study design and participants
This phase 1, multiple-site, participant- and investigator-blind,

placebo-controlled, randomized, parallel dose-group, 8-week,

multiple-ascending dose study was conducted in Japanese partici-
pants with T2D. Eligibility criteria included age 20-70 years at screen-
ing, T2D for 1 year or longer prior to enrolment, T2D controlled with

diet and exercise alone, or stable on metformin or a dipeptidyl
peptidase-4 (DPP-4) inhibitor (except for omarigliptin, trelagliptin, and
linagliptin, which require a washout period longer than that used in
this study) for 3 months or longer, and a body mass index (BMI) of
20-35 kg/m?. Patients who had been treated with metformin or
DPP-4 inhibitors were required to withdraw their treatment and have
at least a 28-day washout period before dosing with tirzepatide or
placebo. The study protocol was approved by local ethics committees
and was conducted in accordance with the principles of the Declara-
tion of Helsinki, Council of International Organizations of Medical Sci-
ences International Ethical Guidelines, and Good Clinical Practice
guidelines. All participants gave written informed consent before par-
ticipation in the study. This study is registered with ClinicalTrials.gov,
number NCT03322631.

2.2 | Procedures
Participants who met the enrolment criteria were randomly allocated
to receive either once-weekly tirzepatide SC or placebo for 8 weeks.
Randomization tables for allocation of tirzepatide or placebo were
prepared by the study statistician and provided to pharmacy staff,
who prepared and dispensed the study medication. The dosing regi-
men was participant- and investigator-blinded. The tirzepatide dose
groups and dose-escalation regimens were: 5 mg (participants
received 5-mg tirzepatide weeks 1-8), 10 mg (participants received
2.5-mg tirzepatide, weeks 1-2; 5 mg, weeks 3-4; 10 mg, weeks 5-8),
and 15 mg (participants received 5-mg tirzepatide, weeks 1-2;
10 mg, weeks 3-6; 15 mg, weeks 7-8). Full details of the treatment
regimens are shown in Figure S1.

All injections were administered SC into the tissue of the abdomi-
nal wall. Injection sites were alternated weekly between four sites on
the abdominal wall (right and left upper quadrants, and right and left

lower quadrants).

2.3 | Outcomes

The primary outcome was the safety and tolerability of tirzepatide
after multiple SC doses. The safety variables assessed included lab-
oratory values, vital signs, electrocardiogram (ECG) variables,
injection-site reactions, and hypoglycemia. Hypoglycemic events
were defined as plasma glucose of 70 mg/dL or less (documented
glucose alert level 1). Plasma tirzepatide concentration—QT ana-
lyses were performed to assess the changes from baseline and pla-
cebo in the double delta QT interval calculated with Fridericia’s
correction interval relative to plasma tirzepatide concentrations.
Study investigators assessed the safety of patients by monitoring
for and recording any suspected adverse event (AE). The occur-
rence and nature of each AE was documented by the investigator,
including whether there was a reasonable possibility of being
related to study treatment or study procedure, considering the dis-
ease, concomitant treatment, and existing underlying pathologies
and conditions at the start of the study period. A serious AE was
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defined as any AE that resulted in death, initial or prolonged inpa-
tient hospitalization, a life-threatening experience, persistent or
significant disability/incapacity, congenital anomaly/birth defect,
or any important medical event that could jeopardize the partici-
pant or require intervention to prevent one of the above listed
outcomes.

Secondary outcomes included characterization of PK and the PD
effect of tirzepatide, as measured by plasma tirzepatide concentra-
tions and fasting plasma glucose levels. Exploratory outcomes
included the PD effects of tirzepatide as measured by body weight,
oral glucose tolerance test (O to 2 hours), seven-point self-monitored
plasma glucose (SMPG), HbA1c, and subjective appetite sensation. To
assess subjective appetite sensation, participants were provided stan-
dardized lunch and dinner meals. Meal intake was recorded, and sub-
jective rating of appetite sensations was measured by a 100-mm
visual analog scale with variables of hunger, fullness, satiety, and pro-
spective food consumption before and 4-5 hours after the standard-
ized meal. Overall appetite score was calculated as the average of the
four individual scores: satiety; fullness; (100 minus prospective food
consumption); and (100 minus hunger). A higher overall appetite score

indicated less appetite.

2.4 | Statistical analysis

The sample size for the study was chosen to provide sufficient data to
evaluate the primary outcome and was not intended to achieve any a
priori statistical requirements. The study aimed to enrol approximately
49 participants so that approximately 32 participants would complete
the study, in compliance with the defined dosing regimen.

All safety data are reported in the safety population, which con-
sisted of all randomized participants who received at least one dose
of study drug. Key safety measures included laboratory variables, vital
signs, ECG variables, injection-site reactions, and hypoglycemia, which
were listed and summarized using standard descriptive statistics.

All PK and PD data were reported based on data from all partici-
pants who received at least one dose of study drug and had eva-
luable PK and PD data. PK variables were estimated using non-
compartmental methods and summarized using descriptive statistics
by dose level. PD effects of tirzepatide were summarized by treat-
ment regimen and day. Change from baseline for each PD measure
was analyzed by assigned treatment regimen using mixed-effects
models with treatment regimen received as a fixed effect and the
participant as a random effect. For repeated measure variables, day
and treatment regimen-by-day interaction terms were included in
the model. For all mixed models, baseline values were used as
covariates, an unstructured covariance approach was used and, if
the model failed to converge, alternative structures were examined
using Akaike’s criteria. Results from mixed models are reported as
least squares (LS) means and 95% confidence intervals (Cls). Statisti-
cal significance for comparisons of PD variables was set at P less
than .05. All statistical analyses were performed using SAS version
9.4 or higher.

3 | RESULTS

3.1 | Participant disposition and demographics

A total of 48 participants entered the study, were randomly assigned
treatment, and received at least one dose of study drug (N = 39) or pla-
cebo (N = 9). This included 11 participants in the 5-mg, 12 participants
in the 10-mg, and 16 participants in the 15-mg treatment groups. Two
participants, each receiving tirzepatide (one in the 10-mg and one in the
15-mg group), discontinued the study: one because of patient decision
(concern about study procedures/perceived risks) and the other
because of an AE of decreased appetite. Three participants, all from the
15-mg treatment group, did not escalate to 15 mg, and remained at
10 mg through the full 8-week treatment period: one because of an AE
of infective gastroenteritis and two because of an investigator decision
considering the patients' overall condition, with no AEs specified as the
causal reason for not escalating the treatment dose.

Among all participants, the mean (standard deviation [SD]) age
was 57.4 (8.8) years, weight was 72.3 (10.4) kg, BMI was 25.4 (3.2)
kg/m?, HbAlc was 8.0% (0.8%), diabetes duration was 8.5 (4.4) years,
and fasting serum glucose was 172.5 (28.9) mg/dL. Baseline demo-
graphic and clinical characteristics were similar by treatment regimen,
with the exception of body weight, which was lower in participants
randomized to the placebo group compared with the other treatment
groups (Table 1).

3.2 | Safety and tolerability

No deaths or serious AEs occurred during the study. Most AEs were
mild in severity, few were moderate, and none were reported as severe.
All AEs resolved by the end of the study. Decreased appetite and gas-
trointestinal AEs (constipation [35.4% overall], diarrhoea [16.7% over-
all], and abdominal discomfort [12.5% overall]) were the most
commonly reported AEs and occurred more frequently with increasing
dose of tirzepatide (Table 2). One participant had treatment-related
transient elevations in lipase (>5x upper limit of normal [ULN]; moder-
ate AE) and amylase (>2x ULN) with no symptoms suggesting pancrea-
titis. Lipase and amylase levels returned to the normal range the next
day in this participant with no change in tirzepatide dose.

There were no clinically relevant changes in laboratory values,
vital signs, or ECG variables, except among participants receiving
tirzepatide who experienced serum tirzepatide concentration-
dependent increases in pulse rate and heart rate (Figure S2). Analysis
of mean predose heart rate, pulse rate, systolic blood pressure, and
diastolic blood pressure showed initial increases in heart rate and
pulse rate that subsequently stabilized, and no significant changes in
blood pressure, in participants treated with tirzepatide (Figure S3).

No injection-site or hypersensitivity AEs were reported. There
was no correlation between incidence of antidrug antibodies and AEs
(hypersensitivity and/or injection-site reactions).

One participant in the 5-mg tirzepatide group and three partici-
pants in the 15-mg tirzepatide group experienced hypoglycemic
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TABLE 1

Baseline demographics and clinical characteristics

Demographics and clinical Placebo 5-mg tirzepatide®
characteristics N=9 N=11
Age,y 57.4(11.6) 57.5(7.9)
Sex, n (%)

Male 9 (100) 11 (100)

Female 0 0
Weight, kg 63.0(7.8) 75.4(11.0)
Body mass index, kg/m? 22.6(2.1) 26.7 (3.3)
HbA1lc, % 7.8(0.9) 7.7 (0.3)
Fasting serum glucose, mg/dL 173.9 (33.1) 164.5 (25.2)
Diabetes duration, y 9.5(3.4) 7.0 (5.0)

10-mg tirzepatide® 15-mg tirzepatide® Overall
N=12 N=16 N =48
56.9 (9.5) 57.7 (8.0) 57.4(8.8)
12 (100) 15(93.8) 47 (97.9)
0 1(6.3) 1(2.1)
74.9 (9.5) 73.3(9.9) 72.3(10.4)
25.5(2.8) 26.1(3.1) 25.4(3.2)
8.1(0.8) 8.2(0.9) 8.0(0.8)
181.2 (23.3) 170.7 (33.1) 172.5 (28.9)
8.4(3.8) 9.1(4.8) 8.5 (4.4)

Note: Data are presented as mean (standard deviation) unless otherwise indicated.
?Participants in the 5-mg treatment group received 5-mg tirzepatide weeks 1-8.
bParticipants in the 10-mg treatment group received 2.5-mg tirzepatide weeks 1-2, followed by 5 mg weeks 3-4, and 10 mg weeks 5-8.
“Participants in the 15-mg treatment group received 5-mg tirzepatide weeks 1-2, followed by 10 mg weeks 3-6, and 15 mg weeks 7-8.

TABLE 2 Treatment-emergent adverse events reported in 22 participants

5-mg tirzepatide®

Treatment-emergent adverse events ::Ia:ce9bo N- 11
Decreased appetite 0 5(45.5)
Constipation 1(11.1) 0
Diarrhea 0 0
Abdominal discomfort 0 0
Abdominal distension 1(11.1) 3(27.3)
Headache 0 0
Vomiting (0] 1(9.1)
Blood triglycerides increased 2(22.2) 0
Dyspepsia 0 0
Lipase increased 0 0
Nausea 0 1(9.1)
Viral upper respiratory tract infection 0 1(9.1)
White blood cell count increased 0 1(9.1)

10-mg tirzepatide®

C

15-mg tirzepatide

N=12 N=16
6 (50.0) 10 (62.5)
8 (66.7) 8(50.0)
3(25.0) 5(31.3)
2(16.7) 4(25.0)
1(8.3) 0
3(25.0) 1(6.3)
1(8.3) 2(12.5)
0 1(6.3)
3(25.0) 0
1(8.3) 2(12.5)
0 2(12.5)
1(8.3) 1(6.3)
0 1(6.3)

Note: Data are presented as n (%). Adverse events were listed by Medical Dictionary for Regulatory Activities preferred term. Adverse events with a
change of severity were only counted once at the highest severity.

#Participants in the 5-mg treatment group received 5-mg tirzepatide weeks 1-8.
bParticipants in the 10-mg treatment group received 2.5-mg tirzepatide weeks 1-2, followed by 5 mg weeks 3-4, and 10 mg weeks 5-8.
“Participants in the 15-mg treatment group received 5-mg tirzepatide weeks 1-2, followed by 10 mg weeks 3-6, and 15 mg weeks 7-8.

events. All events resolved either without treatment or with self-
treatment with food or drink. No severe hypoglycemia or nocturnal

hypoglycemia events were reported.

3.3 | Pharmacokinetics

Tirzepatide plasma concentrations for non-compartmental analysis
were available for 39 participants (Figure 1A,B and Table S1). The
median t,., during weeks 1 and 8 were within the range of
24-48 hours post-tirzepatide dose (Table S1). The mean ti,, was
approximately 5 days and steady state was expected within

4-5 weeks of dosing. The mean steady state apparent total body
clearance of drug calculated after extra-vascular administration (CL/F)
and apparent volume of distribution during the terminal phase after
extra-vascular administration (V,/F) were 0.0288 L/h and 5.27 L,
respectively, for the 5-mg tirzepatide group.

3.4 | Pharmacodynamics
Tirzepatide resulted in statistically significant decreases from base-
line in fasting plasma glucose compared with placebo from week

2 to week 8. At week 8, the LS mean decreases versus placebo
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FIGURE 1 Tirzepatide mean (standard deviation) plasma
concentration time profiles following A, first subcutaneous
administration at week 1, and B, last subcutaneous administration at
week 8. Pharmacokinetic profiles were determined for one dosing
interval (168 h) after first dose on day 1 and up to 840 h after the last
dose on day 50

(95% CI) were 52.7 (35.9-69.6), 69.1 (52.3-85.9), and 68.9
(53.2-84.6) mg/dL in the 5-, 10-, and 15 -mg treatment groups,
respectively (Figure 2A).

Tirzepatide also resulted in statistically significant decreases from
baseline in HbA1c compared with placebo. At week 8, the LS mean
decreases versus placebo (95% Cl) were 1.1% (0.8%-1.5%), 1.3%
(0.9%-1.7%), and 1.6% (1.2%-1.9%) in the 5-, 10-, and 15-mg treat-
ment groups, respectively (Figure 2B).

Oral glucose tolerance tests showed decreases in glucose area
under the curve (AUC; 0-2 h) and incremental glucose iAUC (0-2 h) at
week 8 for all doses of tirzepatide compared with placebo (Figure 2C).

The seven-point SMPG results showed that all doses of
tirzepatide resulted in improved overall daily SMPG profiles compared
with placebo from week 2 to week 8. The reduction of postprandial
glucose was greater than premeal glucose, resulting in a more flat-

tened daily SMPG profile in the tirzepatide treatment groups versus

the placebo group. The seven-point SMPG profile at day 57 (week 8)
is shown in Figure 2D.

Analysis of body weight showed that tirzepatide resulted in dose-
dependent, statistically significant decreases from baseline in body
weight compared with placebo from week 5 to week 8. At week
8, the LS mean decreases (95% Cl) versus placebo were 3.4 (2.0-4.8),
5.0 (3.6-6.5), and 6.6 (5.3-7.9) kg in the 5-, 10-, and 15 -mg treatment
groups, respectively (Figure 3).

There were no significant differences in LDL cholesterol, HDL
cholesterol, or total cholesterol concentrations at week 5 or week
8, compared with placebo, following tirzepatide administration.
However, dose-related trends suggesting reduced triglyceride
levels were observed postdose at week 5 and week 8, versus at
week 1 predose, for all tirzepatide treatment groups. The mean
(SD) of triglyceride predose (week 1) and postdose (week 8) were:
placebo, 175 (88) mg/dL and 197 (118) mg/dL, respectively; 5 mg,
204 (56) mg/dL and 161 (51) mg/dL, respectively; 10 mg, 172 (71)
mg/dL and 122 (38) mg/dL, respectively; and 15 mg, 173 (121)
mg/dL and 122 (55) mg/dL, respectively.

At week 8, tirzepatide resulted in a dose-dependent decrease in
the percentage of meal intake compared with placebo (Figure S4).
Analysis of appetite sensations and subjective ratings of appetite sen-
sation by visual analog scale showed numerically decreased hunger
and fullness scores for both lunch and dinner, at all tirzepatide dose
levels, compared with placebo (Figure S5). However, overall appetite
score was not different among the treatment groups (Figure S5).

4 | DISCUSSION

This phase 1, multiple-ascending dose study showed that tirzepatide
was well tolerated at all tested doses. The PK data reported here sup-
port a once-weekly dosing regimen. Compared with placebo,
tirzepatide treatment resulted in statistically significant reductions in
fasting serum glucose, HbA1c, and body weight in Japanese partici-
pants with T2D. The overall safety and PD profiles of tirzepatide in
Japanese participants were comparable with other phase 2 studies in
non-Japanese participants with T2D.1%%¢ These findings indicate that
tirzepatide has the potential to provide clinically meaningful improve-
ments in glycemic control and body weight in people with T2D.*?

In this study, the most frequently reported AEs among Japanese
participants with T2D who received tirzepatide were decreased appe-
tite and gastrointestinal AEs (constipation, diarrhea, abdominal dis-
comfort). All the decreased appetite and gastrointestinal AEs were
mild in severity and dose-dependent. These AEs are comparable with
those observed in the 26- and 12-week phase 2 studies in
non-Japanese participants, which also showed that gastrointestinal
AEs (nausea, diarrhea, and vomiting) and decreased appetite were the
most common AEs, were mild to moderate in severity, and were dose-
dependent.?*¢ Collectively, these studies suggest that most gastroin-
testinal AEs occur after initial doses of tirzepatide, and are likely to
decrease by starting at a lower dose and gradually escalating the dose

with small increments.* ¢
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In this study, pulse rate and heart rate were increased with
increasing tirzepatide doses and serum tirzepatide concentrations. An

increased pulse rate among participants receiving tirzepatide was also

reported in the 12-week phase 2 clinical study.® GLP-1 receptor ago-
nists are known to increase heart rate,® however, a systematic review
and meta-analysis of cardiovascular outcome studies has shown that
GLP-1 receptor agonists reduce major adverse cardiovascular events
and all-cause mortality.” There were no other clinically relevant
changes in vital signs, ECG measures, or laboratory values, which is
consistent with previous phase 2 studies. In addition, as with the prior

tirzepatide studies,*1¢

no severe hypoglycemia or nocturnal hypogly-
cemia events were reported. Together, these data show tirzepatide
has similar AE profiles across studies with similar dosing regimens and
was well tolerated among all participants, including Japanese partici-
pants with T2D.

This study showed overall benefits on glucose and weight lower-
ing, similar to previous phase 2 studies in non-Japanese partici-
pants.*>¢ |n this study, there was also a dose-dependent association

between reduced meal

increased tirzepatide dose and intake,
suggesting decreased hunger in Japanese participants with T2D.
GLP-1 receptor agonists stimulate satiety and decrease food intake.1®
Likewise, tirzepatide has been shown to suppress food intake and
body weight in preclinical studies.*? In the current study, we found a

decreasing trend in fullness (the physical sensation of how much the
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stomach is filled with food), and no difference in appetite scores
among treatment groups. Typically, decreased food intake results in
decreased fullness and hence increased hunger; however, tirzepatide
appears to decrease the hunger sensation even when the stomach is
not filled with food. Interestingly, satiety (the psychological satisfac-
tion of meal intake) appears not to be changed with tirzepatide, even
with decreased meal intake and the physical sensation of fullness. Our
data support the hypothesis that tirzepatide has effects on hunger
and/or the psychological sensation of satiety separate to that induced
by physical input from the stomach for meal ingestion, which may
result in long-term effects on meal intake, as reported by the AE of
decreased appetite.

There are several limitations inherent to this phase 1 study, in
particular the comparatively small number of participants assessed for
safety and PD. Almost all the participants were male (97.9%). The
small sample size may have also limited the ability to interpret subjec-
tive appetite sensation assessments. Additionally, the comparatively
short duration of treatment is a limitation for evaluating glucose low-
ering and weight loss. The short treatment duration also meant a short
duration of dose escalation to reach the maintenance dose, which
may have led to an overestimation in the incidence of gastrointestinal
AEs. There was also no active comparator for other GLP-1 receptor
agonists. All data reported herein should be interpreted within the
context of these limitations.

In conclusion, all tirzepatide doses were well tolerated in
Japanese participants with T2D. The PK profile supports once-weekly
tirzepatide dosing. The safety, tolerability, PK, and PD profiles of
tirzepatide warrant further clinical evaluation of tirzepatide in

Japanese people with T2D.
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