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Abstract

Aim: To assess the efficacy and tolerability of tirzepatide treatment using three dif-

ferent dose-escalation regimens in patients with type 2 diabetes.

Materials and Methods: In this double-blind, placebo-controlled study, patients were

randomized (1:1:1:1) to receive either once-weekly subcutaneous tirzepatide or pla-

cebo. The tirzepatide dose groups and dose-escalation regimens were: 12 mg

(4 mg weeks 0–3; 8 mg weeks 4–7; 12 mg weeks 8–11), 15 mg-1 (2.5 mg weeks 0–1;

5 mg weeks 2–3; 10 mg weeks 4–7; 15 mg weeks 8–11) and 15 mg-2 (2.5 mg weeks

0–3; 7.5 mg weeks 4–7; 15 mg weeks 8–11). The primary objective was to compare

tirzepatide with placebo in HbA1c change from baseline at 12 weeks.

Results: Overall, 111 patients were randomized: placebo, 26; tirzepatide 12 mg, 29;

tirzepatide 15 mg-1, 28; tirzepatide 15 mg-2, 28. The mean age was 57.4 years, HbA1c

8.4% and body mass index 31.9 kg/m2. At week 12, absolute HbA1c change from

baseline (SE) was greater in the tirzepatide treatment groups compared with placebo

(placebo, +0.2% [0.21]; 12 mg, −1.7% [0.19]; 15 mg-1, −2.0% [0.20]; 15 mg-2, −1.8%

[0.19]). The incidence of nausea was: placebo, 7.7%; 12 mg group, 24.1%; 15 mg-1

group, 39.3%; 15 mg-2 group, 35.7%. Three patients discontinued the treatment

because of adverse events, one from each of the placebo, 12 mg and 15 mg-1 groups.

Conclusions: Tirzepatide treatment for 12 weeks resulted in clinically significant

reductions in HbA1c. This suggests that lower starting doses and smaller dose incre-

ments are associated with a more favourable side effect profile.
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antidiabetic drug, glucagon-like peptide-1 analogue, glucose-dependent insulinotropic

peptide, incretin therapy, randomized trial, type 2 diabetes.

1 | INTRODUCTION

Treatment with glucagon-like peptide-1 (GLP-1) receptor agonists

(GLP-1RAs) addresses multiple pathophysiological abnormalities of

type 2 diabetes, providing an important therapeutic option for

patients with this disease. GLP-1RAs improve glucose-dependent

insulin secretion, reduce glucagon secretion, and decrease the rate of

gastric emptying.1-3 They are also associated with a reduction in appe-

tite, with consequent weight loss.1-3 These agents are associated with

dose-limiting side effects of nausea, vomiting and diarrhoea,4,5 and

efforts have been made to improve efficacy and tolerability by investi-

gating dose-escalation regimens that allow attainment of higher

doses, which are associated with greater efficacy, while limiting side

effects. It has been reported that a slow escalation in dose can limit

side effects while increasing the therapeutic utility of GLP-1RAs.6-9 In

addition to the need to improve the tolerability of GLP-1RAs, further

improvement in their efficacy is of importance because not all patients

treated with GLP-1RAs reach their glycaemic target and/or body

weight reduction goals with currently available agents.10

One emerging approach to improve the efficacy of GLP-1RAs is a

pharmacological strategy targeting additional pathways implicated in

nutrient and energy metabolism, such as glucose-dependent

insulinotropic peptide (GIP).11 GIP is responsible for the majority of

the postprandial insulinotropic incretin effect in normal individuals12

and has important additional functions that are distinct from GLP-1.

GIP plays an important role in adipose tissue carbohydrate and lipid

metabolism by its actions to regulate glucose uptake,13 lipolysis,13,14

and lipoprotein lipase activity.14 In the brain, GIP appears to activate

neurons distinct from GLP-1, and intracerebroventricular administra-

tion of GIP in mice can inhibit food intake in a manner that is additive

to GLP-1.15 GIP agonism, at least in short infusion studies, has not

shown gastrointestinal (GI) side effects in humans.16 In fact, GIP

receptor activation may have antiemetic effects, as described in a

recent patent application.17 Thus, GIP could contribute to the efficacy

of GLP-1RAs by a complementary metabolic mechanism without

worsening GI tolerability, resulting in an improved therapeutic win-

dow of the dual agonism compared with selective GLP-1R agonism. In

participants with type 2 diabetes, a multiple-dose, dose-escalation

study with a pegylated peptide having balanced co-agonism at both

GIP and GLP-1 receptors showed clinically relevant glucose reduction,

with low incidence of GI side effects, supporting that the therapeutic

window might be broader than that of a selective GLP-1RA.18

Tirzepatide is a dual GIP and GLP-1RA. Its structure is based on

the GIP amino acid sequence and includes a C20 fatty di-acid moiety,

allowing once-weekly (QW) subcutaneous administration.19 In a previ-

ously reported 26-week phase 2b study in patients with type 2 diabe-

tes that compared tirzepatide with either placebo or the selective

GLP-1RA, dulaglutide, tirzepatide treatment resulted in a dose-

dependent reduction in HbA1c of up to 2.4% and a weight loss of up

to 11.3 kg; HbA1c and body weight reductions by tirzepatide treat-

ment (5 through 15 mg) were superior to those of dulaglutide.20

Treatment with 5 and 10 mg of tirzepatide resulted in clinically mean-

ingful improvements in efficacy without increasing GI adverse events

(AEs) compared with dulaglutide. Tirzepatide 10 mg dose was attained

by starting at a 5 mg dose QW for a 2-week escalation period and

then a 10 mg QW dose for the remaining duration of the study. The

15 mg dose was attained following a 6-week escalation period,

starting at a 5 mg QW for 2 weeks followed by a 10 mg QW dose for

4 weeks. The 15 mg group experienced a higher incidence of GI AEs

and a higher rate of treatment discontinuation compared with both

the 5 and 10 mg tirzepatide dose groups and dulaglutide20 and

Figure S1). Because the 15 mg dose has been shown to be more effi-

cacious than lower doses with respect to both glucose and body

weight-lowering, improving its tolerability profile for the treatment of

type 2 diabetes may be of considerable clinical value.21 To achieve

this goal, an improved dose-escalation regimen different to the pri-

mary phase 2b study20 may improve GI tolerability, adherence, and

increase patient acceptance of tirzepatide treatment at higher doses.

This 12-week, double-blind, placebo-controlled, phase 2 study

was designed to assess the efficacy and tolerability of higher doses of

tirzepatide (12 and 15 mg [two groups]) using three different dose-

escalation regimens. The dose-escalation regimens evaluated different

starting doses and magnitudes of each dose escalation. Tirzepatide

treatment doses were escalated over an 8-week period to a final dose

of 12 or 15 mg, which was administered during the remaining 4 weeks

of the treatment period. Although the primary objective of the study

was to evaluate the effect of tirzepatide on changes in HbA1c at

12 weeks, a key secondary objective was to evaluate the tolerability

of tirzepatide within each of the dose-escalation regimens.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This 12-week, phase 2, randomized, double-blind, placebo-controlled

study was conducted from 2 November 2017 through April

24, 2018 at 13 sites in the United States. Eligible patients had type

2 diabetes for at least 6 months (HbA1c 7.0%–10.5% [53.0–

91.3 mmol/mol] inclusive), inadequately controlled with diet and exer-

cise alone or with stable metformin therapy, and also had a body mass

index (BMI) of between 23 and 45 kg/m2. The full inclusion and exclu-

sion criteria are provided in the Supplementary Appendix (see the

supporting information).
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The study protocol was approved by local ethics committees and

was conducted in accordance with the principles of the Declaration of

Helsinki, Council of International Organizations of Medical Sciences

InternationalEthicalGuidelines, andGoodClinicalPracticeguidelines.All

patients provided written informed consent before participation in the

study.Thestudy is registeredwithClinicalTrials.gov (NCT03311724).

2.2 | Randomization

Eligible patients were randomized (1:1:1:1) either to placebo or to one

of the three dose-escalation regimens of tirzepatide.

2.3 | Procedures

During the 12-week treatment period, the dose of tirzepatide was esca-

lated within each group according to one of three dose-escalation

schedules (Figure 1A). The dose-escalation regimen for the 12 mg

group was 4 mg for 4 weeks, followed by 8 mg for 4 weeks, and then

12 mg for the final 4 weeks. The dose-escalation regimen for the

15 mg-1 group was 2.5 mg for 2 weeks, followed by 5 mg for 2 weeks,

10 mg for 4 weeks, and then 15 mg for the final 4 weeks. The dose-

escalation regimen for the 15 mg-2 group was 2.5 mg for 4 weeks,

followed by 7.5 mg for 4 weeks, and then 15 mg for the final 4 weeks.

2.4 | Objectives

The primary objective of the study was to show that at least one

tirzepatide treatment group showed superior HbA1c reduction com-

pared with placebo at 12 weeks in patients with type 2 diabetes inad-

equately controlled with diet and exercise alone or treated with a

stable dose of metformin. Secondary efficacy objectives were to com-

pare each dose-escalation regimen of tirzepatide with placebo for

change in mean body weight, fasting blood glucose (FBG) and waist

circumference. Secondary safety objectives included treatment-

emergent AEs (TEAEs), serious AEs (SAEs), incidence of nausea,

vomiting and diarrhoea, discontinuation of study drug because of AEs,

and incidence and rate of hypoglycaemia (definitions for all of the

above are provided in the Supplementary Appendix). Although AEs

were not solicited from the patients, patients were strongly encour-

aged to record any AEs in their diaries so that differences in tolerabil-

ity between dose groups could be discerned. In the absence of a site
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Assessed for 
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(A)

(B)

placebo

Lost to follow-up (n = 1)
Screen failure (n = 79)
Patient withdrew (n = 3)
Others (n = 4)

20 (76.9%) completed treatment
23 (88.5%) completed study

6 (23.1%) discontinued treatment

3 (11.3%) discontinued study

1 (3.8%) adverse events
1 (3.8%) patient withdrew

1 (3.8%) physician’s decision
1 (3.8%) protocol violation
2 (7.7%) other

26 included in mITT/safety 
population

1 (3.8%) protocol deviation
1 (3.8%) patient withdrew
1 (3.8%) lost to follow-up     

29 assigned to
TZP 12 mg

27 (93.1%) completed treatment
28 (96.6%) completed study

2 (6.9%) discontinued treatment
1 (3.4%) adverse events
1 (3.4%) patient withdrew

1 (3.4%) discontinued study
1 (3.4%) patient withdrew

29 included in mITT/safety 
population

28 assigned to

TZP 15 mg-1

22 (78.6%) completed treatment
26 (92.9%) completed study

6 (21.4%) discontinued treatment

2 (7.1%) discontinued study

1 (3.6%) adverse events
1 (3.6%) patient withdrew
1 (3.6%) study drug non-compliance
2 (7.1%) protocol deviation
1 (3.6%) other

1 (3.6%) protocol deviation
1 (3.6%) other 

28 included in mITT/safety 
population

28 assigned to 
TZP 15 mg-2

26 (92.9%) completed treatment
27 (96.4%) completed study

2 (7.1%) discontinued treatment

1 (3.6%) discontinued study

1 (3.6%) physician decision
1 (3.6%) study drug non-compliance

1 (3.6%) physician decision

28 included in mITT/safety 
population

F IGURE 1 (A) Study design; (B) patient disposition. mITT, modified intent-to-treat; QW, once-weekly; TZP, tirzepatide
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visit during the week after dose escalation, a telephone visit was con-

ducted to remind the patient to record any AEs in their diaries.

2.5 | Statistical analysis

All efficacy and safety analyses were performed on the modified

intent-to-treat (mITT) population, which included all patients who

took at least one dose of study medication. The primary analysis for

change from baseline in HbA1c was performed using a mixed model

for repeated measures. The continuous secondary efficacy variables,

including change from baseline in body weight, FBG and waist circum-

ference at 12 weeks treatment, were all analysed using a mixed effect

model repeat measurement (MMRM)-based model.

Key continuous safety measures, including vital signs and electro-

cardiogram variables, were analysed by a similar MMRM model to the

one described above. AEs were collected at every visit, regardless of

relationship to study drug. These events were captured as actual

terms and coded to Medical Dictionary for Regulatory Activities terms

by blinded Lilly clinical personnel. Summaries for both efficacy and

safety variables included descriptive statistics for continuous mea-

sures (sample size, mean and standard deviation [SD]) and for categor-

ical measures (sample size, frequency and percentages).

3 | RESULTS

3.1 | Demographics and patient disposition

A total of 198 patients were assessed for eligibility, of whom

111 (mITT dataset) were randomly assigned to one of the four treat-

ment groups: placebo, 26; tirzepatide 12 mg, 29; tirzepatide 15 mg-1,

28; and tirzepatide 15 mg-2, 28. Sixteen patients (14.4%) discontinued

study drug treatment (Figure 1B), consisting of discontinuations from

the placebo group (n = 6, 23.1%) and the tirzepatide treatment groups

(12 mg, n = 2, 6.9%; 15 mg-1, n = 6, 21.4%; and 15 mg-2, n = 2, 7.1%).

Three patients discontinued the study because of AEs (placebo, n = 1;

tirzepatide 12 mg, n = 1; tirzepatide 15 mg-1, n = 1). Baseline demo-

graphics and clinical characteristics were similar across all the treat-

ment groups, except for gender distribution in the tirzepatide 15 mg-2

group (Table 1). The average age, HbA1c, BMI and duration of diag-

nosed type 2 diabetes were 57.4 years, 8.4% (67.8 mmol/mol),

31.9 kg/m2 and 9.1 years, respectively; 59.5% of patients were male

and 86.5% of patients were on metformin.

3.2 | Efficacy

After 12 weeks of treatment, HbA1c significantly decreased from

baseline in the three tirzepatide treatment groups compared with pla-

cebo (Figure 2A). The least squares (LS) mean change (95% confidence

interval [CI]) versus placebo was −1.9% (−2.5, −1.4), P < 0.001 for the

12 mg group, −2.2% (−2.8, −1.7), P < 0.001 for the 15 mg-1 group,

and −2.0% (−2.5, −1.4), P < 0.001 for the 15 mg-2 group. Tirzepatide

treatment also reduced the concentration of FBG from baseline to

week 12 in all three treatment groups. The FBG change from baseline

to week 12 ranged from −12.3 mg/dL (−0.7 mmol/L) for the placebo

group to −74.2 mg/dL (−4.1 mmol/L) for the tirzepatide 15 mg-2

treatment group (Figure 2B). This change was statistically significantly

different to baseline values and to the placebo group. The LS

mean change (95% CI) versus placebo was −48.5 mg/dL (−70.6,

−26.3), P < 0.001 for the 12 mg group, −58.0 mg/dL (−80.7, −35.2),

P < 0.001 for the 15 mg-1 group, and −61.9 mg/dL (−84.6, −39.2),

P < 0.001 for the 15 mg-2 group.

At week 12, body weight decreased in each tirzepatide treatment

group from baseline (Figure 2C). The reductions ranged from −0.5 kg in

the placebo group to −5.7 kg in the tirzepatide 15 mg-2 treatment

group. These reductions were statistically significant, and superior

TABLE 1 Baseline characteristics

Variable Placebo (N = 26) TZP 12 mg (N = 29) TZP 15 mg-1 (N = 28) TZP 15 mg-2 (N = 28)

Age (years) 56.0 ± 10.13 61.2 ± 7.56 55.5 ± 8.54 56.6 ± 9.21

Male, n (%) 12 (46.2) 15 (51.7) 16 (57.1) 23 (82.1)

Diabetes duration (years) 8.8 ± 6.43 10.5 ± 7.90 8.2 ± 4.87 8.9 ± 6.35

HbA1c (%) 8.2 ± 1.22 8.4 ± 0.90 8.5 ± 1.17 8.4 ± 1.12

HbA1c (mmol/mol) 66.4 ± 13.36 67.8 ± 9.81 69.2 ± 12.80 67.8 ± 12.25

FSG (mg/dL) 168.5 ± 62.06 177.9 ± 54.68 187.4 ± 72.86 194.5 ± 75.96

FSG (mmol/L) 9.7 ± 3.45 9.8 ± 3.04 10.4 ± 4.05 10.7 ± 4.22

Weight (kg) 89.6 ± 23.70 88.0 ± 17.35 88.7 ± 18.21 89.6 ± 16.91

BMI (kg/m2) 32.5 ± 5.70 32.0 ± 5.19 32.0 ± 5.56 31.1 ± 4.21

Waist circumference (cm) 109.1 ± 15.38 107.7 ± 12.23 107.0 ± 12.65 105.1 ± 12.19

Metformin use

Yes, n (%)

23 (88.5) 25 (86.2) 25 (89.3) 23 (82.1)

Abbreviations: BMI, body mass index; FSG, fasting serum glucose; N, total number of patients in that category; n, number of patients; TZP, tirzepatide.

All values are presented as mean ± SD unless otherwise noted.
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compared with placebo. The LS mean change (95% CI) versus placebo

was −4.8 kg (−7.1, −2.6), P < 0.001 for the 12 mg group, −5.0 kg (−7.2,

−2.7), P < 0.001 for the 15 mg-1 group, and − 5.2 kg (−7.5, −2.9),

P < 0.001 for the 15 mg-2 group. Furthermore, tirzepatide treatment

decreased waist circumference from baseline to week 12. The reduc-

tions ranged from −2.5 cm in the placebo group to −4.9 cm in the

15 mg-1 and 15 mg-2 groups (Figure 2D). The LS mean change (95%

CI) versus placebo was −2.2 cm (−4.7, 0.2), P = 0.075 for the 12 mg

group, −2.4 cm (−4.9, 0.1), P = 0.065 for the 15 mg-1 group, and

− 2.4 cm (−4.9, −0.2), P = 0.065 for the 15 mg-2 group.

3.3 | Safety and tolerability

No deaths occurred during the study. One patient from the tirzepatide

12 mg treatment group reported two SAEs: diarrhoea and high white

blood cell count. No patient discontinued the study because of GI

AEs. There were two patients from the tirzepatide treatment groups

(12 mg and 15 mg-1) who discontinued the study drug because of a

GI-related AE of diarrhoea.

There was a higher incidence of TEAEs in the tirzepatide treat-

ment groups compared with placebo, mainly because of a higher inci-

dence of GI AEs in the tirzepatide treatment groups. The most

frequently reported TEAEs overall (Table 2) were diarrhoea (27.0%),

nausea (27.0%), decreased appetite (16.2%), vomiting (14.4%) and

headache (13.5%). The incidence of events was similar in each of the

tirzepatide treatment groups with the exception of lower rates of nau-

sea in the tirzepatide 12 mg group. The percentages of patients who

reported nausea were: placebo, 7.7%; 12 mg group, 24.1%; 15 mg-1

group, 39.3%; and 15 mg-2 group, 35.7%. Graphs showing the preva-

lence and severity of nausea over time for each treatment group are

provided in the supporting material (Figure S2).

TABLE 2 Summary of treatment-emergent adverse events (AEs)

Preferred term
Placebo (N = 26)

n (%)

TZP 12 mg (N = 29)

n (%)

TZP 15 mg-1 (N = 28)

n (%)

TZP 15 mg-2 (N = 28)

n (%)

Deaths 0 0 0 0

Serious AEs 0 1 (3.4) 0 0

Treatment-emergent AEs 13 (50.0) 23 (79.3) 19 (67.9) 24 (85.7)

Discontinuations from study because of AEs 0 0 0 0

Discontinuation of study treatment drug

because of AEs

1 (3.8) 1 (3.4) 1 (3.6) 0

Patients with ≥1 treatment-emergent AEs

Mild 8 (30.8) 17 (58.6) 12 (42.9) 14 (50.0)

Moderate 5 (19.2) 6 (20.7) 7 (25.0) 9 (32.1)

Severe 0 0 0 1 (3.6)

Treatment-emergent AEs occurring in at least 5% of patients

Nausea 2 (7.7) 7 (24.1) 11 (39.3) 10 (35.7)

Diarrhoea 2 (7.7) 9 (31.0) 10 (35.7) 9 (32.1)

Decreased appetite 0 4 (13.8) 6 (21.4) 8 (28.6)

Vomiting 1 (3.8) 5 (17.2) 5 (17.9) 5 (17.9)

Headache 2 (7.7) 2 (6.9) 6 (21.4) 5 (17.9)

Dyspepsia 0 5 (17.2) 3 (10.7) 3 (10.7)

Constipation 0 1 (3.4) 3 (10.7) 5 (17.9)

Abdominal pain 1 (3.8) 1 (3.4) 5 (17.9) 1 (3.6)

Dizziness 2 (7.7) 0 1 (3.6) 3 (10.7)

Other treatment-emergent AEs

Hypoglycaemia (plasma glucose ≤70 mg/dL) 0 2 (6.9) 5 (17.9) 5 (17.9)

Hypoglycaemia (plasma glucose ≤54 mg/dL) 0 0 0 0*

Severe hypoglycaemia 0 0 0 0

Cholecystitis 0 0 0 0

Acute pancreatitis 0 0 0 0

Injection site reaction 0 2 (6.9) 2 (7.1) 0

Hypersensitivity 1 (3.8) 0 0 0

Abbreviations: N, number of subjects in the analysis population; n, number of subjects with AEs; TZP, tirzepatide.

*It cannot be ruled out that one patient had a hypoglycaemia event of plasma glucose ≤54 mg/dL because this patient reported hypoglycaemia but did not

record a plasma glucose value.
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The number of patients with the combined AEs of nausea,

vomiting and/or diarrhoea was numerically greater in the tirzepatide

15 mg-1 treatment group (57.1%) compared with the 12 mg group

(48.3%) and the 15 mg-2 group (46.4%); all of the tirzepatide treat-

ment groups reported more nausea, vomiting and/or diarrhoea than

placebo (11.5%). The severity of the nausea, vomiting and/or diar-

rhoea events was mild to moderate in intensity. None of the nausea,

vomiting and/or diarrhoea events were severe.

Further evaluation of the incidence of GI AEs from the first-onset

data showed that the AEs most probably occurred following the first

dose (4 or 2.5 mg), and the incidence and prevalence may have been

reduced with lower starting doses when comparing the incidence of

nausea, vomiting and/or diarrhoea in the tirzepatide 4 mg dose

(12 mg group) with the 2.5 mg doses (15 mg-1 and 15 mg-2

groups) (Table 3). Also, smaller subsequent dose escalations were

more probably associated with a lower incidence of the combined

nausea, vomiting and/or diarrhoea AEs, as noted when comparing

2.5 mg (15 mg-1 group) and 4 mg increments (12 mg group) with

5 mg (15 mg-1 and 15 mg-2 groups) or 7.5 mg (15 mg-2 group)

increments.

The incidence of hypoglycaemic episodes (documented, symp-

tomatic, probable and asymptomatic events) was low across all the

tirzepatide treatment groups during the study. There were 12 patients

who experienced at least one hypoglycaemic episode (plasma glucose

≤70 mg/dL [3.9 mmol/L]). It cannot be ruled out that one patient in

the 15 mg-2 group had a plasma glucose of <54 mg/dL (3.0 mmol/L)

because that patient reported a hypoglycaemia episode but did not

report a plasma glucose value (Table 2). There were no reports of

severe hypoglycaemia. There were no cases of investigator-suspected

pancreatitis or cholecystitis. No cardiovascular events that required

adjudication occurred during the trial. There were no reports of

thyroid tumours, neoplasms or C-cell hyperplasia events. Pulse rate

increased for the tirzepatide treatment groups (0.9 to 5.7 beats/min)

and decreased in the placebo group (−2.3 beats/min) during the treat-

ment period of the study.

Approximately 26% of patients treated with tirzepatide devel-

oped treatment-emergent antidrug antibodies (TE-ADAs). Overall

titres were low and there were no effects because of the presence of

TE-ADAs on reduction of HbA1c, body weight or drug clearance.

There were no hypersensitivity reactions or any other relevant AEs

associated with the presence of TE-ADAs.

4 | DISCUSSION

This was a 12-week phase 2 study designed to evaluate the efficacy,

safety and tolerability of three different 8-week dose-escalation regi-

mens followed by 4-week dosing of 12 or 15 mg of the dual GIP and

GLP-1RA, tirzepatide. The escalation regimens investigated in this

study, along with results from the previously published primary phase

2b study,20 which used a shorter dose-escalation regimen, were

designed to support collection of data for selection of therapeutic

doses and dose-escalation steps for investigation within the phase

3 studies of tirzepatide. The escalation regimens were designed to

evaluate the differences in efficacy and tolerability between the doses

used at the initiation of therapy (2.5 or 4 mg), the differences across

different escalation steps (2.5, 4, 5 or 7.5 mg), and the differences

between the groups during the entire 12-week treatment period.

This study, as well as the previously published phase 2b study,20

supports that dual agonism may have the potential to significantly

affect the type 2 diabetes and obesity pandemic.22 The efficacy data

in this study showed efficacy consistent with the primary phase 2b

TABLE 3 By-week combined incidence of nausea, vomiting and diarrhoea
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study with comparable reductions in HbA1c and weight loss at the

12-week time point (Figure S1A,B). This consistency of the data is

reassuring and increases the probability that similar results may be

observed in the phase 3 studies.

Key to the phase 3 development plan was to determine the opti-

mal dose to balance benefit against potential GI side effects by choos-

ing a dose-escalation regimen that minimizes side effects and

maximizes efficacy. Although the 5 and 10 mg doses of tirzepatide
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previously showed a comparable GI side effect profile with dulaglutide

in the phase 2b study despite no or a short 2-week dose escalation,

there were high rates of treatment discontinuation because of AEs in

the 15 mg dose group, and more patients in this group reported GI

AEs compared with the other groups (Figure S1C).20 This dose-

escalation study showed that a numerical reduction of GI side effects

compared with the 15 mg group of the phase 2b study20 could be

achieved in all dose-escalation regimens by starting at a lower dose

and by prolonging the dose-escalation period to 8 weeks, resulting in

treatment discontinuation rates in all tirzepatide treatment groups

that were similar or better than placebo. The rate of discontinuations

because of AEs was very low and only a few moderate and no severe

GI AEs were reported. However, the data suggest that the GI tolera-

bility profile could be further improved. The GI AE data were assessed

by numerical comparisons of incidences of nausea, vomiting and diar-

rhoea using the following approaches: (1) differences between the

doses used at the initiation of therapy (2.5 or 4 mg); (2) differences

across different escalation steps (2.5, 4, 5 or 7.5 mg); and (3) differ-

ences between the two 15 mg groups during the entire 12-week

treatment period (or overall) to support the dose-escalation regimen

being used in the phase 3 tirzepatide programme (SURPASS). The

assessment of the by-week incidence and prevalence of these GI

events showed that initiation of tirzepatide treatment with lower

doses and using smaller dose-escalation increments resulted in a

lower incidence of nausea, diarrhoea and vomiting.

There were no unexpected safety findings in this study and there

were no reports of severe hypoglycaemia. Patients who developed

tirzepatide antidrug antibodies had low titres; there was no effect of

TE-ADAs on reduction of HbA1c and body weight or on the incidence

of hypersensitivity events. These findings were consistent with the

phase 2b study.20

This study has some important limitations. Although the main focus

of this trial was to evaluate the tolerability of different tirzepatide dose-

escalation regimens, the study was designed with change in HbA1c as

the primary objective. The reason for this was to compare efficacy with

the phase 2b study and to avoid reporting bias towards GI side effects.

The dose-escalation period was limited to 8 weeks and up to four dose

steps; more gradual dose increases, and a longer dose-escalation dura-

tion, may have resulted in further improvements in the incidence of

nausea, vomiting and diarrhoea. Furthermore, the study was not

powered to compare small differences in GI frequencies within weeks

or at endpoint, so conclusions were made only upon numerical compari-

sons. Another limitation of the study was that there was a difference in

the gender distribution in the 15 mg-2 group, although there was no

indication in this study or in the 26-week phase 2b study that there

was a gender difference in reporting AEs.

In conclusion, 12 weeks of tirzepatide treatment with 12 and

15 mg doses resulted in statistically and clinically significant reduc-

tions in HbA1c and body weight that were comparable with those

observed in the larger primary phase 2b study in a similar patient

population with type 2 diabetes. A gradual dose-escalation regimen,

with smaller dose increments, appeared to result in a more

favourable GI side effect profile. These findings have informed the

dose-escalation regimen being used in the tirzepatide phase 3 clinical

programme.
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