Research

JAMA | Original Investigation

Effect of Subcutaneous Tirzepatide vs Placebo Added to Titrated Insulin
Glargine on Glycemic Control in Patients With Type 2 Diabetes

The SURPASS-5 Randomized Clinical Trial

Dominik Dahl, MD; Yukiko Onishi, MD, PhD; Paul Norwood, MD; Ruth Huh, PhD; Ross Bray, PhD;
Hiren Patel, MPharm; Angel Rodriguez, MD, PhD

IMPORTANCE The effects of tirzepatide, a dual glucose-dependent insulinotropic polypeptide
and glucagon-like peptide-1receptor agonist, as an addition to insulin glargine for treatment
of type 2 diabetes have not been described.

OBJECTIVE To assess the efficacy and safety of tirzepatide added to insulin glargine in patients
with type 2 diabetes with inadequate glycemic control.

DESIGN, SETTING, AND PARTICIPANTS Randomized phase 3 clinical trial conducted at 45
medical research centers and hospitals in 8 countries (enrollment from August 30, 2019, to
March 20, 2020; follow-up completed January 13, 2021) in 475 adults with type 2 diabetes
and inadequate glycemic control while treated with once-daily insulin glargine with or
without metformin.

INTERVENTIONS Patients were randomized in a 1:1:1:1 ratio to receive once-weekly
subcutaneous injections of 5-mg (n = 116), 10-mg (n = 119), or 15-mg (n = 120) tirzepatide or
volume-matched placebo (n = 120) over 40 weeks. Tirzepatide was initiated at 2.5 mg/week
and escalated by 2.5 mg every 4 weeks until the assigned dose was achieved.

MAIN OUTCOMES AND MEASURES The primary end point was mean change from baseline in
glycated hemoglobin A,. (HbA,) at week 40. The 5 key secondary end points included mean
change in body weight and percentage of patients achieving prespecified HbA,. levels.

RESULTS Among 475 randomized participants (211 [44%] women; mean [SD] age, 60.6 [9.9]
years; mean [SD] HbA,., 8.31% [0.85%]), 451 (94.9%) completed the trial. Treatment was
prematurely discontinued by 10% of participants in the 5-mg tirzepatide group, 12% in the
10-mg tirzepatide group, 18% in the 15-mg tirzepatide group, and 3% in the placebo group. At
week 40, mean HbA,. change from baseline was -2.40% with 10-mg tirzepatide and -2.34%
with 15-mg tirzepatide vs -0.86% with placebo (10 mg: difference vs placebo, -1.53% [97.5%
Cl, -1.80% to -1.27%]; 15 mg: difference vs placebo, -1.47% [97.5% Cl, -1.75% to -1.20%];

P < .001 for both). Mean HbA,. change from baseline was -2.11% with 5-mg tirzepatide
(difference vs placebo, -1.24% [95% Cl, -1.48% to -1.01%]; P < .001]). Mean body weight
change from baseline was -5.4 kg with 5-mg tirzepatide, -7.5 kg with 10-mg tirzepatide, -8.8
kg with 15-mg tirzepatide and 1.6 kg with placebo (5 mg: difference, -7.1 kg [95% Cl, -8.7 to
-5.4]; 10 mg: difference, -9.1 kg [95% Cl, -10.7 to -7.5]; 15 mg: difference, -10.5 kg [95% ClI,
-12.1t0 -8.8]; P < .001 for all). Higher percentages of patients treated with tirzepatide vs
those treated with placebo had HbA,_ less than 7% (85%-90% vs 34%; P < .001 for all). The
most common treatment-emergent adverse events in the tirzepatide groups vs placebo
group were diarrhea (12%-21% vs 10%) and nausea (13%-18% vs 3%).

CONCLUSIONS AND RELEVANCE Among patients with type 2 diabetes and inadequate glycemic
control despite treatment with insulin glargine, the addition of subcutaneous tirzepatide,
compared with placebo, to titrated insulin glargine resulted in statistically significant
improvements in glycemic control after 40 weeks.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO4039503
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Effect of Subcutaneous Tirzepatide Added to Titrated Insulin Glargine on Glycemic Control

asal insulins are widely used in patients with type 2 dia-

betes and inadequate glycemic control with oral glu-

cose-lowering medications. Although increasing the
basal insulin dose often improves glycemic control, it can also
be associated with increased risk of hypoglycemia and weight
gain, resulting in inadequate intensification of insulin dose in
clinical practice.!

When added to basal insulin, selective glucagon-like
peptide-1 (GLP-1) receptor agonists have demonstrated
improved glycemic control and body weight loss without in-
creasing the risk of hypoglycemia and reducing insulin
requirements.?"® Glucose-dependent insulinotropic polypep-
tide is the primary incretin hormone responsible for meal-
stimulated insulin secretion in healthy individuals.” It also
suppresses glucagon secretion during hyperglycemia, sig-
nals glucagon secretion during hypoglycemia, facilitates post-
prandial lipid clearance, and promotes satiety.®'° Tirzepa-
tide is a novel, once-weekly dual glucose-dependent insuli-
notropic polypeptide and GLP-1 receptor agonist that is
administered via subcutaneous injection and has shown sta-
tistically significant reductions in hemoglobin A,. (HbA,,)
and body weight compared with the GLP-1 receptor agonist
semaglutide (1 mg)," insulin degludec,'? and insulin glargine'*
when added to oral glucose-lowering medications. Addition-
ally, tirzepatide was associated with reductions in blood pres-
sure and improvements in lipid profile.'"* The safety profile
of tirzepatide was found to be similar to that of the GLP-1re-
ceptor agonist class.!1*

The SURPASS-5 study evaluated the efficacy and safety
of 3 doses of tirzepatide (5 mg, 10 mg, and 15 mg) compared
with placebo as an addition to titrated basal insulin in pa-
tients with type 2 diabetes inadequately controlled with basal
insulin, with or without metformin.

Methods

This study was a 40-week, phase 3, randomized, double-
blind, parallel, multicenter, placebo-controlled study con-
ducted at 45 medical research centers and hospitals in the US,
Japan, Czech Republic, Germany, Poland, Puerto Rico, Slovakia,
and Spain. The start date of enrollment was August 30, 2019,
the last patient was randomized on March 20, 2020, and the
date of final follow-up was January 13, 2021. The trial proto-
col (Supplement 1) was approved by the ethical review board
at each site and followed according to the principles laid out
in the Declaration of Helsinki, Council for International Orga-
nizations of Medical Sciences International Ethical Guide-
lines, the International Council of Harmonization guidelines,
and local laws and regulations. All patients provided written
informed consent before participation in the study.

Participants

Eligible patients were adults with type 2 diabetes, baseline
HbA, . of 7.0% to 10.5% (53-91 mmol/mol) inclusive, and body
mass index (BMI) of at least 23 receiving stable doses of once-
daily insulin glargine (>20 IU/d or >0.25 IU/kg/d) with or
without metformin (1500 mg/d). Patients needed further
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Key Points

Question What is the effect of once-weekly subcutaneous
tirzepatide compared with placebo when added to titrated insulin
glargine on glycemic control in patients with type 2 diabetes?

Findings In this randomized clinical trial that included 475 adults,
mean change in hemoglobin A, at 40 weeks was -2.40% with
10-mg tirzepatide, -2.34% with 15-mg tirzepatide and -0.86%
with placebo; the differences between each tirzepatide group

vs the placebo group were statistically significant.

Meaning Among patients with type 2 diabetes and inadequate
glycemic control despite treatment with insulin glargine, the
addition of subcutaneous tirzepatide, compared with placebo,
to titrated insulin glargine resulted in statistically significant
improvements in glycemic control after 40 weeks.

insulin glargine dose increase at the randomization visit per
the treat-to-target algorithm (median value of the last 3 self-
monitored blood glucose values for fasting blood glucose
>100 mg/dL; see details in eTable 1 in Supplement 2). Key
exclusion criteria included the presence of type 1 diabetes,
history of pancreatitis, nonproliferative diabetic retinopathy
requiring acute treatment, proliferative diabetic retinopathy,
diabetic maculopathy, hepatitis, hypoglycemia unawareness,
gastroparesis, estimated glomerular filtration rate (eGFR) less
than 30 mL/min/1.73 m? (or <45 mL/min/1.73 m? for patients
receiving metformin), and use of any other antihyperglyce-
mia medication in the 3 months before screening (for com-
plete list of eligibility criteria see eAppendix in Supple-
ment 2). The study was not designed to represent the racial
diversity of each of the participating countries. To meet regu-
latory requirements, race and ethnicity were recorded in this
study and were determined by the participant according to
fixed selection categories.

Randomization and Blinding

Patients were randomized in a 1:1:1:1 ratio to receive 5 mg,
10 mg, or 15 mg of tirzepatide or volume-matched placebo
(Figure 1) with a blocking schema (block size of 4) by a com-
puter-generated random sequence using an interactive web re-
sponse system and stratified based on country, baseline HbA, .
(=8.0% or >8.0% [<64 mmol/mol or >64 mmol/mol]), and base-
line metformin use. Investigators, site staff, clinical moni-
tors, external independent adjudication committee mem-
bers, sponsors, and patients remained blinded to the treatment
assignments until study completion. All cases of suspected pan-
creatitis and major adverse cardiovascular events were adju-
dicated by an independent clinical end point committee in
a blinded manner (eAppendix in Supplement 2).

Interventions

Patients were randomized to receive once-weekly subcutane-
ous injections of the allocated tirzepatide (Eli Lilly and Com-
pany) or placebo treatment for 40 weeks, followed by a
4-week safety follow-up period (eFigure 1in Supplement 2).
The treatment period consisted of an initial 4-week insulin
stabilization period followed by a 36-week insulin titration
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Effect of Subcutaneous Tirzepatide Added to Titrated Insulin Glargine on Glycemic Control

period. Patients administered their assigned treatment dose
using single-dose pens.

All patients were instructed to continue receiving insulin
glargine (100 U/mL) once daily for the entire treatment pe-
riod and measure their fasting blood glucose daily. To mini-
mize risk of hypoglycemia, patients were required to keep the
dose of insulin glargine unchanged until week 4, except for
safety reasons. Additionally, patients with HbA,. less than or
equal to 8.0% at randomization were required to reduce the
dose of insulin glargine by 20% to reduce potential risk of hy-
poglycemia. Between weeks 5 and 40, patients in all treat-
ment groups were instructed to self-adjust the dose of insu-
lin glargine using their self-measured blood glucose values to
atarget fasting blood glucose of less than 100 mg/dL as per the
treat-to-target algorithm (eTable 1in Supplement 2).

Tirzepatide doses were escalated gradually to improve gas-
trointestinal tolerability. All patients started tirzepatide at a
2.5-mg dose, which was increased by 2.5 mg every 4 weeks un-
til they reached their randomly assigned dose. For the com-
parator group, patients received matching doses of placebo
using an injection device of identical appearance.

Patients using metformin at baseline were required to con-
tinue the same dose and formulation for the entire study du-
ration. Patients were permitted to use concomitant medica-
tions as required, except for other antihyperglycemic and
weight loss medications to avoid interference with the assess-
ment of efficacy and safety. Rescue therapy with other glucose-
lowering agents was allowed per protocol criteria; however,
other basal insulins, GLP-1 receptor agonists, dipeptidyl
peptidase-4 inhibitors, and pramlintide were not permitted
(Supplement 1).

Outcomes

The primary efficacy end point was mean change from base-
line in HbA,. at week 40. The primary objective was to com-
pare 10-mg tirzepatide and 15-mg tirzepatide dose groups
with placebo. Key secondary objectives, controlled for type I
error rate (in a graphical testing scheme described in eAppen-
dix in Supplement 2), included the comparison of 5-mg tirz-
epatide vs placebo for mean change from baseline in HbA,;
comparisons of 5-mg, 10-mg, and 15-mg tirzepatide vs pla-
cebo for mean change from baseline in body weight, fasting
serum glucose, percentage of patients with HbA, less than
7.0% (<53 mmol/mol), and comparison of 10-mg and 15-mg
tirzepatide vs placebo for the percentage of patients with
HbA, . less than 5.7% (<39 mmol/mol), all at week 40. Other
secondary and exploratory efficacy objectives not controlled
for type I error rate compared 5-mg tirzepatide vs placebo
for the percentage of patients with HbA,. less than 5.7%
and compared 5-mg, 10-mg, and 15-mg tirzepatide vs pla-
cebo for the percentage of patients with HbA,. less than or
equal to 6.5% (<48 mmol/mol) and body weight loss of
greater than or equal to 5%, 10%, and 15%; mean change in
daily average 7-point self-monitored blood glucose; daily
mean change in insulin glargine dose; and mean change in
fasting lipids, waist circumference, and BMI. Composite end
points of the percentage of patients with HbA,. less than
7.0% or less than or equal to 6.5% without weight gain and
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clinically significant documented symptomatic hypoglyce-
mia (blood glucose <54 mg/dL) or severe hypoglycemia at
week 40 were also assessed.

Safety assessments included treatment-emergent
adverse events, early discontinuation of study treatment due
to adverse events, adjudicated pancreatitis, serum calcitonin,
incidence of injection site reaction and hypersensitivity reac-
tions, mean change from baseline in systolic and diastolic
blood pressure and pulse rate, occurrence of hypoglycemic
events (including severe hypoglycemic events defined as epi-
sodes with severe cognitive impairment requiring the assis-
tance of another person to actively administer carbohydrate,
glucagon, or other resuscitative actions), and incidence of
initiation of rescue therapy for persistent hyperglycemia.
The adjudicated major adverse cardiovascular event results
were planned to contribute toward a meta-analysis across all
SURPASS trials for the establishment of cardiovascular safety
of tirzepatide.

Sample Size Calculation

A sample size of 472 patients (assuming a dropout rate of up
to 28%) was calculated to provide a power of at least 90% to
demonstrate statistical superiority of 10-mg and/or 15-mg tirz-
epatide vs placebo for change from baseline in HbA, . at week
40. The calculation included an assumed difference between
treatment groups of 0.6% (6.6 mmol/mol) in HbA, based on
data from the phase 2 trial’® and from a study with a GLP-1re-
ceptor agonists featuring a similar design.?

Statistical Analyses
Efficacy and safety analyses were performed on the popula-
tion composed of all randomly assigned patients exposed to
at least 1 dose of the study drug. Additionally, for efficacy end
points, patients who discontinued the study drug after ran-
domization for not fulfilling any of the eligibility criteria were
excluded. The full analysis set comprised data from all ran-
domly assigned patients exposed to at least 1 dose of the
study drug during the treatment period, regardless of treat-
ment adherence or use of rescue therapy. The efficacy analy-
sis set comprised data from all randomly assigned patients
exposed to at least 1 dose of the study drug receiving treat-
ment without use of rescue therapy. The safety analyses were
performed on all randomly assigned patients exposed to at
least 1 dose of the study drug with all data from the start of
study treatment to the end of safety follow-up (safety analy-
sis set). The primary objective tested the 10-mg and 15-mg
tirzepatide doses in parallel, controlled for multiplicity, and
were accompanied by 2-sided 97.5% ClIs; statistical signifi-
cance was defined as P < .025. All other treatment difference
results from statistical analyses were accompanied with
2-sided 95% CIs and P values; statistical significance was
defined as P < .05.

Primary and key secondary end points were evaluated for
2 estimands (treatment regimen estimand and efficacy esti-
mand). Type I error rate was controlled within each estimand
for evaluation of primary and key secondary objectives using
a graphical approach (eAppendix in Supplement 2). Because
of the potential for type I error due to multiple comparisons,
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findings for analyses of other secondary and lower end points
should be interpreted as exploratory. For other secondary and
exploratory end points, the efficacy estimand was evaluated
unless specified otherwise. All statistical analyses were per-
formed using SAS, version 9.4 (SAS Institute).

The treatment regimen estimand evaluated the treat-
ment effect of tirzepatide treatments relative to placebo,
irrespective of adherence to investigational product or intro-
duction of rescue therapy. Statistical models used the full
analysis set for analysis relative to the treatment regimen
estimand. For continuous end points, an analysis of covari-
ance model with treatment, country, baseline metformin use
(yes or no), and baseline HbA,. (<8.0% or >8.0%; excluding
HbA,. end point) as fixed effects and baseline end point value
as a covariate was used. For categorical end points, logistic
regression with the same fixed effects and covariate as con-
tinuous end points was used. Missing values at week 40 were
imputed 100 times using the method of multiple imputation
based on the placebo group. Statistical inference over
imputed data was guided by the Rubin rule. A post hoc
mixed-effects regression analysis of the primary end point
with site as a random effect was performed to account for
multiple sites.

The efficacy estimand evaluated the treatment effect of
tirzepatide treatments relative to placebo if all patients
adhered to treatment and had not received rescue therapy.
Statistical models used the efficacy analysis set for analysis
relative to the efficacy estimand. Continuous end points used
a mixed model for repeated measures on the efficacy analysis
set with treatment, visit, treatment x visit interaction, coun-
try, baseline metformin use (yes or no), and baseline HbA,
category (<8.0% or >8.0%; excluding HbA, . end point) as
fixed effects and baseline end point value as a covariate.
For categorical end points, we used logistic regression with
the same factor and covariate (excluding visit effects) as
continuous end points, where missing end points were
dichotomized after they were predicted from the continuous
end point mixed model for repeated measures analysis
explained above. A subgroup analysis was conducted for the
primary end point based on baseline HbA,. category (<8.0%
or >8.0%) to test for any treatment x subgroup interaction at
week 40, because patients with baseline HbA, less than or
equal to 8.0% reduced the dose of insulin glargine by 20%
after randomization.

. |
Results

Patient Disposition and Baseline Characteristics
Of the 586 patients assessed for eligibility, 475 were random-
ized and received at least 1 dose of study drug (Figure 1). A total
of 451 (94.9%) patients completed the study and 424 (89.3%)
completed the study treatment. Key reasons for premature
study treatment discontinuation across treatment groups in
decreasing order of frequency were adverse events, with-
drawal by patients, and protocol deviation.

At baseline, the demographics and clinical characteris-
tics of patients were balanced across the 4 treatment groups

JAMA February 8,2022 Volume 327, Number 6
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(Table 1). Overall, at baseline, patients had a mean age of 61
years, mean BMI of 33.4, mean duration of diabetes of 13.3
years, mean HbA,. of 8.31% (67 mmol/mol), and median
insulin glargine dose of 30.0 IU/d, and 394 (82.9%) were
using metformin.

Primary Outcome

For the treatment regimen estimand, at week 40, the mean
HbA, . change from baseline was -2.40% with 10-mg tirzepa-
tide and -2.34% with 15-mg tirzepatide vs -0.86% with pla-
cebo (Table 2; Figure 2A). Tirzepatide doses of 10 mg and 15 mg
showed significantly greater change in HbA, . from baseline at
week 40 vs placebo (10 mg: difference, -1.53% [97.5% CI,
-1.80% to -1.27%]; P < .001; 15 mg: difference, -1.47% [97.5%
CI, -1.75% to -1.20%]; P < .001). For the efficacy estimand, cor-
responding changes were -2.59% with both 10-mg and 15-mg
tirzepatide vs —0.93% with placebo (10 mg: difference, -1.66%
[97.5% CI, -1.91% to -1.40%]; P < .001; 15 mg: difference,
-1.65%[97.5% CI, -1.91% to -1.40%]; Figure 2B; eTables 2 and
3and eFigure 2A in Supplement 2). A post hoc sensitivity analy-
sis with study site as a random effect revealed a mean change
from baseline in HbA, . of -2.39% for 10-mg tirzepatide and
-2.33% for 15-mg tirzepatide compared with —0.86 for pla-
cebo (10 mg: difference, -1.52% [97.5% CI, -1.79% to -1.26%];
P <.001; 15 mg: difference, -1.46% [97.5% CI, -1.74% to
-1.19%]; P < .001).

Key Secondary Outcomes

For the treatment regimen estimand, the mean change in
HbA, . from baseline to week 40 with 5-mg tirzepatide was
-2.11% (difference vs placebo, —-1.24% [95% CI, -1.48% to
-1.01%]; P < .001; Table 2, Figure 2A). For the efficacy esti-
mand, the corresponding change was -2.23% (difference vs
placebo, -1.30% [95% CI, -1.52% to -1.07%]; P < .001;
Figure 2B; eTable 2 and eFigure 2A in Supplement 2). A sig-
nificantly greater percentage of patients receiving 5-mg,
10-mg, and 15-mg tirzepatide vs placebo met the HbA, tar-
get of less than 7.0% at week 40 (85%-90% Vs 34%; P < .001
for all; treatment-regimen estimand; Table 2, Figure 2C).
Similarly, more patients receiving 10-mg and 15-mg tirzepa-
tide met the HbA, . target of less than 5.7% vs placebo at
week 40 (42% and 50% vs 3%; P < .001 for all; treatment-
regimen estimand; Table 2, Figure 2C). Consistent results
were observed for the percentage of patients reaching HbA,.
targets of less than 7% and less than 5.7% for 10-mg and
15-mg tirzepatide groups vs the placebo group using the effi-
cacy estimand (eTable 2 and eFigure 2B in Supplement 2). At
week 40, tirzepatide significantly reduced mean fasting
serum glucose by -58.2 mg/dL for the 5-mg dose, -64.0
mg/dL for the 10-mg dose, and -62.6 mg/dL for the 15-mg
dose, compared with -39.2 mg/dL for placebo (5 mg: differ-
ence, -19.0 mg/dL [95% CI, -26.6 to -11.4]; P < .001; 10 mg:
difference, -24.9 mg/dL [95% CI, -32.3 to -17.4]; P < .001; 15
mg: difference, -23.4 mg/dL [95% CI, -31.0 to -15.8];
P < .001; treatment-regimen estimand; Table 2). The results
were consistent when fasting serum glucose was assessed
using the efficacy estimand (Figure 2D; eTable 2 in Supple-
ment 2). At week 40, the mean body weight change from
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Table 1. Baseline Demographics and Clinical Characteristics in a Study of the Effect of Subcutaneous Tirzepatide
vs Placebo Added to Titrated Insulin Glargine on Glycemic Control

No. (%)
Tirzepatide
Characteristic 5mg (n = 116) 10 mg (n = 119) 15 mg (n = 120) Placebo (n = 120)
Age, mean (SD), y 62 (10) 60 (10) 61 (10) 60 (10)
Women 55 (47) 47 (39) 55 (46) 54 (45)
Men 61 (53) 72 (61) 65 (54) 66 (55)
Race®
American Indian 0/116 (0.0) 1/118 (0.8) 1/120(0.8) 0/119 (0.0)

or Alaska Native
Asian

Black or African American

20/116 (17.2)
1/116 (0.9)

21/118(17.8)
2/118(1.7)

22/120(18.3)
3/120(2.5)

22/119(18.5)
0/119(0.0)

White 95/116 (81.9) 94/118(79.7) 94/120(78.3) 97/119 (81.5)
Ethnicity
Hispanic or Latino 4/98 (4.1) 8/103 (7.8) 5/98 (5.1) 5/103 (4.9)
Not Hispanic or Latino 94/98 (95.9) 95/103(92.2) 93/98 (94.9) 98/103 (95.1)
Duration of diabetes, 14.1(8.1) 12.6 (6.2) 13.7 (7.5) 12.9(7.4)
mean (SD), y°
Pulse rate/min, mean (SD) 75 (12) 75 (10) 76 (12) 75(11)
Blood pressure,
mean (SD), mm Hg
Systolic 137 (16) 138 (15) 137 (16) 140 (15)
Diastolic 79(12) 81(10) 80 (11) 83 (10)
Weight, mean (SD), kg 95.8(19.8) 94.5(22.2) 96.3(22.8) 94.1(21.8)
BMI, mean (SD) 33.6(5.9) 33.4(6.2) 33.4(5.9) 33.2(6.3)
Receiving metformin 99 (85.3) 99(83.2) 97 (80.8) 99 (82.5)
Metformin dose, 2018 (397) 2077 (416) 2046 (392) 2051 (411)

mean (SD), mg/d
Insulin glargine dose,

Original Investigation Research

Abbreviations: BMI, body mass index
(calculated as weight in kilograms

median (IQR) divided by heith iln metelrs s;qluared);
eGFR, estimated glomerular filtration
U 30.0 (24.0-45.0) 29.0(22.0-43.0) 32.0(22.0-47.0) 30.0(23.0-44.5) rate; HbA,, hemoglobin A,..
1U/kg/d 0.34(0.28-0.46) 0.32(0.25-0.51) 0.34(0.26-0.49) 0.36 (0.26-0.46) * To meet regulatory requirements,
HbA, race and ethnicity were recorded in
Mean (SD), % 8.30(0.88) 8.36(0.83) 8.23(0.86) 8.37(0.84) this study and were determined by
<8.0% 52 (44.8) 49 (41.5) 52 (43.3) 48 (40.0) the participant according to fixed
selection categories.
0,
B 64(55.2) 69 (58.5) 68(56.7) 72 (60.0) ® Duration of diabetes was based on
Mean (SD), mmol/mol 67.2(9.6) 67.9(9.1) 66.5(9.5) 68.0(9.1) the first diagnosis of type 2
Fasting serum glucose, diabetes.
mg/dL* ¢ Normal value for HbA,. was <6.5%.
Mean (SD) 162.9(53.9) 162.3(52.0) 160.3 (54.2) 164.1 (45.0) 9 Normal value for fasting serum
Median (IQR) 154.0(124.3-186.3) 150.0(127.9-189.2) 150.4(124.3-185.6) 151.3(133.3-192.0) glucose was 74-106 mg/dL for
eGFR, mean (D), 86.1(18.1) 87.1(18.2) 84.1(17.2) 84.7(17.8) younger than 60 years and
mL/min/1.73 m? 82-115 mg/dL for age 60 to 90
<60 11(9.5) 9(7.6) 11(9.2) 16(13.3) years.
e
260° 105 (90.5) 110 (92.4) 109 (90.8) 104 (86.7) Normal value for eGFR was

=60 mL/min/1.73 m2.

baseline was -5.4 kg with 5-mg tirzepatide, -7.5 kg with
10-mg tirzepatide, and -8.8 kg with 15-mg tirzepatide vs
1.6 kg with placebo (5 mg: difference, 7.1 kg [95% CI, -8.7 to
-5.4]; 10 mg: difference, -9.1 kg [95% CI, -10.7 to -7.5];
15 mg: difference, -10.5 kg [95% CI, -12.1 to -8.8]; P < .001
for all; treatment-regimen estimand; Table 2; eFigure 3A in
Supplement 2). For the efficacy estimand, the corresponding
change in mean body weight with 5-mg tirzepatide was
-6.2 kg, 10-mg tirzepatide was -8.2 kg, and 15-mg tirzepa-
tide was -10.9 kg vs 1.7 kg with placebo (5 mg: difference,
-7.8 kg [95% CI, -9.4 to -6.3]; 10 mg: difference, -9.9 [95%

jama.com

CI, -11.5 to -8.3]; 15 mg: difference, -12.6 [95% CI, -14.2 to
-11.0]; P < .001 for all; Figure 2E; eTable 2 in Supplement 2).

Additional Secondary and Exploratory End Points

A significantly greater percentage of patients receiving 5-mg,
10-mg, and 15-mg tirzepatide met the HbA, target of less
than or equal to 6.5% compared with those receiving placebo
(74%-86% Vs 17%; P < .001 for all; treatment-regimen esti-
mand). Likewise, significantly more patients receiving 5-mg
tirzepatide met an HbA, target of less than 5.7% vs those
receiving placebo (24% vs 3%; P < .001; treatment-regimen
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Table 2. Primary and Secondary Efficacy Outcomes at 40 Weeks in a Study of the Effect of Subcutaneous Tirzepatide vs Placebo
Added to Titrated Insulin Glargine on Glycemic Control

Tirzepatide
Efficacy end point? 5mg (n =116) 10 mg (n = 119) 15mg (n = 120) Placebo (n = 120)
Primary
HbA, ., %<
Baseline 8.30 8.36 8.22 8.38

Change from baseline at week 40
(95% Cl)

Difference vs placebo (95% Cl)¢
P value
HbA, ., mmol/mol®<

Baseline

Change from baseline at week 40 (95% Cl)

Difference vs placebo (95% Cl)¢

-2.11(-2.28t0-1.94)

-1.24 (-1.48 to -1.01)
<.001

67.2
-23.0(-24.9t0-21.2)
-13.6(-16.2t0 -11.0)

-2.40 (-2.56 to -2.23)

-1.53(-1.77 to -1.30)
<.001

67.9
-26.2(-28.0t0 -24.4)
-16.8(-19.3 to -14.2)

-2.34(-2.51t0 -2.16)

-1.47 (-1.71to -1.23)
<.001

66.4
-25.6 (-27.4t0-23.7)
-16.1(-18.7 to -13.5)

-0.86 (-1.03 to -0.70)

68.1
-9.5(-11.2t0o -7.6)

Secondary
Patient met HbA, . target at week 40°
<7.0% [<53 mmol/mol], No. (%)
Absolute difference vs placebo, %
0dds ratio vs placebo (95% Cl)¢
Pvalue
<6.5% [<48 mmol/mol], No. (%)
Absolute difference vs placebo, %
0Odds ratio vs placebo (95% Cl)®
P value
<5.7% [<39 mmol/mol], No. (%)
Absolute difference vs placebo, %
0dds ratio vs placebo (95% CI)f
Pvalue
Fasting serum glucose, mg/dL®
Baseline

Change from baseline at week 40
(95% C1)¢

Difference vs placebo (95% CI)¢
P value
Body weight, kg®
Baseline

Change from baseline at week 40
(95% CI)4

Difference vs placebo (95% Cl)¢
Pvalue

Patient met body weight loss targets
at week 40°

>5% loss, No. (%)
Absolute difference vs placebo, %
0Odds ratio vs placebo (95% CI)®
P value

>10% loss, No. (%)
Absolute difference vs placebo, %
0Odds ratio vs placebo (95% Cl)®
Pvalue

>15% loss, No. (%)
Absolute difference vs placebo, %
0Odds ratio vs placebo (95% Cl)®
P value

101 (87.3)

52.8

14.7 (7.0 t0 30.6)
<.001

86 (74.3)

57.0

13.7(7.1t0 26.2)
<.001

28 (24.4)

21.7

10.4 (3.3t032.1)
<.001

162.9
-58.2(-63.7 t0o -52.6)

-19.0(-26.6t0o -11.4)
<.001

95.8
-5.4(-6.6to -4.3)

-7.1(-8.7to-5.4)
<.001

56 (47.9)

41.9

13.8(6.0t0 31.4)
<.001

24(20.7)

19.9
21.5(4.2t0111.6)
<.001

8(6.9)

6.9

18.8 (1.2 t0 298.6)
.038

106 (89.6)

55.1

19.5 (9.2 to 41.3)
<.001

101 (85.9)

68.6

29.5(14.4 t0 60.6)
<.001

49 (41.6)

38.9
22.8(7.5t069.5)
<.001

162.6
-64.0 (-69.3 to -58.8)

-24.9(-32.3t0-17.4)
<.001

94.6
-7.5(-8.6t0-6.3)

-9.1(-10.7 to -7.5)
<.001

68 (57.9)

51.9

20.9 (9.2 t0 47.8)
<.001

49 (41.6)

40.8

65.0(12.7 to 331.7)
<.001

28(23.7)

23.7

79.7 (5.3t01203.1)
.002

100 (84.7)

50.2

11.5 (5.6 t0 23.3)
<.001

94 (79.5)

62.2

18.5 (9.3 t0 36.6)
<.001

59 (49.6)

47.0

30.7 (10.1 t0 93.6)
<.001

160.4
-62.6 (-68.0to -57.1)

-23.4(-31.0t0-15.8)
<.001

96.0
-8.8(-10.0t0 -7.7)

-10.5(-12.1t0 -8.8)
<.001

85(71.6)

65.7

38.5(16.5 t0 89.8)
<.001

48 (40.7)

39.9
63.3(12.4t0323.3)
<.001

27 (22.9)

22.9
78.0(5.2t01179.2)
.002

41 (34.5)

21(17.3)

3.7)

164.4
-39.2 (-44.4t0 -33.9)

94.2
1.6 (0.5t02.8)

7(6.0)

1(0.8)

(continued)
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Table 2. Primary and Secondary Efficacy Outcomes at 40 Weeks in a Study of the Effect of Subcutaneous Tirzepatide vs Placebo
Added to Titrated Insulin Glargine on Glycemic Control (continued)

Tirzepatide
Efficacy end point? 5mg (n =116) 10 mg (n = 119) 15mg (n = 120) Placebo (n = 120)
Insulin glargine dose?
Baseline, IU 34.3 32.0 35.0 32.9

Change from baseline at week 40 (95% Cl),
1ue

Percent change from baseline at week 40, %
Difference vs placebo (95% CI)®
P value
Insulin glargine dose?
Baseline, 1U/kg/d

Change from baseline at week 40 (95% Cl),
1U/kg/d®

Percent change from baseline at week 40, %
Difference vs placebo (95% CI)®
P value

4.4 (-0.46t09.19)

13.0
-35.4(-46.0t0 -22.8)
<.001

0.37
0.08 (0.02 t0 0.13)

20.9
-29.8(-41.1t0-16.4)
<.001

2.7 (-1.90t0 7.34)

8.1
-38.2 (-48.3 t0 -26.1)
<.001

0.35
0.07 (0.01t0 0.12)

19.0
-31.0(-42.1t0-17.7)
<.001

-3.8(-7.66t0 0.04)

-11.4
-49.3 (-57.7 t0 -39.4)
<.001

0.37
0.00 (-0.05 to 0.05)

0.0
-42.0(-51.4t0-30.7)
<.001

25.1(17.84 t0 32.44)

75.0

0.36
0.26 (0.19 t0 0.34)

72.3

Abbreviations: HbA,, glycated hemoglobin A,; IU, international units.
2 Data presented are estimated mean unless specified otherwise.

b Data presented are using treatment-regimen estimand. Treatment-regimen
estimand (corresponding analyses used the full analysis set) evaluated
treatment effects regardless of treatment adherence or use of rescue therapy.
Missing values at week 40 were imputed 100 times using method of multiple
imputation based on the placebo group. For continuous variables, analysis of
covariance model used with treatment, country, baseline metformin use, and
baseline HbA, category (=8.0% or >8.0%) (except for analyses related to
HbA,,) as fixed effects and baseline value as a covariate. For categorical end
points, logistic regression was used with the same fixed effects and covariate
as that for the analysis of covariance model and included the unadjusted
differences between tirzepatide and placebo. See eTable 2 in Supplement 2 for
corresponding data for the efficacy estimand.

€ HbA, data was missing at primary end point for 7 participants in the 5-mg
tirzepatide group, 3 in the 10-mg tirzepatide group, 8 in the 15-mg tirzepatide
group, and 2 in the placebo group.

dTested for superiority and controlled for type | error.
¢ Tested for superiority and not controlled for type | error.

f Tested for superiority and controlled for type | error only for 10-mg and 15-mg
tirzepatide vs placebo. Differences vs placebo reflect simple differences
between end point values (tirzepatide minus placebo).

& Data presented used the efficacy estimand. The efficacy estimand
(corresponding analyses used the efficacy analysis set) evaluated treatment
effects using treatment data without use of rescue therapy. Mixed model for
repeated measures was used with log-transformed data using treatment, visit,
treatment x visit interaction, country, baseline metformin use, and baseline
HbA, category (=8.0% or >8.0%) as fixed effects and baseline end point
value as a covariate. Insulin doses were log-transformed before analysis to
account for their skewed distribution and estimated ratio to baseline were
transformed back for interpretation expressed as percent change from
baseline to week 40 and estimated percent difference vs placebo. Additional
secondary efficacy outcomes are presented in Supplement 2.

estimand; Figure 2C). Patients receiving tirzepatide, com-
pared with placebo, were more likely to achieve body weight
loss of 5% (48%-72% Vs 6%), 10% (21%-42% vs 1%), and 15%
(7%-24% vs 0%) (P < .05 for all; treatment-regimen estimand;
Table 2; eFigure 3B in Supplement 2). Similarly, a signifi-
cantly greater percentage of patients receiving tirzepatide vs
placebo achieved the 2 composite outcomes, HbA, . less than
7.0% (78%-80% Vs 12%) or less than or equal to 6.5% (67%-
78% vs 8%) without body weight gain and without clinically
significant documented hypoglycemia or severe hypoglyce-
mia (P < .001 for all; efficacy estimand; eTable 2 in Supple-
ment 2). At week 40, the mean daily, premeal, and postmeal
self-monitored blood glucose readings in all the 3 tirzepatide
groups reduced significantly from baseline vs the placebo
group, with values of less than 140 mg/dL (eTable 2 and eFig-
ure 2D in Supplement 2). A subgroup analysis based on base-
line HbA, . of less than or equal to 8% or greater than 8% re-
vealed no significant treatment x subgroup interaction
between subgroups for mean HbA,. change from baseline
(eTable 4 in Supplement 2).

The data for insulin glargine dose, lipids, pulse rate,
blood pressure, BMI, and waist circumference presented
below correspond to the efficacy estimand. Mean daily insu-

jama.com

lin glargine dose decreased from baseline to week 4 in all
treatment groups, primarily due to 20% reduction of insulin
dose for patients with baseline HbA, less than or equal to
8.0% (Figure 2F; eTable 5 in Supplement 2). At week 40, the
mean percent change from baseline in insulin dose was
13.0% for 5-mg tirzepatide, 8.1% for 10-mg tirzepatide,
-11.4% for 15-mg tirzepatide, and 75.0% for placebo (5 mg:
difference, -35.4% [95% CI, -46.0% to —22.8%]; 10 mg: dif-
ference, -38.2% [95% CI, -48.3% to -26.1%]; 15 mg: differ-
ence, -49.3% [95% CI, -57.7% to -39.4%]; P < .001 for all;
Table 2; Figure 2F; eFigure 4 in Supplement 2).

All doses of tirzepatide were associated with statistically
significant improvements from baseline in total cholesterol,
low-density lipoprotein cholesterol, very low-density lipo-
protein cholesterol, and triglycerides at week 40 (eFigure 5
and eTable 6 in Supplement 2). Mean pulse rate change from
baseline at week 40 was 1.3 to 5.6 beats per minute with tirz-
epatide groups and -0.8 beats per minute with the placebo
group (eTable 7 and eFigure 6 in Supplement 2). Mean pulse
rate values returned to baseline levels 4 weeks after treat-
ment discontinuation for all doses of tirzepatide. At week 40,
mean change in systolic and diastolic blood pressure was -6.1
to -12.6 mm Hg and -2.0 to -4.5 mm Hg for tirzepatide
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Figure 2. Outcomes in a Study of the Effect of Subcutaneous Tirzepatide vs Placebo Added to Titrated Insulin Glargine on Glycemic Control
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Arrowheads on the x-axis indicate the time points when maintenance doses of
5-mg, 10-mg, and 15-mg tirzepatide were achieved. Error bars represent 95% Cl
for the estimated mean. A and C, Treatment regimen estimand (corresponding
analyses used the full analysis set) that evaluated treatment effects regardless
of treatment adherence or use of rescue therapy. Missing values at week 40
were imputed 100 times using method of multiple imputation based on the
placebo group. Analysis of covariance model was used with treatment, country,
and baseline metformin use as fixed effects and baseline glycated hemoglobin
Alc (HbA,) value as a covariate. C, Logistic regression was used with the same
fixed effects and covariate as that for analysis of covariance model. See

eFigure 2 in Supplement 2 for corresponding data for the efficacy estimand.

B. D, E, and F, Efficacy estimand (corresponding analyses used the efficacy

analysis set) that evaluated treatment effects using on-treatment data without
use of rescue therapy. Mixed-model for repeated measures was used with
treatment, visit, treatment x visit interaction, country, baseline metformin use,
baseline HbA,. category (=8.0% or >8.0% [=64 mmol/mol or >64 mmol/mol])
(except for HbA,. related analyses) as fixed effects and baseline endpoint value
as a covariate. The number of patients assessed at each time point for HbA,,
fasting serum glucose, body weight, and insulin glargine dose over time are
described in eTable 3 in Supplement 2. F, Insulin doses were log-transformed
before analysis to account for their skewed distribution and estimated ratio to
baseline were transformed back for interpretation expressed as percent change
from baseline to week 40 and estimated percent difference vs placebo.
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Table 3. Adverse Events Through 4 Weeks After Treatment Discontinuation in a Study of the Effect
of Subcutaneous Tirzepatide vs Placebo Added to Titrated Insulin Glargine on Glycemic Control

No. (%)
Tirzepatide
Adverse event 5mg(n=116) 10mg(n=119) 15mg(n=120) Placebo (n = 120)
Serious adverse events? 9(7.8) 13(10.9) 9(7.5) 10(8.3)
Adverse events leading to study drug 7 (6.0) 10(8.4) 13(10.8) 3(2.5)
discontinuation
Gastrointestinal disorder 4(3.4) 7(5.9) 8(6.7) 0
Nausea 1(0.9) 2(1.7) 4(3.3) 0
Vomiting 1(0.9) 2(1.7) 2(1.7) 0
Diarrhea 1(0.9) 1(0.8) 1(0.8) 0
Dyspepsia 1(0.9) 1(0.8) 0 0 Abbreviation: MACE, major adverse
Abdominal pain upper 0 1(0.8) 0 0 cardiovascular events.
Gastroesophageal reflux 0 0 1(0.8) 0 2 Serious adverse event was defined
disease as any adverse event that resulted
Patients with >1 treatment-emergent 85 (73.3) 81(68.1) 94(78.3) 81(67.5) in death, initial or prolonged
adverse event® inpatient hospitalization,
Treatment-emergent adverse events a I|fe_-threaten!ng_e_xper|er_1ce,_ )
occurring in 25% of patients persistent or significant disability or
. incapacity, congenital anomaly or
Nasopharyngitis 18 (15.5) 8(6.7) 15(12.5) 23(19.2) birth defect, or medical events that
Nausea 15(12.9) 21(17.6) 22(18.3) 3(2.5) may not be immediately
Diarrhea 14 (12.1) 15(12.6) 25(20.8) 12(10.0) life-threatening or result in death or
] hospitalization but jeopardized the
Decrease appetite 8(6.9) 15(12.6) 17 (14.2) 2(1.7) patient's health or required
Vomiting 8(6.9) 9(7.6) 15 (12.5) 3(2.5) intervention to prevent the
Dyspepsia 8(6.9) 10(8.4) 6 (5.0) 2(1.7) previously listed events.
Constipation 7 (6.0) 8(6.7) 8(6.7) 2(1.7) bTreatment-emergent adverse event
. was defined as an untoward medical
2t el 362 2 sl e occurrence that first occurred or
Eructation 6(5.2) 4(3.4) 7(5.8) 1(0.8) worsened in severity after the
Arthralgia 6(5.2) 4(3.4) 3(2.5) 2(1.7) first dose.
Lipase increased 4(3.4) 2(1.7) 10(8.3) 2(1.7) © Other adverse events of interest
were adverse events that were
fjlatulence 3(26) 6(5.0) 7(58) 0 considered of special clinical
Hypertension 3(2.6) 3(2.5) 1(0.8) 7(5.8) relevance considering the
Hyperglycemia 2(1.7) 0 1(0.8) 16 (13.3) therapeutic class of tirzepatide.
Other treatment-emergent 9 Hypoglycemic events occurring
adverse events of interest® after start of new antihyperglycemic
Hypoglycemia® drug were excluded. Severe
hypoglycemic events were defined
Blood glucose <54 mg/dL 18 (15.5) 23(19.3) 17 (14.2) 15(12.5) as episodes with severe cognitive
Blood glucose <70 mg/dL 70(60.3) 75 (63.0) 72 (60.0) 73 (60.8) impairment requiring the assistance
Severe hypoglycemia® 0 2(1.6) 1(0.8) 0 of another person to actively
TR . administer carbohydrate, glucagon,
Injection site reactions 4(3.4) 3(2.5) 8(6.7) 1(0.8) or other resuscitative actions.
Hypersensitivity reactions 8(6.9) 3(2.5) 6 (5.0) 3(2.5) © Medical Dictionary for Regulatory
Cholelithiasis® 1(0.9) 0 0 0 Activities-preferred term.
Adjudication-confirmed 0 0 0 0 f MACE-4 is a composite end point of
pancreatitis death from cardiovascular or
Adjudication-confirmed MACE-4 0 1(0.8) 1(0.8) 1(0.8) undetermined causes, myocardial
Malignant neoplasm 2(1.7) 1(0.8) 0 2(17) infarction, stroke, and

hospitalization for unstable angina.

groups and -1.7 mm Hg and -2.1 mm Hg for the placebo
group (eTable 7 in Supplement 2). Statistically significant
improvements were observed in BMI and waist circumfer-
ence with all doses of tirzepatide vs placebo at week 40 (eFig-
ure 7 in Supplement 2).

Adverse Events and Tolerability

Overall, 68.1% to 78.3% of tirzepatide-treated patients expe-
rienced at least 1 treatment-emergent adverse event com-
pared with 67.5% of placebo-treated patients. The most fre-

jama.com

quent treatment-emergent adverse event in the tirzepatide
groups were gastrointestinal, including diarrhea (12%-21%
vs 10% in the placebo group), nausea (13%-18% vs 2.5% in
the placebo group), vomiting (7%-13% vs 2.5% in the pla-
cebo group), and decreased appetite (7%-14% vs 1.7% in the
placebo group) (Table 3). Most gastrointestinal events were
mild to moderate in severity, and incidence of new events
decreased over time in all tirzepatide groups (eTable 8 and
eFigures 8 and 9 in Supplement 2). No deaths occurred dur-
ing the study. Overall, 8% to 11% of tirzepatide-treated
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patients reported serious adverse events compared with 8%
of placebo-treated patients.

Rates of premature treatment discontinuation due to ad-
verse events were 6.0% (7/116) in the 5-mg tirzepatide group,
8.4% (10/119) in the 10-mg tirzepatide group, 10.8% (13/120)
in the 15-mg tirzepatide group, and 2.5% (3/120) in the pla-
cebo group (Table 3).

Incidence (rates) of hypoglycemia (blood glucose <54 mg/dL
or severe hypoglycemia) ranged from 14.2% to 19.3% (0.43 to
0.64 events/patient-year) in the tirzepatide groups compared
with 12.5% (0.44 events/patient-year) in the placebo group
(Table 3; eTable 9 in Supplement 2). Three episodes of severe
hypoglycemia were reported in 3 patients: 2 in the 10-mg tirz-
epatide group and 1in the 15-mg tirzepatide group (Table 3). Res-
cue therapy for severe persistent hyperglycemia was required
for1patient each in the 5-mgand 15-mg tirzepatide groups com-
pared with 5 patients in the placebo group. There were no re-
ported cases of adjudication-confirmed pancreatitis and 3 ad-
judication-confirmed major adverse cardiovascular events
(composite end point of death from cardiovascular or undeter-
mined causes, myocardial infarction, stroke, and hospitaliza-
tion for unstable angina) were reported (Table 3).

Three patients in tirzepatide groups and 2 in the placebo
group reported malignant neoplasms (eTable 10 in Supple-
ment 2). No cases of diabetic retinopathy were reported in the
tirzepatide groups. About 3% to 7% of patients treated with tirz-
epatide and 1% in the placebo group reported injection site re-
actions. No severe cases of hypersensitivity or injection site
reactions were reported. Additional adverse event findings and
supportive safety information are described in Table 3 and
eTable 7 in Supplement 2.

.|
Discussion

In adults with type 2 diabetes and inadequate glycemic con-
trol despite treatment with insulin glargine with or without
metformin, the addition of once-weekly tirzepatide, com-
pared with placebo, resulted in statistically significant im-
provements in glycemic control and body weight reduction af-
ter 40 weeks.

To the authors’ knowledge, this is the first trial to assess
the efficacy and adverse event profile of a dual glucose-
dependent insulinotropic polypeptide/GLP-1 receptor ago-
nist in combination with a basal insulin regimen. Although
treatment guidelines generally recommend using GLP-1 re-
ceptor agonists prior to basal insulin in most cases, the treat-
ment sequence may vary because the latter is still widely used
as the first injectable therapy in clinical practice due to cost,
reimbursement issues, and prescribing habits.!® The results
from the current study provide clinically relevant informa-
tion relative to the use of tirzepatide in combination with a basal
insulin that should be of help to clinicians when this treat-
ment option is considered.

The significant glycemic improvements in the tirzepa-
tide groups were associated with significantly lower insulin
glargine use and significant body weight reduction compared
with placebo. Despite the differences in glycemic control be-
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tween the tirzepatide and placebo groups, the rate of clini-
cally significant or severe hypoglycemia was below 1 event per
patient-year in all treatment groups, which also needs to be con-
sidered in the context of mean end point HbA,. values of pa-
tientsreceiving tirzepatide. There was no proactive insulin dose
reduction implemented in response to meeting or approach-
ing a glycemic target, and therefore further research is war-
ranted to explore whether this approach could result in sub-
stantial insulin sparing while providing adequate glycemic
control and potentially reducing hypoglycemia risk.

The effects of tirzepatide on glycemic control, body weight,
lipid levels, and blood pressure on a background of titrated
basal insulin in this trial were consistent with previously re-
ported studies of tirzepatide!"** and further validate its effec-
tiveness across different patient populations differing in the
duration of the disease, background glucose-lowering thera-
pies, or comorbidities.

The most commonly reported treatment-emergent ad-
verse events for patients receiving tirzepatide were gastroin-
testinal in nature and decreased over time, especially after
reaching maintenance doses. Overall, the adverse events ob-
served in this study are generally consistent with the known
safety profile of tirzepatide and GLP-1 receptor agonists.?®

Strengths of the study include the randomized, double-
blind, placebo-controlled design and titration of background
basal insulin using a treat-to-target algorithm.

Limitations

This study has several limitations. First, the patients enrolled
in this study were treated with insulin glargine with or with-
out metformin, and therefore the observations may not be di-
rectly extrapolated to other regimens using different oral an-
tihyperglycemic medications. Second, the lack of adjustment
of insulin dose for the first 4 weeks of treatment may have ini-
tially favored patients receiving tirzepatide, although this was
compensated during the remainder of the 40-week treat-
ment period. Third, the postprandial glucose excursions ob-
served in the placebo group suggest an additional prandial in-
tervention was likely needed in some patients, despite the strict
inclusion criteria and the treat-to-target-approach used in the
study. Fourth, although gastrointestinal adverse events and
their severity are typically self-reported in most clinical trials,
this approach has limitations. Fifth, blinding may have been
partially affected by the observed gastrointestinal adverse
events, body weight loss, and glycemic improvement with little
or no increment in insulin dose. Sixth, due to the global na-
ture of the study and the countries participating in it, the per-
centage of participants identifying as certain racial or ethnic
groups was low.

. |
Conclusions

Among patients with type 2 diabetes and inadequate glyce-
mic control despite treatment with insulin glargine, the addi-
tion of subcutaneous tirzepatide, compared with placebo, to
titrated insulin glargine resulted in statistically significant im-
provements in glycemic control after 40 weeks.
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