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ABSTRACT

Introduction:  The relative efficacy and safety 
of tirzepatide was compared with glucagon-
like peptide 1 receptor agonists (GLP-1 RAs) in 
patients with type 2 diabetes mellitus (T2DM) 
treated with basal insulin using a network meta-
analysis (NMA).

Methods:  A systematic literature review was 
performed to identify randomized controlled tri-
als of GLP-1 RAs in patients with T2DM treated 
with insulin and an antihyperglycaemic drug. 
For the NMA, studies included trials with 100% 
of patients treated with basal insulin back-
ground therapy with a titration scheme com-
parable to the SURPASS-5 trial. The following 
data were extracted for efficacy and safety assess-
ment at the primary endpoint of each study: 
changes from baseline in glycated haemoglobin 
(HbA1c) and body weight and the incidence of 
nausea, vomiting or diarrhoea, hypoglycaemia, 
and patients discontinuing treatment because 
of adverse events. In this study, a comparative 
analysis of tirzepatide was performed with the 
GLP-1 RAs dulaglutide, exenatide, and lixisena-
tide in addition to placebo.
Results:  A total of six studies were included 
across the analyses. Tirzepatide 5, 10, and 15 mg 
showed statistically significant, greater reduc-
tions in HbA1c and body weight at the primary 
endpoint versus all GLP-1 RA comparators and 
placebo. Tirzepatide 5, 10, and 15 mg showed 
a statistically significant, higher likelihood of 
experiencing nausea compared with those who 
received placebo or exenatide 2 mg; no statisti-
cally significant differences were observed when 
compared with all other GLP-1 RA compara-
tors. No statistically significant differences were 
observed in the proportions of patients who dis-
continued treatment because of adverse events 
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when tirzepatide 5, 10, and 15 mg were com-
pared with GLP-1 RA comparators, apart from 
tirzepatide 10 and 15 mg versus placebo.
Conclusion:  Tirzepatide demonstrated statisti-
cally significantly greater reductions in HbA1c 
and body weight when compared with selected 
GLP-1 RAs and placebo in patients with T2DM 
treated with basal insulin. Overall, the safety 
profile of tirzepatide was similar to that of 
GLP-1RAs.

Keywords:  Basal insulin; GLP-1 receptor 
agonists; Glycaemic control; Network meta-
analysis; Tirzepatide; Type 2 diabetes mellitus

Key Summary Points 

Why carry out this study?

Currently, there are no comparative data on 
the efficacy and safety of tirzepatide versus 
glucagon-like peptide 1 receptor agonists 
(GLP-1 RAs) added on to basal insulin.

This study sought to assess the relative 
efficacy and safety of tirzepatide versus 
GLP-1 RAs added on to basal insulin in 
patients with type 2 diabetes mellitus (T2DM) 
using a network meta-analysis.

What was learned from the study?

For change from baseline, tirzepatide 5, 10, 
and 15 mg demonstrated statistically signifi-
cantly greater reductions in glycated haemo-
globin (HbA1c) and body weight compared 
with placebo and the GLP-1 RAs dulaglutide, 
exenatide, and lixisenatide.

Tirzepatide is an efficacious treatment that 
offers patients with T2DM treated with 
basal insulin improved outcomes and a 
similar safety profile when compared with 
GLP-1 RAs.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a progres-
sive metabolic disease characterised by chronic 
hyperglycaemia [1]. T2DM is the most common 
form of diabetes and, as of 2017, has affected 
462 million individuals worldwide, correspond-
ing to 6.3% of the global population [2]. T2DM 
is associated with significant morbidity and 
premature mortality, and poor management of 
T2DM increases the risk of developing a range 
of comorbidities [3]. In addition, T2DM is asso-
ciated with considerable global burden, exert-
ing an economic strain on both individuals and 
within-country healthcare systems [4]. Clini-
cal guidelines acknowledge the importance of 
obesity management and recommend diet and 
lifestyle interventions for patients with T2DM 
who are overweight or have obesity; if needed, 
diet and lifestyle interventions should be supple-
mented with an antihyperglycaemic agent with 
proven weight loss benefits [5, 6]. Medications 
that address the incretin effect and other defec-
tive pathophysiological pathways such as glu-
cose-dependent insulinotropic polypeptide (GIP) 
receptor and glucagon-like peptide 1 receptor 
agonists (GLP-1 RAs) are important tools in the 
treatment of T2DM [7, 8]. Tirzepatide, a long-
acting GIP receptor and GLP-1 RA, is an amino 
acid sequence including a C20 fatty diacid moi-
ety that enables albumin binding and prolongs 
the half-life. Tirzepatide selectively binds to 
both the GIP and GLP-1 receptors, the targets for 
native GIP and GLP-1, and it has been approved 
for the treatment of T2DM and chronic weight 
management [9–12].

Tirzepatide has demonstrated significant 
improvements in glycaemic control compared 
with placebo for managing glycated haemo-
globin (HbA1c) levels, and its efficacy has 
been shown to depend on both GIP and GLP-1 
receptor-mediated actions [13]. Several phase 3 
randomized controlled trials (RCTs) for tirzepa-
tide (SURPASS trials) investigated the clinical 
effectiveness and safety of tirzepatide as a treat-
ment for T2DM [11, 14–21]. The SURPASS tri-
als compared three doses of tirzepatide (5, 10, 
and 15 mg) with a range of comparators and 
background antihyperglycaemic agents. In the 
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SURPASS trials, all three doses of tirzepatide 
demonstrated superior HbA1c reductions and 
weight loss in comparison with placebo [14], a 
GLP-1 RA [15], and insulin [14–21]. A long-term 
cardiovascular outcomes trial, SURPASS-CVOT, 
is currently ongoing to assess the efficacy and 
safety of tirzepatide in people with T2DM and 
increased cardiovascular risk [22]. While the 
SURPASS trials provided direct comparative 
evidence on the efficacy and safety of tirzepa-
tide versus a wide range of comparators, it was 
not feasible to conduct RCTs versus all relevant 
comparators in all clinical settings, including 
all GLP-1 RAs. For this reason, comparative data 
on the efficacy and safety of tirzepatide versus 
GLP-1 RAs in basal insulin population is sparse, 
and consequently, a network meta-analysis 
(NMA) approach has been employed to assess 
the relative efficacy and safety of tirzepatide 
versus additional standard-of-care treatments. 
An NMA is a method for comparing multiple 
treatments at the same time in a single analysis 
by using direct and indirect evidence within a 
network of RCTs [23]. NMAs can help in evalu-
ating the comparative effectiveness of different 
treatments used in clinical practice [23]. The 
objective of this NMA was to compare the effi-
cacy and safety of tirzepatide with GLP-1 RAs 
in patients with T2DM receiving treatment with 
basal insulin.

METHODS

Study Design

The NMA was based on evidence from RCTs 
identified in a systematic literature review (SLR) 
on the safety and efficacy of tirzepatide and 
selected GLP-1  RAs in comparison to them-
selves, basal or premixed insulin, oral antihyper-
glycaemic drugs (OADs) of interest, or placebo 
for the treatment of T2DM. Data for tirzepatide 
were obtained from the SURPASS-5 trial at the 
time this analysis was conducted. The studies 
included are described below.

This article is based on previously conducted 
studies and does not contain any new studies 

with human participants or animals performed 
by any of the authors.

SLR Procedures

The SLR was reported in accordance with the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [24] and 
the Centre for Reviews and Dissemination (CRD) 
[25]. The Population, Intervention, Comparison, 
Outcomes, and Study (PICOS) framework [26] 
was used to establish several inclusion criteria 
for studies to be included in this review.

Eligibility Criteria

Eligible studies included RCTs with a duration 
of ≥ 16 weeks of a single treatment that assessed 
the efficacy and safety of tirzepatide (5, 10, or 
15 mg once weekly [QW]) and GLP-1 RAs in 
adult patients (≥ 18 years of age) with T2DM.

Information Sources and Searches

At the time of analysis, searches were conducted 
in Cochrane, Embase, and MEDLINE databases 
(including e-publications ahead of print) in 
September 2021. An updated search was done 
in October 2021 in the same databases, thus 
resulting in 22 publications that were eligible 
for this NMA. Relevant clinical study reports 
and conference abstracts were also assessed 
when available. The full search strategy and list 
of databases and other sources are presented in 
Supplementary Material, Sect. 1 (Table S1.1 to 
S1.3). The searches were further updated in June 
2022, January 2023, and February 2024, but no 
eligible publications for the NMA were found.

Study Selection

Studies were screened against PICOS eligibility cri-
teria in double and independently by two review-
ers who combined their decisions and resolved 
any disagreements. One researcher extracted 
the data, and a second reviewer independently 
reviewed all the data extracted for accuracy and 
completeness. Studies were assessed for risk of 
bias using the Cochrane risk of bias assessment 
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tool and the CRD tool, and responses were 
consolidated.

NMA Procedures

The NMA was reported in accordance with the 
PRISMA-NMA, which is an extension statement 
for reporting systematic reviews incorporating 
NMAs of healthcare interventions [27].

Inclusion criteria for studies in the NMA 
included trials with 100% of patients who 
received basal insulin background therapy with 
a titration scheme comparable to SURPASS-5 
(Table 1). Studies of patients without basal insu-
lin and patients who received other insulins (e.g. 
bolus insulin) or a combination of basal insulin 
and other insulins were excluded.

Multiple efficacy and safety outcomes were 
identified in the SLR and extracted from the stud-
ies for inclusion in this NMA. It is anticipated that 
tirzepatide will be used as an alternative treatment 
to current GLP-1 RAs in future clinical practice. 
The reference treatment in the NMA was placebo 
and the results are presented as treatment relative 
to tirzepatide 5, 10, and 15 mg. A feasibility assess-
ment was conducted to assess the quality of the 
studies and to ensure that the study designs, pop-
ulations, treatments, outcomes, and timepoints 
were aligned to provide robust analysis and clini-
cally meaningful results.

Efficacy Outcomes

All trials identified in the SLR were examined for 
data on primary efficacy outcomes, including 
change from baseline in HbA1c and body weight 
and the proportion of patients with T2DM achiev-
ing HbA1c < 7.0% or ≤ 6.5%). Secondary efficacy 
outcomes included the proportion of patients 
with T2DM reaching weight loss of ≥ 5% and 
change from baseline in low- and high-density 
lipoprotein cholesterol, triglycerides, total choles-
terol, systolic blood pressure (SBP), and diastolic 
blood pressure.

Safety Outcomes

The safety outcomes assessed in the NMA 
included the proportion of patients with T2DM 

with ≥ 1 episode of hypoglycaemia with blood 
glucose (BG) < 54 mg/dL (with or without severe 
hypoglycaemia), the proportion of patients 
with T2DM experiencing nausea, vomiting, or 
diarrhoea, and the proportion of patients with 
treatment discontinuation due to adverse events 
(AEs).

The definitions for hypoglycaemia varied 
between trials, including with or without severe 
hypoglycaemia, BG value of < 54/56 mg/dL, or 
symptomatic hypoglycaemia. In order to ensure 
consistency and to facilitate understanding, it 
was opted to define an episode of hypoglycae-
mia as “with BG < 54 mg/dL (with or without 
severe hypoglycaemia)”.

The analysis of AEs allowed for the inclu-
sion of comparator studies with safety win-
dows that ended outside the analysis window 
(26 ± 4 weeks).

Dose Escalation

The duration of dose escalation employed to 
reach the target dose of tirzepatide in the SUR-
PASS-5 trial was 0 to 24 weeks [14, 21, 28]. The 
escalation period for tirzepatide 15  mg was 
24 weeks to allow 20 weeks to escalate to 15 mg 
and an additional 4 weeks to reach a steady 
state, defined as achieving a stable concentra-
tion of the drug (tirzepatide) in the blood [29]. 
Since most comparator studies had a duration 
between 22 and 30 weeks (and all comparator 
studies reported on at least one outcome of inter-
est between 20 and 28 weeks), the endpoints 
were analysed at 26 ± 4 weeks (weeks 22–30) for 
comparator data, compared to tirzepatide data 
at week 40. The time window of 26 ± 4 weeks 
allowed a balanced approach between data 
obtained from the dose escalation of tirzepatide 
and data available from the comparators.

Statistical Analysis

The NMA was conducted in Just Another Gibbs 
Sampler (JAGS), version 4.2.0, via R. A two-stage 
analytical approach was used for this NMA: (1) 
a frequentist meta-analysis was conducted to 
assess heterogeneity of the data, and (2) an NMA 
was conducted using Bayesian mixed treatment 
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comparisons as described in the National Insti-
tute for Health and Care Excellence Decision 
Support Unit technical support documents [30].

Sensitivity Analysis

To evaluate the strength of the main analysis 
findings, a sensitivity analysis that considered 
outcomes measured at multiple timepoints 
was planned. The sensitivity analysis was con-
ducted for continuous outcomes such as the 
change from baseline in HbA1c and weight. 
These endpoints were chosen because these are 
critical clinical endpoints in the management 
of diabetes and disease improvement/progres-
sion. A model-based NMA was conducted [31], 
allowing the inclusion of outcomes at multiple 
timepoints when studies reported three or more 
timepoints, on change from baseline in weight.

Presentation of Results

For the continuous endpoints, standardised 
median differences and 95% credible intervals 
(CrIs) were estimated for each treatment ver-
sus placebo and comparators [26, 27]. Median 
differences below 0 indicate a greater reduc-
tion in the outcome with the treatment (tirze-
patide) versus the comparator; values above 0 
indicate a lower reduction in the outcome with 
the treatment (tirzepatide) versus the com-
parator. For the binary endpoints, odds ratios 
(ORs) were estimated in each analysis. The OR 
represents the increase or decrease in the odds 
of an event occurring in one group compared 
with another. An OR > 1 indicates greater odds 
for the treatment arm compared to the control 
arm. Similarly, an OR between 0 and 1 indicates 
a reduction in odds for the treatment arm com-
pared to the control arm. When both the upper 
and lower bounds of the CrIs around the OR 
are either > 1 or < 1, a statistically significantly 
greater increase or reduction, respectively, in the 
odds of the event for the treatment arm com-
pared to the control arm is indicated. When the 
CrI crosses 1, a lack of a statistically significant 
difference in the odds between the two arms is 
indicated. Within the Bayesian framework NMA, 
the significance of a treatment effect is deter-
mined by the 95% CrI, which represents a 95% 

probability that the true treatment effect lies 
within this interval.

RESULTS

Identification of Publications

A PRISMA flow diagram of the SLR is shown 
in Fig.  1. Overall, 205 original studies were 
included in this SLR, which were reported in a 
total of 246 publications. Of the included tri-
als, six trials [14, 32–36] were considered poten-
tially relevant for inclusion in the NMA and 199 
were excluded. The rationale for including and 
excluding these trials is detailed in Tables S2.1 
and S2.2 of the Supplementary Material.

In brief, trials were excluded (n = 199) if 
patients were not treated with basal insulin 
therapy ± OADs as background therapy (n = 196) 
[11, 15–17, 37–228] or if the study design or 
insulin titration schemes were not comparable 
to SURPASS-5 (n = 2). For example, the mixed 
background therapy and insulin titration in the 
PIONEER 8 study [229] and the insulin titration 
in SUSTAIN 5 [230] were not comparable to SUR-
PASS-5. Finally, the SIMPLE trial was excluded 
because liraglutide 1.8 mg was compared with 
insulin aspart and not basal insulin treatment 
[231], hence not meeting the NMA criteria.

NMA Results

Overall, six trials [14, 32–36] and eight treat-
ments were considered in the NMA and formed 
a connected network (Fig. 2). No restrictions 
were placed on the number of comparators; 
however, the final comparators were included 
owing to the feasibility and comparability of 
the insulin titration schemes in the studies to 
SURPASS-5. The analysis was completed for the 
following comparators: dulaglutide 1.50 mg QW, 
exenatide 10 μg twice daily (BID) (prefilled pen), 
exenatide 2.0 mg QW, lixisenatide 20 μg once-
daily (QD), and placebo. The quality assessment 
indicated a low risk of bias across the studies for 
elements of bias assessment (Table S3.1).
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Trial Characteristics

The six studies were double-blind trials, 
and treatment duration ranged from 24 to 
40 weeks. No studies had a crossover design, 
and no studies included patients with comor-
bidities of interest. The primary efficacy meas-
ure was HbA1c for all studies, and secondary 

measures included body weight, fasting blood 
glucose, self-monitored blood glucose, and 
insulin glargine dose. Safety measures included 
SBP, treatment-emergent AEs, and hypoglycae-
mic episodes.

The trial characteristics are summarized in 
Table 2.

Fig. 1   PRISMA flow diagram of the SLR and NMA. 
The rationale for including and excluding trials is detailed 
in Sect.  2 of the Supplementary Material. NMA net-
work meta-analysis, OADs  oral antihyperglycaemic 

drugs, PRISMA Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses, SLR  systematic literature 
review, wk week(s)
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Participants Characteristics in the Included 
Trials

A total of 2436 patients with T2DM were 
included in the analysis (male/men, n = 1256; 
female/women, n = 1180) who received treat-
ment with tirzepatide (n = 355) or a comparator 
(lixisenatide, n = 551; exenatide, n = 368; dula-
glutide, n = 150; or placebo, n = 1012). Mean age 
in the treatment arms across the six included 
studies ranged from 56 to 62 years. At baseline, 
mean HbA1c ranged from 7.6% to 8.5%. Mean 
body weight ranged from 86.8 to 96.3 kg, and 
mean body mass index (BMI) ranged from 31.7 
to 34.1 kg/m2. The mean duration of diabetes 

ranged from 8.7 to 14.1  years. Background 
therapy included insulin glargine ± metformin, 
basal insulin ± metformin, insulin glargine + met-
formin ± thiazolidinedione, and insulin glar-
gine ± OADs (Table 3).

Efficacy Outcomes

Glycaemic Control

Change from Baseline in HbA1c
All six trials reported data on change in HbA1c 

from baseline to week  40 (tirzepatide) and 
week 26 (± 4 weeks) (comparators). Tirzepatide 

Fig. 2   Evidence network for 6 studies and 8 treatments 
(nodes) included in the network meta-analysis. The thick-
ness of the lines indicates the number of studies compar-
ing between the interventions, and the radius of the circle 
shows the number of studies within a given treatment arm. 
Outcomes included change from baseline in HbA1c; pro-
portion of patients reaching target HbA1c < 7.0%; change 

from baseline in weight (kg); proportion of patients expe-
riencing nausea, vomiting, and diarrhoea; proportion of 
patients with ≥ 1 episode of hypoglycaemia with blood glu-
cose < 54  mg/dL (with or without severe hypoglycaemia); 
and proportion of patients with treatment discontinuation. 
BID twice daily, HbA1c glycated haemoglobin, QW once 
weekly
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5, 10, and 15 mg showed significantly greater 
reductions in HbA1c from baseline compared 
with placebo, dulaglutide 1.50 mg, exenatide 
2 mg, exenatide 10 μg, and lixisenatide 20 μg 
(Fig. 3a; Table S4.1).

Proportion of Patients Reaching Target 
HbA1c < 7.0%

All six trials reported data on the propor-
tion of patients achieving HbA1c < 7.0% from 
baseline to week 40 (tirzepatide) and week 26 
(± 4 weeks) (comparators) (Fig. 3b; Table S4.2). 
A significantly greater proportion of patients 
receiving tirzepatide 5, 10, and 15 mg reached 
a target HbA1c < 7.0% compared with placebo, 
dulaglutide 1.50 mg, exenatide 2 mg, exenatide 
10 μg, and lixisenatide 20 μg. The likelihood of 
achieving a target HbA1c < 7.0% ranged from 4.5 
times more likely (95% CrI 1.7, 12.7) with tirze-
patide 5 mg versus exenatide 2 mg to up to 14.8 
times more likely (95% CrI 6.2, 40.4) with tirze-
patide 15 mg versus lixisenatide 20 μg. However, 
the results showed a very large 95% CrI, indicat-
ing uncertainty around the estimated treatment 
difference. Therefore, this estimate should be 
interpreted with caution.

Proportion of Patients Reaching Target 
HbA1c ≤ 6.5%

Five trials reported data on the proportion of 
patients reaching HbA1c ≤ 6.5% from baseline to 
week 40 (tirzepatide) and week 26 (± 4 weeks) 
(comparators) (Fig. 3c; Table S4.3). A signifi-
cantly greater proportion of patients receiving 
tirzepatide 5, 10, and 15 mg reached a target 
HbA1c ≤ 6.5% compared with placebo, dula-
glutide 1.50 mg, exenatide 10 μg, and lixisena-
tide 20 μg. The likelihood of achieving a tar-
get HbA1c ≤ 6.5% ranged from 4.0 times more 
likely (95% CrI 1.7, 9.6) with tirzepatide 5 mg 
versus dulaglutide 1.50 mg to up to 23.1 times 
more likely (95% CrI 9.5, 62.7) with tirzepatide 
15 mg versus lixisenatide 20 μg. However, the 
results showed a very large 95% CrI, indicating 
uncertainty around the estimated treatment dif-
ference. Therefore, this estimate should be inter-
preted with caution.
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Body Weight

Change from Baseline in Weight
All six trials reported change from base-

line in weight to week  40 (tirzepatide) and 
week 26 ± 4 weeks (comparators). Tirzepatide 
5, 10, and 15 mg showed significantly greater 
reductions in weight from baseline compared 
with placebo, dulaglutide 1.50 mg, exenatide 
2 mg, exenatide 10 μg, and lixisenatide 20 μg. 
Differences ranged from 5.2 kg versus exenatide 
10 μg in favour of tirzepatide 5 mg and 11.5 kg 
versus lixisenatide 20 μg in favour of tirzepatide 
15 mg (Fig. 4; Table S4.4).

Other efficacy outcomes, including the pro-
portion of patients reaching weight loss of ≥ 5% 
and change from baseline in lipoproteins, total 
cholesterol, triglycerides, and blood pressure, are 
available in the Supplementary Material, Sect. 5.

Safety Outcomes

Proportion of Patients Experiencing Nausea, 
Vomiting, and Diarrhoea

All six trials reported the proportion of patients 
experiencing nausea, vomiting, and diarrhoea 
(any grade permitted) at week 40 (tirzepatide) 
and week 26 (± 4 weeks) (comparators). A signifi-
cantly higher proportion of patients receiving 
tirzepatide 5, 10, and 15 mg experienced nau-
sea compared with placebo and exenatide 2 mg. 
No significant differences were observed when 
tirzepatide 5, 10, and 15 mg were compared with 
dulaglutide 1.50 mg, exenatide 10 μg, and lixi-
senatide 20 μg (Fig. 5a; Table S6.1).

No significant differences were observed in 
the proportion of patients experiencing vomit-
ing when tirzepatide 5 mg was compared with 
placebo, dulaglutide 1.50 mg, exenatide 2 mg, 
exenatide 10 μg, and lixisenatide 20 μg. A higher 
proportion of patients experienced vomiting 
with tirzepatide 15 mg compared with placebo 
(6.1 [95% CrI 1.9, 28.3]) as well as with tirzepa-
tide 10 mg and 15 mg compared with exenatide 
2 mg (TZP 10 mg: 14.8 [95% CrI 1.1, 664.8]; TZP 
15 mg: 26.3 [95% CrI 1.9, 1144.9]). No signifi-
cant differences were observed when tirzepatide 
15 mg was compared with dulaglutide 1.50 mg, 

exenatide 10 μg, and lixisenatide 20 μg (Fig. 5b; 
Table S6.2). Caution must be used when inter-
preting these estimates as the results showed 
large 95% CrIs, indicating uncertainty around 
the estimated treatment difference.

No significant differences were observed in 
the proportions of patients experiencing diar-
rhoea when tirzepatide 5  mg or 10  mg was 
compared with placebo, dulaglutide 1.50 mg, 
exenatide 2 mg, exenatide 10 μg, and lixisena-
tide 20 μg. A significantly greater proportion of 
patients receiving tirzepatide 15 mg experienced 
diarrhoea compared with placebo. However, no 
significant differences were observed when tirze-
patide 15 mg was compared with dulaglutide 
1.50 mg, exenatide 2 mg, exenatide 10 μg, and 
lixisenatide 20 μg (Fig. 5c; Table S6.3).

Proportion of Patients with ≥ 1 Episode 
of Hypoglycaemia with BG < 54 mg/dL (with 
or Without Severe Hypoglycaemia)

All six trials reported the proportion of patients 
with ≥ 1 episode of hypoglycaemia with 
BG < 54 mg/dL (with or without severe hypo-
glycaemia) to week 40 (tirzepatide) and week 26 
(± 4 weeks) (comparators). No significant dif-
ferences were observed in the proportions of 
patients experiencing ≥ 1 episode of hypogly-
caemia with BG < 54 mg/dL (with or without 
severe hypoglycaemia) when tirzepatide 5, 10, or 
15 mg was compared with placebo, dulaglutide 
1.50 mg, exenatide 2 mg, exenatide 10 μg, and 
lixisenatide 20 μg (Fig. 6; Table S6.4).

Proportion of Patients with Treatment 
Discontinuation Due to AEs

All six trials reported the proportion of patients 
with treatment discontinuation due to AEs 
through week  40 (tirzepatide) and week  26 
(± 4 weeks) (comparators). No significant dif-
ferences were observed in the proportions of 
patients discontinuing treatment because of AEs 
when tirzepatide 5, 10, and 15 mg was compared 
with placebo, dulaglutide 1.50 mg, exenatide 
2 mg, exenatide 10 μg, and lixisenatide 20 μg 
(Fig. 7; Table S6.5).
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Sensitivity Analysis

Conducting a sensitivity analysis for change 
from baseline in HbA1c (%) at week 40 was not 
feasible as a result of very few studies report-
ing at least three timepoints; only four studies 
reported HbA1c at three or more timepoints. 
However, the model-based NMA sensitivity 
analysis included all available timepoints for 
change from baseline in weight (kg), allowing 

for comparisons at week  40, despite most 
studies concluding at week 26. The sensitivity 
analysis conducted for change from baseline in 
weight at week 40 for three or more timepoints 
for all treatments was consistent in magnitude, 
although it showed smaller differences from 
the main analysis versus the model-based NMA 
approach (Table S4.4).

Fig. 3   Forest plots of change in a HbA1c, b likelihood 
of patients reaching HbA1c < 7.0%, and c likelihood of 
patients reaching HbA1c ≤ 6.5% from baseline to week 40 

(TZP) and week  26 ± 4  weeks (comparators). BID twice 
daily, CrI credible interval, HbA1c glycated haemoglobin, 
QW once weekly, TZP tirzepatide
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DISCUSSION

The objective of this study was to demon-
strate the efficacy and safety of tirzepatide and 
GLP-1  RAs in patients with T2DM receiving 
treatment with basal insulin, aligning with the 
SURPASS-5 trial. Three doses of tirzepatide (5, 10, 
and 15 mg) were compared with the GLP-1 RAs 
dulaglutide 1.50 mg, exenatide 2 mg QW, exena-
tide 10 μg BID, and lixisenatide 20 μg with study 
designs comparable to SURPASS-5.

The network analyses revealed that all doses 
of tirzepatide demonstrated a statistically sig-
nificantly greater reduction in HbA1c and 
body weight from baseline compared with the 
selected GLP-1 RAs. All doses of tirzepatide dem-
onstrated statistically significantly greater odds 
of reaching the HbA1c targets of HbA1c < 7.0% 
and HbA1c ≤ 6.5% compared with all selected 
GLP-1 RAs, with all doses of tirzepatide dem-
onstrating significantly greater odds of reach-
ing a target weight loss of ≥ 5% compared with 
exenatide 2 mg QW. However, exenatide was 
the only GLP-1 RA in the network for this end-
point. Overall, tirzepatide was similar to most 
GLP-1 RAs in terms of the odds of experienc-
ing nausea, vomiting, and diarrhoea. However, 
patients receiving all doses of tirzepatide had 
statistically significantly higher odds of experi-
encing nausea compared with exenatide 2 mg 
QW, and patients receiving tirzepatide 10 and 
15  mg had statistically significantly higher 
odds of experiencing vomiting compared with 
exenatide 2 mg QW. All doses of tirzepatide were 

comparable with all selected GLP-1 RAs in terms 
of the odds of experiencing at least one episode 
of hypoglycaemia with BG < 54 mg/dL with or 
without severe hypoglycaemia and the odds of 
patients discontinuing treatment because of AEs.

As the analysis of interest required patients 
to be treated with basal insulin therapy ± OADs 
(third-line diabetes therapy with insulin) as 
background therapy, a limited number of studies 
were available to include in the network. Hence, 
the analysis of tirzepatide with comparators 
such as dulaglutide (0.75 mg, 3.0 mg, 4.5 mg), 
subcutaneously/orally administered semaglu-
tide, liraglutide and exenatide (5 μg) were not 
possible as study designs were not comparable 
to SURPASS-5.

Additionally, patients were required to have 
basal insulin titration like that of patients 
enrolled in SURPASS-5 (i.e. increasing dose dur-
ing the study following the titration scheme in 
SURPASS-5) to allow comparison of studies with 
similar designs.

The inclusion of semaglutide in this NMA 
would have been important, considering that 
semaglutide is among the most efficacious 
GLP-1 RAs and represents the current standard-
of-care for T2DM [6]. However, comparisons of 
tirzepatide with subcutaneously administered 
semaglutide were not feasible because of the dif-
ferent study design of SUSTAIN 5 [230]; insulin 
titration was very different between SUSTAIN 5 
(restricted) and SURPASS-5 (free titration to the 
target). In SUSTAIN 5, basal insulin therapy was 
maintained at stable or decreasing doses among 
patients who received placebo (mean basal 

Fig. 4   Forest plots of change in body weight from baseline to week 40 (TZP) and week 26 ± 4 weeks (comparators). BID 
twice daily, CrI credible interval, QW once weekly, TZP tirzepatide
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insulin dose from baseline to endpoint was 37 
to 35 IU/day with variations between the several 
included insulins). In SURPASS-5, basal insulin 
therapy increased substantially in the placebo 
arm (mean basal insulin dose from baseline 
to endpoint, 36 to 64 U/day) [14], leading to 
clinically significant differences in placebo 
arm results between SUSTAIN 5 and SURPASS-5 
(i.e. HbA1c staying stable in SUSTAIN 5 [mean 
change from baseline, − 0.1%] and decreasing by 

0.86% in SURPASS-5). Weight was also impacted 
in the placebo arm of SUSTAIN 5 (mean weight 
change from baseline to week 30, − 1.4 kg) [230] 
and in SURPASS-5 (mean weight change from 
baseline to week 40, + 1.6 kg) [14]. As such, it 
was not suitable to use the placebo arm from 
SUSTAIN 5 as a common comparator in the con-
text of this NMA, and the study was therefore 
excluded from the analyses. Similarly, a com-
parison of orally administered semaglutide was 

Fig. 5   Forest plots of likelihood of patients experiencing a nausea, b vomiting, and c diarrhoea from baseline to week 40 
(TZP) and week 26 ± 4 weeks (comparators). BID twice daily, CrI credible interval, QW once weekly, TZP tirzepatide
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not feasible and the PIONEER 8 trial had to be 
excluded [229]. In PIONEER 8, insulin titration 
remained stable with a maximum 20% reduc-
tion in the total daily dose (week 0–8). Unlike 
SURPASS-5, which used free titration to the tar-
get, titration of the insulin dose in PIONEER 8 
could not exceed the prerandomization dose 
during weeks 8–26. This resulted in an HbA1c 
at week 26 being similar to baseline levels in 
patients receiving placebo (mean HbA1c at base-
line vs. week 26, 8.2% vs. 8.1%); therefore, this 
study was excluded from the analyses.

Limitations

While the SLR search was originally conducted 
in September 2021 and updated in October 
2021, the searches were further updated in 
June 2022, January 2023, and February 2024, 
but no eligible publications for the NMA were 
found. Data availability for some endpoints 
(e.g. change from baseline in HbA1c [%] at 
week 40) was limited, meaning that compari-
sons between all treatments of interest could 
not be made for all comparators and endpoints. 
Although BMI is an important endpoint, this 
could not be fully analysed because of limited 

Fig. 6   Forest plots of the likelihood of patients with ≥ 1 
episode of hypoglycaemia with BG < 54  mg/dL (with or 
without severe hypoglycaemia) from baseline to week  40 

(TZP) and week  26 ± 4  weeks (comparators). BG blood 
glucose, BID twice daily, CrI credible interval, QW once 
weekly, TZP tirzepatide

Fig. 7   Forest plots of the likelihood of patients with treat-
ment discontinuation due to AEs from baseline to week 40 
(TZP) and week  26 ± 4  weeks (comparators). AE adverse 

event, BID twice daily, CrI  credible interval, QW once 
weekly, TZP tirzepatide
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data availability across trials. Heterogeneity 
across studies in follow-up time was another 
limitation of the analyses, with data input for 
tirzepatide based on week 40 contrasting with 
the week 26 (± 4 weeks) data of the comparator 
trials. The duration of dose escalation employed 
to reach the target dose of tirzepatide in the 
SURPASS trial was longer (0–20 weeks) than the 
corresponding durations used for the compara-
tors in the comparator studies (0–8 weeks), con-
tributing to a source of heterogeneity between 
trials. This is not expected to impact HbA1c as 
the maximum effect in comparators was gener-
ally around 26 weeks while the tirzepatide dose 
was still being escalated. Follow-up time may 
have impacted weight; however, the sensitivity 
analysis conducted provides confidence in the 
analysis. Additionally, the exclusion of semaglu-
tide from the NMA, due to differences in insulin 
titration scheme not comparable to SURPASS-5, 
limits the comparative scope of the study, poten-
tially making the findings less generalizable to 
all GLP-1 RAs. Lastly, the authors acknowledge 
that head-to-head results from RCTs should be 
generally preferred but considering that they are 
not available for several treatment comparisons, 
the results of this analysis are from mixed treat-
ment comparisons consisting of both direct and 
indirect evidence.

CONCLUSIONS

Overall, tirzepatide demonstrated statistically 
significantly improved efficacy outcomes when 
compared with several relevant GLP-1 RAs dula-
glutide, exenatide, and lixisenatide in patients 
with T2DM receiving treatment with basal 
insulin and a generally comparable safety pro-
file in terms of cardiovascular biomarkers and 
AEs (with some exceptions such as nausea and 
vomiting). For change from baseline in HbA1c 
and weight, all three doses of tirzepatide dem-
onstrated statistically significantly greater reduc-
tions in HbA1c and weight from baseline com-
pared with several relevant GLP-1 RAs.
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