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Abstract
Aims Once-weekly semaglutide and dulaglutide represent two highly efficacious treatment options for type 2 diabetes. 
A recent indirect treatment comparison (ITC) has associated semaglutide 1 mg with similar and greater improvements in 
glycated haemoglobin (HbA1c) and body weight, respectively, vs. dulaglutide 3 mg and 4.5 mg. The present study aimed to 
evaluate the long-term cost-effectiveness of semaglutide 1 mg vs. dulaglutide 3 mg and 4.5 mg in the UK.
Materials and methods The IQVIA CORE Diabetes Model (v9.0) was used to project outcomes over patients’ lifetimes. 
Baseline cohort characteristics were sourced from SUSTAIN 7, with changes in HbA1c and body mass index applied as per 
the ITC. Modelled patients received semaglutide or dulaglutide for 3 years, after which treatment was intensified to basal 
insulin. Costs (expressed in 2020 pounds sterling [GBP]) were accounted from a healthcare payer perspective.
Results Semaglutide 1 mg was associated with improvements in quality-adjusted life expectancy of 0.05 and 0.04 quality-
adjusted life years (QALYs) vs. dulaglutide 3 mg and 4.5 mg, respectively, due to a reduced incidence of diabetes-related 
complications with semaglutide. Direct costs were estimated to be GBP 76 lower and GBP 8 higher in the comparisons with 
dulaglutide 3 mg and 4.5 mg, respectively. Overall outcomes were similar, but favoured semaglutide, and based on modelled 
mean outcomes it was considered dominant vs. dulaglutide 3 mg and associated with an incremental cost-effectiveness ratio 
of GBP 228 per QALY gained vs. dulaglutide 4.5 mg.
Conclusions Semaglutide 1 mg represents a cost-effective treatment vs. dulaglutide 3 mg and 4.5 mg for type 2 diabetes 
from a healthcare payer perspective in the UK.
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Introduction

Reducing the incidence of long-term complications attribut-
able to type 2 diabetes is vital to minimising the high and 
increasing expenditure associated with the disease. Total 
diabetes-related expenditure in the UK was estimated to be 

more than GBP 17 billion in 2021, with projections indicat-
ing that the prevalence of diabetes is expected to increase 
from 6.3% in 2021 to 7.5% by 2045 [1]. Improving glycae-
mic control remains a key target of care based on landmark 
studies, including the United Kingdom Prospective Diabetes 
Study (UKPDS), which associated improvements in glycated 
haemoglobin (HbA1c) with a reduced incidence of long-
term diabetes-related complications [2–6]. However, modern 
clinical practice has moved towards a more holistic approach 
to diabetes care, with evidence indicating that reductions in 
blood pressure, serum lipids and body weight are also asso-
ciated with a reduced risk of diabetes-related complications 
[7–10]. Guidelines published by the National Institute for 
Health and Care Excellence (NICE) therefore recommend 
an HbA1c target of 6.5% (48 mmol/mol) for people with 
type 2 diabetes managed with lifestyle modifications and 
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one anti-diabetic agent, and a target of 7.0% (53 mmol/mol) 
for people with type 2 diabetes not adequately controlled 
by a single glucose-lowering drug, as well as a weight loss 
target of 5–10% of body weight [11]. Interventions that can 
provide reductions in blood glucose levels and body weight 
for people with type 2 diabetes, while providing value for 
money over the long term, are therefore highly relevant for 
the National Health Service (NHS) in the UK, where health-
care resources are coming under ever-increasing strain.

Modern therapies for type 2 diabetes, such as glucagon-
like peptide-1 (GLP-1) receptor agonists, combine clinically 
important reductions in blood glucose levels with weight 
loss and a low risk of hypoglycaemia [12]. Several GLP-1 
receptor agonists are approved for use in the UK, including 
once-weekly injectable treatments semaglutide and dulaglu-
tide. Once-weekly semaglutide 0.5 mg and 1 mg were com-
pared with dulaglutide 0.75 mg and 1.5 mg, respectively, 
in the SUSTAIN 7 clinical trial, and were associated with 
greater reductions in HbA1c and body weight in people 
with type 2 diabetes with inadequate glycaemic control on 
metformin, with a subsequent long-term cost-effectiveness 
analysis in the UK demonstrating that these clinical benefits 
translated to improved life expectancy, quality of life and 
cost savings over patients’ lifetimes [13, 14].

Since the publication of SUSTAIN 7, further studies have 
been designed to evaluate higher doses of GLP-1 receptor 
agonists, to elucidate if further efficacy can be gained with-
out sacrificing safety. The published AWARD-11 trial, also 
conducted in patients with inadequate glycaemic control on 
metformin, demonstrated that escalation from dulaglutide 
1.5 mg to 3 mg or 4.5 mg provided a similar safety profile 
while offering clinically relevant, dose-related reductions 
in HbA1c and body weight [15]. Similarly, the SUSTAIN 
FORTE trial demonstrated superior reductions in HbA1c 
and body weight with once-weekly semaglutide 2 mg com-
pared with once-weekly semaglutide 1 mg alongside a simi-
lar safety profile [16]. However, as yet, no clinical trial has 
assessed these newly approved high doses of one GLP-1 
receptor agonist vs. any dose of another GLP-1 receptor 
agonist.

A recent indirect treatment comparison (ITC) has 
evaluated once-weekly semaglutide 1 mg vs. dulaglutide 
3 mg and 4.5 mg, based on the results of SUSTAIN 7 
and AWARD-11 [17]. The ITC was performed using the 
Bucher method, which accounts for cross-trial differences 
by measuring treatment effects relative to a common com-
parator arm (in this case, dulaglutide 1.5 mg) and requires 
only the availability of summary-level data for each trial 
[18]. This method is considered appropriate if the relative 
treatment effect can be assumed to be the same across 
the two trial populations, which was deemed to hold in 
the populations of SUSTAIN 7 and AWARD-11 (both 
conducted in people with type 2 diabetes with inadequate 

glycaemic control on metformin). Results from the ITC 
indicated that once-weekly semaglutide 1 mg was associ-
ated with significantly greater reductions in HbA1c and 
body weight vs. dulaglutide 3 mg, and similar reductions 
in HbA1c and significantly greater reductions in body 
weight vs. dulaglutide 4.5 mg, in people with inadequate 
glycaemic control on metformin.

Previous long-term analyses have assessed the cost-
effectiveness of once-weekly semaglutide in the UK. 
These include comparisons vs. the lower 0.75 mg and 
1.5 mg doses of dulaglutide, once-daily GLP-1 receptor 
agonist liraglutide 1.2 mg, and sodium-glucose cotrans-
porter-2 (SGLT-2) inhibitor empagliflozin 25 mg [14, 19, 
20]. However, to date, no study has evaluated the cost-
effectiveness of once-weekly semaglutide 1 mg vs. the 
higher 3 mg and 4.5 mg doses of dulaglutide, treatments 
that people with type 2 diabetes in the UK are expected 
to receive during the course of their disease. The pre-
sent study was, therefore, designed to answer a pertinent 
research question for physicians, healthcare payers and 
people with type 2 diabetes in the UK and to elucidate 
the relative cost-effectiveness of several highly efficacious 
GLP-1 receptor agonist therapies.

Based on the results from the ITC, the aim of the present 
study was to evaluate the long-term cost-effectiveness of 
once-weekly semaglutide 1 mg vs. dulaglutide 3 mg and 
4.5 mg for the treatment of people with type 2 diabetes not 
achieving glycaemic control on metformin in the UK.

Methods

Modelling approach

The IQVIA CORE Diabetes Model (version 9.0) was used 
to project clinical and cost outcomes over patients’ lifetimes 
(50 years), in line with guidance on the cost-effectiveness 
of interventions for diabetes [21]. The structure, assump-
tions, features and capabilities of the model, as well as two 
validation studies, have been previously described [22–24]. 
Relevant model outputs include life expectancy (measured 
in years), quality-adjusted life expectancy (measured in qual-
ity-adjusted life years [QALYs]), direct costs, incremental 
cost-effectiveness ratios (ICERs), cumulative incidence and 
time to onset of diabetes-related complications, and cost-
effectiveness scatterplots and acceptability curves.

Base case and sensitivity analyses were performed using 
a first-order Monte Carlo approach, with second-order 
uncertainty captured in the probabilistic sensitivity analysis 
(PSA). In line with recommendations from the model pro-
prietors, the UKPDS 68 risk equations were used to predict 
outcomes in the base case analysis [24]. Future clinical and 
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cost outcomes were discounted at 3.5% per annum, in line 
with guidance published by NICE [25]. Background mortal-
ity was captured based on UK-specific life tables published 
by the World Health Organisation (WHO) [26].

Baseline cohort characteristics and treatment 
effects

Baseline cohort characteristics were sourced from the full 
population in the SUSTAIN 7 clinical trial, as this was used 
to inform the once-weekly semaglutide arm of the ITC 
(Table S1) [13, 17]. These cohort characteristics were used 
in a previously published cost-effectiveness analysis of once-
weekly semaglutide in the UK [14]. The mean (standard 
deviation) age of the cohort was 56 (10.6) years, with a mean 
duration of diabetes of 7.4 (5.7) years, mean HbA1c of 8.2 
(0.9)% [66.1 (10.1) mmol/mol], and mean body mass index 
(BMI) of 33.5 (6.8) kg/m2. Alcohol and tobacco consump-
tion were not collected in the SUSTAIN 7 study and these 
were therefore assumed to be the same as the general UK 
population [27, 28].

Treatment effects were taken from the ITC, and com-
prised changes in HbA1c and BMI (calculated from changes 
in body weight from the ITC using the mean height from 
SUSTAIN 7; Table S2) [17]. Once-weekly semaglutide was 
associated with mean changes in HbA1c and BMI of − 1.78 
(standard error 0.06)% and − 2.33 (0.10) kg/m2, respectively, 
while dulaglutide 3 mg was associated with corresponding 
changes of − 1.54 (0.10)% and − 1.44 (0.16) kg/m2. Dulaglu-
tide 4.5 mg was associated with mean changes in HbA1c and 
BMI of − 1.71 (0.10)% and − 1.67 (0.16) kg/m2, respectively. 
Once-weekly semaglutide 1 mg was associated with statisti-
cally significant reductions in HbA1c and BMI vs. dulaglu-
tide 3 mg, and in BMI vs. dulaglutide 4.5 mg. Changes in 
all other physiological parameters and adverse event rates 
included in the IQVIA CORE Diabetes Model, including 
blood pressure, serum lipids and hypoglycaemic event rates, 
were set to zero in all treatment arms to ensure that assump-
tions in these parameters did not drive cost-effectiveness 
outcomes.

Treatment switching and long‑term parameter 
progression

In the base case analysis, a simple treatment algorithm 
was employed to evaluate cost-effectiveness, aiming to 
limit the impact of modelling assumptions on the over-
all conclusions of the analysis. Modelled patients were 
assumed to receive once-weekly semaglutide or dulaglu-
tide for 3 years, in line with previously published analyses 
of GLP-1 receptor agonists and data from general practice 
in Europe, which reported a mean duration of treatment 

with GLP-1 receptor agonists of 29.35 months (rounded to 
3 years, as treatment switching in the IQVIA CORE Dia-
betes Model can only occur at the end of an annual cycle) 
[14, 29–31]. After 3 years, treatment with once-weekly 
semaglutide and dulaglutide was discontinued and patients 
were assumed to intensify to basal insulin therapy with 
insulin Abasaglar® (the most common biosimilar insulin 
glargine in the UK). Patients remained on basal insulin for 
the remainder of their lifetimes. Alternative approaches 
to treatment switching were explored in sensitivity analy-
ses, while different treatment algorithms were explored in 
pathway scenario analyses.

After the application of changes in HbA1c and BMI 
in the first year of the analysis, values in each arm were 
assumed to remain constant while patients received 
semaglutide or dulaglutide treatment. On intensification 
to basal insulin, differences were abolished by bringing 
HbA1c in all arms to 7.0% and returning BMI to baseline. 
This ensured a balanced cost-effectiveness analysis, with 
differences in physiological parameters only maintained 
while there was a difference in the medications received. 
On treatment intensification, non-severe and severe hypo-
glycaemic event rates of 408 and 10 events per 100 person-
years, respectively, were applied, based on data from the 
UK Hypoglycaemia Study Group [32].

Costs and utilities

Costs were accounted from a healthcare payer perspective 
in the UK and expressed in 2020 pounds sterling (GBP). 
Captured costs included pharmacy and management costs, 
based on list prices published on the Monthly Index of 
Medical Specialities (MIMS) database, and the costs of 
treating diabetes-related complications, which were based 
on a published literature review (Table S3) [33, 34]. Costs 
from the literature review were updated by sourcing up-to-
date costs from the most recent publications of annually 
updated sources, and inflated were necessary to 2020 GBP 
using the Health and Community Health Services Index 
published by the Personal Social Services Research Unit 
(PSSRU) [33, 35–42].

Annual treatment costs were calculated based on 
resource use from SUSTAIN 7, with 100% of patients 
receiving concomitant metformin for the duration of the 
analysis (Table S4). No needle or self-monitoring of blood 
glucose (SMBG) use was assumed for patients receiv-
ing semaglutide or dulaglutide, with one needle and one 
SMBG test per day assumed to be required once patients 
intensified to basal insulin.

Utilities were taken from a 2014 review by Beaudet 
et al. with hypoglycaemia disutilities coming from Evans 
et  al. 2013 (published after the literature searches by 
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Beaudet et al. had been completed; Table S5) [43, 44]. 
Beaudet et al. reviewed the methods of the identified pub-
lications to ensure that they met the criteria of the NICE 
reference case.

Key drivers of clinical benefits

A series of analyses were performed to evaluate the key 
drivers of clinical outcomes. Separate analyses applied the 
differences in HbA1c and BMI in the once-weekly semaglu-
tide arm in turn, with the other parameter set to the value 
observed in the respective dulaglutide arm.

Sensitivity analyses

The extrapolation of clinical results by modelling the long-
term consequences is inherently associated with uncertainty. 
Sensitivity analyses were, therefore, performed to assess 
the robustness of the base case findings. These included: 
shortening the time horizon to 35, 20, 10, 5 and 3 years; 
applying clinical and cost discount rates of 0% and 6% in 
separate analyses; maintaining the treatment effects on BMI 
for patient lifetimes; applying the upper and lower 95% con-
fidence interval bounds of the estimated treatment differ-
ences in HbA1c and BMI in separate analyses; assuming 
treatment switching after 5 years; applying the UKPDS 
progression equation for HbA1c and assuming treatment 
switching when HbA1c exceeded 7.5%; applying the cost of 
insulin Semglee® on intensification; increasing and decreas-
ing the direct costs of treating diabetes-related complications 
by 10%; applying the UKPDS 82 risk equations to predict 
model outcomes; applying an alternative BMI disutility, giv-
ing greater weight to changes in BMI; and PSA [45].

Pathway scenario analyses

Further, more hypothetical analyses were performed to eval-
uate the impact of modelling different treatment algorithms 
on cost-effectiveness outcomes. These aimed to capture 
more clinically realistic treatment intensification patterns, 
as per NICE guidelines, but were associated with significant 
uncertainty regarding changes in risk factors at each inten-
sification step [11]. These analyses included two different 
pathways:

• Patients were modelled to receive once-weekly semaglu-
tide or dulaglutide for 3 years, at which point a sodium-
glucose cotransporter-2 (SGLT-2) inhibitor was added 
to all treatment arms, and patients continued with both 
GLP-1 receptor agonist and SGLT-2 inhibitor therapy. 
After a further 3 years, basal insulin was added to all 
treatment arms, and patients again continued GLP-1 
receptor agonist and SGLT-2 inhibitor therapy. Following 

a further 3 years, patients discontinued GLP-1 receptor 
agonist and SGLT-2 inhibitor therapy and were assumed 
to receive basal-bolus insulin for the remainder of their 
lifetimes.

• Patients were modelled to receive once-weekly semaglu-
tide or dulaglutide for 3 years, at which point basal insu-
lin was added to all treatment arms, and patients contin-
ued with GLP-1 receptor agonist therapy. After a further 
3 years, patients discontinued GLP-1 receptor agonist 
therapy and were assumed to receive basal-bolus insulin 
for the remainder of their lifetimes.

In these analyses, following the addition of an SGLT-2 
inhibitor, HbA1c and BMI were assumed to remain constant 
(at the levels observed following application of the initial 
treatment effects with semaglutide and dulaglutide), based 
on the rationale that additional treatments would be required 
to maintain glycaemic control, while on the addition of basal 
insulin, HbA1c was brought to 7.0% and BMI was returned 
to baseline. On initiation of bolus insulin, no changes in 
HbA1c were applied, while an increase in BMI was applied 
based on the ‘insulin-experienced’ multivariate prediction 
equations published by Willis et al. [46]. Non-severe and 
severe hypoglycaemic event rates were increased to 1,020 
and 70 events per 100 person-years, respectively, based on 
data from the UK Hypoglycaemia Study Group [32].

Compliance with ethics guidelines

This article is based on previously conducted studies and 
does not contain any studies with human participants or ani-
mals performed by any of the authors.

Results

Base case analysis

Long-term projections in patients with inadequate glycaemic 
control on metformin indicated that once-weekly semaglu-
tide 1 mg was associated with improvements in discounted 
life expectancy of 0.05 and 0.04 years, and discounted qual-
ity-adjusted life expectancy of 0.05 and 0.04 QALYs, vs. 
dulaglutide 3 mg and 4.5 mg, respectively (Table 1). Clini-
cal benefits with once-weekly semaglutide were a result of 
a reduced cumulative incidence and delayed time to onset 
of diabetes-related complications over the long term, with 
improvements observed in both micro- and macrovascular 
complications (Fig. 1).

Direct costs were estimated to be GBP 76 lower with 
once-weekly semaglutide 1 mg vs. dulaglutide 3 mg, and 
GBP  8 higher with once-weekly semaglutide 1  mg vs. 
dulaglutide 4.5 mg (Fig. 2). Once-weekly semaglutide was 
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associated with increased treatment costs in both compari-
sons despite identical acquisition costs, due to increased sur-
vival and further treatment of patients over the long term. In 
the comparison with dulaglutide 3 mg, increased treatment 
costs were entirely offset by cost savings from avoidance of 
diabetes-related complications (most notably cardiovascu-
lar complications, with mean cost savings of GBP 62 per 
patient), while in the comparison with dulaglutide 4.5 mg, 
increased treatment costs were partially offset by the avoid-
ance of complications (most notably by ophthalmic com-
plications, with mean cost savings of GBP 27 per patient).

Projections of long-term outcomes indicated that both 
life expectancy and quality-adjusted life expectancy were 
improved with once-weekly semaglutide 1 mg compared 
with dulaglutide 3 mg and 4.5 mg, at reduced and increased 
costs, respectively, from a healthcare payer perspective 
(Table 1). Overall clinical and cost outcomes were similar, 
but significantly favoured semaglutide at a 95% confidence 
level, and it was therefore considered dominant vs. dula-
glutide 3 mg and associated with an ICER of GBP 228 per 
QALY gained vs. dulaglutide 4.5 mg based on modelled 
mean outcomes for the treatment of type 2 diabetes in the 
UK.

Key drivers of clinical benefits

Testing for the key drivers of clinical benefits by apply-
ing the differences in HbA1c and BMI in turn showed that 
reductions in both HbA1c and BMI were equally important 
in driving improved quality-adjusted life expectancy for 
once-weekly semaglutide 1 mg vs. dulaglutide 3 mg, with 
improvements of 0.02 QALYs when each of these differ-
ences was applied sequentially. In the comparison with dula-
glutide 4.5 mg, greater reductions in BMI were identified 
as the key driver of benefits, with improvements in quality-
adjusted life expectancy of 0.03 QALYs with once-weekly 
semaglutide 1 mg when only this difference between the 
treatment arms was applied.

Sensitivity analyses

Wide-ranging sensitivity analyses showed that the results 
of the base case analysis were robust to changes in the input 
parameters and assumptions used (Table 2). In the compari-
son with dulaglutide 3 mg, once-weekly semaglutide 1 mg 
remained associated with small but significant clinical ben-
efits and cost savings in all-but-one analysis. When HbA1c 

Table 1   Base case analysis results

Health outcomes Once-weekly 
semaglutide 1 mg Dulaglutide 3 mg Difference

Discounted life expectancy, years 14.28 (14.27–14.29) 14.23 (14.22–14.25) +0.05 (0.03–
0.06)

Discounted quality-adjusted life 
expectancy, QALYs 9.41 (9.40–9.42) 9.36 (9.35–9.37) +0.05 (0.05–

0.06)

Discounted direct costs, GBP 24,146 (24,105–
24,186)

24,222 (24,182–
24,261) −76 (−128–−24)

ICER Once-weekly semaglutide dominant

Health outcomes Once-weekly 
semaglutide 1 mg Dulaglutide 4.5 mg Difference

Discounted life expectancy, years 14.28 (14.27–14.29) 14.25 (14.24–14.26) +0.04 (0.02–
0.05)

Discounted quality-adjusted life 
expectancy, QALYs 9.41 (9.40–9.42) 9.38 (9.37–9.38) +0.04 (0.03–

0.05)

Discounted direct costs, GBP 24,146 (24,105–
24,186)

24,138 (24,098–
24,177) +8 (−38–55)

ICER GBP 228 per QALY gained

GBP 2020 pounds sterling, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life year
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was assumed to follow the UKPDS progression equation 
and treatment switching occurred at a 7.5% HbA1c thresh-
old, once-weekly semaglutide was associated with an ICER 
of GBP 2,603 per QALY gained. In this analysis, once-
weekly semaglutide was associated with increased costs, due 
to different times of treatment switching in the two arms 
(with patients receiving once-weekly semaglutide 1 mg for 
4 years and dulaglutide 3 mg for 3 years). Patients, therefore, 
accrued higher treatment costs in the once-weekly semaglu-
tide arm, due to one further year of treatment with GLP-1 
receptor agonist therapy.

In the comparison with dulaglutide 4.5 mg, once-weekly 
semaglutide 1 mg remained associated with low ICERs in 
the majority of analyses. The largest deviation in the ICER 
occurred when applying the lower 95% confidence interval 
of the estimated treatment difference in HbA1c between the 
treatment arms, yielding an ICER of GBP 4,976 per QALY 
gained for once-weekly semaglutide.

PSA showed similar mean results to the base case analy-
sis, but increased measures of variance around the mean 
outcomes (Fig. 3). Once-weekly semaglutide 1 mg was 
associated with mean improvements in quality-adjusted 
life expectancy of 0.05 QALYs vs. dulaglutide 3 mg and 
0.03 QALYs vs. dulaglutide 4.5 mg, with direct costs esti-
mated to be GBP 82 and GBP 13 lower, respectively. While 
these differences were small, they were statistically signifi-
cant at a 95% confidence level, and once-weekly semaglutide 
1 mg was, therefore, considered dominant vs. both doses of 
dulaglutide in the PSA based on mean outcomes. Based on 
this analysis, and assuming a willingness-to-pay threshold 
of GBP 20,000 per QALY gained, the probabilities of once-
weekly semaglutide 1 mg being cost-effective vs. dulaglu-
tide 3 mg and 4.5 mg were 62.9% and 56.9%, respectively 
(Fig. 4).

Fig. 1  Time to onset of 
diabetes-related complications 
over patients’ lifetimes
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Pathway scenario analyses

Hypothetical analyses evaluating different treatment path-
ways showed that addition of other anti-diabetic agents to 
GLP-1 receptor agonist therapy did not change the conclu-
sions of the base case analysis (Table 2).

The addition of an SGLT-2 inhibitor followed by the addi-
tion of basal insulin and eventual intensification to basal-
bolus therapy led to poorer outcomes and increased costs 
in all treatment arms, due to the further increase in BMI 
applied on intensification to bolus insulin (following the 
return of BMI to baseline on initiation of basal insulin) and 
the increased number of anti-diabetic agents, respectively. 
Small but statistically significant clinical benefits and cost 
savings were maintained with once-weekly semaglutide 

1 mg vs. dulaglutide 3 mg, and it was associated with an 
ICER of GBP 556 per QALY gained vs. dulaglutide 4.5 mg.

The addition of basal insulin followed by intensification 
to basal-bolus therapy led to further reduced life expec-
tancy and quality-adjusted life expectancy in all treatment 
arms, as the initiation of bolus insulin (and corresponding 
increase in BMI) was earlier in the analysis. Costs were 
also increased in comparison with the base case analysis, 
but reduced in comparison with the addition of an SGLT-2 
inhibitor pathway analysis. Once-weekly semaglutide was 
associated with increased costs in both comparisons, due 
to increased survival and further treatment of patients over 
the long term, and was therefore associated with ICERs of 
GBP 618 and GBP 4,412 per QALY gained vs. dulaglutide 
3 mg and 4.5 mg, respectively.

Fig. 2  Direct costs over 
patients’ lifetimes

GBP, 2020 pounds sterling.
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Table 2   Sensitivity and pathway scenario analyses results

Once-weekly semaglutide 1 mg versus dulaglutide 
3 mg

Once-weekly semaglutide 1 mg versus dulaglutide 
4.5 mg

Analysis
Difference in 
discounted 

quality-adjusted 
life expectancy, 

QALYs

Difference in 
discounted 
direct costs, 

GBP

ICER, GBP per 
QALY gained

Difference in 
discounted 

quality-adjusted 
life expectancy, 

QALYs

Difference in 
discounted 
direct costs, 

GBP

ICER, GBP per 
QALY gained

Base case +0.05 −76 Semaglutide 
dominant +0.04 +8 228

Sensitivity analyses

35-year time horizon +0.06 −98 Semaglutide 
dominant +0.03 −51 Semaglutide 

dominant

20-year time horizon +0.05 −76 Semaglutide 
dominant +0.02 −15 Semaglutide 

dominant

10-year time horizon +0.02 −75 Semaglutide 
dominant +0.02 −3 Semaglutide 

dominant

5-year time horizon +0.02 −21 Semaglutide 
dominant +0.01 −8 Semaglutide 

dominant

3-year time horizon +0.02 −11 Semaglutide 
dominant +0.01 −2 Semaglutide 

dominant

0% discount rates +0.09 −50 Semaglutide 
dominant +0.06 +59 1,013

6% discount rates +0.04 −70 Semaglutide 
dominant +0.03 −5 Semaglutide 

dominant

BMI difference maintained for patient 
lifetimes +0.13 −115 Semaglutide 

dominant +0.09 −22 Semaglutide 
dominant

Upper 95% CI of HbA1c estimated 
treatment difference +0.08 −159 Semaglutide 

dominant +0.06 −75 Semaglutide 
dominant

Lower 95% CI of HbA1c estimated 
treatment difference +0.03 −27 Semaglutide 

dominant +0.01 +57 4,976

Upper 95% CI of BMI estimated 
treatment difference +0.07 −70 Semaglutide 

dominant +0.05 +13 263

Lower 95% CI of BMI estimated 
treatment difference +0.05 −108 Semaglutide 

dominant +0.03 −24 Semaglutide 
dominant

Treatment switching at 5 years +0.07 −103 Semaglutide 
dominant +0.04 −31 Semaglutide 

dominant

Treatment switching at 7.5% 
(58 mmol/mol) HbA1c threshold 
(using UKPDS progression)

+0.08 +220 2,603 +0.04 −53 Semaglutide 
dominant

Semglee cost applied on treatment 
intensification +0.05 −78 Semaglutide 

dominant +0.04 +6 180

Cost of complications +10% +0.05 −85 Semaglutide 
dominant +0.04 +7 202

Cost of complications −10% +0.05 −66 Semaglutide 
dominant +0.04 +9 253

UKPDS 82 risk equations applied +0.02 −101 Semaglutide 
dominant +0.02 +1 42

Lee et al. BMI disutility applied +0.06 −76 Semaglutide 
dominant +0.04 +8 196

Pathway scenario analyses

Addition of SGLT-2 inhibitor and basal 
insulin, then basal-bolus +0.08 −43 Semaglutide 

dominant +0.03 +18 566

Addition of basal insulin, then basal-
bolus +0.06 +38 618 +0.03 +121 4,412

BMI body mass index, CI confidence interval, GBP 2020 pounds sterling, HbA1c glycated haemoglobin, QALY quality-adjusted life year. Qual-
ity-adjusted life expectancy outcomes are rounded to 2 decimal places
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Discussion

The present analysis has shown that, based on the results 
of a recent ITC, once-weekly semaglutide 1 mg is likely to 
represent a cost-effective treatment option vs. dulaglutide 
3 mg and 4.5 mg for the treatment of people with type 2 
diabetes in the UK. Greater reductions in HbA1c and BMI 
were shown to result in a reduced incidence of long-term 
diabetes-related complications, and thereby improved life 
expectancy and quality of life. These results should inform 
healthcare payers, physicians and patients in the UK when 
evaluating potential treatment options for type 2 diabetes.

Once-weekly semaglutide and dulaglutide have been 
shown to be efficacious in populations with inadequate gly-
caemic control when treated with metformin in the SUS-
TAIN 7 and AWARD-11 clinical trials, respectively, and in 
the ITC [13, 15, 17]. However, the populations evaluated 
in these clinical studies and in the present analysis did not 
align with the recommended population for GLP-1 recep-
tor agonists in the current NICE guidelines, which indicate 

GLP-1 receptor agonists as part of triple therapy for people 
with type 2 diabetes with a BMI over 35 kg/m2, for those 
whom insulin therapy would have significant occupational 
implications, or where weight loss would benefit other 
obesity-related comorbidities [11]. That acknowledged, the 
joint guidelines released by the American Diabetes Associa-
tion (ADA) and the European Association for the Study of 
Diabetes (EASD) recommend GLP-1 receptor agonists as a 
preferred second-line treatment option in patients with estab-
lished cardiovascular disease or high cardiovascular risk, 
and as a potential second-line therapy in populations with a 
compelling need to minimise hypoglycaemia or weight gain 
or promote weight loss [12]. Previously published cost-effec-
tiveness analyses have also evaluated once-weekly sema-
glutide vs. other second-line treatment options, including 
SGLT-2 inhibitor empagliflozin in the UK, insulin glargine 
U100 in the Netherlands, and dipeptidyl peptidase-4 (DPP-
4) inhibitor sitagliptin in Spain, as well as the lower 0.75 mg 
and 1.5 mg doses of dulaglutide in people with inadequate 
glycaemic control on metformin in the UK [14, 19, 30, 47]. 

Fig. 3  Cost-effectiveness scat-
terplot from the probabilistic 
analyses

GBP, 2020 pounds sterling; QALY, quality-adjusted life year.
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In line with results from the present study, once-weekly 
semaglutide was found to be cost-effective throughout all 
these comparisons, even with differences in country-specific 
parameters such as healthcare systems, costs, and mortality. 
Results from the present study can also add to the current 
evidence base of cost-effectiveness analyses of once-weekly 
semaglutide, as described in a systematic literature review 
published in 2021 [48]. Additionally, sub-group analyses 
based on baseline HbA1c and BMI have shown that once-
weekly semaglutide is consistently more efficacious than 
other treatment options included in the SUSTAIN trial pro-
gramme in all sub-groups, rather than just those with a high 
BMI at baseline [49–51]. Based on this evidence, and the 
results generated in the present study, once-weekly sema-
glutide would likely represent an effective treatment while 
providing value for money if used as second-line therapy in 
the general population with type 2 diabetes in the UK.

The pathway scenario analyses performed in the present 
study represent a key strength. While the approach used in 
the base case analysis, with patients receiving semaglutide 
or dulaglutide for 3 years before intensification to basal 
insulin, allowed a fair and direct comparison of two inter-
ventions, this approach can be accused of oversimplifying 
clinical reality, where multiple agents are often required 
throughout patients’ lifetimes to maintain glycaemic control. 
These additional pathway analyses thereby compliment the 

base case analysis by offering further evidence of cost-effec-
tiveness in scenarios that can be considered more clinically 
relevant. However, the assumptions used to inform these 
analyses must be considered when interpreting the results. 
HbA1c and BMI benefits from the ITC were assumed to 
persist when patients initiated SGLT-2 inhibitor therapy, 
and HbA1c and BMI were brought to 7.0% and reverted to 
baseline, respectively, on initiation of basal insulin. These 
assumptions were used in lieu of clinical data informing 
changes in HbA1c and BMI on initiation of SGLT-2 inhibi-
tor or basal insulin therapy in populations previously receiv-
ing metformin and GLP-1 receptor agonist therapy, and this 
remains the key limitation in modelling more complex treat-
ment algorithms for type 2 diabetes. While the impact of the 
addition of a GLP-1 receptor agonist to an SGLT-2 inhibitor 
has been tested in SUSTAIN 9, the impact of adding an 
SGLT-2 inhibitor in those already receiving a GLP-1 recep-
tor agonist has not been tested [52]. Future studies evalu-
ating changes in physiological parameters on initiation of 
different treatment classes, stratified by background medi-
cation, would therefore provide pertinent information in the 
diabetes modelling area and allow more clinically relevant 
treatment algorithms to be accurately assessed.

The present analysis did not include any outcomes from 
the cardiovascular outcomes trials (CVOTs) of once-weekly 
semaglutide (SUSTAIN 6) or dulaglutide (REWIND), and 

Fig. 4  Cost-effectiveness 
acceptability curve from the 
probabilistic analyses

GBP, 2020 pounds sterling; QALY, quality-adjusted life year.

[Y VALUE]%

[Y VALUE]%

0

10

20

30

40

50

60

70

80

90

100

0 20,000 40,000 60,000 80,000 100,000

Semaglutide 1 mg versus dulaglutide 3 mg

Semaglutide 1 mg versus dulaglutide 4.5 mg

GBP 20,000 per QALY gained

Pr
ob

ab
ili

ty
 o

f c
os

t-e
ffe

ct
iv

en
es

s 
(%

)

Willingness-to-pay threshold (GBP per QALY gained)



905The long‑term cost‑effectiveness of once‑weekly semaglutide 1 mg vs. dulaglutide 3 mg and 4.5…

1 3

this could be seen as a limitation [53, 54]. Indeed, recent 
guidelines published by the EASD have indicated GLP-1 
receptor agonists and SGLT-2 inhibitors as treatments for 
patients with high cardiovascular risk [12]. However, the 
incorporation of results from CVOTs into current model-
ling approaches for type 2 diabetes is a challenge. Based on 
the currently available data, it is unclear whether changes in 
known risk factors (such as HbA1c and body weight or BMI) 
are the primary cause of outcomes observed in CVOTs, or 
whether there are as-yet-unknown mechanisms of action that 
wholly or partially influence these outcomes [55, 56]. The 
present study utilised a model primarily based on UKPDS 
data, with changes in known biomarkers associated with sig-
nificant reductions in the incidence of microvascular com-
plications and non-significant reductions in the incidence 
of macrovascular complications, and the application of fur-
ther risk reductions in the outcomes evaluated in CVOTs, 
therefore, risked double counting of benefits. Differences in 
populations must also be considered, with SUSTAIN 6 and 
REWIND enrolling patients with a higher cardiovascular 
risk than those recruited for SUSTAIN 7 and AWARD-11, 
and outcomes may therefore not be generalisable across 
studies. Ideally, novel risk equations should be developed 
incorporating data from CVOTs, and this should be the focus 
of future research in the area. Calibration of existing models 
for type 2 diabetes could also offer a stop-gap solution that 
would allow these data to be utilised in health economic 
evaluations based on individual CVOTs [56].

A limitation of the analysis, inherent to all long-term 
modelling studies, was the projection of long-term outcomes 
from short-term data. However, this is an essential tenet of 
long-term diabetes modelling, and, given the progressive 
nature of the disease, arguably represents the best option for 
informing decision making in absence of long-term clinical 
trial data. Indeed, projecting outcomes over patients’ life-
times is recommended in the computer modelling guidance 
for diabetes interventions [21]. Moreover, every effort was 
made to minimise clinical doubt, by using a model of dia-
betes that has been extensively published and validated and 
by performing a series of wide-ranging sensitivity analyses 
that were conducted around numerous aspects of the model-
ling analysis, including the time horizon, treatment switch-
ing approaches, and applied reductions in HbA1c and BMI, 
and these did not change the conclusions of the analysis.

Conclusions

Once-weekly semaglutide 1 mg is likely to represent a 
cost-effective treatment option vs. dulaglutide 3 mg and 
4.5 mg for the treatment of people with type 2 diabetes with 

inadequate glycaemic control on metformin from a health-
care payer perspective in the UK.
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