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ABSTRACT

Introduction: Type 2 diabetes represents a
continuing healthcare challenge, and choosing
cost-effective treatments is crucial to ensure
that healthcare resources are used efficiently.
The present analysis assessed the cost-effective-
ness of once-weekly semaglutide 1 mg versus
empagliflozin 25 mg for the treatment of
patients with type 2 diabetes mellitus with
inadequate glycaemic control on metformin
monotherapy from a healthcare payer perspec-
tive in the UK.
Methods: Outcomes were projected over
patient lifetimes using the IQVIA CORE Dia-
betes Model. Baseline cohort characteristics and
treatment effects of initiation of once-weekly
semaglutide 1 mg and empagliflozin 25 mg
were based on an indirect comparison con-
ducted using patient-level data, as there is cur-
rently no head-to-head clinical trial comparing

these therapies. Modelled patients received
treatments until glycated haemoglobin excee-
ded 7.5% (58 mmol/mol), at which point
patients initiated basal insulin. The analysis
captured pharmacy costs and costs of diabetes-
related complications, expressed in
2019 pounds sterling (GBP). Projected outcomes
were discounted at 3.5% annually. Scenario
analyses were prepared to assess uncertainty
around projected outcomes.
Results: Once-weekly semaglutide 1 mg was
associated with increases in life expectancy and
quality-adjusted life expectancy of 0.12 years
and 0.23 quality-adjusted life years (QALYs),
respectively, compared with empagliflozin
25 mg. Projected improvements in quality and
duration of life resulted from a reduced cumu-
lative incidence and a delayed time to onset of
diabetes-related complications. Once-weekly
semaglutide was associated with increased
pharmacy costs, but this was partially offset by
avoided costs of treating complications. Once-
weekly semaglutide was associated with an
increase in costs of GBP 1017 per patient, lead-
ing to an incremental cost-effectiveness ratio of
GBP 4439 per QALY gained.
Conclusion: Once-weekly semaglutide 1 mg
was projected to be a cost-effective treatment
option from a healthcare payer perspective
compared with empagliflozin 25 mg for the
treatment of patients with type 2 diabetes in the
UK setting.
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Key Summary Points

Why carry out this study?

Treatment guidelines released by the
European Society for the Study of Diabetes
(EASD) recommend the use of use of
glucagon-like peptide 1 (GLP-1) receptor
agonists and sodium–glucose
cotransporter 2 (SGLT2) inhibitors as
second-line therapies for patients with
type 2 diabetes

There is currently no direct head-to-head
trial comparing once-weekly semaglutide
1 mg and empagliflozin 25 mg, a GLP-1
receptor agonist and an SGLT2 inhibitor
with evidence of a cardiovascular benefit,
respectively, but a meta-analysis using
individual patient data has recently been
published, which has been used to inform
the effectiveness parameters within this
cost-effectiveness analysis

The present analysis assessed the long-
term cost-effectiveness of once-weekly
semaglutide 1 mg versus empagliflozin
25 mg for the treatment of patients with
type 2 diabetes mellitus with inadequate
glycaemic control on metformin
monotherapy from a healthcare payer
perspective in the UK

What was learned from the study?

Once-weekly semaglutide 1 mg was
associated with increases in life
expectancy and quality-adjusted life
expectancy of 0.12 years and 0.23 quality-
adjusted life years (QALYs), respectively,
compared with empagliflozin 25 mg

Once-weekly semaglutide was associated
with a mean increase in costs of GBP 1017,
leading to an incremental cost-
effectiveness ratio of GBP 4439 per QALY
gained

Once-weekly semaglutide 1 mg was
projected to be a cost-effective treatment
from a healthcare payer perspective
compared with empagliflozin 25 mg for
the treatment of patients with type 2
diabetes in the UK setting based
on a willingness to pay threshold of
GBP 20,000 per QALY gained as used by
NICE

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13388420.

INTRODUCTION

It was estimated that there were 2,680,500 people
living with diabetes in the UK in 2019, equating
to a prevalence of 3.9%, and this is predicted to
rise to 2,930,600 in 2030 (a prevalence of 4.5%)
and 3,114,100 in 2045 (a prevalence of 4.8%) [1].
Estimates suggest that approximately 90% of
these cases are type 2 diabetes [2]. The condition
has a significant impact on mortality in the UK,
with an estimated 13,951 deaths attributable to
diabetes annually [1]. The disease places a large
burden on healthcare payers, as it is estimated
that in the UK diabetes-related healthcare
expenditure was over GBP 10 billion in 2018,
accounting for 10% of the entire National Health
Service (NHS) budget [2]. Improving treatment
for people with type 2 diabetes provides the
opportunity to reduce mortality and morbidity
for patients, and costs for the NHS. As the NHS
budget comes under increasing pressure, it is
important that therapies are both effective and
cost-effective in order to deliver high-quality
healthcare within constrained resources, and
this is particularly important for diabetes.

Guidelines released by the European Society
for the Study of Diabetes (EASD) and the
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American Diabetes Association (ADA) recom-
mend the use of glucagon-like peptide 1 (GLP-1)
receptor agonists and sodium–glucose cotrans-
porter 2 (SGLT2) inhibitors with proven car-
diovascular benefits as second-line therapies
(following metformin) for patients with or at
high risk of atherosclerotic cardiovascular dis-
ease, heart failure and chronic kidney disease
[3, 4]. GLP-1 receptor agonists or SGLT2 inhi-
bitors should also be considered for those with a
need to minimize the risk of hypoglycaemia,
and those with a need to minimize weight gain
or promote weight loss, irrespective of baseline
glycated haemoglobin (HbA1c) or individualized
HbA1c target [3]. Once-weekly semaglutide and
empagliflozin have both been shown to be
associated with a cardiovascular benefit [3].
Therefore, in certain contexts clinicians may
consider prescribing either once-weekly
semaglutide or empagliflozin, and consequently
data on the relative effectiveness and cost-ef-
fectiveness of these interventions will be
important in order to make informed decisions.

To date, no head-to-head clinical trial
directly comparing once-weekly semaglutide
1 mg and empagliflozin 25 mg has been con-
ducted. Therefore a meta-analysis using indi-
vidual patient data has been conducted to assess
the relative efficacy of these interventions in
patients with type 2 diabetes previously receiv-
ing metformin monotherapy, in line with
guidance on the conduct of indirect compar-
isons from the National Institute for Health and
Care Excellence (NICE) Decision Support Unit
[5, 6]. The use of individual patient data in the
meta-regression allows potential prognostic
factors and effect modifiers to be adjusted at an
individual patient level, potentially allowing for
a better isolation of the effect of a single treat-
ment on outcomes of interest than when
aggregated (i.e. clinical trial) data are used, and
this represents a key advantage of the approach
used. The SUSTAIN 2 (once-weekly semaglutide
versus sitagliptin), SUSTAIN 3 (once-weekly
semaglutide versus once-weekly exenatide),
SUSTAIN 8 (once-weekly semaglutide versus
canagliflozin) and PIONEER 2 (once-daily orally
administered semaglutide versus empagliflozin)
clinical trials were included. The primary
regression analysis included all four trials,

which had durations of 52 or 56 weeks, with a
complementary analysis conducted using only
the 52-week trials (SUSTAIN 8 and PIONEER 2).
To assess the relative efficacy of once-weekly
semaglutide 1 mg and empagliflozin 25 mg,
outcomes were assessed for change from base-
line in HbA1c, body weight, body mass index
(BMI), waist circumference, systolic and dias-
tolic blood pressure, lipid parameters (total
cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol and
triglycerides) and estimated glomerular filtra-
tion rate. The results were consistent in the
primary and complementary analyses, indicat-
ing that the study duration did not have a sig-
nificant impact on the outcomes.

The present analysis used the results from
the previously published meta-analysis using
patient-level data to assess the long-term cost-
effectiveness of once-weekly semaglutide 1 mg
versus empagliflozin 25 mg for the treatment of
patients with type 2 diabetes mellitus with
inadequate glycaemic control on metformin
monotherapy from a healthcare payer perspec-
tive in the UK.

METHODS

Modelling Approach and Overview

A cost-effectiveness analysis was performed using
version 9.0 of the IQVIA CORE Diabetes Model
[7]. The model is a non-product-specific diabetes
policy analysis tool, capable of performing real-
time simulations taking into account intensive or
conventional diabetes therapy, oral hypogly-
caemic medications, screening and treatment
strategies for microvascular complications, treat-
ment strategies for end-stage complications and
multifactorial interventions. The model is based
on a series of interdependent sub-models that
simulate non-specific mortality and the compli-
cations of diabetes. Each sub-model has a semi-
Markov structure and uses time, state, time-in-
state and diabetes type-dependent probabilities
derived from published sources. Model outputs
include time to onset and cumulative incidence
of complications, life expectancy, quality-ad-
justed life expectancy (expressed in quality-
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adjusted life years, QALYs), direct costs and,
where required, incremental cost-effectiveness
ratios (ICERs), which describe the cost per addi-
tional unit of effectiveness gained for the inter-
vention versus the comparator. Projected long-
term outcomes have been validated against real-
life data in 2004 and more recently in 2014 [8, 9].

The analysis was consistent with previously
published cost-effectiveness analyses in the UK
setting [10, 11]. A lifetime time horizon was
used, as recommended in modelling guidelines
for the UK released by NICE, to ensure that all
differences in long-term complications (and
their impact on costs and quality of life) and
mortality with once-weekly semaglutide 1 mg
and empagliflozin 25 mg were captured [12].
Projected cost and clinical outcomes were dis-
counted at 3.5% annually, in line with mod-
elling guidelines for the UK [12]. Base case and
scenario analyses were performed using a sec-
ond-order Monte Carlo approach, with baseline
cohort characteristics, treatment effects, costs of
complications, utilities and transition proba-
bilities relating to myocardial infarction, stroke,
congestive heart failure and angina sampled in
each model iteration.

Clinical Data

Baseline cohort characteristics were based on
pooled data from SUSTAIN 2, SUSTAIN 3,
SUSTAIN 8 and PIONEER 2, as these studies
informed the meta-analysis. The mean (stan-
dard deviation, SD) age of the cohort was 56
(10.3) years, with mean duration of diabetes of 7
(5.9) years, mean HbA1c of 8.2 (1.0)% (66
[11] mmol/mol) and mean BMI of 32.8 (6.7) kg/
m2. Approximately 4%, 2% and 1% of patients
had a history of myocardial infarction, angina
and peripheral vascular disease, respectively.
Few patients had a history of renal complica-
tions, with less than 1% of patients with a his-
tory of microalbuminuria. Of the ophthalmic
complications, 8% of patients had a history of
background diabetic retinopathy, while prolif-
erative diabetes retinopathy, cataract and severe
vision loss were rare. Alcohol and tobacco con-
sumption were assumed to be the same as the
general UK population, as these were not

collected in the clinical trials [13, 14]. Changes
in physiological parameters with once-weekly
semaglutide 1 mg and empagliflozin 25 mg
were based on the outcomes calculated in the
meta-regression based on individual patient
data (Table 1) [5]. Once-weekly semaglutide
1 mg was associated with significantly greater
improvements in HbA1c, total cholesterol, LDL
cholesterol, triglycerides and BMI compared
with empagliflozin 25 mg.

Long-term parameter progression and treat-
ment intensification was based on a clinically
realistic approach. Following application of the
treatment effects in the first year of the analysis,
HbA1c was assumed to increase based on the
UKPDS progression equation. This resulted in
HbA1c increasing in both arms of the analysis,
with the difference between the treatment arms
gradually diminished. When HbA1c exceeded
7.5% (58 mmol/mol) (the NICE threshold for
treatment intensification [15]) patients discon-
tinued once-weekly semaglutide 1 mg or
empagliflozin 25 mg and initiated treatment
with basal insulin (assumed to be generic insu-
lin glargine [insulin Abasaglar�]). At this stage,
a reduction in HbA1c based on an insulin-naı̈ve
population derived from the ‘‘Core’’ multivari-
ate equations estimated by Willis et al. was
applied [16]. This approach was chosen to
reflect common clinical practice where, because
of the progressive nature of type 2 diabetes,
glycaemic control cannot be maintained indef-
initely and the addition of further medications,
such as basal insulin, is required [17]. Reduc-
tions in BMI were assumed to persist while
patients received once-weekly semaglutide 1 mg
or empagliflozin 25 mg, with BMI returning to
baseline when basal insulin was initiated
(thereby abolishing the difference). In both
arms, changes in blood pressure and serum
lipids over the long-term were based on the
natural progression algorithms built into the
IQVIA CORE Diabetes Model, based on the
UKPDS and Framingham data, respectively.

Costs

All costs were accounted from a UK healthcare
payer perspective in 2019 pounds sterling
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(GBP). Direct costs captured included pharmacy
costs, costs associated with diabetes-related
complications and patient management costs.
Unit costs of diabetes medications were taken
from the Monthly Index of Medical Specialities
(MIMS) database, and were used to calculate
annual pharmacy costs with once-weekly
semaglutide 1 mg, empagliflozin 25 mg and
basal insulin (assumed 40 IU based on the
defined daily dose) [18, 19]. Costs of complica-
tions and patient management were consistent
with previously published cost-effectiveness
analyses for the UK setting, with costs taken
from published sources and inflated to 2019
values where appropriate (Table 2) [10, 20].

Utilities

As diabetes progresses, patients develop com-
plications that influence their overall health-
related quality of life. It was therefore important
to evaluate both mortality and morbidity, and
address the utility levels associated with each of
the complications modelled. Utilities associated
with each diabetes-related complication

(Table 3) 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 Beaudet et al. had
been completed) [21, 22]. Beaudet et al.
reviewed the methods of the identified publi-
cations to ensure that they met the criteria of
the NICE reference case.

Scenario Analyses

Projection of outcomes over patient lifetimes is
associated with uncertainty, and therefore a
series of scenario analyses were performed to
assess the robustness of the model results. The
base case analysis used a 50-year time horizon,
and the impact of shortening the time horizon
of the analysis was examined by running anal-
yses over 20- and 10-year time horizons. In the
base case analysis, discount rates of 3.5% per
annum for future clinical and cost outcomes
were applied, with a scenario analysis con-
ducted applying 0% discount rates. An analysis
was conducted with only the statistically sig-
nificant differences between the once-weekly

Table 1 Changes in physiological parameters associated with initiation of once-weekly semaglutide 1 mg and empagliflozin

Parameter Mean (standard error) Estimated treatment difference (mean
[95% confidence interval])Once-weekly

semaglutide 1 mg
Empagliflozin
25 mg

HbA1c (%) - 1.44 (0.03) - 0.83 (0.05) - 0.61 (- 0.72 to - 0.49)a

HbA1c (mmol/mol) - 15.7 (0.3) - 9.1 (0.5) - 6.7 (- 7.9 to - 5.4)a

Systolic blood pressure (mmHg) - 4.11 (0.36) - 4.48 (0.56) 0.37 (- 0.95 to 1.68)

Diastolic blood pressure (mmHg) - 1.27 (0.23) - 2.39 (0.37) 1.12 (0.27 to 1.97)a

Total cholesterol (mg/dL) - 6.15 (0.90) 4.14 (1.39) - 10.28 (- 13.56 to - 7.01)a

HDL cholesterol (mg/dL) 1.53 (0.22) 2.63 (0.34) - 1.10 (- 1.89 to - 0.30)a

LDL cholesterol (mg/dL) - 2.48 (0.77) 4.18 (1.19) - 6.66 (- 9.44 to - 3.87)a

Triglycerides (mg/dL) - 31.16 (3.36) - 15.13 (5.17) - 16.03 (- 28.17 to - 3.90)a

BMI (kg/m2) - 1.92 (0.06) - 1.32 (0.09) - 0.60 (- 0.81 to - 0.39)a

Estimated glomerular filtration

rate (ml/min/1.73 m2)

0.15 (0.23) - 0.06 (0.37) 0.21 (- 0.65 to 1.07)

BMI body mass index, HbA1c glycated haemoglobin, HDL high-density lipoprotein, LDL low-density lipoprotein
a Statistically significant difference between the treatment arms at the 95% confidence level
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Table 2 Costs of treating diabetes-related complications

Complication Annual cost (GBP) References

Myocardial infarction (year of event) 8079 [33]

Myocardial infarction (years 2?) 2008 [33]

Angina (year of event) 2385 [34]

Angina (years 2?) 399 [34]

Congestive heart failure (year of event) 4589 [33]

Congestive heart failure (years 2?) 2692 [33]

Stroke (year of event) 8689 [33]

Stroke (years 2?) 2070 [33]

Death within 30 days due to stroke 4351 [33]

Peripheral vascular disease (year of event) 2718 [35]

Peripheral vascular disease (years 2?) 2718 [35]

Haemodialysis (year of event) 23,969 [35]

Haemodialysis (years 2?) 23,969 [35]

Peritoneal dialysis (year of event) 27,838 [35]

Peritoneal dialysis (years 2?) 27,838 [35]

Renal transplant (year of event) 27,640 [36]

Renal transplant (years 2?) 1290 [36]

Non-severe hypoglycaemic event (nocturnal or diurnal) 4 [37]

Severe hypoglycaemic event (nocturnal or diurnal) 439 [38]

Laser treatment 97 [35]

Cataract operation 770 [33]

Cost following cataract operation 742 [33]

Blindness (year of onset) 3461 [33]

Blindness (years 2?) 1311 [33]

Neuropathy (year of event) 30 [18]

Neuropathy (years 2?) 30 [18]

Amputation (event based) 13,474 [33]

Prosthesis (event based) 3745 [33]

Gangrene treatment 3664 [39]

Cost following healed ulcer 277 [39]

Infected ulcer 2101 [39]

Standard uninfected ulcer 2059 [39]

Healed ulcer (history of amputation) 277 [39]

GBP 2019 pounds sterling
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Table 3 Health state utilities and event disutilities applied

Complication Utility (mean [standard error]) References

Patient with type 2 diabetes baseline (no complications) 0.785 (0.007) [40]

Myocardial infarction event - 0.055 (0.005) [40]

Post-myocardial infarction 0.730 (0.009) [40]

Angina 0.695 (0.010) [40]

Congestive heart failure 0.677 (0.010) [40]

Stroke event - 0.164 (0.008) [40]

Post-stroke 0.621 (0.011) [40]

Peripheral vascular disease 0.724 (0.008) [41]

Microalbuminuria 0.785 (0.007) [40]

Gross proteinuria 0.737 (0.008) [41]

Haemodialysis 0.621 (0.029) [42]

Peritoneal dialysis 0.581 (0.030) [42]

Renal transplant 0.762 (0.118) [43]

Background diabetic retinopathy 0.745 (0.021) [44]

Background diabetic retinopathy wrongly treated 0.745 (0.021) [44]

Proliferative diabetic retinopathy laser treated 0.715 (0.022) [44]

Proliferative diabetic retinopathy no laser 0.715 (0.022) [44]

Macular oedema 0.745 (0.021) [44]

Severe vision loss 0.711 (0.010) [40]

Cataract 0.769 (0.016) [45]

Neuropathy 0.701 (0.008) [41]

Healed ulcer 0.785 (0.007) [40]

Active ulcer 0.615 (0.009) [41]

Amputation event - 0.280 (0.011) [40]

Post-amputation 0.505 (0.013) [40]

Non-severe hypoglycaemic event (daytime) - 0.005 (0.001) [22]

Non-severe hypoglycaemic event (nocturnal) - 0.008 (0.001) [22]

Severe hypoglycaemic event (daytime) - 0.062 (0.017) [22]

Severe hypoglycaemic event (nocturnal) - 0.066 (0.005) [22]

Each unit of BMI over 25 kg/m2 - 0.0061 (0*) [41]

BMI body mass index
*Standard error not applied as this decrement was applied through the ‘‘Annual utility score associated with treatment’’ field,
which does not include the option to specify a standard error
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semaglutide 1 mg and empagliflozin 25 mg
arms applied, whereas the base case analysis
applied all treatment effects irrespective of sta-
tistical significance.

The base case analysis applied a disutility per
BMI unit above 25 kg/m2 of - 0.0061, and a
scenario analysis was conducted using an alter-
native value of - 0.01 to assess the impact of
using an alternative source to inform this model
input [23]. This larger disutility gives greater
impact to weight changes compared with the
conservative disutility used in the base case
analysis. To assess the impact of the disutilities
applied following hypoglycaemic events, a sce-
nario was prepared with alternative disutilities
for severe and non-severe hypoglycaemic events
applied, as reported by Currie et al. (- 0.0118
per severe hypoglycaemic event and - 0.0035
per non-severe hypoglycaemic event) [24].

The base case analysis used the UKPDS 68
risk equations, but in February 2014, an update
to the IQVIA CORE Diabetes Model was
released, incorporating data from the
UKPDS 82, with these risk equations applied in
a scenario analysis. Whilst a validation study of
the revised model has been published, the
model proprietors suggest that the update is
used in a scenario analysis, with the previous
version being used in the base case [9]. The base
case analysis assumed that HbA1c increased
based on the UKPDS progression equation for
the duration of the analysis in both arms. An
alternative was explored with HbA1c increasing
by 0.14% (1.5 mmol/mol) per year in both arms
of the analysis while patients received once-
weekly semaglutide 1 mg or empagliflozin
25 mg, based on the metformin arm of the
ADOPT study [25]. When patients initiated
basal insulin, HbA1c followed the UKPDS pro-
gression equation, as in the base case.

In the base case analysis, BMI returned to
baseline on treatment intensification, and an
alternative was explored with BMI returning to
baseline followed by a further increase based on
the Willis et al. equations [16]. For simplicity,
the base case analysis include only one inten-
sification step, and a scenario analysis was
conducted with a second intensification to
basal bolus insulin when HbA1c exceeded 7.5%
(58 mmol/mol) for the second time. A reduction

in HbA1c and an increase in BMI were applied,
based on the Willis et al. [16] equations for
‘‘insulin experienced’’ patients. Instead of the
treatment switching approach based on an
HbA1c threshold applied in the base case anal-
ysis, an alternative was explored with treatment
switching after 3 years in both arms. In this
analysis, the difference in HbA1c was held con-
stant while patients received once-weekly
semaglutide 1 mg or empagliflozin 25 mg, with
HbA1c brought to 7% (32 mmol/mol) on treat-
ment intensification to abolish the difference.
This approach is consistent with previously
published cost-effectiveness analyses of once-
weekly semaglutide [26].

Generic basal insulin glargine was used as
the intensification treatment in the base case
analysis, as it is the most commonly used gen-
eric analogue insulin. Scenario analyses were
performed with the costs of insulin Semglee�
(the lowest cost analogue insulin available in
the UK), and insulin Lantus� (the most com-
monly used branded insulin analogue) applied
to evaluate the impact of intensification with
less or more costly basal insulins.

The base case analysis was performed using a
second-order Monte Carlo approach, with
sampling around inputs to capture both first-
and second-order uncertainty. A scenario anal-
ysis was performed using a first-order Monte
Carlo approach, with no sampling around
baseline characteristics, treatment effects, costs
of complications utilities or transition
probabilities.

Compliance with Ethics Guidelines

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

RESULTS

Base Case Analysis

Once-weekly semaglutide 1 mg was associated
with discounted life expectancy and quality-
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adjusted life expectancy of 13.59 years and
7.28 QALYs, respectively, compared with
13.47 years and 7.05 QALYs, respectively, with
empagliflozin 25 mg (Table 4). The projected
improvements of 0.12 years and 0.23 QALYs
resulted from a reduced cumulative incidence
and delayed time to onset of diabetes-related
complications with once-weekly semaglutide
1 mg compared with empagliflozin 25 mg. This
was driven by the greater reductions in HbA1c

and BMI, and improvements in serum lipids
identified in the indirect comparison (Table 1).
Additionally, the improved glycaemic control
with once-weekly semaglutide 1 mg led to
delayed intensification with insulin compared
by 1 year with empagliflozin 25 mg (mean times
to intensification of 3 years and 2 years with
once-weekly semaglutide 1 mg and empagli-
flozin 25 mg, respectively). This resulted in a
delay of the hypoglycaemic events and weight
gain associated with insulin therapy, driving
further improvements in life expectancy and
quality-adjusted life expectancy.

Over patient lifetimes, once-weekly
semaglutide 1 mg was associated with a projected
cost of GBP 27,144 compared with GBP 26,127
with empagliflozin 25 mg (Fig. 1). The increase
in costs with once-weekly semaglutide 1 mg was
driven by the higher acquisition cost of once-
weekly semaglutide and by the increased dura-
tion of treatment by an average of 1 year with
once-weekly semaglutide 1 mg compared with
empagliflozin 25 mg due to later intensification

of therapy as a result of improved glycaemic
control. However, cost savings due to avoided
diabetes-related complications with once-
weekly semaglutide 1 mg partially offset the
increased treatment costs. Mean per-patient
cost savings of GBP 222 and GBP 102 due to
avoided cardiovascular disease and renal dis-
ease, respectively, made the most significant
contributions, but cost savings were identified
in all categories of complications modelled.

When clinical and cost outcomes were
combined to assess cost-effectiveness, once-
weekly semaglutide 1 mg was associated with an
ICER of GBP 4439 per QALY gained versus
empagliflozin 25 mg over patient lifetimes. In
76.5% of model iterations once-weekly
semaglutide 1 mg was associated with improved
outcomes and increased costs compared with
empagliflozin 25 mg, and in a further 18.6% of
model iterations once-weekly semaglutide 1 mg
was associated with improved outcomes and
cost savings (Fig. 2). At a willingness to pay
threshold of GBP 20,000 per QALY gained, the
commonly quoted willingness to pay threshold
used by NICE in the UK setting, there was a 91%
probability that once-weekly semaglutide 1 mg
was considered cost-effective (Fig. 3).

Scenario Analysis Results

Semaglutide 1 mg remained cost effective versus
empagliflozin 25 mg when alternative model

Table 4 Long-term cost-effectiveness outcomes in the base case analysis

Outcomes Once-weekly semaglutide
1 mg

Empagliflozin 25 mg Difference

Discounted life expectancy (years) 13.59 (13.42–13.77) 13.47 (13.30–13.65) 0.12

(0.11–0.13)

Discounted quality-adjusted life expectancy

(QALYs)

7.28 (7.18–7.37) 7.05 (6.96–7.14) 0.23

(0.22–0.24)

Discounted direct costs (GBP) 27,144 (26,761–27,526) 26,127

(25,730–26,524)

1017

(936–1098)

ICER GBP 4439 per QALY gained

Values are means (95% confidence intervals)
GBP 2019 pounds sterling, ICER incremental cost-effectiveness ratio, QALY quality-adjusted life year

Diabetes Ther (2021) 12:537–555 545



Fig. 1 Direct costs over patient lifetimes. GBP
2019 pounds sterling, QALY quality-adjusted life year.
Treatment costs captured the costs of diabetes medications
and consumables; management costs included the costs of
concomitant non-diabetes medications and screening; costs
of cardiovascular complications included the costs of
myocardial infarction, angina, congestive heart failure,
stroke and peripheral vascular disease; costs of renal

complications included the costs of dialysis and transplant,
costs of ulcer, amputation and neuropathy complications
included the costs of ulcer, gangrene, amputation, pros-
thesis and neuropathy; costs of ophthalmic complications
captured the costs of laser treatment, cataract surgery and
blindness; costs of hypoglycaemia included the costs of
severe and non-severe hypoglycaemic events

Fig. 2 Cost-effectiveness scatter plot. GBP 2019 pounds sterling, QALY quality-adjusted life year
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inputs and assumptions were applied, with all
calculated ICERs remaining well below GBP
20,000 per QALY gained (Table 5). Application
of shorter time horizons led to higher ICERs as
the long-term benefits of once-weekly
semaglutide 1 mg were not fully captured, as
the improvements in physiological parameters
associated with once-weekly semaglutide 1 mg
reduced the risk of diabetes-related complica-
tions over patient lifetimes. Removing dis-
counting resulted in increased cost-effectiveness
of once-weekly semaglutide 1 mg versus empa-
gliflozin 25 mg, further reflecting the long-term
benefits associated with once-weekly semaglu-
tide 1 mg.

Applying only treatment effects that were
significantly different between the treatment
arms resulted in only small changes in projected
quality-adjusted life expectancy and costs, with
the ICER remaining similar to the base case
analysis.

Applying a disutility which increased the
impact of weight loss on quality-adjusted life
expectancy resulted in a lower ICER than in the
base case analysis, due to the greater reduction
in BMI with once-weekly semaglutide 1 mg
compared with empagliflozin 25 mg. Use of
disutilities that reduced the impact of hypo-
glycaemic events on quality of life resulted in
increased quality-adjusted life expectancy in

both treatment arms, with a small reduction in
clinical benefits with once-weekly semaglutide
1 mg as the increased frequency of hypogly-
caemia in the empagliflozin 25 mg arm due to
earlier intensification had a smaller impact on
long-term outcomes.

To assess the uncertainty around HbA1c

increases over time, an analysis was performed
in which it was assumed that HbA1c increased
by 0.14% (1.5 mmol/mol) per year in both arms
rather than based on the UKPDS progression
equation. In this analysis, differences in HbA1c

were maintained for longer than in the base
case, resulting in a greater improvement in
quality-adjusted life expectancy with once-
weekly semaglutide 1 mg versus empagliflozin
25 mg. This resulted in a lower ICER than in the
base case analysis.

Use of the UKPDS 82 risk equations resulted
in increased quality-adjusted life expectancy in
both arms, but the clinical benefit with once-
weekly semaglutide 1 mg was smaller than in
the base case. Costs were slightly higher than in
the base case in both arms, with the cost
increase associated with once-weekly semaglu-
tide slightly reduced. Overall, the ICER
remained similar to the base case analysis.

Increasing BMI to above baseline levels in
both arms on intensification with basal insulin
resulted in reduced quality-adjusted life

Fig. 3 Cost-effectiveness acceptability curve. GBP 2019 pounds sterling, QALY quality-adjusted life year
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Table 5 Scenario analysis results

Analysis Discounted quality-adjusted life
expectancy (QALYs)

Discounted direct costs (GBP) ICER
(GBP
per
QALY
gained)

Once-
weekly
semaglutide
1 mg

Empagliflozin
25 mg

Difference Once-
weekly
semaglutide
1 mg

Empagliflozin
25 mg

Difference

Base case 7.28 7.05 0.23 27,144 26,127 1017 4439

20-year time

horizon

6.38 6.18 0.21 18,956 17,904 1052 5130

10-year time

horizon

4.53 4.35 0.17 10,551 9311 1240 7142

0% discount rates 10.78 10.46 0.32 49,813 48,862 951 3018

Statistically

significant

different

treatment effects

only

7.28 7.05 0.23 27,174 26,127 1047 4532

Alternative BMI

disutility

6.87 6.63 0.24 27,144 26,127 1017 4298

Alternative

hypoglycaemia

disutilities

8.09 7.91 0.18 27,144 26,127 1017 5557

UKPDS 82 risk

equations

applied

7.52 7.31 0.21 27,669 26,673 995 4733

Linear annual

HbA1c increase

while patients

receive initial

therapies

7.91 7.36 0.55 27,321 25,600 1721 3149

BMI returned to

baseline and

then a further

increase on

intensification

7.22 6.99 0.23 27,135 26,117 1017 4390
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expectancy in both arms, but incremental out-
comes and the calculated ICERs showed only
small changes. Inclusion of a second intensifi-
cation resulted in reduced quality-adjusted life
expectancy in both arms due to increased BMI
and hypoglycaemic event rates associated with
basal-bolus insulin. Costs were also increased in
both arms, due to the additional cost of bolus
insulin. The additional delay in the second
intensification with once-weekly semaglutide

1 mg compared with empagliflozin 25 mg
resulted in greater clinical benefits, a smaller
increase in costs and a lower ICER than in the
base case.

In the analysis where patients received once-
weekly semaglutide 1 mg or empagliflozin
25 mg for a fixed 3-year time period before
treatment intensification, with HbA1c, BMI and
pharmacy cost differences maintained only
while patients received initial treatments,

Table 5 continued

Analysis Discounted quality-adjusted life
expectancy (QALYs)

Discounted direct costs (GBP) ICER
(GBP
per
QALY
gained)

Once-
weekly
semaglutide
1 mg

Empagliflozin
25 mg

Difference Once-
weekly
semaglutide
1 mg

Empagliflozin
25 mg

Difference

Second

intensification to

basal-bolus

insulin when

HbA1c exceeded

7.5%

(58 mmol/mol)

during basal

insulin

treatment

6.05 5.73 0.32 34,419 33,977 442 1378

HbA1c held flat

over time, with

treatment

intensification at

3 years

7.61 7.53 0.08 23,968 22,893 1075 13,393

Intensification

with insulin

Semglee

7.28 7.05 0.23 26,575 25,526 1049 4579

Intensification

with insulin

Lantus

7.28 7.05 0.23 27,412 26,410 1002 4373

First-order Monte

Carlo simulation

7.52 7.26 0.26 27,259 26,423 836 3212

BMI body mass index, GBP 2019 pounds sterling, HbA1c glycated haemoglobin, ICER incremental cost-effectiveness ratio,
QALY quality-adjusted life-year, UKPDS United Kingdom Prospective Diabetes Study
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clinical benefits with once-weekly semaglutide
1 mg were smaller than in the base case analysis
with the difference in costs remaining similar.
This resulted in an ICER of GBP 13,393 per
QALY gained. This was the highest ICER iden-
tified across the scenario analyses, though
remaining well below the GBP 20,000 per QALY
gained willingness to pay threshold.

Intensifying therapy with more or less costly
basal insulin formulations available in the UK
had only a small impact on cost outcomes, with
ICERs remaining similar to the base case anal-
ysis. Similarly, in the analysis in which sam-
pling of patient characteristics and treatment
effects was turned off, projected outcomes
remained similar to the base case analysis.

DISCUSSION

A previously published meta-analysis found
that once-weekly semaglutide 1 mg was associ-
ated with greater improvements in HbA1c, lipids
and BMI versus empagliflozin 25 mg [5]. The
present analysis projected outcomes over
patient lifetimes based on the results of this
indirect comparison, and found that these
changes in risk factors resulted in reduced
cumulative incidence and delayed time to onset
of diabetes-related complications, increased life
expectancy and increased quality-adjusted life
expectancy with once-weekly semaglutide 1 mg
compared with empagliflozin 25 mg. While
once-weekly semaglutide 1 mg was associated
with increased pharmacy costs compared with
empagliflozin 25 mg, this was partially offset by
reduced costs of diabetes-related complications.
The projected ICER of GBP 4439 per QALY
gained falls well below the willingness to pay
threshold of GBP 20,000 per QALY gained.
Once-weekly semaglutide 1 mg was projected to
be a cost-effective treatment from a healthcare
payer perspective compared with empagliflozin
25 mg for the treatment of patients with type 2
diabetes in the UK setting. Scenario analyses
confirmed that the conclusions of the analysis
were robust to realistic changes in model inputs
and assumptions.

Projections of long-term outcomes are
dependent on the model inputs, and therefore

the strengths and weaknesses of the previously
published meta-analysis must be considered to
put the results of the present analysis into
context. Use of individual patient data allowed
potential prognostic factors and effect modifiers
to be adjusted, which is not possible when
aggregated data is used. Furthermore, the use of
individual patient data allowed a wider range of
outcomes to be assessed (such as lipid parame-
ters), that would not be possible based on trial-
level data as these are infrequently reported in
the peer-reviewed literature, giving a more
accurate reflection of the differences in risk
factors for diabetes-related complications. All of
the included trials were of a similar design and
applied similar inclusion/exclusion criteria,
with minimal heterogeneity between the trials.
However, there were some differences in trials
design, such as blinding and the study duration
(52 versus 56 weeks). The impact of study
duration on results was explored within the
complementary analysis in the published meta-
analysis, which confirmed no significant
impact. A limitation of the approach is that no
common comparator was included, and this
can limit the adjustment. Unanchored indirect
comparisons assume that all potential prog-
nostic factors and effect modifiers are identified,
and this is difficult to verify and therefore was
assumed to be the case within the published
meta-analysis. It should also be noted that data
from randomized controlled trials were used to
assess the cost-effectiveness of interventions in
the real world, and the therefore there is an
implicit assumption that efficacy is similar in
randomized controlled trials and routine clini-
cal practice. How well the cohort modelled in
the present analysis represent patients with
type 2 diabetes in the UK is hard to assess, but it
should be noted that the cohort characteristics
from the meta-analysis are similar to those used
in the economic modelling conducted to sup-
port the NICE NG28 guidelines, based on The
Health Improvement Network (THIN) [27].

The meta-regression used to inform the pre-
sent cost-effectiveness analysis used individual
patient data to compare once-weekly semaglu-
tide 1 mg with empagliflozin 25 mg, but a net-
work meta-analysis using trial-level data (i.e.
based on mean outcomes across the included
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trial participants) comparing once-weekly
semaglutide 0.5 mg and 1 mg with SGLT2
inhibitors, including empagliflozin 25 mg, has
also been published [28]. This network meta-
analysis reported estimated treatment differ-
ences for once-weekly semaglutide 1 mg versus
empagliflozin 25 mg, with estimated treatment
difference in change from baseline in HbA1c

of - 0.80% (95% CI - 1.04 to - 0.58%) (- 8.7
mmol/mol [95% CI - 11.4 to - 6.3 mmol/mol]),
estimated treatment difference in change from
baseline in weight of - 2.05 kg (95% CI - 2.94
to - 1.15 kg) and estimated treatment difference
in change from baseline in systolic blood pressure
of - 2.47 mmHg (95% CI - 5.79 to 0.83 mmHg).
These results are similar to the results of the meta-
regression based on individual patient data, with
both showing significantly greater reductions in
HbA1c and weight with once-weekly semaglutide
1 mg versus empagliflozin 25 mg. The similarity
in these outcomes indicates that input values
used within the present analysis are robust. As a
result of the similarities between the results of the
two indirect comparisons, conducting a scenario
analysis using the network meta-analysis data was
not considered necessary.

Previous to the present analysis, two studies
have assessed the cost-effectiveness of once-
weekly semaglutide from the perspective of a
UK healthcare payer. When once-weekly
semaglutide 0.5 mg and 1 mg were compared
with dulaglutide 1.5 mg based on the
SUSTAIN 7 randomized controlled trial, both
doses of once-weekly semaglutide were associ-
ated with improved clinical outcomes and cost
savings compared with dulaglutide 1.5 mg [26].
Therefore both doses of once-weekly semaglu-
tide were considered dominant. More recently,
once-weekly semaglutide 1 mg was compared
with liraglutide 1.2 mg based on the
SUSTAIN 10 randomized controlled trial [10].
This analysis also found that once-weekly
semaglutide 1 mg was associated with improved
clinical outcomes and cost savings compared
with liraglutide 1.2 mg, and therefore was
found to be dominant. Previous analyses in the
UK have compared once-weekly semaglutide
with other GLP-1 receptor agonists, and this
study is the first to compare with an SGLT2
inhibitor. The present analysis contributes to

the growing body of evidence that once-weekly
semaglutide is a cost-effective treatment option
in the UK for patients with type 2 diabetes
mellitus.

The approach of the present analysis was
aligned with clinical practice and previously
published cost-effectiveness analyses. The anal-
ysis aimed to take a single clinical approach,
with glycaemic control declining over time,
with subsequent addition of insulin therapy
and a consequent reduction in HbA1c accom-
panied by an increase in BMI and risk of hypo-
glycaemia. This approach has been used in peer-
reviewed cost-effectiveness analyses, and in the
NICE multiple technology appraisal of SGLT2
inhibitors [10, 11, 29]. The intention behind
using this approach was to ensure that the
analysis reflects clinical practice and is therefore
relevant to healthcare decision makers.

However, the analysis only captured only
one treatment pathway, with intensification
from GLP-1 receptor agonists or SGLT2 inhi-
bitor to basal insulin, with the previous treat-
ment discontinued. It should be noted that
alternative treatment pathways may be used in
clinical practice, such as addition of an SGLT2
inhibitor to a GLP-1 receptor agonist, addition
of a GLP-1 receptor agonist to an SGLT2 inhi-
bitor, or continuation of previous therapies
alongside basal insulin [3]. Currently there is a
lack of clinical data to allow modelling of more
complex treatment pathways, and this is an area
for future study as the clinical evidence base
expands. The present analysis used a simple
treatment pathway in order to answer the
research question on the relative cost-effective-
ness of the two interventions for the treatment
of patients with type 2 diabetes with inadequate
glycaemic control on metformin monotherapy,
with both interventions used until glycaemic
control could no longer be maintained.

The analysis also compared only two inter-
ventions (once-weekly semaglutide and empa-
gliflozin) at one point in the diabetes-treatment
algorithm (as part of dual therapy for treatment
of patients with inadequate glycaemic control
on metformin monotherapy). In order to have a
full overview of the cost-effectiveness of inter-
ventions for the treatment of diabetes, cost-ef-
fectiveness should be assessed at each stage of
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the treatment algorithm versus all relevant
comparators. This includes versus oral medica-
tions as dual therapy and triple therapy, and
versus insulin as triple and quadruple therapy.
Such analyses were beyond the scope of the
present study, but should be conducted in the
future to provide all relevant data to healthcare
decision makers.

A limitation of the analysis is that data from
cardiovascular risk trials were not included in
the long-term projections. Both once-weekly
semaglutide and empagliflozin have been
shown to reduce the risk of major adverse car-
diovascular events compared with standard care
in the SUSTAIN 6 and EMPA-REG OUTCOME
trials, respectively [30, 31]. However, data from
cardiovascular outcomes trials (CVOTs) have
not yet been incorporated into risk equations
for projecting long-term outcomes in people
with type 2 diabetes. This is challenging, as
CVOTs generally enrol participants at high risk
of experiencing cardiovascular events, and how
benefits would translate to lower-risk popula-
tions, such as those participating in the trials
included in the meta-regression, is unclear.
Furthermore, the separation of the impact of
changes in conventional risk factors (such as
HbA1c, blood pressure, serum lipids and body
weight) associated with treatments from the
direct impact on cardiovascular risk associated
with the treatments themselves is not possible
based on data currently in the public domain.
Early analyses suggest that capturing cardio-
vascular risk can have an important impact on
the results of long-term analyses, and therefore
including this in revised risk equations repre-
sents a key goal for the future [32]. Cardiovas-
cular events are a key driver of the clinical and
economic burden of type 2 diabetes, and
therefore accurate prediction of risk is crucial in
order to make informed decisions, with early
control of risk factors and therefore avoidance
of events particularly important from a health-
care payer perspective.

A limitation common to the majority of cost-
effectiveness of type 2 diabetes is the projection
of outcomes over patient lifetimes in a real-
world setting based on short-term clinical trial
data. This approach is associated with inherent
uncertainty, due to the uncertainty around how

risk factors for diabetes-related complications
change over time and how well risk equations
based on historic data predict outcomes for
modern patients. However, projection of long-
term outcomes is recommended in modelling
guidelines and remains the best available option
to inform decision-making in the absence of
long-term clinical trial data. In the present
analysis, the impact of this uncertainty has been
mitigated as far as possible by using a model
that has been extensively published and vali-
dated, and by conducting extensive scenario
analyses using different inputs and assumptions
and by using clinical inputs from a robust data
source [5, 8, 9].

CONCLUSIONS

Once-weekly semaglutide 1 mg was projected to
be a cost-effective treatment from a healthcare
payer perspective compared with empagliflozin
25 mg for the treatment of patients with type 2
diabetes mellitus with inadequate glycaemic
control on metformin monotherapy in the UK
setting based on a willingness to pay threshold
of GBP 20,000 per QALY gained as used by
NICE. The results of the present analysis should
be considered during clinical decision-making
and when NICE guidelines on diabetes man-
agement in the UK are updated.
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